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FOREWORD
 

On July 14, 1981, the Assistant Administrator, Bureau for Africa,
 
approved a memorandum authorized the funding for a workshop inAfrica on
 
energy, forestry and environment in Africa. This action initiated a
 
process of organization and planning that culminated in Nairobi in
 
December with the attendance of some 80 participants. About half were
 
energy, forestry and environmental officers drawn from 20 AID field
 
missions. The other half consisted of AID/W officers and subject matter
 
specialists, expatriate and African, from both the public and private
 
sectors.
 

The goals of the Workshop may be summarized as follows:
 

to learn from field staff what issues seemed primary and how
 
they should be addressed;
 

to improve current information on designing and implementing
 
projects in energy, forestry and environment;
 

- to present the Assistant Administrator with recommendations on
 
how the Agency might proceed in the area of energy, forestry
 
and environment.
 

Planning *a Workshop to achieve these goals was not easy. One issue 
faced from the start was how to treat meaningfully, and not 
superficially, the Workshop's three complex and interrelated topics over 
a period of less than five days. A second was how to strike the right 
balance between formal presentations, panel sessions and small group 
discussions. A third was to achieve a proper mix between the wisdom or 
views imparted by the visiting experts and the sharing of practical 
experience and ideas among the participants from the field. These and 
other issues were the subject of lively debates as the planning process 
proceeded -- debates to which the views of the REDSOs and the field 
missions made substantial and valuable contributions. 

How these issues were resolved may be seen from the agenda that appears
 
in this volume of the proceedings. Initial sessions were devoted to
 
setting the stage and outlining the context of the leading energy,
 
forestry and environmental issues in Africa. This introduction was
 
followed by presentations and panel sessions on approaches, techniques
 
and methodologies for analyzing and addressing those issues. Then, in
 
the latter days of the Workshop, sessions emphasized field experience
 
and lessons learned from the success or failure of specific
 
interventions. Meanwhile, four discussion groups, comprised of field
 
participants, had been formed on a roughly sub-regional basis: Southern
 
Africa, East Africa, the Sahel, and West/Central Africa. During evening
 
sessions, these discussion groups reviewed the country energy papers
 
which had been prepared by the missions in advance (see Volume III) and
 
prepared reports on how AID should address Africa's energy, forestry and
 
environmental problems. The four discussion group reports, synthesized
 
into a Workshop Report to the Assistant Administrator, then became the
 
main topic for the Workshop's final plenary session. It appears in this
 
volume of the proceedings and incorporates the major suggestions made at
 
that session.
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Was this expenditure of funds, time and effort worthwhile? If one looks
 
over the reaction of the field participants, as indicated in the
 
evaluation forms that they 
turned in, the consensus is distinctly

positive (see evaluation statement on page xx of this volume). There
 
was particular enthusiasm for the sessions devoted to 
exchanging field
 
experience and the discussion group meetings.
 

From an AFR/DR perspective, the Workshop was both an enlightening and
 
sobering experience. It was enlightening because of the broad range of
 
insights and expertise that the Workshop generated, making possible a
 
greater sense of comprehension of the topics and issues under
 
discussion. It was sobering because it made even clearer than 
ever how
 
critical and deep 
rooted Africa's energy, forestry and environmental
 
issues are, and how far Africans and donor agencies must go to make an
 
appreciable impact upon them.
 

Over the longer run, the value of the Workshop may be judged by the
 
extent to which its wisdom and recommendations filters into the
 
consciousness and actions of the Bureau's field missions and Washington

decision makers. If it is successful in starting a process which causes
 
the Bureau to give greater attention to Africa's energy, environmental
 
and forestry concerns, it will have been indeed a worthwhile exercise.
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WORKSHOP ON ENERGY, FORESTRY AND ENVIRONMENT
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OPENING SESSION, SUNDAY, DECEMBER 6, 1981
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Social Hour
 

7:00 	 Introduction of the Head Table by
 
Conference Convenor - John D. Blumgart
 

Address
 
Ambassador William C. Harrop
 
U.S. Ambassador to Kenya
 

7:30 	 Dinner
 

'8:30 	 Workshop Format and Expectations
 
John D. Blumgart, Chief
 
Special Development Problems, AFR/DR
 

Assistant 	Administrator's Remarks
 
F.S. Ruddy, Assistant Administrator,
 
Bureau for Africa
 

DAY 1,MONDAY, DECEMBER 7, 1981
 

PROGRAM CHAIRMAN - Stephen Klein 

MORNING PLENARY - OVERVIEW AND ISSUES 

8:30 9:15 World Energy and the Developing Countr.ies 

James W. Howe, President, IRES 

Discussion 

9:15"- 10:00 'Energy Issues in Africa 

William Mbote, Managing Director 
Kenya Pipeline Company 

Discussion 

10:00,.- 10:30 Break 
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10:30 - 11:30 The Forestry/Fuelwood Problem in Africa and its 
Environmental Consequences 

Marc Rene de Montalembert
 
Forestry Department
 
FAO
 

E.M. Mnzava
 
Director of Forestry
 
Ministry of Natural Resources and Tourism
 
Government of Tanzania
 

Discussion
 

11:30 - 12:15. Energy Trade-Offs in Africa: Laying out the Issues 

Gene Ellis
 
University of Denver
 

12:15 -12:45 Discussion
 

AFTERNOON PLENARY - ISSUES AND RESPONSES
 

2:00 .- 3:45 Panel: Addressing the Energy and Environmental Problem
 
" Africa: Role of the Private Sector, World Bank and
 
ilateral Donors.
 

Introduction John D. Blumgart
 
Private Sector Colin Carter
 
IBRD & Other Donors John D. Blumgart
 
AID Blumgart/Klein/Jacobs/Feldman
 
Peace Corps Paul Jankura
 
ECOWAS Clarence Kooi/Mark Ward
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4:00 - 5:00 The Role of National Energy Assessment and Conventional
 
Energy Planning.
 

Asif Shaikh
 
Energy/Development International
 

Colin Carter, V.P.
 
Energy Economics
 
Chase Manhattan Bank
 

5:00 - 5:30' Discussion 
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DAY 2, TUESDAY, DECEMBER 8, 1981
 

PROGRAM CHAIRMAN - Gene Ellis 

MORNING PLENARY 

-1:00
8:30 Panel: Assessing Energy Environment and ForestrySectors
 

Richard Ford ETMA
 
Weston Fisher Energy Advisor, REDSO/EA

John J. Gaudet Science, Technology and Environment
 

Advisor, REDSO/EA

James Seyler Forestry Advisor, REDSO/EA
 
Vernita Fort Natural Resources Advisor, REDSO/WA
 
James Hester Environmental Officer, AFR/DR
 

10:0 - 10:30 Discussion 

10:30.- 11:00 Break 

11:00- 111:45 'Private Sector Investment Analysis: What the private
sector needs to know before-investing in African resource
 
development; Africa's relationship with'multinationals
 

William Mbote
 
Kenya Pipeline Company
 

Carol Sakoian
 
Conoco, Inc.
 

11:45- 12:30o Discussion
 

AFTERNOON PLENARY 

2:00 -4:115 Panel: Analytical Tools for Project Design 

Introduction Gene Ellis 
Cost/Benefit Analysis Asif M. Shaikh 
Technical Soundness Clarence Kooi 
Social Soundness 
Environmental Implications 

Carolyn Barnes 
Vernita Fort 

Monitoring and Evaluations George Burrill 

4:15 4:45 Discussion 

4:45  5:30 The Role bf Remote Sensing in.ResourceManagement 

Merrill Conitz
 
Allan Falkoner
 
Regional Remote Sensing-'Facility
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5:30 - 5:45 Instructions to Discussion Groups 

John Blumgart
 

Gene Ellis
 

EVENING SESSION
 

-7:00 9:00 Country Papers Exercise (discussion groups)
 
Leaders: 	 Phil O'Keefe/Asif Shaikh
 

George Burrill/Mark Ward
 

9:00 - 9:30 Discussion groups compose their summaries and conclusions 

DAY 3, WEDNESDAY, DECEMBER 9, 1981
 

Discussion Group Sessions (Participants will break into
 
two groups)
 

PROGRAM A. National Energy Assessments, Energy
 
Management Policy and Planning
 

Discussion Leader: Asif Shaikh
 

8:30 - 9:30 Experience in Kenya and Sudan 

Kenya Phil O'Keefe 
Sudan Mike Bess 

9:30 - 10:15 Discussion 

10:15 -10:30 Break 

10:30 7 11:30 Rural and Urban Energy Surveys 

Peace Corps Experience Paul Jankura 
Malawi Richard Scobey 
Kenya Phil O'Keefe 

11:30 - 12:00 Identification of Problems and Potential Solutions 

1:30 -,5:00 Program repeats with next group 

PROGRAM B. Energy Technologies 
Discussion Leader: Clarence Kooi 

8:30 -'9:00 Overview of Energy Technology Pro~ect Possibilities 
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9:00 - 11:30 Discussions of Various Energy Technogies 

Oil and Coal Development Technologies Carol Sakoian
 
Geothermal S.O. Bwire
 
Energy Conservation Mike Jones
 
Mini-Hydro Allen Inversin
 
Solar Clarence Kooi
 
Wind Mike Harries
 
Charcoal/Wood Stoves Tim Wood
 
Charcoal Conversion Keith Openshaw
 
Biomass Keith Openshaw
 

iw:30 - 12:00 Identification of Problems and Solutions 

1:30 1-5:00 Program Repeats with next Group
 

NOTE: 	 The following manufacturers will exhibit in room
 
for program:
 

Jiko Stoves
 
Animatics, Ltd.
 
East African Hydraulics
 
Solar Electric International
 
Kijito Windmills
 
Kahawa 	Coal
 

EVENING SESSION
 

DAY 3, WEDNESDAY, DECEMBER 9, 1981
 

7:30 -	 9:00 Discussion of "Energy Initiatives for Africa", 

Project Paper - Mary Ann Riegelman, AFR/RA 

DAY 4, THURSDAY, DECEMBER 10, 1981
 

PROGRAM C. Renewable Energy Center Projeft Management
 
Discussion Leader: Mark Ward
 

8:30 	 11:30 Highlights of AID experience. 

Lesotho. Jay Stryker
 
Kenya Joseph Pastic
 
Mali Jon Anderson
 
Senegal Carol Ulinski
 
Burundi Abbe Fessenden
 

11:30 - 12:00 Identification of Problems and Potential Solutions 

1:30 -	 5:00 Program Repeats with next Group 
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PROGRAM D. Forestry and Natural Resource Protection
 
Discussion Leader: Richard Ford, ETMA
 

8:30 - 9:00 	 Environmental Issues
 

Richard Ford, ETMA
 

9:00-7,9:45 Reforestation Case Study: Gujarat Project
 

R. Java
 

9:45 	 10:30 Highlights of AID's experience in Reforestation and
 
Natural Resource Management
 

Sahel 	 Bob Winterbottom, AID/Ouagadougou
 
Kevin Mullaly, AFR/DR


Range Management Vernita Fort, REDSO/WA

Senegal David Gibson, AID/Dakar
 
Mali 	 Jon Anderson, AID/Bamako
 
Niger 	 john Heermans, AID/Niamey
 

I0:30 10:45 Coffee Break
 

10:45 - 11:00 The CDA Forestry/Fuelwood Initiative 

Kevin Mullaly, AFR/DR 

11:00 	 1 Agroforestry and ICRAF
 

Bjorn Lundgren, ICRAF
 

11:30 - 12:00 Identification of Problems and Solutions

1:30 5:00 	 Program repeats with next group
 

EVENING SESSION
 

DAY 4, THURSDAY, DECEMBER 10, 1981
 

7:30 - 9:00 Working session for discussion group participants and 
group leaders only. Purpose is to prepare issues for 
presentation to be made on Friday morning. 

DAY 5, FRIDAY, DECEMBER 11, 1981
 

MORNING WORKSHOP WRAP-UP
 

Program Chairpersons: Herrick and Love
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8:00 - 10:00 Presentation of project program and policy issues and
 
recommendations by the spokespersons of the four working
 
groups.
 

10:00 - 10:15 Break
 

10:15 - 12:00 Discussion of Draft Report
 

12:00 - 12:15 Closing Remarks of the Convenor - John D. Blumgart
 

(During afternoon, drafting committee prepared revised Workshop Report
 
to AA/AFR, based on morning's discussion)
 

2:00 - 5:00 Field Trips to
 
Regional Remote Sensing Facility
 
Clayworks/Kijito Windmills
 
ICRAF Agroforestry
 
Athi River Wildlife Ranch
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OPENING REMARKS
 

John D. Blumgart, Chief
 
Special Development Problems
 
.Bureau for Africa
 
Agency for International Development
 

It is with great pleasure and anticipation that I welcome all of you to
 
the Bureau for Africa's Workshop on Energy, Forestry and Environment.
 
Its authorization and funding was among the early decisions of our new
 
Assistant Administrator, Mr. Ruddy. In fact, this gathering represents

the first time that our Bureau has convened a workshop on these topics.
 
That we are about to do so demonstrates, I believe, a growing

recognition by the Bureau that energy, forestry and environmental
 
problems are critical factors in the development of Africa and that they
 
must receive increased attention by both our field missions and by
 
Washington.
 

Before proceeding further, I want to point out that this meeting would
 
not have been possible without the collaboration and hard work of many
 
of you both in Washington and the field. I particularly want to thank
 
USAID/Nairobi for the logistical support it has generously provided
 
through Mr. Greenough and his staff from the very beginning of our
 
preparations. In addition, major substantive contributions to the
 
topics and to the structure of our program were provided by both REDSOs,
 
especially by their Energy and Environmental Officers. Thirdly, we have
 
received indispensablL help of both a substantive and administrative
 
nature from two consultants, John Engle of the Development Assistance
 
Corporation and Gene Ellis of the University of Denver. Gene's services
 
have been generously provided by AID's Office of Training. Finally, I
 
would like to take the opportunity to thank the staff of my office who
 
have devoted most of their time and energies over the past 3 months to
 
what seemed like an unending series of tasks and challenges.
 

Although we will all be introducing ourselves to each other at our 
opening session tomorrow morning, I do want to take this opportunity to 
welcome AID's Energy Policy Advisor, Steve Klein of the Policy and 
Planning Staff, who has been a source of strength and support to the 
Bureau on countless occasions, including when we needed more money. I 
want to equally welcome the Directors of the two Offices of the Bureau 
for Science and Technology with which our own Bureau directly interfaces 
when it is addressing questions of energy, forestry and the environment. 
Their presence here, despite almost paralyzing travel fund restrictions, 
is evidence of the priority which the heads of their Bureau -- Niles 
Brady and Leonard Yaeger -- attach to these subjects and to 
collaborating with us about them. I would also like to welcome Mary Ann 
Riegelman from our Regional Affairs Office who will be leading a 
discussion of the proposed Energy Initiatives for Africa project on 
Wednesday evening.
 

As I just mentioned, the Workshop program that we have developed is very
 
much a joint product -- the product of a lively dialogue that took place
 



between Washington and the field. The rpsult is an ambitious and very
 
rich menu of plenary and discussion group sessions.
 

We begin tomorrow morning with a series of overview analyses to provide
 
a framework of the dimensions of the problem and what various agencies,

including AID, are doing about it. On Tuesday we move into a more
 
specific examination of a number of key topics and issues which must be
 
dealt with if we are serious about trying to address energy, forestry

and environmental problems in Africa. Thanks to REDSO/EA's initiative,

it has taken the lead in organizing the first of these Tuesday sessions
 
-- the one titled "Assessing Energy, Environment and Forestry Sectors."
 

On Tuesday evening, from seven to nine, we first form our four
 
Discussion Groups. These have been roughly organized by region and
 
ecologic similarity, although some exceptions had to be made to keep the
 
groups roughly the same size. The Discussion Groups will meet with
 
their group leaders in the rooms that have been designated. Phil
 
O'Keefe of the Beijer Institute is the leader of the East Africa group,

Asif Shaikh of Energy/Development International will head the Sahel
 
group, George Burrill of Associates in Rural Development will lead the
 
Southern Africa group and Mark Ward, the Bureau's Energy Advisor, will
 
head the West/Central Africa group.
 

The Tuesday evening session will be devoted to a discussion of the
 
country energy statements that we have asked you to prepare and bring to
 
the workshop. We will be duplicating these papers for distribution
 
tomorrow. It is important that you read the papers of your fellow group

members before the Tuesday evening session so that you will be prepared
 
to comment on them.
 

On Wednesday and Thursday we will continue in the discussion group mode
 
with each group going through a half-day program of more specialized

topics. Program A is concerned with energy planning and energy surveys.

Program B takes up the practicalities of managing and implementing
 
energy projects, and what we learned from our experience. Program C
 
examines an array of various energy technologies and their capability to
 
deal with specific energy problems. Program D addresses the whole range

of issues concerned with forestry and natural resource management and
 
our experience to date with projects in that sector.
 

I would like to emphasize that the purpose of the Discussion Group
meetings is not only to provide information to our field missions on 
these topics -- although that is a very important objective in itself. 
The even more important objective is to obtain the reaction, experience,

opinions and wisdom of our bilateral field missions on these issues.
 
Therefore, participation by our bilateral mission personral is the key
 
to the success of the Discussion Groups.
 

Those persons not assigned to Discussion Groups should feel free to sit
 
in on the Discussion Group programs and discussions. However, I would
 
ask such persons to limit their participation and refrain from
 
dominating the discussions with their technical expertise. Clearly our
 
technical experts and visitors should provide advice on technical points

when this information is needed by the Discussion Groups. But I would
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caution them to think of themselves as servants rather than as guides of
 
the Discussion Groups. Otherwise, I am very afraid the discussions will
 
become overly influenced by outside experts and distinguished visitors,

and we will lose the field orientation and expression of views that we 
want to obtain from the Discussion Groups.
 

The evening session on Thursday is being held so that Discussion Groups

may continue to work on their reports for the Friday plenary session. 
We may again wish to use that time to ask the energy experts to be 
available to our mission people for individual consultations.
 

Friday morning is the day when all that has preceeded is summarized in a 
workshop report. We will be looking to the Discussion Groups -- through
their spokepersons -- to present their views as to the leading project, 
program and policy issues the Bureau faces in the fields of energy,
forestry and the environment, and their recommendations as to what the

Bureau should do about them. We will be getting, I believe, further 
guidance on these points very shortly from Mr. Ruddy. It is our 
expectation that during the Friday presentations and discussions we will
 
be able to reach a consensus that will provide the basis of a report by 
the Workshop to Mr. Ruddy -- a report that will articulate your views on
 
the issues and your recommendations as to how we should proceed.
 

Once again, let me welcome all of you to this workshop and to thank 
those of you who have done so much to make it possible and who will be
 
working with me over the next few days to help us to realize the 
Workshop's potential.
 

I would now like to turn the chair over to Mr. Ruddy.
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OPENING REMARKS
 

Francis S. Ruddy
 
Assistant Administrator
 
Bureau for Africa
 
Agency for International Development
 

Mr. Ambassador, Mr. Muturi, Mr. Mbote, Directors Herrick and Love,

distinguished visitors and all my AID colleagues from our African
 
Missions and from Washington. John Blumgart, Convenor of this Workshop,

has told you that authorizing this Workshop was one of my early

decisions as Assistant Administrator of the Bureau for Africa. I made
 
that decision for several reasons.
 

I come to this job from an energy background and for the past few years

I have followed closely our own country's struggle to accommodate the
 
legitimate and farsighted demands of conservationists under the National
 
Environmental Protection Act and the nation's need for energy to get us
 
to the year 2000 and I have been part of the litigation and strategy of
 
that debate.
 

As I travel through Africa, I see at firsthand Africa's energy forestry

and environmental problems -- I see that cars cannot be driven on Sunday

in Tanzania because there is not enough petrol, 
even at $5.00 a gallon.

I have seen desertification in Senegal and I have seen an ever widening

circle of trees cut down for firewood around Ouagadougou.
 

Peter McPherson has urged that AID should inc'ease the total level of
funding devoted to energy-related activities in the years to come. 
President Reagan, in his recent Philadelphia speech, has singled out 
energy activities as an area for practical 
proposals for cooperation

between the United States and developing countries.
 

For these reasons, I wanted to be here to participate with you during

the first few days of this Workshop and to learn more about the nature
 
and significance of these problems from you the real experts, to hear
 
what you have been doing to solve them and, above all, to think about
 
how we can do better and how we can do more.
 

As I am new to AID, I lcrned quite a bit from the backgrund paper that
 
John has prepared for this meeting. It describes tIe origins and
 
evolution of the Bureau for Africa's energy, forestry and environmental
 
activities and summarizes their status. I am sorry to have to say that
 
while our renewable energy and fuelwood programs more than tripled

between FY'78 and FY'81 (from $5 million to $16 million), they show a
 
decline in this fiscal year and an even further decline in FY '83.
 

Why is this? Certainly it is not because we have solved Africa's energy

problem and can turn to other matters. And how does this trend in '82
 
and '83 square with the Administrator's guidance to "increase
 
significantly" our energy-related activities? I really will look to
 



this Workshop for answers to how we can do more in energy with less
 
money.
 

One thing that I have learned since joining AID is that AID -- in 
contrast to most other donor agencies -- is decentralized. In AID the 
center of gravity for decision making at the operational level lies 
heavily with the field missions in conjunction with their host country 
governments -- and that's the way it should be. We in Washington, can 
set the tone and the general direction of our programs. But the 
translation of such guidance into specific activities and projects
depends on the initiative of the Missions and their host country 
counterparts. 

That's the real significance of this kind of Workshop. If it works, it
 
will really affect the Bureau's thinking about energy reforestation and
 
environment and directly influence my decisions on the Bureau's programs

in energy, forestry and the environment over the next several years.
 

We have assembled here inNairobi some of the world's leading experts on
 
energy, reforestation and the environment in Africa. We have also
 
started a process of self-instruction, of learning the lessons about our
 
successes and failures through the case studies that you have prepared.

All of us should come away from this meeting with a better base of
 
knowledge and understanding for dealing with the togics on our agenda.
 

Secondly, this Workshop is a means of coming to grips with a broad range

of issues that confront the Bureau, and of generating programs to deal
 
with them. We scheduled this meeting in December to allow time for
 
Missions to consider what has been learned and to incorporate these
 
ideas into the 1984 ABS program submissions due next May. In this
 
connection, I invite your attention to the list of Workshop issues which
 
the conference organizers have prepared in order to get the dialogue

going. That list was prepared inAID/W and our people in the field will
 
undoubtedly have others to add. Let's get them on the table and see if
 
we can reach a consensus on how to address them.
 

In our discussions, I hope you will give attention to the question of
 
private sector participation in our energy, forestry and environmental
 
programs. And by "private sector" I do not mean only U.S. private

investment or the involvement of African commercial and industrial
 
sectors. In some cases it may be American private investment, but in
 
others it may be the skills, energies and resources of the vast rural,
 
village and urban populations of Africa who represent a great source of
 
entrepreneurship. The initiative of these resources can play a role in
 
addressing Africa's energy, forestry and environmental problems.

Clearly, to do so means developing technologies, policies arid approaches

that are affordable, profitable and practical.
 

We expect a lively and spirited discussion of these issues and I will be
 
very anxious to see the consensus report on Friday, the last day of our
 
Workshop. Unfortunately, on that day I shall be in Somalia.
 
Nevertheless, I want to emphasize the importance I attach to your report

that will summarize your views and recommendations on the issues and on
 
the Bureau's cuture work in energy, forestry ana the environment. I
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look upon this Workshop as the beginning of a process that will provide
 
new impetus and dynamism to our work in these fields. I am looking to
 
John Blumgart to bring back your views, and I assure you I will use them
 
as a basis for action.
 

I wish you well in your labors and I look forward to receiving your
 
report. Thank you.
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AFR ENERGY, FORESTRY AND ENVIRONMENT PROGRAMS
 

OVERVIEW AND ISSUES
 

This paper was prepared for the Workshop on Energy, Forestry and
 
Environment to outline the historical context of the Bureau for Africa's
 
programs in these areas. It summarizes their current status, notes
 
complementarities and differences with AID centrally-funded 
programs,

and identifies issues which merit discussion and recommendation.
 

Program Origin
 

The origins of the Bureau's programs in energy and environment go back
 
to an informal "planning group" that wa, set up in AFR/DS (the

forerunner of AFR/DR) which attempted to look at some 
of the longer run
 
issues of development in Africa. The group identified the interrelated
 
problems of rural energy needs and environmental degradation as among

the most serious facing African countries over the next two decades.
 

As a result the Bureau initiated two activities. The first involved a
 
grant to Clark University to fund a series of pilot programs in several
 
East and Southern African countries aimed at strengthening local
 
capacity to deal with environmental problems. The second involved 
a
 
grant to the Overseas Development Council (CDC) to prepare a concept
 
paper on how the Bjreau might begin to address Africa's rural energy

needs. These initiatives took place against a background of growing
 
concern in AID and in the Congress on environmental issues as a result
 
of the 1969-1974 drought in Africa and the realization that more
 
attention and resources should be devoted to the energy dimension of
 
AID's "New Directions".
 

Renewable Energy
 

The ODC study, "Energy for the Villages of Africa", published in early

1977, noted that 85% of the 250 million people of sub-Sahara Africa
 
"live out their lives (in rural areas) without more than occasionally

being touched by modern energy". It noted that the :'chief sources of
 
energy for most of these people are human muscle power, wood, and the
 
rays of the sun". It asked whether the tasks of these people might be
 
lightened and their productivity increased by "technologies that are now
 
on the shelf or emerging from the laboratory".
 

The report suggested an approach by which Africa policy makers and
 
donors could try to determine "whether village-source energy systems
 
warrant use on 
a wide scale" aid, if so, how best to select appropriate

technologies and what kind 
of support systems they would require. To
 
answer these questions the report recommended a series of activities
 
involving (a) the identification of tasks villagers wish have
to 

performed by non-human energy, 
 (b) evaluate the energy resources
 
available (sun, wind, stream flows, wood, crop residues) for performing

tasks, (c) install and operate appropriate devices and measure the
 
technical performance of the technologies introduced, (d) evaluate
 



performance, local acceptance, cost, economic feasibility and
 
maintenance and repair requirement of such hardware and (e)examination
 
of how best to extend successful systems, including particularly the
 
utilization of the private sector.
 

The report further recommended the training of African energy experts
 
and the strengthening of African energy-related institutions. It also
 
urged a stepped-up program of small-scale decentralized renewable energy
 
research, both in the U.S. and, with AID support, inAfrica.
 

Early Starts
 

The ODC report, which was circulated in both English and French
 
versions, provided the initial impetus and direction to AFR's renewable
 
energy program. In FY '78, projects were launched or designed inMali,
 
Senegal and Niger (initial emphasis was placed on the Sahel) which
 
sought to apply the report's directions and methodology. For example,
 
the project inMali involves building up the institutional and technical
 
capcbility of the Mali Solar Energy Laboratory while simultaneously
 
carrying out village energy surveys in foir ecological zones of the
 
country to determine village energy priorities and resources. The
 
survey results are meant to help guide the R.& D. work of the laboratory
 
toward technologies relevant to the needs of its rural "clientele" and
 
their financial and technical capabilities.
 

Forestr and Fuelwooa
 

Along with the Bureau's increased emphasis on renewable energy, there
 
was a growing concern with Africa's fuelwood/deforestation problem.
 
Concurrently with a State/AID conference on the global dimensions of the
 
problem, the Bureau sponsored in June, 1978 an Africa firewood workshop
 
which sketched out the dramatic magnitude of the problem and urged a
 
growing AFR emphasis in this area. It suggested in a message to the AFR
 
missions the initiation of local fuelwood surveys as a means of
 
designing government sponsored andvillage-initiated fuelwood projects.
 

The Bureau's concerns on Africa's fuelwood problem were replicated by
 
the October 1978 report of the CILSS/Club du Sahel, "Energy in the
 
Development Strategy of the Sahel". Itpointed to the dominant position
 
of fuelwood as a source of energy (80%-90% of total demand) and warned
 
that the region would be largely desertified by the year 2000 ifcurrent
 
trends persisted. The Sahel energy report, the work of the
 
Forestry/Ecology team of the CILSS, as well as growing concern by
 
Sahelian governments led to the initiation of a number of forestry and
 
fuelwood projects inthe Gambia, Mali, Senegal and Upper Volta.
 

A subsequent major potential impetus for expanding the Bureau's and
 
other donor efforts infuelwood and reforestation inAfrica has been the
 
designation of AID as the lead donor in this field among the informal
 
grouping of "Cooperation for Development in Africa" (CDA) countries --

France, Belgium, the U.K., West Germany, Canada and the U.S. On the
 
basis of agreed criteria, five African countries have been initially
 
selected as candidates fur expanded programs -- Somalia, Malawi,
 
Senegal, Upper Volta and Burundi. Agreement has also been reached on a
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process for comprehensively evaluating country requirements and
 
resources and for coordinating donor actions at the country level. Much
 
of the informational base for the CDA fuelwood/forestry initiative as
 
well as its methodology can in part be traced to the results of the
 
"Fuelwood and Renewable Energy Workshop" that the Bureau had convened in
 
Paris in November, 1979 involving African and donor experts from over 20
 
countries and donor organizations.
 

Program Emphasis
 

Accordingly, as indicated in a program guidance message to the field in
 
August, 1979 (AIDTO A-204), the Bureau has elected to "stress ways of
 
meeting (African) energy needs in the areas of:
 

- cooking and heating by the rural and urban poor; 
- water supply, grain grinding, irrigation, handicraft and other 

basic life functions." 

The message supplemented the earlier ODC study by incorporating fuelwood
 
production and conservation as a major AFR energy concern. It also laid
 
great emphasis on a multi-disciplinary approach for assessing the
 
economic feasibility and social acceptability of energy interventions
 
and of rigorously evaluating results. It called for a continuing
 
program of studies and analysis so that the Bureau tould keep pace and
 
deal more effectively with the evolving nature of Africa's energy
 
problems. And it urged an expanded energy effort through (a) adding
 
energy components to existing projects, (b) undertaking new projects,
 
and (c)preparing national energy assessments.
 

The message explicitly downplayed attempting to deal with Africa's
 
conventional energy problems caused by escalating oil prices. While it
 
recognized the seriousness of the problem and its impact on the
 
economies of the region, the Bureau emphasized fuelwood and renewable
 
interventions because (a) they built on the Bureau's existing strengths
 
and capacities in rural development, training and extension work, (b)
 
they complemented and reinforced the Bureau's agricultural development

efforts by addressing the environmental dimensions of declining
 
agricultural productivity (e.g. erosion, river basin siltation,
 
declining soil fertility) and (c) nearly all other major donors as well
 
as private investment resources were becoming involved in providing

assistance in the conventional energy area. Hence the Bureau's energy
 
bias is based on a perception as to how it can most meaningfully and
 
effectively apply its limited resources.
 

The approach is consistent with AID's "Energy Assistance Policy Paper"
 
of January 1981 or the Administrator's energy guidance message of May
 
12, both of which recognize that energy programs, like other programs,
 
should be tailored to regional and country specific circumstances and
 
priorities. While both set forth a broad range of possible energy
 
activities, including conventional, each also gives major attention to
 
fuelwood and renewable energy concerns. The Administrator's emphasis on
 
careful economic analysis of projects and replication through the
 
private sector is particularly supportive of Bureau policy. Most
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important, both messages urge a "significant" expansion in the Agency's
 

energy.-related activities.
 

Program Profile
 

As indicated in the attached table, AFR's energy programs have grown

from annual obligations of $4.7 million in FY' 78 to $15.7 million in 
FY' 81 although they at present show a decline to $13.8 million in 
FY'82. The Bureau is presently financing or planning 24 renewable 
energy projects in 15 countries and 15 fuelwood and forestry projects in
 
12 countries. It is testing and/or demonstrating over 30 different
 
renewable energy technologies in over 20 countries. See Table A for a
 
tabulation of AFR's energy programs.
 

Illustrative of the Bureau's "second generation" of energy projects 
are
 
the following examples:
 

Kenya: Expatriate and Kenyan consultants are undertaking village and
 
urbai energy surveys and a national energy assessment to develop a
 
national energy plan aimed at reducing Kenyan dependance on imported

fuels while accelerating the production and conservation of fuelwood.
 
The project includes technical assistance to the Ministry of Energy and
 
a fund for encouraging the development of promising, replicable
 
technologies.
 

Lesotho: Here a renewable energy program has been set up within the
 
Ministry of Rural Development to train village craftsmen in the
 
fabrication of promising renewable energy technologies -- thatch
 
insolation, solar grow holes, pedal-powered grain grinders, solar
 
greenhouses. Trained craftsmen will return to the village to set up

demonstration units aimed at widespread replication of appropriate

applications. Attention will also be given to community-scale
 
mini-hydro and biogas interventions.
 

Senegal: The Senegal fuelwood project involves the development of 3,000
 
hectares of rapid-growing trees in controlled areas of the Bandia
 
Classified Forest to help meet the fuelwood and charcoal needs of the
 
Dakar/Thies area. The project involves establishing a central nursery

and the development of easily extendable fuelwood production systems.

Research and evaluation will be conducted on nursery planning, clearing
 
techniques, live fencing and agro-silvicultural systems.
 

AFR/S&T Relationships
 

In addition to its bilateral energy and fuelwood programs, AFR and its
 
missions have access to the resources and expertise provided by the
 
Office of Energy (S&T/SY) and the Office of Forestry, Environment and
 
Natural Resources (S&T/FNR). AFR has made considerable use of both of
 
these resources.
 

The Office of Energy
 

The Office of Energy's global programs for training LDC energy personnel
 
in management and planning, in solar technologies, and in conventional
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energy disciplines are being widely used by AFR missions. The S&T/EY
 
projects that support the VITA and Peace Corps renewable energy
 
expertise and surveys have been invaluable in meeting the needs of the
 
Bureau's projects in Mali, Sc"e-al and Rwanda, for coordinating
 
woodstove development in the Sai.,_ and for providing a variety of
 
appropriate technology services and advice to our missions. The S&T/EY

photovoltaic demonstration project, managed by NASA, has initiated or
 
will be launching pilot efforts in Upper Volta, Kenya., Zimbabwe and
 
several other locaticns. The en-rgy planning project has made possible

preliminary national energy assessments in Togo, Liberia and Malawi (the
 
latter in 7onjunctior with the World Bank) and has initiated a
 
coilaborative energy planning and training exercise in the Sudan. The
 
conventional energy technical assistance project has or will provide
 
missions access to skills outside of the Bureau's main energy concerns,
 
as discussed above. Senegal, Botswana and Kenya, among others, have
 
requested assistance on such matters as lignite potential, coal 3urveys,
 
and oil refinery analysis.
 

Collaboration with S&T/FNR in Fuelwood/Forestry
 

Collaboration with S&T/FNR in this field has been more limited, simply

because FNR's forestry budget is more restricted. Of particular value
 
has been the forest resources project, administered through a PASA with
 
USDA, which has permitted the stationing of a long term regional
 
Forestry Adviser in REDSO/EA, the provision of short-term consulting

services, such as that recently made available to the Mission in
 
Somalia, and the planning of closer collaboration between AID and the
 
Peace Corps in forestry activities.
 

Environment and Natural Resource Management
 

In addition to programs in energy, fuelwood and forestry, the Bureau has
 
encouraged and engaged in a major exp, ision of its work in environmental
 
management concerns, broadly defined. Growing attention to problems of
 
environmental degradation in the developing countries were initiated by
 
the Agency in the min-1970's and Regulaton 16 was issued to strengthen
 
the environmental criteria by whiuj AID's own projects were to be
 
evaluated. Meanwhile, perceptions of the problem in Africa had been
 
sharpened by the Sahelian drought, by the UNEP conference on
 
desertification and, as noted at thp )eginning of this paper by the
 
pioneering work being carried out ir Tanzania, Kenya, Botswana and the
 
Sudan under the grant to Clark University. This latter activity
 
eventually led to thie initiation of a major Environmental Training and
 
Management project, backstopped by a consortium of universities,
 
including Clark, and managed by AFR/RA. The Bureau's own capability to
 
help its missions and their African clientele address environmental
 
issues has been greatly enhanced by the stationing of Environmental
 
Advisers at both of the REDSOs and the formation of an Environmental
 
Unit in AFR/DR. The Bureau has also begun a series of "phase I"
 
profiles conducted earlier (see below), for use in national
 
environmental planning. Such profiles are underway in Zaire and Upper
 
Volta and additional ones are planned for FY'82.
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However, most significant of all is the extent to which the Bureau, on
 
the initiative of its missions and their host governments, have become
 
engaged in a broad range of projects addressing regional or country
 
specific problems having major environmental or resource management
 
implications. A recent in-house review of AFR's project portfolio
 
showed that -- not counting reforestation and fuelwood activities -- the
 
Bureau was implementing or well along in planning some 30 projects, all
 
dealing with environmental or natural resource issues. See Table B for
 
a tabulation of the Bureau's natural resource programs.
 

Illustrative of this portfolio is (a) the two regional remote sersing
 
centers, in Kenya and Upper Volta, -hich are training Africans and
 
providing technical assistance on measuring and evaluating ecological
 
change, (b) natural resource inventories and land use planning projects
 
are taking place and planned in Mauritania, Senegal, Mali, and parts of
 
Niger, Upper Volta and Botswana, (c) natural resource management and
 
planning projects (e.g. river basin studies, dune stabilization,
 
regional integrated development) projects in Mauritania, Kenya, the
 

-Gambia, Niger, Somalia, Cape Verde, Botswana, Rwanda and Senegal. Thus
 
the Bureau has become heavily engaged, through its bilateral programs,
 
with pressing environmental and resource management issues which play
 
such a leading role among Africa's development problems.
 

Collaboration with S&T/FNR on Environmental Matters
 

As in energy and forestry, the Bureau's work has been enhanced and
 
assisted through collaboration with S&T/FNR. Of particular benefit have
 
been the "Phase I" environmental profiles (desk studies) carried out
 
with FNR funding by the Library of Congress and the University of
 
Arizona. S&T/FNR has also (a)commissioned environmen" manuals for the
 
design of irrigation and small scale rural development projects, (b)
 
made available a directory of U.S. environmental study programs for
 
trainees from the LDCs, (c) financed a study on the legal, regulatory

and institutional aspects of environmental protection (using Ghana,
 
Malaysia and the Sudan as two case examples), (d) assisted the Regional
 
College of African Wildlife Management in Mweka, Tanzania, and (e)
 
circulated a newsletter for AID environmental field staff. Inaddition,
 
pilot remote sensing activities made possible by FNR funding are now
 
leading to n:ull scale natural resource assessments in Mauritania and
 
Senegal.
 

The S&T Bureau is actively continuing this support to the Africa Bureau.
 
AFR staff are working closely with them on ongoing projects which
 
include: (a) a study of selected ecological problems in the humid
 
tropics which will include a section on central Africa, (b) an
 
examination of methods for developing natural resource inventories and
 
environmental baseline stud-s and (c) a study on renewable resource
 
scarcities which will focus on Africa, east of the Rift Valley.
 

PIDs have been developed, reviewed and recommended for further
 
development on additional subjects of great use to Africa. One will
 
supply high quality short-term, short-notice environmental expertise for
 
non-project assistance, another will provide for environmental training,
 
a third will give a grant to the U.S. Man and the Biosphere program
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(MAB) to fund small ($50,000) research projects in developing countries.
 
A fourth project will provide one African country with assistance to
 
build its water resources management infrastructure.
 

The general thrust on environmental matters of the new S&l Bureau will
 
be to create a portfolio which will include projects that can provide

short-notic',, short-term environmental ?xpertise to missions, and to
 
have 	projec-s which will conduct research to address perceived future
 
environmental problems. They intend to be guided by the Regional

Bureaus via the new Sectoral Council for Energy and Natural Resources.
 

Issues
 

The foregoing narrative raises a number of issues which the Workshop may

wish to address. The following list is suggestive and by no means
 
complete.
 

1. 	With overall AID budgets likely to be stable, or even
 
declining (in real terms), how can the Bureau's energy
 
programs (including fuelwood) be increased, as advocated in
 
AID's policy paper and the Administrator's message? How can
 
we improve on our currently unimpressive record of adding
 
energy components to other projects (e.g. agriculture,
 
housing, health)?
 

2. 	What are th? prospects for increasing AID-financed energy
 
activities -'n FY'84 and '85 (assuming program allocations for
 
FY'83 are by now fairly well defined)? Do missions/host
 
governments see energy (including fuelwood) as a rising

priority which should be pursued even at the expense of
 
foregoing the initiation of other programs?
 

3. 	 Is the Bureau on the right track with respect to its emphasis
 
on fuelwood and renewables? Should more attention be paid to
 
energy planning and energy conservation (both fuelwood and
 
conventional) activities as recommended in the draft "Energy

Initiatives for Africa" project paper? Should the Bureau
 
continue to look to S&T/EY for meeting mission requests in
 
other conventional energy matters and in energy training?
 

4. Is the Bureau paying sufficient attention to the potential
 
role of the private sector (African and U.S.) in designing its
 
energy programs? If not, how should we go about improving our
 
performance in this regard?
 

5. 	 Is the Bureau giving sufficient attention to the
 
implementation of its existing energy, forestry and natural
 
resource programs? If not, what should be done to improve and
 
accelerate implementation?
 

6. 	What about evaluation? Are we learning from our successes and
 
failures? How can we disseminate this information more
 
effectively to the field?
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7. 	How can AID/W (AFR and S&T) more effectively backstop the
 
field in the various programs which are the subject of the
 
Workshop? Are there specific shortcomings in (a) design, (b)
 
approval or (c) implementation of such programs which need to
 
be identified? Are there specific shortages in staff skills
 
which need to be rectified?
 

8. 	 Is REDSO backstopping adequate? Are there ways in which it
 
can be imprcved? Has the Bureau achieved the right "mix" in
 
the allocation of functions between AID/W and the REDSOs?
 
Should the REDSOs exercise approval authority for energy
 
projects proposed by missions under the "Energy Initiatives
 
for Africa" project?
 

9. 	 Is the Bureau adequately utilizing the resources of the Peace
 
Corps (and PVOs) in the design and implementation of its
 
energy, forestry and environmental programs? Can this role be
 
more precisely defined in terms of the most promising
 
organizations and the types of Functions they seem best
 
equipped to carry out?
 

10. 	 Is there a role for African regional organizations in
 
Africa's energy, forestry and environmental programs? Can
 
this role be more priucisely defined in terms of the most
 
promising organizations and the types of functions they seem
 
best equipped to carry out?
 

11. 	 Is coordination with other donors a problem and, if so, is it
 
an AID or an African problem? What can or should AID do to
 
increase the effectiveness of donor coordination?
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Table A
 
Eneray Project Figures
 

Presently
 
Project Number and Title 	 Estimated Projected
FY '78 FY '79 FY '80 FY '81 FY '82 
 FY'83 LOP
 

635-0205 	 The Gambia
 
Reforestation 


1,181
 

615-0205 	 Kenya Renewable
 
Energy 
 3,482 1,318 
 4,800
 

625-0937 Mali Village
 
Reforestation (AlP) 495 495
 

682-0205 	 MauritaniA Renewable
 
Resources Management 250 325 
 275 1,278 1,000 2,000* 10,675

683-0230 	 Niger Forestry and Land
 
Use Planning 
 332 576 
 800 1,151
 

685-0219 	 Senegal Fuelwood

Production 	Project 
 1,400 700 730 
 300 	 3,133
 

685-0259 Senegal Fuelwood
 
Production T1(shelf)
 

685-0243 S:negal AFRICAIE
 
Reforestation (0PG) 
 126 
 126
 

685-0247 	 Senenal Villaqe Woodlots 
 211 
 211 

686-0235 	 Upper Volta Forestry Ed
 
and Development 
 525 1,350 3,458 
 4,469
 

625-0937. Upper Volta \illage
 
08 Forestry (AIP; 
 50 
 so
 

625-0937 	 Upper Volta Yatenga
 
Agri-forestry Proposal (A!P) 
 Sb 
 56
 

SUBTOTAL 
 250 3,431 7,077 7,360 
 1,300 2,800 26,347
 
Figures represent that portion of total funding estimated for fuel woodenerg


** Figures represent a prooosed amendment resu ting Sn arnextenton and LW' notea,

Results of review should be known by end of 2nd quarter Fy '82, 
Portion for energy not broken out of the proposed figures.
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Table A 
Energy Project Figures 

Project Number and Title FY '78 FY '79 FY '80 FY '81 
Estimated 

FY '82 

Presently 
Projected 

FY '83 LOP 

633-0209 Botswana Renewable 
Energy Technology 
Project 725 1,000 1.500 500 3,725 

625-0937. 
03 

Cape Verde Renewable 
Energy Soo 500 

632-0206 

698-0407. 

Lesotho Renewable 
Energy Technology 

Liberia Mini-Iydro 

1,600 1,600 

07 Electric Activity (IRT) 50 20 70 

688-0CJ1 Mali Renewable Energy 2,174 930 1,100 700 hAno 

6PS-0202 Mall Operation Mil 
(Photovoltaic Pump) 220 

220 

C88-0213 Mali Action Ble 
(PY Pump) 220 220 

683-0235 Niger Solar Energy 500 500 

698-0410. 
22 

Rwanda Renewable/ 
Improved Traditional 
Energy (ALP) 488 488 

625-0937 Senegal Renewable 
Energy (AlP) 300 300 

685-0208 Senegal Bakel Crop
Production 700 700 

SUBTOTAL 3,864 2,088 1,525 1,950 2,600 1,200 13,223 
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Table A 
Enerqy Project Figures 

Project Number and Title FY '78 FY '79 FY '80 FY '81 
Estimated

FY '82 

Presently 
Projected

FY '83 LOP 

698-040". 
O 

Togo Rural Solar
Technology Activity 50 50 

698-0410. 
13 

Upper Volta Solar
Energy Demonstration (AIP) 80 80 

655-0005 Cape Verde SAL 
Desalination Power 450 3,595 

660-0095 Zaire Rural Hydro-
Electric Development 2,000 10,000 

682-0223 

685-0246 

"auritania Alternative 
Energy Development 

Senegal Renewable 
Energy II 1,000 

96C 

1,000 

4,150 

5,000 

650-0041 Sudan Village
Renewable Energy 1,000 2,355 1,200 4,600 

698-C410 Tanzp:da Dodoma Rural 
Enery Development (AIP) 500 500 

603-0013 Djibcuti Energy
Initiatives 2,000 2,000 4,000 

698-0424 Africa Regionl Energy
Initiatiyes fo- Africa 

16,000 

SUBTOTAL 80 50 3,450 

2,000 

7,855 5,160 

3,000 

50,975 
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WORKSHOP REPORF
 

. Preamble
 

Events of the past few years have created a perilous situation in 
Africa's energy, environment and forestry interaction. Petroleum 
price increases have caused balance of payment problems; drought 
and famine coupled with rapid population growth have caused serious 
environmental degradation. The result is that a number of nations 
now face political instability and financial and environmental 
collapse. To help clarify AID's role in dealing with these forces, 
the Assistant Administrator of the Bureau for Africa convened a 
workshop in Nairobi from 6 to 11 December 1981. The goals of the 
workshop were: 

- to learn from field staff what issues seemed primary and 
how they should be addressed; 

- to improve current information of designing and 
implementing projects in energy, forestry and 
environment; 

- to present the Assistant Administrator with 
recommendations on how the Agency might proceed in the 
area of energy, forestry and the environment. 

This report is a summation of the workshop's recommendations and 
priorities for action. A number of general principles emerged:
 

First, sentiment was unanimous that African energy and environment
 
problems defy generalization. No single solution appea',s possible.
 
Varieties of ecosystems, infrastructures, and resource bases
 
require that individual policies and programs be developed for
 
specific regions and even sub-national regions.
 

Second, energy issues and goals do not exist in isolation, but are
 
part of the larger development process. Similarly the fuelwood 
need is part ard parcel of the overall need for reforestation, 
resource management, and the tapping of entrepreneurial skill and 
financial incentives to increase wood production and manage forest 
resources more efficiently.
 

Third, participants clearly identified two key components: fossil 
fuel problems occuring primarily in urban areas, and the 
traditional fuel problems and environmental degradation occuring 
within both urban and rural areas. 

Fourth, there are at least three components of a strategy to meet 
the energy problem: 

- increased efficiercy in the use, of existing energy 
sources, be they corimerc ial or traditlonal; 

- increased production of energy, particularly in the area 
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of renewables and fuelwood;
 

- better natural resource planning and management. 

Fifth, AID resources by themselves are far from adequate to solve
 
the problem. If selectively and carefully invested they offer
 
possibilities of providing leverage and testing ways to strengthen

national institutions, improve production and use of forest and
 
natural resources, expind the use of renewable energy technologies,
 
conserve conventional energy resources, assist in energy analysis

and policy planning and streamline procedures for AID action.
 

Sixth, given the nature of the energy problem, AID must think in a 
longer time period than it now does, both in formulating projects
and in appraising project effectiveness. Whereas three to five 
years seems to be the accepted life cycle for planning present AID 
projects, a much longer period - 10 years or more - is often more 
appropriate to efforts in energy, firestry and the environment.
 

Seventh, the important issue of energy as related to agricultural

and industrial production was raised, but the Workshop's already

crowded agenda did not permit its discussion groups to make
 
concrete recommendations on those issues.
 

Within the foregoing context, the Workshop advanced the following

recommendations and priorities for action:
 

II. Institutional Considerations: Host Countries and AID
 

A. Host Countries
 

In virtually every country of Africa there is a recognized
 
energy dilemma. Ministries, agencies or departments of energy

have been newly created with all the incumbent problems of
 
infancy. Further, the unique interface between energy,

forestry and environment issues has placed special burdens on
 
the new institutions to interact across sectoral and
 
ministerial lines when action even within a new 
ministry is
 
difficult.
 

Most African governments are just beginning to consider their
 
energy needs, uses, resources and policies. Experienced

staff, data availability, policy precedents, and planning

models are, at best, scarce and at worst, nonexistent. Need
 
exists in the short run for assistance to initiate policy

planning and in the longer run to strengthen institutional
 
capabilities to carry out independent analysis and planning of
 
renewable and fossil fuels. Moreover, there is a need to
 
develop plans which place energy in a broad context as well as
 
within the overall guidelines of naticial development plans.
 

With these difficulties in mind, the Workshop recommended:
 

- That donors including AID, provide long and 
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short-term training, especially in areas of
 
energy policy and planning, resource assessment
 
and land use, energy technologies, energy
 
efficiency analysis, agroforestry and natural
 
resource management;
 

That 	AID missions review national needs for
 
short run assistance in policy and planning as
 
well 	as longer run institutional needs.
 

That planning not be confined to energy reports
 
and assessments but that it lead to
 
implementable project proposals.
 

That policies be formulated and projects
 
designed to take explicitly into account local
 
institutional weaknesses by relying, wherever
 
possible, on encouraging private sector
 
initiatives and by placing the minimum burden
 
on public agencies and extension services.
 

B. 	A.I.D.
 

To strengthen AID's ability to carry out effective energy
 
activities, the Workshop recommended:
 

1. 	That adequate training be given to Mission officers
 
so that they can understand and implement AID energy
 
policy and programs.
 

2. 	That thorough evaluation be undertaken on past
 
projects which impact on the broad fields of energy,
 
forestry and environment and that AID/W disseminate
 
information from these evaluations to USAIDs.
 

3. 	That help be provided to USAIDs in surveys of
 
current and projected energy use and potential
 
energy supply, both urban and rural, to assist in
 
shaping sound programs.
 

4. 	That the energy implications and requirements of all
 
projects be evaluated at the design stage.
 

5. 	That project review procedures be streamlined and a
 
methodology established for rapid approval of
 
projects that are of small dollar value or a proven
 
technology.
 

6. 	That the Africa Bureau's Office of Development
 
Resources strengthen its technical and management
 
capacity as the principal backstop for AFR energy
 
activities.
 

7. 	That USAIDs and AID/W organize themselves so as to
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ensure the integration of agricultural, forestry and
 
engineering capabilities to deal with the
 
enhancement of wood supplies. Similar integration
 
should he encouraged in the institutions of host
 
country governments.
 

8. 	 That REDSOs promising efforts at a multidisciplinary
 
approach - which includes an initial preassessment
 
of a country's energy problems within a total
 
resource development context -- be encouraged.
 

9. 	That REDSO staff provide help to USAIDs in problem

definition which integrates energy with forestry and
 
resource management as well as other components in
 
development sectors.
 

III. 	The Development and Management of Energy Resources
 

In considering issues and recommendations on the development and
 
management of energy resources in Africa, the Workshop focused most
 
attention on forestry and natural resources (including fuelwood),

and on other renewable energy technologies. Issues relating to
 
fossil fuels were considered, for the most part, in the context of
 
energy conservation (see Section D, below).
 

A. 	 Forestry and Natural Resource Management
 

The deterioration of the natural resource base in many African
 
countries requires a substantial effort to improve their
 
management and to rationalize their use by strategies specific
 
to the needs of local populations.
 

Programs should include improved management of existing forest
 
resources as well as agroforestry, afforestation and
 
reforestation programs in urban and rural areas to increase
 
the supply of both fuelwood and other forest products.
 

The gravity of the wood crisis urgently requires greater

attention and concern by donors and African governments alike.
 
There is an acute need on the part of African decision makers
 
to become more aware oC the problems of continued overgrazing,

deforestation, soil erosion and environmental degradation, and
 
to increase the capacity of African institutions to deal with
 
them.
 

The long duration of forest development programs requires

strategies to rationally manage and exploit existing forest
 
resources. Concurrently, the identification and use of
 
transitional energy resources -- such as "bridging fuels" that
 
would serve as wood and charcoal substitutes -- and
 
technologies that may buy time for the regeneration of these
 
forest reserves, especially in Africa's semi-arid areas is
 
needed. In addition, the growing numbers of urban woodfuel
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and charcoal consumers requires that more attention be given
 
to urban as well as rural fuel problems.
 

In particular the critical role of agroforestry should be
 
stressed in areas where small farmers could begin to integrate

agriculture with tree cultivation. Such initiatives could
 
increase both the market possibilities of forest products and
 
agricultural production while encouraging sound environmental
 
practices. To facilitate the rapid adoption of agroforestry,

the group recommends the following priorities for action:
 

1. 	That private establishments be encouraged to
 
reproduce and distribute bush and tree seeds.
 

2. 	That action be taken to strengthen capabilities for
 
rapid dissemination of information about seed
 
sources and development of an African based
 
"improved-tree" seed dissemination network.
 

3. 	That research and development be undertaken (1)to
 
assess the relative importance of seed, seedlings
 
and cuttings in forestry practice; (2) to assess
 
alternative to monoculture, with particular
 
attention to economic and social evaluation of
 
agroforestry systems; (3) to assess appropriate

technologies for forest management;
 
(4) to assess the economic incentives to increase
 
the production of forest products under a variety of
 
land tenure pattern; (5)to identify and genetically
 
improve promising fast growing exotic and indigenous
 
tree 	species for fuelwood and other forest products.
 

4. 	That training oi" both agriculturalists, Foresters,
 
and other natural resource managers at all levels of
 
their respective professional hierarchies, address
 
the issues and problems of integrated land use
 
management;
 

5. 	That AID encourage the development of small private
 
nurseries in Africa. The efficient provision of
 
seed, seedlings and cuttings for species which have
 
already been proven could greatly help the process
 
toward a positive transformation of the rural areas.
 

6. 	That AID include forestry and natural resource
 
conservation considerations in future agricultural
 
and river basin project designs and evaluations.
 

B. 	Renewable Energies
 

Given the rising costs of energy, attention has been focused
 
over the last decade on renewable energies that would
 
substantially reduce the recurrent costs of development

projects. Although many technologies have been developed,
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there has been little real progress to this end. The Workshop
 
also noted that while the Bureau has been testing and
 
demonstrating a widL range of technologies in many countries,
 
very few of them appeared to be capable of widespread
 
replication due to technical problems and excessive cost in
 
relation to benefits, social acceptability, or to maintenance
 
and repair problems which appear to be beyond the capacity of
 
African institutions and entrepreneurs. In reviewing the role
 
of renewable technologies, the Workshop participants felt that
 
priority should be given to the following actions:
 

1. 	That the Africa Bureau's renewable energy technology
 
programs be focused on the identification,
 
introduction and dissemination of a limited number
 
of proven technologies which hold the greatest
 
commercial promise.*
 

2. 	 That attention be paid to renewable technologies
 
that will substantially increase agricultural
 
output.
 

3. 	 That the Bureau devote greater attention to the
 
possibilities of mini-hydro power where such power
 
would provide an alternative to diesel power and
 
would be financially viable.
 

IV. Energy Conservation
 

A. 	 Traditional Energy Conservation
 

Although there is considerable deforestation and consequent
 
environmental degradation of the African landscape, this
 
process is not only caused by the use of fuelwood by the rural
 
population but also by overgrazing, demands for additional
 
agricultural land and urban charcoal consumption. The
 
continuous expansion of agriculture can be sustained only if a
 
widespread application of agroforestry practice occurs. It
 
is, 	however, possible to reduce consumption of charcoal by
 
inbtroducing more efficient technoloyies. The Workshop
 
therefore recommends the following technical assistance
 
priorities:
 

1. 	That attention be focused on improved clay mound
 
charcoal conversion in rural areas.
 

2. 	 That manufacturing of improved wood and charcoal
 
stoves in the urban and rural areas be rapidly
 
undertaken as an entrepreneurial activity as a means
 

Although this was the predominant opinion of the Workshop, the view
 
was also expressed that the Bureau should continL'2 Lo 'ipport research
 
and development of a broad range of renewable energy tecinologies.
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to the threefold purpose of (1)benefiting the urban
 
poor, (2) relieving the pressure of the rural
 
environment and (3)serving as a focal point for
 
demonstration effects throughout the country:
 

3. 	Other energy conservation technologies that hold
 
promise of widespread dissemination within the urban
 
and rural private sectors.
 

C. 	Increasing Conventional Energy Efficiency
 

Recent developments in increasing energy efficiency in the
 
United States may be readily transferred to developing

countries. While the Workshop did not have the time 
to give

this topic sufficient consideration it recommends that this as
 
an area in which AID may wish to be given additional emphasis.
 

Given the size of USAID energy budget in Africa, any

intervention in the commercial sector must be 
strategically
 
located. To this end, the Workshop suggested that technical
 
assistance be considered for the following areas:
 

1. 	Conservation possibilities in the transport sector,
 
especially in intra-urban transport;
 

2. 	 Attention should be given to energy efficient
 
building practices and, if possible strengthening of
 
the local building codes;
 

3. 	Conservation in industry and pdblic buildings be
 
examined and fostered.
 

Some 	participants also noted that IJ.S. overseas missions were
 
sometimes among the worst offendcrs of energy efficiency;

rather they should serve as efficiency models and be
 
demonstrations of what can be done.
 

V. 	Energy Initiatives for Africa Project Paper
 

The 	 general consensus of the Workshop is that the Energy

Initiatives for Africa Project can provide important and much
 
needed support for the Africa Bureau's energy activities and should
 
be redesigned to be responsive to the Workshop's recommendations.
 
During the project's review it was recommended that more of the sub
 
projects be identified prior to completion of the Project Paper and
 
the administrative responsibilities of the AID Wishington and field
 
offices be clearly stated. Field offices will review the proposed

project and telegram AID/W their views by Januray 31, 1982. Upon

the resolution of the above, the Project Paper should be approved.
 

VI. 	 Other Points of Note
 

In the general discussions during the conference, several points
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were noted that participants felt were worthy of further attention.
 
In particular, it was felt:
 

- That a follow-on meeting be held in approximately 12 
months which would include AFR natural resources 
personnel and agricultural personnel. The Workshop would 
stress the agriculture-forestry interface as a means to 
address deforestation and environmental degradation 
problems. 

- That more attention should be paid to the energy problems 
of the urban and periurban poor. 

- That greater attention Should be paid to sharing 
experience both within and between regions inAfrica. 

- That greater contact and exchange of information be 
sought with other bilateral and multilateral donor 
organizations. 

- That a long-term strategy be established with the Peace 
Corps to facilitate local operations. 

- That, as Washington always insists that advice from the 
field is the foundation upon which AID programs are 
built, these recommendations be seriously considered, as 
they represent the collective wisdom of the energy and
 
environmental field personnel of the Bureau for Africa.
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I 

STRATEGY FOR ACTION
 

Introduction
 

Events of the past few years have created a perilous situation in
 
Africa's energy, environment .nd forestry interaction. Petroleum
 
price increases have caused balance of payment problems; drought
 
and famine coupled with rapid population growth have caused serious
 
environmental degradation. The result is that a number of nations
 
now face political instability and financial and environm,4ental
 
collapse.
 

AID's role in dealing with these forces should be based on certain
 
general principles:
 

First, African energy and environment problems defy generalization.
 
No single solution appears practical. Varieties of ecosystems,
 
infrastructures, and resource bases require that individual
 
policies and programs be developed for specific regions and even
 
sub-national regions.
 

Second, energy issues and goals do not exist in isolation, but are
 
part of the larger development process. Similarly the fuelwood
 
need is part and parcel of the overall need for reforestation
 
resource management, and the tapping of entrepreneurial skill and
 
financial incentives to increase wood production and to manage
 
forest resources more efficiently.
 

Third, energy problems consist of two key components: fossil fuel 
problems which occur primarilj in urban areas and make a direct 
impact on the modern sector; and the traditional fuel problems and
 
environmental degradation occuring within both urban and rural
 
areas. More attention should be given to the energy problems of
 
the urban and periurban poor.
 

Fourth, a strategy to meet the energy problem should be based on
 
four key elements:
 

- increased efficiency in the use of existing energy 
sources for productive uses, 

- increased production of energy, particularly in the area 

of fuelwood and renewables:
 

- better natural resource planning and management;
 

- encourdgement of U.S. and host country private sector 
involvement. 

F-Ifth, AID resources by themselves are far from adequate to solve
 
the problems. If selectively and carefully invested they offer
 
possibilities of providing leverage and testing ways to strengthen
 
national institutions, improve production and conservation of
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forest and natural resources, expand the use of renewable energy
 
technologies, conserve conventional energy resources, assist in
 
energy analysis and policy planning and streamline procedures for
 
AID action.
 

Sixth, given the nature of energy problems, AID must think in a
 
longer time period than we now do, both in formulating projects and
 
in appraising project effectiveness. Whereas three to five years
 
seems now to be the accepted life cycle for planning and executing
 
AID projects, a much longer period - 10 years or more - may be more
 
appropriate to efforts in energy, forestry and the environment.
 

Seventh, 
production 
investigate. 

energy as 
is an i

related to 
mportant issue 

agricultural 
which the A

and 
gency 

industrial 
ought to 

II. Strategy 

Within the foregoing context, AID's strategy for the development 
and management of energy resources should consist of action in the
 
following areas:
 

A. 	 Forestry and Natural Resource Maaagement
 

African countries must improve their management and
 
rationalize their natural resource use by strategies specific
 
to the needs of local populations. Programs should include
 
improved management of existing forest resources as well as
 
agroforestry, afforestation and reforestation programs in
 
urban and rural areas to increase the supply of both fuelwood
 
and other forest products.
 

The long duration of forest development programs requires 
strategies to manage and rationally exploit existing forest 
resources. Concurrently, it requires the identification and 
use of transitional energy resources -- such as "bridging 
fuels" that would serve as wood and charcoal substitutes -
and technologies that may buy time for the regeneration of 
these forest reserves, especially in Africa's semi-arid areas. 
In addition, the growing r;mbers of urban woodfuel and 
charcoal consumers requires that more attention be given to 
urban as well as rural fuel problems. 

In particular the critical role of agroforestry should be 
stressed in areas where small farmers could begin to integrate 
agriculture with tree cultivation. Such initiatives could 
increase both the market possibilities of forest products and 
agricultural production while encouraging sound environmental 
practices. To facilitate the rapid adoption of agroforestry, 
the following priorities for action are recommended: 

1. 	That an assessment of the capabilities and status of
 
forestry reseatch in Africa be undertaken. Specific
 
areas identified to reorient forestry research and 
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development include:
 

- an investigation of alternatives to 
monoculture, with particulture attention to 
economic and social evaluation of agroforestry 
systems;
 

- empirical analysis of appropriate technologies 
for forest management; 

- an investigation of economic incentives to 
increase the production of forest products 
under a variety of land tenure patterns; 

- enhancing efforts to identify and genetically 
improve promising fast growing exotic and 
indigenous tree species for fuelwood and other 
forest products. 

2. 	That action be taken to strengthen capabilities for
 
rapid dissemination of information about seed
 
sources and development of an African based
 
"improved-tree" dissemination network.
 

3. 	That training of both agriculturalists, foresters,
 
and other natural resource managers at all levels of
 
their respective professional hierarchies, address
 
the issues and problems of integrated land use
 
management.
 

4. 	 That AID encourage the development of smail private
 
nurseries in Africa.
 

5. 	That AID include forestry and natural resource
 
conservation considerations in future agricultural
 
and river basin project designs and evaluations.
 

B. 	Renewable Energies
 

Given the rising costs of energy, attention has been focused 
over the last decade on renewable energies that would 
substantially reduce the recurrent cost of development 
projects. Although many technologies have been developed, 
there has been little real progress to this end. While AID 
has been testing and d'emonstrating a wide range of 
technologies in many countries, very few of Lhem appear to be 
capable of widespread replication due to technical problems, 
excessive costs in relation to benefits, social acceptability, 
or to maintenance and repair problems which appear to be 
beyond the capacity of African institutions and entrepreneurs. 
In reviewing the role of renewable technologies, nriority 
should be given to the following actions: 
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1. 	That the Africa Bureau's renewable energy
 
techne1 gy programs be focused primarily on the
 
identitication, introduction and dissemination of a
 
limited number of proven technologies which hold the
 
greatest commercial promise and the potential for
 
contributing significantly to total national energy
 
supplies.
 

2. 	That attention be paid to renewable technologies
 
that will substantially increase agricultural
 
production.
 

3. 	That the Eureau devote greater attention to the
 
possibilities of mini-hydro power where such power
 
would provide a financial viable alternative to
 
diesel power.
 

C,. Energy Efficiency and Conservation
 

Although there is considerable deforestation and consequent
 
environmental degradation of the African landscape, this
 
process is not only caused by the use of fuelwood by the rural
 
population but also by overgrazing, demands for additional 
agricul tural land and ur.)an charco-l consumption. The 
continuous expansion of agriculture can be sustained only if a 
widespread application of agroforestry practice occurs. It 
is, however, possible to reduce consumption of charcoal by 
introducing more efficient technologies. The following 
technical assistance priorities are therefore recommended: 

1. That attention be focused on improved clay mound
 
charcoal conversion in rural areas. 

2. That manufacturing of improved wood and charcoal 
stoves for the urban and rural areas be rapidly

undertaken as an entrepreneurial activity as a means 
to the three fold purpose of (1) benefiting the 
urban poor, (2) relieving the pressure on the rural 
environment and (3) serving as a focal point for 
demonstration effects throughout tie country; 

3. 	Other energy conservation Ltechnologies that hold 
promise of widespread dissemination within the urban 
and rural private sectors. 

. Conventional Energy 

Fossil fuels and other conventional energy resources continue 
to make a crucial contribution to the economic development of 
many African countries. 

AID should give additional emphasis to conventional energy
development particularly where sources exist in significant 
quantities. Given the size of AID's energy budget in Africa,
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any intervention in the commercial sector must be
 
strategically selected. AID can assist countries in the
 
development and efficient utilization of their conventional
 
energy potential by providing technical assistance and
 
training in areas such as:
 

- policy and plannin9 for conventional energy use; 

- improving conservation and efficiency in the 
transportation, building and industrial production 
sectors; 

- fuel substitution to conserve scarce domestic and 
imported fuels. 

- program; for assisting fossil fuel development 

E Institution Building in Host Countries and A.I.D.
 

1. Host Countries
 

In virtually every country of Africa there is a 
recognized energy dilemma. Ministries, agencies or
 
departments of energy have been newly'created with all 
the incumbent problems of infancy. Further, the unique 
interface between enerqy, forestry and environment issues 
has placed special burdens on the new institutions to 
interact across sectoral and ministerial lines when
 
action even within a new ministry is difficult.
 

Most African governments are just beginning to consider 
their energy needs, uses, resources and policies.
Experienced staff, data availability, policy precedents,
and planning models are, at best, scarce and at worst,
nonexistent. Need exists in the short run for assistance 
to initiate policy planning an(d in the longer run to 
strengthen institutional capabilities to carry out 
independent analysis an( planning of renewable and fossil 
fuels. Moreover, there is a need to develop plans which 
place energy in a broad context as well as within the 
overall guidelines of national development. 

With these difficulties in minrid, it is recoimenided: 

That donor; inculing Al Vprovide long- and short
term training, especially in areas of energy policy
and planning, resource assessment and land use, 
energy technologies, energy efficient analysis,
agroforestry and natural resource ranagement; 

That AI[ missions review national needs for short 
run assistance in policy and planning as well as 
longer run institutional needs. 
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That planning not be confined to energy reports and
 
assessment but that it lead to implementable project
 
proposals.
 

That policies be formulated and projects designed
 
to take explicitly into account local institutional
 
weaknesses by relying, wherever possible, on
 
encouraging private sector initiatives and by
 
placing the minimum burden on public agencies and
 
extension services.
 

2. A.I.D.
 

To strengthen AID's ability to carry out effective energy
 
activities, it is recommended:
 

- That adequate training be given to Mission officers 
so that they can understand and implement AID energy 
policy and programs. 

- That a thorough evaluation be undertaken of past 
projects which impact on the broad fields of energy, 
forestry and environment, and thdt AID/W disseminate 
information from these evaluations to USAIDs. 

- That help be provided to USAIDs in surveys of 
current and projecLed energy use and potential 
energy supply, both urban and rural, to assist in 
shaping sound programs. 

- That the energy implications and requirements of all 
projects be evaluated at the design stage. 
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RECOMMENDATIONS
 

The approach set forth in the previous section includes a series of 
suggestions and recommendations for guiding our future work in energy,

forestry and the environment. Certain actions should be initiated in
 
the near term to implement the strategy. We should evaluate our
 
experience to date so as to target our future efforts in ways most 
likely to have maximum impact. We should place increased emphasis on 
better plannin - so as to help LDCs better identify the problems to be
 
solved and the programs required to do so. 

We should strengthen our training programs (for 
staff) because no projects can succeed without 
design and execute them. 

Africans 
competent 

and 
p

for 
eople 

AID 
to 

Action should be taken now on the following fronts: 

1. 	Evaluation: We need to examine our experience to date in renewable
 
energy and fuelwood to improve program performance, sharpen our
 
approach and select the most promising technologies that hold 
potential for widespread replication and maximum development
 
impact.
 

A working group should be convened -- composed of AFR energy
officers, counterparts from the other regional and central bureaus 
and evaluation officers from AFR and PPC -- to examine the issues 
raised in the Workshop report and design an evaluation plan for 
assessing energy efforts in Africa including utilization of the 
Energy Initiatives for Africa project.
 

2. 	Planning: Workshop discussions stressed the importance of helping
 
f-r-ican governments evaluate their total energy, forestry and
 

environmental situations to identify po'icy issues, institutional 
problems and measures for dealing with Lem, including encouraging 
a vigorous role by the private sector. 

dood projects require planning and planning requires data. In many 
countries, both planning and data are often weak. Country
Environmental Profile studies are now getting underway in several 
countries. We can build on this process by expanding the studies 
to include a greater emphasis on the energy and forestry components 
to provide a more systematic basis for integrated resource planning 
and project identification. The Energy Initiatives for Africa(EIA)
project now being designed in all likelihood will be providing 
substantial resources for this kind of energy planning and project 
devel opment. 

Beyond the approach outlined above, we need to help host 
governments and the private sector strengthen their capacity to 
plan for the best use of their energy and forestry resources. The 
Workshop agreed that "one time" assessments were not sufficient. 
These should be complemented by technical assistance and other 
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efforts to help identify potential projects, mobilize indigenous
 
private sector involvement in energy, and lead to the
 
implementation of energy policy recommendations by both the public
 
and private sectors. Implicit in these discussions was the
 
conclusion that the Bureau for Africa should include planning
 
assistance as part of its bilateral energy activities in Africa to
 
supplement the resourses of the Bureau for Science and Technology
 
to respond to African requests for energy planning assistance.
 

Once the EIA project is approved, we should communicate with our
 
Missions regarding planning assistance and, on the basis of their
 
replies, develop priorities as to African candidates for such
 
assistance. Such priorities must, of course, take into
 
consideration energy assessments and planning assistance being
 
provided by other donors, especially the IBRD.
 

3. 	Training of Africans: Building African capacity through training
 
was another dominant iocif of the Workshop. Energy programs cannot
 
succeed without Africans who can run them. The Workshop
 
recommended stepped up long- and short-term training over a broad
 
range of subjects, building and expanding AID's existing programs
 
and taking into account those of other donors.
 

The other Regional Bureaus and the Office of Energy also recognize
 
that the evolution of energy activities during the past few years
 
requires a redesign of training. To this end, AFR should (a)
 
solicit mission views on training needs and priorities for
 
energy, forestry and natural resources management, (b)set up a
 
working group consisting of appropriate Africa Bureau and S&T
 
staff and an energy training consultant to do an initial
 
assessment of current and potential training activities and
 
institutions which are particularly relevant to training
 
requirements in Africa, (c) cooperate in S&T efforts to
 
redesign the Agency's centrally-funded training programs. The
 
output of the foregoing recommendations would be a report and
 
recommendations on how the Bureau for Africa can more effectively
 
address African training needs, taking note of training being
 
conducted elsewhere by AID and by other donors.
 

4. 	AID Staff Development: Improved training opporttinities for AID's
 
own staff were also urged at the Workshop. M/PM's Training
 
Division is in the process of designing an energy training program
 
for AID staff and AFR is participating in this work. If all goes
 
well, o 4hort course should be held in the fall of 1982. We
 
endorse this initiative. In addition, we urge increased support
 
for short- and long-term training in the planning and management of
 
natural resources for our agriculturalists, foresters and
 
environmental officers so as to encourage a more integrated
 
approach to land use planning within AFR.
 

5. 	 Forestry Research and Forestry Sector Support: Dominant concerns
 
among the forestry and natural resource participants at the
 
Workshop were:
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the present inadequacy of forestry research, especially
 
on fast growing tree and shrub species for fuelwood and
 
other forest products; there is a need to reorient
 
forestry research to be more closely associated with
 
human needs.
 

the need for research on alternatives to monocultures,
 
especially agro-forestry systems and improved management
 
of natural vegetation.
 

the chronic shortage, for a variety of reasons, of high
 
quality genetically improved tree seeds and plant
 
materials to supply both AID and national replanting
 
schemes.
 

the importance of encouraging private entrepreneurship
 
for the establishment of nurseries and the distribution
 
of seedlings.
 

the need for closer integration of forestry and
 
agriculture.
 

While we are seeking new knowledge, it is vital that we use the
 
considerable body that already exists. A start in this area would
 
be to sponsor a specialized meeting to bring together experts,

interested agencies and institutions to define in greater depth the
 
forestry research prcblems noted by the Workshop and to recommend
 
options which may be pursued to address them. In preparation for
 
this meeting, We should commission an analysis of the status and
 
needs of forestry research in Africa to determine those lines of
 
research receiving insufficient attention and to identify what
 
options might be chosen to strengthen forestry research in Africa.
 

The terms of reference for the analysis would take into
 
consideration the global study on forestry research priorities

being sponsored by the World Bank and FAO.
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WORKSHOP EVALUATION
 

All of the workshop participants were asked to com;lete the attached

evaluation sheet before leaving Nairobi. 
 Eighteen of the 40 USAID field
 
attendees responded and 
a summary of their reactions are as follows:
 

All, but one respondent said that the workshop was a success; many were
specific about what had made 
it so. Their comments shared some common
 
threads: the participants felt challenged by the different approaches

presented and felt that it was an inexpensive, effective way to expose

new project managers to energy problems and solutions. Other

participants qualified their enthusiasm by saying that the workshop was
 
a good first step and that additional training efforts should follow.

They felt that face to face contact by field personnel will help bring

unity 
to energy strategy in Africa. Nearly all respondents complained

that there was too much material and too little time. 
 The .. negatlve
respondent felt that the agenda failed 
to flow and ought to have been
 
thought out more topically.
 

The second question asked the participants how they would change 
the
agenda of any subsequent workshops. The overwhelming response was that
 
the workshop should be followed by other training workshops which would

have narrower foci. Participants want to see one set of technologies

dealt with at a time, i.e., forestry and agriculture, or one topic with
related subtopics, such as: what are the essential preconditions for

undertaking any energy project and/or 
a comparison of the opportunity

costs of vdrious technologies. Throughout the evaluations, participants

expressed enthusiasm for small working group activities. They would

likc to see even more of these in follow-up workshops. A few

respondents would like to see less consultant participation yet there
 
appears to be contradicting opinions 
 here. In response to other
questions on 
the evaluation sheet, they said that the consultants were
 
the most effective speakers. Other constructive suggestions from

individuals were that we 
ought to include the politics of energy in our
 
case studies, and that more field trips ought to 
have been planned with
 
the appropriate technical presentations given on site.
 

The remaining three evaluation queslions focused on the relative

usefulness of sessions, topics and individual 
 presentations. The

respondents generally the
ignored distinctions between the three
 
separate categories, yet one can still generalize about what they found

useful in the workshop. They rated the state-of-the-art presentations

on specific technologies as the most highly relevant activity and Gene

Ellis' "Energy Trade-offs in Africa" as 
the best single presentation.

There was enthusiastic 
 praise for many of the speakers. The

participants appeared r luctant to single out parts of the program which

they felt were irrelevant. Thirty percent wrote nothing at all in
 response to that question. Others felt that 
the sections on the

environment could have been strengthcnd; that too much time was spent
"preaching to the converted" during hie first two days; that there was
 
unnecessary duplication energy section;
in the assessment that the

economic analysis was too general and 
that the review of Energy

Initiatives for Africa was premature and out of place at the workshop.
 

Summary of the Participants' Evaluation Forms.
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In all, the evaluations were favorable; their suggestions were
 
constructive and their criticism well taken. Many participants thanked
 
AFR/DR for the workshop on their evaluation forms and said that as a
 
result they thought they could perform more effectively in their jobs.
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APPENDIX A
 

ENERGY ASSISTANCE POLICY PAPER
 

I. Introduction
 

This paper sets forth AID energy assistance policy and describes,

in very general terms, energy activities appropriate for AID
 
financing. It should be 
read in the context of AID's overall
 
"Strategy for a More Effective Bilateral Development Assistance
 
Program."
 

Three objectives have been identified for U.S. Third World energy
 
programs:
 

- to assure adequate energy supplies at reasonable prices
 
to support continued world economic growth;
 

- to encourage developing countries to expand their own 
energy resources, both non-renewable and renewable, 
without increasing the risk of nuclear proliferation; 

- to assist developing countries in overcoming
energy-related constraints to their development. 

The U.S. Government has cons',;tently supported the expansion of
 
energy programs for developing countries. Heads of State at 
the
 
last three Economic Summits have supported and then reaffirmed a
 
U.S.-sponsored initiative 
 to increase assistance for such an
 
expansion. 
 Top Executive Branch officials have frequently stressed
 
the importance of energy cooperation with developing countries, and
 
the United States has strongly supported the expansion of the World
 
Bank's energy program. The President has directed AID and
 
ACTION/Peace Corps to give high priority to "developing integrated

projects for reforestation, more efficient fuelwood use, and
 
alternative energy sources." IDCA has identified energy as 
one of
 
its sectoral priorities. And the Congress has added a number of

provisions to the Foreign Assistance Act stressing the importance

of energy activities for developing countries.
 

I. The Third WeId Energy Problem
 

Third World energy problems stem from depletion of traditional
 

Agency for International Development, January 1981.
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fuels, oi the one hand, and a lack of developed conventional
 
sources and inability to pay for imported fuels, on the other. Too
 
frequently energy in Thirld World countries is equated with
 
commercial (often imported) energy: oil for transport fuel and
 
heating; kerosene for cooking and lighting; and oil, gas, coal, and
 
hydropower for electricity generation. Yet energy also includes
 
traditional fuels: fuelwood, charcoal, dung, and crop residues.
 
Traditional fuels, particularly in rural areas, upply the major
 
share of total energy in most AID-recipient countries and 80-90
 
percent of the energy used in some of the poorest countries.
 

While traditional and commercial energy problems are separately
 
identifiable, there is also considerable interdependence between
 
them. The demand for fuelwood in the cities is a major cause of
 
pressure on many traditional fuel supplies in rural areas.
 
Kerosene and natural gas for cooking, if widely available at
 
affordable cost, could ease the demand for traditional fuels, yet
 
their cost rises with the price of oil. Diesel oil for transport

fuel is an essential cog in the transportation systems that support
 
rural development. The energy implications of alternative
 
development strategies and policies, affecting prices, production,
 
conservation, and technology related to both traditional and
 
commercial energy, carry important consequences for the incomes and
 
well-being of the poor.
 

A. Traditional Renewable Fuels
 

As they have been for centuries, wood and charcoal fuels are
 
today the main source of energy for household uses (cooking
 
and heating) in developing countries. The World Bank
 
estimates that in rural areas of Latin America, the Middle
 
East, Asia., and Africa, only 12 percent of the population
 
relies on commercial energy for cooking. Kerosene and natural
 
gas are widely used in countries with a sizable middle class,
 
where these fuels are subsidized or where charcoal and
 
fuelwood are inadequate. Even in urban areas, the majority of
 
the poor depend on traditional fuels for cooking and heating.
 

Deforestation is occurring rapidly in many countries, because
 
of the increasing population's search for new agricultural
 
land and domestic energy sources. Developing countries face a
 
projected loss of 40 percent of their forest resources between
 
1976 and 2000. Whereas 10-15 kilometers is the most anyone
 
can regularly walk to collect fuelwood, there is today
 
virtually no wood within 70 kilometers of Niamey, Niger or
 
Ouagadougou, Upper Volta. At the current deforestation rate,
 
physically accessible forests would disappear altogether by
 
2020.
 

Even assuming both significant savings from more efficient
 
stoves and considerable substitution of new sources of energy
 
for fuelwood, recent World Bank analysis indicates that
 
forestation activities must be increased worldwide by a factor
 
of five -- and in Africa by a factor of fifteen -- in order to
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meet projected demand. The sooner the problem is attacked,
 
the lower the cost of effective action through balanced
 
production and use rather than wholesale reforestation.
 

Rapidly escalating fossil fuel prices make a widespread

solution through substitution by kerosene or natural gas

highly improbable. Rather, the 
scarcity of fuelwood forces
 
the poor to switch to the available alternatives of dung and
 
crop residues. This switch deprives the land of top-soil and
 
nutrients, thereby encouraging soil erosion and resulting in 
a
 
decline in crop yield per unit of lind. The World Bank
 
estimates that by the year 2000 Nepal, for example, will 
lose
 
an estimated one million tons of grain production directly

attributable to this loss of natural fertilizer caused by the
 
shortage of fuelwood. Thus, adequate fuelwood supply is
 
critical for food production, as well as for energy.
 

B. Fossil Fuels and Hydroelectricity
 

Oil is the main source of commercial energy and largest
single import in most developing countries. Forty-eight
of the seventy-four oil-importing developing countries 
surveyed by the World Bank now depend on oil for 90 
percent of their commercial energy requirements -- a 
dependency at'--ibutable to oil's flexibility as an energy
 
source and its low cost until 1973. Transportation,

industry, and modern agriculture are all dependent on
 
oil.
 

Coal and natural gas have nut been significant resources
 
for most Third World countries, although many are now
 
making efforts to exploit these resources. In some
 
countries, hydropower is an important energy source. Few
 
AID-assisted countries have large enough electrical grids
 
to make nuclLar power an economic proposition.
 

The post-1973 revolution in energy prices has cre!ated
 
major alterations in the economic situation of 
 the
 
developing countries. The key effect is on the terms of
 
trde: they must now give up more of their resources to
 
buy a unit of imported energy than before. This poses
 
three major issues, among others: (1) How will
 
developing economies -- and national development plans -
adjust to higher energy prices? (2) Can enough external
 
capital be oL-tained to cover balance of payments

requirements? and (3) Will countries have continued
 
access to energy supplies?
 

Economic adjustments to higher energy costs take time;
 
moreover, they are politically and economically difficult
 
and potentially disruptive to the development process.

Following both the 1973 and 1979 oil price increases,

developing countries borrowed heavily to finance
 
continued levels of imports, causing a rapid increase in
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their balance of payments deficits. The current account 
deficits of the oil-importing developing countries -
gradually reduced in 1976 and 1977 from the peak of 1975 
-- again rose in 1978 to $24 billion. Deficits are now 
estimated to have been $43 billion in 1979 and are 
projected to reach $61 billion in 1980. 

This borrowing by developing countries, much of it from
 
private sources on commercial terms, has caused a
 
dramatic rise in debt servicing requirements. Between
 
1973 and 1978 oil-importing developing countries'
 
external debt rose from $68 billion to $187 billion,
 
while their annual debt service requirements rose from $8
 
billion to $28 billion. Some developing countries will
 
find it difficult to continue borrowing on the private
 
market. Adjustments in their economies in the coming
 
decade will be required.
 

The internal adjustments required by higher energy costs
 
raise difficult policy choices. Commercial energy -
unless subsidized -- is often beyond the means of the 
poor. Subsidies, however, create distortions in resource
 
allocation and generate large budget, and usually also
 
foreign exchange, costs to the government. Developing
 
countries are rethinking kerosene subsidies and possible
 
alternatives. India, for example, is encouraging the
 
production of fueliood to substitute for kerosene, saving
 
petroleum expenditures for higher value uses.
 

Access tc supplies is also a concern. The 1973 embargo
 
and the disruptions in 1979 and 1980 due to the Irang
 
Revolution and the war between Iran and Iraq illustrated
 
the tenuous nature of the international supply system.
 
In 1979, for example, several countries suffered
 
shortages; the lack of diesel fuel grounded half of
 
Thailand's fishing fleet, halted irrigation pumping in
 
India, and threatened Kenya's truck transport system.
 

On the positive side, there may be great potential for
 
alleviating both sets of problems during the next 10
 
years. For example, fossil fuel exploration in the
 
oil-importing developing countries remain low in
 
comparison with other regions despite large sedimentary
 
basin areas about which little is known. There is
 
tremendous scope for increased use of hydroelectricity,
 
since less than 10 percent of the potential has been
 
developed. New and renewable energy technologies are
 
also' promising. Many of these are most appropriate in 
rural areas to meed basic needs, while otners such as 
alcohol fuels will have a direct impact on demand for 
imported energy. The loss of tropical forests can be
 
much alleviated by improved resource management and by
 
more efficient use of fuelwood. On the energy demand
 
side, significant gains can be made in energy
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conservation and inter-fuel substitution. The World Bank
 
estimates that up to 15 percent reductions in total LDC
 
demand could be achieved by 1990, without sacrificing
 
economic growth.
 

III. AID Energy Policy and Programs
 

AID has two basic policy goals in the energy area: (1)to ease the
 
immediate energy constraints to development in developing
 
countries, and (2) to help those countries make the difficult
 
transition to a mix of energy sources that will sustain their
 
economies in the future.
 

In achieving these goals, several things should be kept in mind. 
The first concerns the relationship of energy assistance activities 
to the Agency's bilateral development assistance strategy. The 
severity of the energy crisis and its impact on economic 
performance can be so great as to threaten the very capacity of 
many countries to succeed in thp implementation of a development 
strategy of any kind. Thus, Ai programs must be sensitive to the 
range of energy activities -- involving commercial energy as well 
as traditional fuels -- that affect development prospects. 

More rapid development of the energy potential 'of these countries
 
is impeded by a variety of technical and fianancial problems.
 
These include:
 

- Lack of basic resource knowledge 

- Lack of adequately trained personnel 

- Lack of appropriate technology 

- Lack of comprehensive energy planning and management 

- Lack of sufficient financial resources 

Overcoming these obstacles will require the combined efforts of
 
donor governments, the private sector, and the governments of
 
developing countries themselves. Not every aspect of the energy
 
problem requires U.S. Government involvement or official financial
 
assistance. AID development assistance for energy should
 
complement rather than substitute for the resources available from
 
other sources.
 

An additional consideration that should be kept in mind is that
 
AID's program in energy, as in other fields, should be implemented
 
in recognition of both resource and staffing constraints. Program
 
concentration should be in those areas where AID's flexibility and
 
capacity give the Agency a comparative advantage vis-a-vis
 
multilateral development banks and other donor programs. In most
 
development assistance programs, AID does not expect to provide
 
capital assistance except for fuelwood and small hydropower and to
 
a limited extent for other renewable energy activities.
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With these consideratirns in mind, AID's energy program should:
 

- Support a wide range of activities, primarily technical 
assistance, tailored to the specific needs of countries
 
in coping with the impact of petroleum price increases
 
and the depletion of traditional renewable fuels, and
 
beginning the long-term adjustment to an era of expansive
 
energy and fossil fuel scarcity. AID expects that its
 
programs will be giving major attention to renewable
 
energy sources, especially fuelwood.
 

- Promote least-cost energy alternatives selected on the 
basis of life-cycle cost calculations (total cost of the 
technology over its useful life). 

- Stress coordination with other U.S. agencies, bilateral 
donors, the World Bank and other multilateral assistance 
organizations, and the private sector. 

- Reflect the importance of energy as an integral element 
in AID's various sector activities -- rural and urban -
in support of equitable growth. 

- Emphasize those areas in which AID has special competence 
and experience: analysis and planning assistance,
 
including project preparation and feasibility studies;
 
training and institution-building; and site testing,
 
demonstration, and evaluation of technologies.
 

This guidance should be implemented flexibly. In different
 
countries or regions, local problems, AID program objectives, and
 
contributions by others will dictate different mixes. A broader
 
program that includes capital investments outside the areas of
 
primary emphasis may be justified in certain cases, e.g., in major
 
Economic Support Fund programs or in countries with a strong and
 
demonstrable commitment to equitable development. Ultimately,
 
AID's energy activities must depend on the particular country's
 
situation, on AID's overall program goals in that country, and on
 
the degree of creativity that AID staff can bring to bear.
 

A. AID Energy Programs
 

Consistent with these broad policy considerations, AID will
 
carry out energy programs in the following areas:
 

1. Energy Analysis and Planning
 

A country's energy plans must be based on its own
 
particular mix of resources and pattern of development.
 
Yet most Third World countries have not yet examined
 
their enerqy needs, uses, resources, and policies in d
 
comprehensive and systematic manner.
 

66
 



Basic information on energy resources is essential for
 
the expansion of indigenous energy production through

informed decisions on energy supplies, needs, and
 
technologies, as well as energy conservation. Existing

zJp'a bases for effective planning often are poor,
 
especially with respect to energy use in rural areas.
 
Even in countries that have carried out extensive
 
economic planning, the sharp increases in the price of
 
energy since 1973 may necessitate a reevaluation of the
 
energy systems that support their development plans, as
 
well as possible adjustments in the plans themselves.
 

Technical assistance can play an important role in
 
developing country energy resource analysis and planning,

by supporting or contributing to comprehensive energy
 
studies, geological and geophysical surveys for
 
conventional fuel renewable
sources, resource
 
assessments, energy demand analyses, the formulation of
 
national energy strategies and policies, and studies of
 
particular energy subsectors. Technical assistance can
 
also increase public ard private sector capabilities to
 
analyze the benefits and costs of the variety of energy

activities, as well as presenting options for development

strategies and investment priorities in different time
 
frames. AID should be prepared to provide technical
 
assistance in those areas where the United States has
 
substantial expertise that is applicatle to, or could be
 
organized to address, Third World energy analysis and
 
planning problems.
 

2. Energy Training and Institutional Development
 

The establishment of indigenous technical and
 
institutional capability to address energy problems is 
a
 
high priority for all Third World .ountries. Experience

inagriculture, population, and other assistance programs

has shown the value of significant efforts in training

and institutional development.
 

Designing and pursuing viable energy strategies requires
 
a wide range of skills at various levels, in such areas
 
as energy planning, project management, geology,

engineering, environmental analysis, economic and social
 
science disciplines, and energy equipment operation and
 
maintenance. The social, economic, and cultural aspects

of energy programs are as important as the technical
 
aspects. AID training programs, both centrally and
 
regionally funded, should be capable of responding to the
 
need for training people in renewable and conventional
 
energy and include both academic and in-service
 
arrangements. Particular attention should be paid 
to
 
programs implemented in the Third World, as well as in
 
the United States, and might cover arrangements between
 
U.S. institutes, laboratories, or universities on the one
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hand, and individual developing country or regional
 
institutions on the other.
 

Institutions to establish, finance, manage, and op2rate
 
energy programs in developing countries. Assistance is
 
needed at the national level to assure that the
 
institutions and trained people are in place to develop a
 
national energy plan and coordinate its implementation.
 
Developing countries must also have regional and local
 
capability to give life to national plans or to implement
 
region-specific activities. AID's programs should
 
recognize and reinforce the role of the developing
 
country private sector (manufacturing, credit, rural
 
cooperatives) in supporting dissemination of proven new
 
technologies.
 

3. 	Site Testing, Demonstration, and Evaluation of New Energy
 
Technologies
 

Prospective "new" technologies from both renewable and
 
non-renewable sources stretch across the entire spectrum
 
of energy needs. Among others, they include solar hot
 
water heaters, photovoltaic pumps, wind pumps and
 
generators, bio-gas digestors, ethanol and methanol
 
production, small scale hydropower, and utilization of
 
coal-oll mixtures. These technologies are in different
 
stages of development and application. Technology
 
assessments are needed to match energy needs in
 
developing countries with prospective technologies and to
 
establish priorities for U.S. Government research,
 
development, demonstration, and investment for developing
 
country applications.
 

The United States is spending several billion dollars a
 
year 	to develop and demonstrate energy technologies aimed
 
at meeting our own domestic energy requirements. Most of
 
these technologies have attractive applications in
 
developing countries, either in their present form or
 
with some modifications. A systematic review and
 
analysis of U.S. research and development is required to
 
identify and adapt these systems for potential developing
 
country use.
 

Renewable technologies are cost-effective today vis-a-vis
 
petroleum-dependent technologies for some applications in
 
developing countries. Further, if present research and
 
development reduces their cost while oil prices continue
 
to 	 rise, renewable technologies will be more
 
cost-effective. Widespread adoption of new technologies
 
will not occur, however, irrespective of cost
 
comparisons, unless the technologies have been proven
 
effective from technical and social as well as economic
 
perspectives in actual developing country settings.
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AID should support the site testing and demonstration of
 
potentially attractive technologies that are ready for
 
application and careful evaluation. With the
 
strengthening of developing country capability in energy
 
technology and a well-structured analysis of
 
applications, developing country specialists and
 
institutions can learn which technologies are appropriate
 
for each individual setting and can formulate programs
 
for their widespread utilization. AID should coordinate
 
site testing and evaluation programs with other
 
assistance agencies and developing countries to expand
 
the information base on new technologies.
 

4. Increasing Energy Supplies
 

Developing countries must increase the amount and the
 
efficiency of energy use in both commercial and
 
traditional fuels to support their development efforts.
 
AID has identified six forms of energy in which important
 
progress can be made where AID can make a contribution:
 
(1) fuelwood; (2) hydropower; (3) new renewable energy
 
technologies, such as direct solar, wind, and biomass
 
conversion; (4) oil and gas; (5) coal; and (6) energy
 
efficiency improvements (which are functionally
 
equivalent to a new source of supply). In addition, in
 
selected countries AID may provide technical assistance
 
in the development of geothermal or oil-shale resources.
 

AID will devote major attention to fuelwood production,
 
both directly and by supporting multiple-use forest
 
management activities that preserve and enhance forest 
resources. Used primarily for domestic cooking and
 
heating, fuelwood has received considerable attention
 
because of the high potential pay-off of fuelwood and
 
forestry programs. Returns include (a) substitution for
 
expensive imported kerosene (India estimates rural use at
 
3 liters/household/month or about 9 gallons/year), (b)
 
reduced deforestation, with subsequent control of
 
erosion, siltation, and flooding, and (c) continued use
 
of organic fertilizers (dung, crop residues) to increase
 
food production rather than as cooking and heating fuel.
 
Considerable time and money must be devoted to designing
 
fuelwood and forestry activities, because the economic,
 
social, and political issues, along with the technical
 
aspects, are critical, yet are still not very well
 
defined, much less understood. Production possibilities
 
include fuelwood plantations serving primarily urban
 
areas and social forestry projects (e.g. supplying
 
fuelwood, small timber, and minor forest products to the
 
rural population) such as those now being implemented in
 
India, Nepal, and Sri Lanka.
 

AID's emphasis here will be on experimental projects,
 
village or family woodlots, social forestry projects, and
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multiple-use forest management, where these activities
 
are appropriate. AID will look initially to the
 
multilateral development banks for most of the financing

of large-scale fuelwood plantations, but stands prepared
 
to provide technical assistance for these activities. In
 
light of the importaoce of fuelwood and forestry to rural
 
development and the well-being of the poor, however, AID
 
will consider capital assistance for fuelwood and
 
forestry activities when other sources of financing are
 
not available.
 

In the field of hydropower, AID expects the multildteral
 
development banks to finance the large capital costs of
 
conventional schemes. In particular countries or regions

AID can play an important role by conducting basic
 
surveys and helping countries formulate comprehensive

plans to develop large hydropower proects. The banks
 
are not genera) ly involved in the development of medium
and small-scale hydropower (up to 10 megawatts), which
 
could provide decentralized electricity and feed into
 
national or regional grids. With some systems already
 
less expensive than fossil fuels in rural locations, and
 
with escalating fuel prices making small hydropower 
even
 
more competitive, AID will consider assistance for these
 
smaller hydro projects.
 

AID will also rely heavily on the multilateral
 
development banks, othe.r assistance agencies, and the
 
private sector to finance energy production from new
 
renewable sources (e.g., biomass conversion, direct
 
solar, wind) when the technologies and their applications

have been proven. As already suggested, however, there
 
will be many opportunities for AID to provide technical
 
assistance for testing and demonstration of new
 
technologies, training, institution-building, and
 
planning.
 

In the near to medium term, fossil fuels will continue to 
be a critical commercial energy source for both 
industrialized and developing countries. In fact, if 
they are successful in promoting economic growth, most 
developing countries will need to increase their relative
 
reliance on these fuels while they begin to search for
 
long-term replacements. Large tracts of unexplored, or
 
poorly explored, sedimentary basins exist throughout the
 
Third World, and a recent World Bank study estimates that
 
production from these countries could increase from 2.6 
million barrels per day now to 5.9 million barrels or 
more per day by 1990.
 

The private sector will be a primary source of capital
and expertise to exploit fossil fuels. In 
some
 
developing countries, private investment has been impeded

by corporate fears of expropriation or high taxation,
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lack of potential for exportable surplus, and 
musunderstanding and mistrust between the host government
and the corporation. The World Bank's "Program to 
Accelerate Petroleum Production in the Developing
Countries" is intended to help overcome these problems, 
as well as to supplement private resources. AID's role 
in the fossil fuel area -- oil, gas, coal -- -,ill take 
the form of technical assistance for training and 
institutional development, policy advice, and financing
 
of some geological and geophysical studies in
 
coordination with other assistance agencies.
 

Increasing energy efficiency in developing countries is
 
an important but neglected "source" of new energy.
 
Because present energy practices evolved in an era of
 
cheap energy, and because little attention has been paid

to the design of efficient energy systems, large returns
 
can now be expected from effective conservation
 
practices. AID will support programs to develop and
 
promote improved cooking stoves, more efficient kerosene
 
stoves and lamps, and more efficient charcoal
 
manufacturina techniques. AID will also provide
 
resources for programs to analyze and promote modern
 
sector energy savings in industry, transportation,
 
building, and electric power generation and distribution,
 
in addition to household use.
 

5. Rural Electrification
 

In the past, AID has provided considerable assistance for
 
rural electrification. The multilateral development

banks also have been financing rural electrification
 
projects. Future plans for assistance for rural
 
electrification should take into account (1) the
 
implications of national rural electrification plans for
 
energy supply (particularly as they relate to oil
 
imports); (2) evidence of the benefits from previous

rural electrification projects (degree of encouragement
 
of industry, increased irrigation, lessening of urban
 
migration, improved income distribution, etc.); (3) the
 
cost of electricity from a central grid when compared
 
with decentralized systems, both conventional and
 
non-conventional, over the life of the investment,
 
assuming realistic estimates of future fossil-fuel
 
prices; and (4) the relative benefits of rural
 
electrification compared to foregone planning assistance,
 
site testing, fuelwood activities, and other rural
 
development programs.
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SUBJECT: FY 1983 PROGRAM AND BUDGET GUIDANCE - ENERGY 

1. I HAVE REVIEWED A.I.D.'S ENERGYPOLICY AND HAVE COME 
10 A NUMBER OF CONCLUSIONS THAT I WOULD LIKE TO COMMUNICATE. 
TO YOU FOR YOUR USE INPREPARING YOUR ANNUAL BUDGET 
SUBMISSIONS. THIS MESSAGE. COMPLEMENTS THE ENERGY 
ASSISTANCE POLICY PAPER ISSUED BY A.I.D. INJANUARY 
(ADDITIONAL COPIES OF WHICH ARE BEING POUCHED TO YOU) AND 

REGIONAL BUREAU GUIDANCE. 


2. AS YOU KNOW, THE ENERGY CRISIS FOR THE DEVELOPING 

WORLD HAS TWO MAJOR DIMENSIONS. FIRST, OIL-IMPORTING 

DEVELOPING COUNTRIES HAVE ENCOUNTERED SERIOUS PROBLEMS 

INADJUSTING TO THE PETROLEUM PRICE INCREASES THAT HAVE 

BEEN IMPOSE) BY THE OPEC COUNTRIES INTHE YEARS SINCE 1973. 

INMANY CASES, THE COST OF ENERGY HAS BECOME A FUNDAMENTAL 

CONSTRAINT TO THE OVERALL DEVELOPMENT PROCESS. IN 

THEIR EFFORTS TO COPE, COUNTRIES HAVE HAD T0 REDUCE 

INVESTMENTS INFUTURE ECONOMIC GROWTH, CUT BACK SOCIAL
 
PROGRAMS OF BENEFIT TO THE POOR, AND GO MORE DEEPLY 

INTO DEBT. SECOND, DEMAND FOR TRADITIONAL FUELS--FUEL-

WOOD, CHARCOAL, CROp RESIDUES AND ANIMAL WASTES--IS 

OUTSTRIPPING NATURAL REGROWTH AND REFORESTATION EFFORTS, 


INTENSIFYING PFCCLE4S OF DEFORESTATION, DESERTIFICATION,
 
SOIL LOSS, AND WATERWAY SILTATION.
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3. THE ENERGY CRISIS IN MANY'AID-ASSISTED COUNTRIES IS
 
SEVERE. MANY KEY U.S. INTERESTS--IN PROMOTING EQUITABLE
 
DEVELOPMENT, INCREASING WORLD ENERGY SUPPLIES, EASING
 
STRAINS ON THE INTERNATIONAL FINANCIAL SYSTEM, AND DRAWING
 
UPON THE TECHNICAL SKILLS OF THE U.S. PRIVATE SECTOR--CAN
 
BE SERVED BY EFFORTS TO AMELIORATE THAT CRISIS THROUGH
 
INCREASED SUPPLY AND IMPROVED ENERGY EFFICIENCY. THE
 
AGENCY SHOULD, THEREFORE, INCREASE SIGNIFICANTLY THE
 
TOTAL LEVEL OF FUNDING DEVOTED TO ENERGY-RELATED ACTIVI-

TIES INTHE YEARS TO COME.
 

4. THE CHARACTER OF ENERGY PROBLEMS, AND MEANS AVAILABLE
 
TO MANAGE THEM, VARY GREATLY FROM COUNTRY TO COUNTRY.
 
ACCORDINGLY, OUR RESPONSE SHOULD BE CAREFULLY TAILORED TO
 

THE NEEDS OF INDIVIDUAL RECIPIENT NATIONS. INSOME CASES
 
WNERE 	ENERGY PROBLEMS ARE RELATIVELY MINOR, OR THERE It
 
LIMITED SCOPE FOR SIGNIFICANT IMPROVEMENTS INTHE
 
NATION'$ ENERGY BALANCE, THERE MAY BE LITTLE NEED FOR
 
INCREASED ASSISTANCE INTHIS SECTOR. WHERE ENERGY
 
PROBLEMS ARE SEVERE, OR THERE ISGREAT SCOPE FOR IMPROVED
 
ENERGY SUPPLY, HOWEVER, AID SHOULD BE ACTIVELY INVOLVED.
 

5. SPECIFIC PROJECTS SHOULD BE BASED ON A CAREFUL EVALU-

ATION OF THE OPPORTUNITIES AVAILABLE TO HAVE THE MOST FAR
 
REACHING AND COST EPFECTIVE IMPACT ON ENERGY AND ENERGY-

RELATED DEVELOPMENT PROBLEMS FACING INDIVIDUAL GOVERNMENTS.
 
DEPENDING ON THE CASE, THIS MIGHT MEAN EMPHASIZING FUEL-

WOOD PRODUCTION TO MEET THE DEMAND FOR COOKING AND HEATING
 
FUELS, WORKING ON NEW ENERGY TECHNOLOGIES, IMPROVING
 
ENERGY POLICY AND PLANNING CAPABILITY, TRAINING AND
 
STRENGTHENING INSTITUTIONS, INCREASING THE EFFICIENCY OF
 
ENERGY USE INHOUSEHOLDS OR IN INDUSTRY OR TRANSPORT,
 
IDENTIFYING OPPORTUNITIES FOR THE DEVELOPMENTOF INDIGENOUS
 

ORFINANCING PREPARATION 

BILITY STUDIES. THE KEY VARIABLE ISTHEDEGREETO WHICH
 
ENERGY AVAILABILITY AND COST POSE A FUNDAMENTAL THREAT TO
 
ECONOMIC DEVELOPMENT AND TOTHE WELFARE OF THE POOR,AND 
THE DEGREE TOWHICH FOREIGN ASSISTANCE CAN BE CATALYTIC 
INOVERCOMING THIS CONSTRAINT.
 

FOSSIL FUELS, PROJECT ANDFEASI

6. GENERALLY SPEAKING, WE SHOULD PROMOTE THE LEAST 
COSTLY ENERGY ALTER"7' . AVAILABLE, AND THESE SHOULD BE 

SELECTED ON THE BASIS OF LIFE-CYCLE COST CALCULATIONS. WE 
SHOULD ALSO CONTINUE TO STRESS TECHNICAL ASSISTANCE INOUR 
PROJECTS AND SHOULD ENCOURAGE THE INVOLVEMENT OF THE 
PRIVATE SECTOR, BOTH U.S. AND FOREIGN. FINALLY, ENERGY 
ASSISTANCE SHOULD BE CONDUCTED WHEREVER POSSIBLE IN 
CLOSE COORDINATION WITH OTHER U.S. AGENCIES, BILATERAL 
DONORS, THE WORLD BANiK,AND OHER I.JLTILATERAL ORGANI-

ZATIONS.
 

7. A COMMITMENT TO INCREASE SIGNIFICANTLY OUR ENERGY
 
ASSISTANCE ACTIVITIES ALSO HAS IMPLICATIONS FOR AGENCY
 
STAFFING AND CONTRACTING. WITHIN PRESCRIBED DIRECT HIRE
 
AND PSC CEILINGS, I EXPECT AID/U AND THOSE MISSIONS THAT
 
PLAN SUSTAINED ACTIVITY INTHIS SECTOR, WHETHER IN
 
RENEWABLE OR INCONVENTIONAL ENERGY, TO TAKE STEPS TO
 
ACQUIRE PERSONNEL WITH THE SKtLLS NECESSARY TO DESIGN
 
AND MANAGE PROJECTS AND TO ANALYZE THE ECONOMIC AND
 

SOCIAL IMPACTS OF ALTERNATIVE ENERGY ASSISTANCE PROGRAMS.
 
OVER THE COMING MONTHS, WE WILL BE WORKING HERE IN
 
WASHINGTON T0 INCREASE OUR CAPACITY TO PROVIDE ANY
 
ASSISTANCE YOU MAY NEED INOUTYEAR PLANNING FOR AN
 

ENHANCED LEVEL OF PROJECT ACTIVITY INENERGY. HAIG
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Position Paper
 

for
 

U.S. Delegation to UN Conference on New and
 
Renewable Sources of Energy
 

Bilateral Assistance for New and
 
Renewable Sources of Energy
 

Problem: To describe the U.S. policy on bilateral assistance
 
for New and Renewable Sources of Energy.
 

Relative Importance to the U.S.: The U.S. is encouraging

the developing countries to expand the use of their own renew
able energy resources and maximize energy efficiency, thus
 
supporting their development aspirations while expanding world
 
energy supplies. The full utilization of new and renewable
 
sources of energy can made an important contribution to supporting

continued world economic growth, as more applications using these
 
sources become economically viable.
 

U.S. Position: The U.S. position is based on AID's energy

assistance policy paper and the Energy Policy Cable signed by
 
the AID Administrator May 12, 1981, which states, inter alia,

that: "The Agency should increase significantly the total level
 
of funding devoted to energy-related activities in the years to
 
come." The bilateral assistance program gives significant

attention to new and renewable sources of energy, and accordingly
 
expects a substantial increase in funding for these activities
 
as the overall program expands.
 

Background: U.S. bilateral assistance energy programs reflect
 
a recognition bf the energy problems facina developing countries
 
characterized by separate by related dimensions--dependence on
 
imported oil, and inadequate fuelwood supplies to meet domestic
 
demand. AID, the implementing Agency for U.S. assistance, is
 
tailoring programs to individual country requirements and
 
characteristics, consistent with each mission's program objectives

and areas where AID programs can act as a catalyst to investment.
 
These orograms will address not only renewable technologies but
 
the use of non-renewable resources not being exploited, and the
 
more effective and efficient use of all energy forms. In addi
tion, as projects are developed, AID will emphasize the importance

of energy as a critical factor in achieving development goals in
 
food production, employment, and the environment. The Trade and
 
Development Program (fTDP) will provide some additional assistance
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by facilitating the transfer of U.S. energy technology
 
through grant-financing of project planning services.
 

Discussion: AID program6 are expected to concentrate on
 
technical assistance in the following areas:
 

-- analysis of needs, uses, resources and policies; 
-- training and institutional development; 
-- site testing, demonstration, and evaluation of 

new technologies;
 
-- increasing energy supplies, both conventional 

and renewable, with significant attention to
 
fuelwood activities.
 

In most development assistance programs, AID does not
 
expect to provide capital assistance except for fuelwood and
 
small hydropower projects and to a limited extent for other
 
renewable enrgy technologies.
 

The TDP program will finance pre-feasibility and feasi
bility studies, technology workshops !\nd technology orientatic
 
visists to the United States.
 

U.S. assistance in the areas mentioned above is intended
 
to help create the conditions for private investment in new
 
and renewable sources of energy as these technologies become
 
economically viable. The U.S. expects that the private sector
 
will provide the primary financing for production of renewable
 
energy just as the private sector does for fossil fuels in
 
most developing countries. In areas where public investment
 
is appropriate, multilateral sources of financing are expected
 
to provide the major share of capital assistance.
 

In the conduct of its programs, the U.S. will encourage
 
involvement ol the private sector, and coordination and informa
tion exchange with other donors, the World Bank and other
 
multilateral organizations.
 

As the negotiations on the UNCVRSE plan of action move
 
forward, proposals iiay be tabled for increased training, energy
 
assessment and research and development on ( i) tree species
 
and varieties and (ii) new and renewable technologies that are
 
projected to be cost-effective within the next decade. These
 
areas coincide with AID's program interest. The U.S. would be
 
willing to consider initiatives for establishing bilateral and
 
international coordination in these areaz, subject to the
 
availability of funds. In areas where AID has particular
 
interest and capacity, AID may wish to take a lead coordinating
 
role. The U.S. would prefer that international coordination
 
be led by organizations such as the World Bank cr FAO.
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AID's energy program budget as presented to the Congress

for FY 82 is as follow:
 

C Millions)
 

FY 80 FY 81 FY 82
 

DEVELOPMENT ASSISTANCE
 

Renewables (Excluding fuelwoods) 11.9 30.2 40.0
 

Fuelwood 11,3 8.6 37.6
 

Fossil Fuels 
 4.7 13.7 15.6
 
Subtotal 27.9 52.5 93.2
 

Power Generation & Distribution 19.8 25.8 .3
 

Total Development Assistance 47.7 78.3 93.5
 

ECONOMIC SUPPORT FUND
 

In addition to AID's programs, the Trade and Developmet

Program provides small amounts of assistance for developing
 
countries to promote renewable energy technologies.
 

July 1981
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APPENDIX D
 

PROGRAMS AND PROJECTS OF THE OFFICE OF ENERGY
 

Background
 

The Office of Energy (S&T/EY) is constituted of eight professionals
 
with background in energy policy, conventional and renewable energy
 
technologies, and energy program management. The budget for FY
 
1982 is $9.65 million. At present, $9.65 million is projected for
 
FY 1983. The Office of Energy is a component of the Agency
 
Directorate for Energy and Natural Resources. This
 
centrally-funded program resource is available to Regional
 
Bureaus, Missions and AID Affairs Officers.
 

The Office of Energy seeks to ease LDC energy constraints to
 
development and assist them to make the difficult transition to the
 
new mix of energy sources required to sustain their economies.
 
Toward this end, LDCs are assisted in using available energy more
 
efficiently while conserving it where possible, in increasing
 
energy supplies emloying both conventional and alternative
 
indigenous resources, and in minimizing costs associated with
 
scarce, expensive imported fuels. The Office of Energy offers the
 
following types of assistance:
 

- General Technical Services. Technical reviews and 
evaluations; support for workshops, conference and 
seminars; coordination among donors and technical 
agencies; provision of institutional and individual 
expertise for design, implementation and evaluation of 
projects. 

- Energy Planing. Assistance to LDCs in formulating 
national energy policies and strategies; analyzing demand 
by sector; selection of energy conversion technologies, 
provision of on-site training in survey and planning 
techniques. 

- Energy Training and Institutional Development. Training 
of LDC planners, decision-makers and mid-level technical 
personnel; consultation on institutional development 
plans. 

- Increasin Energy Supplies. Help LDCs to explore, 
deve and market indigenous oil, natural gas and coal 
resources through technical assistance and training; 
accelerate the LDC shift to non-conventional energy 
sources where appropriate through site-testing, 
demonstration and evaluation of new energy conversion
 
technologies; conduct national resource reconnaissance
 
surveys where indicated; promote low-cost, small-scale
 
energy conversion technologies; expand supplies of
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fuelwood and charcoal; promote more effective of
use 


bioresources.
 

II. Enhancing the Private Sector Potential of Energy
 

Energy lends itself to the involvement of developing country and

U.S. private enterprise. The Office of Energy actively seeks
 
substantially 
greater private sector support for development of
 
energy in LDCs through the following activities, among others:
 

- To enroll young executives of U.S. energy industries 
(at the expense of their corporations) in the Energy
Management Training Course at Stony Brook. This
 
will expand contacts with U.S. industry by LDC
 
participants and provide new relationships for the
 
U.S. private sector with LDC energy officials in
 
decision-making positions.
 

- To promote U.S. photovoltaic products in Third World 
applications through the five-year research 
applications project in photovoltaic technology with 
the NASA/Lewis Research Center. The project is 
providing test data on innovative applications of 
photovoltaic (solar cell) arrays in LDCs which
 
require small amounts of electricity at relatively

high cost, e.g. in rural clinics, education and
 
communication projects.
 

- To refer to the Trade and Development Program

opportunities for the sale of U.S. technical
 
services and products in energy.
 

- To supply U.S. companies and technical consulting
 
firms with background about A.I.D. energy programs

and LDC needs and interests upon request.
 

- To tap private sector expertise wherever possible in 
project design and development. For example, the Office 
of Energy has a major contract with Bechtel National 
Corporation to provide technical services in development

of coal, natural gas, oil and geothermal resources in
 
developing countries.
 

III. Office of Energy Programs
 

The following program areas are being carried out by the Office of
 
Energy.
 

A. Technical Assictance
 

1. Energy Planning Assistance
 

Purpose: To enable LDC policy makers to carry out
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effective long-term energy planning within the context of
 
national economic development plans.
 

Resources Available: Country-level planning efforts are
 
assisted by individuals or teams with sound LDC energy
 
planning and research experience. Efforts focus on
 
analyzing the feasibility of specific interventions,
 
capital investments in developing resources programs,
 
selection of technologies for increasing energy supplies
 
and energy conservation. Activities may include
 
institution-building, joint planning with assistance from
 
teams contracted by S&T/EY or Missions, and analysis of
 
critical policy issues such as energy pricing, incentives
 
to implement strategies, and social economic impact
 
assessments of proposed strategies. Assistance in
 
developing a supporting data base can be provided.
 
In-country and U.S. training activities can be designed
 
to advance national energy plans.
 

Experience: Country-level energy plawning activities
 
have been conducted in Tunisia, Morocco, Guyana, Togo,
 
Malawi, Sudan, Kenya, and Liberia. Energy-based economic
 
and policy studies carried out by Resources for the
 
Future. A workshop on energy survey methodologies was
 
conducted by the National Academy of Sciences, funded by
 
the Office of Energy.
 

Funding: FY 1981: $2.3 million; FY 1982: $1 million.
 
Life of Project: $10 million projected for Phase II.
 

Contractors: Include Energy Development/International;
 
Ferguson/Bryan; Energy and Environmental Engineering,
 
Inc., Development Sciences, Inc., and International
 
Science and Technology Institute.
 

Project Officers: Pamela L. Baldwin, Patricia Koshel
 

2. Energy Technical Services
 

Purpose: To provide short-term scientific and
 
engineering experts in response to field and LDC requests
 
for assistance in energy planning and program
 
development, selection, transfer and adaptation of energy
 
technologies, and assessment/evaluation.
 

Resources Available: A wide range of services is
 
available under an Office of Energy RSSA with the
 
Department of Energy. Technical staff from DOE and all
 
the National Energy Laboratories [e.g. Brookhaven,
 
Argonne, Oak Ridge, Los Alamos, Idaho, Lawrence Berkeley
 
and the Solar Energy Research Institute (SERI)], can be
 
made available on short notice without lengthy contract
 
delays for assignments in LDCs. Services include
 
technical consultation, choice of technology and
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equipment, management guidance, evaluation, and applied
 
research.
 

Experience: Helping Indonesia establish a national
 
energy laboratory, the Sudan Petroleum Administration to
 
design an energy training program, Senegal to design a
 
solar energy water pumping project, Morocco to plan a
 
Renewable Energy Institute at Marrakech, and the
 
Caribbean Regional Technical Office at Barbados to
 
consult on renewable energy projects in the ten countries
 
it covers.
 

Funding: FY 1981: $400,000; FY 1982: $200,000.
 
Reserves from previous year obligations and paybacks from
 
Mission projects. Missions are urged to use this
 
resource as a revolving fund, replenishing it as funds
 
become available.
 

Project Officer: Shirley Toth
 

3. Conventional Energy Technical Assistance
 

Purpose: To assist developing countries identify and
 
assess potential indigenous resources of coal, oil and
 
natural gas.
 

Resources Available: High-level, experienced technical
 
personnel to assist LDCs in exploring, extracting,

producing dnd marketing existing or newly discovered
 
sources of conventional energy. Production possibilities
 
of known reserves will be evaluated on request. Where
 
new resources are indicated, assistance canl be supplied

for their systematic exploration, using seismic and other
 
geophysical survey techniques, geochemical studies and,
 
where relevant, application of satellite and aircraft
 
sensing imagery and photography.
 

Methodology: An Office of Energy specialist in
 
conventional energy visits the developing country 
at
 
Mission request to discuss requirements with indigenous
 
officials and visit local sites and facilities. Once
 
suggested activities are defined, a scope of work is
 
prepared with the Mission. Existing contractor resources
 
(Bechtel, USGS) or new contract expertise can be arranged
 
for implementation.
 

Experience: CY 1981 was the initial year of conventional
 
energy assistance. Bechtel National, Inc. the primary
 
contractor, is assisting Sudan with recommendations to
 
upgrade the Blue Nile Power Grid, Mcrocco and Ecuador in
 
planning for use of fossil fuel resources, and Bangladesh
 
for development of natural gas and coal resources. At
 
the request of the Department of State, a U.S. Geological
 
Survey research vessel is making a geophysical survey of
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a number of countries in the South Pacific to identify
 
potential off-shore petroleum resources.
 

Funding: FY 1981: $1.7 million; FY 1982: $2.95
 
million.
 

Project Officer: Charles Bliss
 

4. Bioenergy Systems and Technology
 

Purpose: To promote development of cost-effective
 
bioenergy production systems with the aim of increasing
 
fuel supplies of biological origin in LDCs. The goal is
 
to increase effectiveness of existing bioresources and
 
development of new resources.
 

Resources Available: A core group of four full-time U.S.
 
Forest Service experts to assist LDCs with bioresource
 
assessments and design of bioenergy production systems.
 
The latter includes capabilities in selection of
 
conversion technologies and cultivation systems, species
 
improvement, and marketing techniques. The core group is
 
supplemented by other specialists from USFS or USDA and
 
through use of outside experts as required.
 
Demonstration and evaluation of new biomass conversion
 
technologies can be arranged.
 

Experience: Biomass prefeasibility studies have been
 
conducted in Panama, Guyana, Morocco, Costa Rica,
 
Indonesia and Ecuador. State-of-the-art appraisals have
 
been produced in areas such as combustion systems for
 
agricultural and forest residues, methane fermentation of
 
woody biomass, ethanol from sugar crops, and heat
 
engines fueled from biomass. A bioenergy handbook with
 
detailed technical data and specifications his been
 
published for missions and host countries.
 

Funding: FY 1981: $1 million; FY 1982: $1 million.
 

Project Officer: W. Paul Weatherly
 

5. Small Decentralized Waterpower
 

Purpose: To assist LDCs identify, design, construct and
 
operate small-scale, decnitralized hydroelectric power
 
systems to help ease ene'gy barriers to development by
 
increasing the supply of renewable energy.
 

Resources Available: A full-time staff of six
 
professionals in the National Rural Electric Cooperative
 
Association, a group of independent U.S. utility
 
associations with extensive experience in small
 
waterpower and rural electrification. Assistance can be
 
supplied in national surveys, prefeasibility and
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feasibility studies: and
design installation of
 
hydropower; preparation of 
local demand forecasts and
 
investment/operating cost estimates; analyses of
 
financial, economic, and
sociological environmental
 
aspects of projects; and training for LDC planners and
 
ei,ineers in this field. NRECA taps expertise from its
 
member associations of external consultants to study

specific aspects of projects, e.g. civil works,
 
hydrology, and electrical engineering including turbine
 
and generator specifications and distribution systems.

Other resources such as experienced hydraulic and
 
electrical engineers from the Tennessee Valley Authority,
 
are also available.
 

Experience: Assistance to 12 AID countries ranging as
 
follows: preparing work scopes and project papers,

country-wide hydropower surveys, prefeasibility studies,

preliminary engineering, technical advisory services. In
 
some countries NRECA engineers have recommended
 
restoration of abandoned hydro sites at a fraction of the
 
cost of new installations. NRECA has conducted regional

workshops in Quito, Abidjan and Bangkok, 
involving a
 
total of more than 150 participants from about 50
 
countries.
 

Funding: FY 1981: $1 million; FY 1982: $800,000.
 

Project Manager: William Eilers
 

B. Education and Training
 

1. Energy Management Training
 

Purpose: To develop LDC participant skills in energy

planning and management, including familiarization with
 
technical options associated with energy production and
 
conversion and an understanding of the financial needs
 
and institutional constraints involved 
 in various
 
development strategies.
 

Resources Available: A seven-week course offered in

March and September each year at the Institute for Energy

Research of the State University of New York at Stony

Brook, Long Island, 60 miles east on New York City. The
 
course is offered in conjunction with the National Center

for Analysis of Energy Systems of the Brookhaven National
 
Laboratory. Designed for middle to upper level LDC
 
management specialists in energy planning or
 
administrative institutions, preferably those with
 
technical training and professional experience in an
 
energy-related activity who have 
 moved into energy
 
management. The seven-week course is supplemented with a
 
one-week field trip.
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Course Curriculum:
 

Rationale for Energy Planning. Importance and
 
benefits of national energy planning. Relationship
 
to development planning.
 

e 	 Defining the current situation. Energy information,
 
data needs, and sources, energy modeling techniques;
 
energy assessments, sectoral energy use and
 
measurement; energy demand forecasting; resource
 
evaluation.
 

* 	 Identification of Policy Options. Role of
 
assessments and applying results, energy supply
 
planning, expanding conventional and renewable
 
resources, industrial energy conservation.
 

I 	 Program and Project Evaluation. Project evaluation,
 
.analysis of economic impact models, introduction to
 
pricing structures and policies, capital planning
 
and budgeting under uncertainty, and application of
 
financial investment and analysis.
 

Experience: Since 1978 some 200 LDC pdrticipants
 
from energy ministries, economic planning staffs,
 
central banks, donor agencies, public utilities and
 
refineries from over 50 countries have attended the
 
course.
 

Expenses: Tuition, housing, one-week field trip, medical
 
insurance, and a cash allowance to cover meals, laundry
 
and miscellaneous expenses are covered from the S&T/EY
 
contract which funds the program. International air
 
travel, in-transit lodging, meals and ground travel
 
connections to and from Stony Brook and the participant's
 
home country, or the Mission. Participants are not
 
authorized to bring family members with them during the
 
session.
 

Funding: FY 1981: $650,000; FY 1982: $0.
 

Project Manager: Shirley.Toth
 

2. 	Training Program in Alternative Energy Technology
 

Purpose: To provide short-term training in
 
non-conventional energy conversion technologies,
 
emphasizing small-scale, renewable energy resources, with
 
the objective of strengthening LDC institutional
 
capabilities inthis field.
 

ResourcE3 Available: A 15-week course for 40
 
participants offered twice each year at the Solar Energy
 
and Energy Conversion Laboratory, School of Engineering,
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University of Florida at Gainesville. Includes lectures,
 
seminars, laboratory sessions, shop fabrication of
 
equipment, a specialized research project, and about twc
 
weeks of field trips. Participants gain knowledge tc
 
design, construct and evaluate systems based on
 
alternative energy technologies. Required: a university

degree or equivalent in engineering or the physical

sciences; at least two years experience in an
 
energy-related field; English competency, and nomination
 
from a sponsoring agency.
 

Course Curriculum: Topics include: an overview of
 
global energy, resource assessments of solar, biomass,
 
wind, hydropower, and geothermal energies; flat plate

solar collectors; concentrating collectors and
 
photovoltaic conversion; refrigeration and food
 
preservation; fuels from biomass; energy conservation;
 
economics and financing of alternative energy systems;

and sociological implications of energy technology

transfer.
 

Expenses: Full tuition, lab expenses, field trips,

housing, weekly living allowance and miscellaneous costs
 
are provided through the S&T/EY cooperative agreement

with the University of Florida. International air travel
 
and in-transit c-sts to and from Gainesville must be
 
covered by the participant, his or her employer, host
 
government or other sources. Estimated value: $15,000
 
for the 15-week session.
 

Funding: FY 1981: $40,000; FY 1982: 
 $900,000
 

(tentative).
 

Project Manager: Shirley T6th
 

3. Conventional Energy Training
 

Purpose: To provide LDC personnel with the scientific
 
knowle ge and skills in engineering, planning and
 
management required to explore, develop 
and administer
 
national programs to use indigenous conventional energy
 
resources. (Conventional energy is defined to include
 
oil, natural gas, coal, large hydropower, shale oil, tar
 
sands and geothermal.)
 

Resources Available: About 100 LDC participants each
 
year are offered up to two years graduate education at
 
U.S. universities of internships in U.S. research
 
institutes of industry which are designed to provide

practical engineering, management, and analytical

experience in conventional energy specialties. Typical

fields of study include: geology and geophysics, (coal,
 
oil, gas, oil shale, and geothermal resources), petroleum
 
engineering (reservoir management, refining, enhanced oil
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recovery), coal mining engineering and coal use
 
(beneficiation, liquification and gasification),
 
electrical engineering (power production, conversion,
 
rural electrification, distribution, load management),
 
energy resource planning and management (economics, law
 
and policy analysis, demand forecasting and
 
conservation), civil engineering (hydropower, geothermal,
 
and other conventional resources), mechanical engin,.3ring
 
(boilers, cogeneration, and conservation), and chemistry
 
and chemical engineering (petroleum refining,
 
petrochemical production.) Required: university degree
 
in an appropriate field, speak and read English,
 
acceptable Graduate Record Examination.
 

Experience: The Conventional Energy Training Project is
 
administered by the Institute for International
 
Education, with scientific guidance from the American
 
Society for Engineering Education and the Accreditations
 
Board for Engineering and Technology. The first 41
 
participants are in training at 14 U.S. universities in
 
fields which include petroleum engineering, geophysical
 
engineering, chemical and electrical engineering,
 
geology, energy technology policy studies, and mineral
 
economics. Fourteen individuals attended a four-month
 
petroleum management course offered by the Arthur D.
 
Little, Inc. Management Education Institute. One
 
attended Westinghouse Corporation's two-month course on
 
power systems.
 

Expenses: Tuition, fees and related educational costs,
 
travel within the U.S., an orientation program, some
 
English language training if required, a living
 
allowance, books and supplies, a thesis allowance, and
 
health insurance for the participant are provided from
 
S&T/EY funding to lIE. International travel is generally
 
arranged and paid for by the candidate's government.
 
Nominees must have guaranteed future employment in a
 
field that will benefit from the training received.
 

Funding: FY 1981: $2.525 million; FY 1982: $2.5
 
million
 

Project Manager: Pamela Baldwin
 

C. 	Assistance to Rural Energy Activities
 

1. 	Low-Cost Energy Technology for the Rural Poor
 
Purpose: In promoting the use of small-scale, low-cost
 
appropriate energy technology in less developed countries
 
through volunteer technical assistance.
 

Resources Available: Information, technical assistance,
 
and 	small grants are available through Volunteers in
 
Technical Assistance (VITA) to develop, demonstrate and
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apply rural energy technologies, with a focus on rural
 
regions. The scope of technologies includes among others
 
improved, low-priced wood stoves, firewood and charcoal
 
technologies, wind-powered pumps, biogas digesters, wind
 
power generators, etc. U.S. scientists and engineers are
 
enlisted as volunteers to visit LDCs or supply technical
 
advice through correspondence to LDC counterparts or
 
village workers. Energy manuals are published, a rapid
 
energy information network is being established, and
 
in-country training programs are organized. The role of
 
women in applying appropriate technology is stressed.
 

Experience: Progress to date. VITA has compiled a
 
substantial amount of diverse energy material and has
 
published a number of manuals. VITA personnel and
 
consultants have visited over 20 missions. About 75
 
small grants averaging $7500 have been awarded to
 
underwrite activities such as wind turbines, solar
 
greenhouses, crop driers, testing of solar refrigerators
 
and experiments with new types of energy conserving
 
building materials.
 

Funding: FY 1981 $1.325; FY 1982: $.800 million.
 

Froject Manager: Ray Roan
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APPENDIX E
 

Goal and Strategies of S&T/FNR
 

1. 	Goal: The goal of the Office is to support the Agency's
 
operational program by helping the developing clientele
 
countries address their problems of forestry development and
 
environmental and natural resource deterioration and by
 
assisting the LDCs manage their natural resource endowment for
 
productive use, including forest and related woodlands and
 
grasslands and water, wildlife, watersheds, coastal zones,
 
minerals, and other resources essential for their economic
 
growth and well-being.
 

2. Strategies: The Office's major focus is on operational
 
field programs, and it will use its resources to increase the
 
effectiveness and efficiency of theqe programs. To the extent
 
possible, it will make the specialist skills in the Office
 
available to the Regional Bureaus and the Missions either from
 
its direct-hire staff or from the extended human resource and
 
institutional support put in place through its project
 
activities and other linkages.
 

The project and non-project activities of the office will be
 
fashioned to satsify:
 

a. 	basic and continuing needs of our field Missions and
 
their host countries.
 

b. 	innovative initiatives whose purpose will be to generat
 
new information and new applications to advance the
 
state-of-the-art.
 

AAi important element of the Office strategy deals with the
 
manner in which the Office's activities are designed to make
 
them relevant to Regional Bureau, Mission and host country
 
needs. This is accomplished through two interbureau groups
 
whose membership includes Regional Bureau, PPC and S&T Bureau
 
personnel with competence in forer :y, environment and natural
 
resources. They are the Committee on Environment and
 
Develoament and the Forest Resources Group. In addition, the
 
Office rioutinely clears all project initiatives with
 
appropriate offices in the S&T Bureau, such as the Offices of
 
Agriculture, Energy, and Rural Development, to assure that
 
redundancy is avoided and compatibility is achieved.
 

Each project will have its unique mode characteristics. The
 
array that the Office will emphasize includes: technical
 
asistance; planning assistance; linkages with internal and
 
external organizations; information aggregation and
 
dissemination; applied research; institution building; and
 
training.
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3. Rationale: The first priority in implementing the Office
 
Sttategy is 
to assure that we address the basic and continuing

needs of the Missions and their clientele. As you will note
 
from our ongoing and planned projects, we are putting in place

activities that satisfy this demand. 
To the extent that
 
funding permits, we then venture into innovative initiatives in
 
order to advance the knowledge base in the various disciplines

that make up forestry, environment and natural resources.
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Office Portfolio
 

i. Legislative Mandate: AID Program investments in forestry,

environment and natural resources have been growing
 
significantly starting with the late seventies and into the
 
eighties. In FY 1978 the Agency obligated $13 million; and its
 
original FY 1982 request, now revised downward, amounted to
 
$153 million reflecting an elevenfold rise since FY 1978. They
 
were in part prompted by the 1972 United Nations Conference on
 
the Human Environment (Stockholm, Sweden), the 1977 UN Water
 
Conference (Mar del Plata, Argentina) and the 1977 UN
 
Conference on Desertifi.cation (Nairobi, Kenya). The series of
 
legislative changes in the Foreign Assistance Act of 1961
 
giving prominent attention to this area 3nclude:
 
Sec. 118(1977), Sec. 102(1978), Sec. 103(1978), Sec. 118(1978),
 
Sec. 119(78T, Sec. 119(1979) and Sec. 103(1979T.
 

These amendments direct the Agency to improve the capability of
 
the LDCs to protect and manage their environment and natural
 
resources upon which depend their economic growth and well
being, especially that of the poor. Forestry and soil
 
conservation are Io receive special attetenn. Concern for the
 
impact on te envirunment cf AID's program was singled out,
 
thus requiring environmenital assessments. Attention was
 
directed to the potential for renewable energy sources for
 
rural areas including research on the use of wood. 'Finally,
 
tne most exflicit authorization was given to AID to provide
 
bilateral assistance to deal with forest resource depletion and
 
associated soil and water resource ueterioration.
 

The translation of growing worldwide attention to environmental
 
and natural resources problems and the legislative directions
 
into internal AID program guidance was accomplished by the
 
issuance of 3 Policy Determinations (PD): PD-57 of January 12,
 
1973 - Selected Aspects of Science andTechnology; PD-63 of 
August ,-1975 - Environmental Aspects of Development
Assistance; and PD-14 of April l5, 1981 - AID Forestry Programs 
and Policies.
 

2. Establishment of the Office: In June 1980, the Assistant
 
Administrator of the Development Support Bureau requested the
 
views of the Agency's Senior Staff on the creation of a new
 
Office of Forestry, Environment and Natural Resources. He
 
argued that AID's growing investment in this area, especially
 
in forestry, required centrally funded Support which was not
 
available at that time. The review of the predecessor Office-s
 
program (the Office of Science and Technology) during the
 
FY 1982 ABS cycle provided the principal forum for Agency
 
comment on the proposed reorganization. There was agreement
 
that a centrally funded and managed portfolio and technical
 
staff support wcre needed in forestry, environment and natural
 
resources.
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The new Office waL formally approved on January 8, 1981 with a
two division structure 
(Forestry and Environment and Natural
Resources) and a staff of fifteen full-time, including 2 IPAs,
and E part-time personnel. (Attachment 1 shows the presently
authorized Office staff or 
11 full-time personnel- The
authorization for IPAs and part-time staff iL yet to be

resolved.)
 

3. 
Ongoing and Planned Office Projects: The Office's project
activities are divided into two categories to show those
projects that respond to satisfying the Missions' basic and
continuing needs and providing innovative initiatives. 

list is long (11 projects) and, therefore, on its face is

The
 

misleading.
 

Of the four ongoing projects, two are terminating durirg the
first half of this fiscal year (FY 1982). The Environment and
Natural Resources: Expanded Information Base and the Forest
Resources Management projects will continue.
 

The planned projects on the list reflect the formerly approved
FY 1982 OYB at $3,250,000 and an FY 1983 current level of
$3,500,000. 
 The project sheets in Attachment 2 describe the 11
projects on the list. However, given the reduced level we have
been asked to work with, a significant reprogramming of our
funds will be required. We demonstrate the impact of this cut

in the section on constraints.
 

Basic and Continuing Needs
 

Title: 
 Environmental Training & Grants/3nvironmental
 
Field Support (ongoing)


Implementatirn: Department of State
 
Project Manager: Molly Kux
 
LOP: $1,,180 - 5 years (77-82)
 

Provides information (e.g., 45 country environmental
profiles), guidance (e.g., environmental guidelines for

irrigation), and training courses 
(e.g., watershed
 
management) 
for AID-LDC personnel.
 

Title: Environment and Natural Resources: 
 Expanded

Information Base (ongoing)


Implementation: National Park Service
 
Project Manager: Molly Kux
 
LOP: t2,260 - 5 years (79-83)
 

Prepares and disseminates review papers, case studies and
guidelines for deveiopment planners working in different
biogeographic areas, such as 
the humid tropics, arid zones,
grasslands and rangelands on natural resources management.
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Title: Forest Resources Management (ongoing)
 
Implementation: Forest Service and Peace Corps
 
Project Manager: Dan Deely
 
LOP: $3,700 - 5 years (80-84)
 

Provides technical experts to assist LDCs on forestry and
 
forestry-related activities and funds joint PC-AID
 
collaboration in forestry activities.
 

Title: Environmental Planning and Management (planned 82)
 
Implementation: International Institute for Environment
 

and Develcpment
 
Project Manager: Ming Ivory
 
LOP: $1,850 - 4 years (82-85)
 

Assists LDCs to develop environmental protection and
 
natural resources management institutions and improve
 
legislation and administrative structures through advisory
 
services.
 

Title: Natural Resources Management Training (planned 82)
 
Implementation: USDA or Department of State (MAB)
 
Project Manager: Caldwell Hahn
 
LOP: $1,500 - 5 years (82-86)
 

Provides training to LDC planners, economists, scientists
 
and technicians through short technical and management
 
courses on forestry, renewable natural resources and
 
environmental protection issues.
 

Innovative Initiatives
 

Title: Remote Sensing for Agriculture (ongoing)
 
Implementation: USDA
 
rroject Manager: Charles'Paul
 
LOP: $1,400 - 4 years (79-82)
 

Provides technical assistance in interpreting LANDSAT
 
satellite imagery and air photos to identify various
 
cropping patterns. Surveys of sample fields produce a crop
 
reporting system for LDC use.
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Title: Tree Seed Production
 
Implementation: Industrial Council for Development (ICD)
 
Project Manager: Dan Deely
 
LOP: $220 - 1 year (82)
 

Examines the feasibility of providing support to private
 
enterprise and public agencies to expazi production of tree
 
seed and plant material required for AID and LDC-sponsored
 
reforestation and fielwood production projects.
 

Title: Man and the Biosphere (MAB) II (planned 82)
 
Implementation: Department of State (MAB)
 
Project Manager: William Roseborough
 
LOP: $2,000 - 6 years (82-87)
 

Provides research grants averaging about $50,000 to
 
U.S.-LDC investigators to address problems relevant to AID
 
needs in marine and terrestrial environment problems.
 

Title: Forestry Sector Development (planned 82)
 
Implementation: Resources for the Future/Society of
 

American Foresters, UNIFOR, Industrial
 
Council for Development (ICD)
 

Project Manageri David Joslyn
 
LOP: $6,000 - 7 years (82-88)
 

Provides opportunities for more effective mobilization of
 
local, nat' )nal and international financial and human
 
resource Lrom private and public sectors to insure
 
sustained growth of forestry sector. Main emphasis will be
 
on forestry sector policy planning, reforestation of
 
degraded sites, private sector involvement and creation of
 
international forestry resuarch network.
 

Title: Water Resources Assessment pnd Management
 
(planned 82)
 

Implementation: Dames and Moore, Woodward Clyde,
 
Spectral Data, University of Wisconsin
 

Project Manager: Charles Withington
 
LOP: $4,000 - 7 years (82-88)
 

Trains developing country bydrologists to better assess and
 
manage their water endowment; prepares water resources
 
atlases and provides other know-how to facilitate
 
prediction of groundwater locations: such as photogeology
 
using LANDSAT imagery and aircraft photography.
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Title: Coastal Resources Management (planned 83)

Implementation: NOAA/University
 
Project Manager: William Roseborough
 
LOP: $2,500 - 5 years (83-87)
 

Investigates and determines major causes of environmental
 
problems along coastal areas and uses this knowledge to
 
influence LDC policies and programs to protect these vital
 
areas subject to continuing degradation.
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APPENDIX F
 

POLICY DETERMINATION 74
 

A.I.D. FORESTRY PROGRAMS AND POLICIES
 

I. The Importance of Forestry in Developing Countries
 

Forests, woodlands, and grasslands provide food, forage, fuel,

shelter, commercial products, and income an6 employment opportunities.

These material benefits are critical in enabling rural populations

in developing countries to meet their basic needs. 
 Forests also
 
provide important environmental benefics to society at large. They

perform protective functions by regulating watarfl-w and preventing

flooding; influence both the quality and quantity of usable water for
 
agriculture, industry, livestock, and human consumption; provide

habitats for wildlife; preserve a vast genetic reservoir of plant and
 
animal life; help minimize soil erosion and soil resource depletion;

influence local climate and meteorological phenomena as well as
 
stabilizing global climat,.; and make recreational, educational,
 
and scientific contributions to the entire population and succeeding
 
generations.
 

Current rates of deforestation threaten the continued realization
 
of these benefits. Unsustainable levels of forest use must be replaced

by those whicb can be sustained. Fuelwood needs and the expansion

of agriculture into forest areas are currently responsible for a
 
significant part of the forest depletion. 
Yet it has been estimated
 
that, by the year 2000, at least 250 million people will be without
 
fuelwood to meet their minimum cooking and heating needs. 
 People

will be forc:d to increase their use of animal dung and crop esidues,

thereby decreasing their crop yields and providing further impetus
 
to extending cultivation into forested lands. Thus, the long term
 
prospects for growth in agriculture are also significant. threatened
 
by the continued depletion of tropical forests. An allocation of
 
development resources that is both adequate and appropriate to address
 
the deep-rooted causes of deforestation is needed.
 

97
 



-2-


II. The Need for Forestry Programs 

A.I.D. fully recognizes the importance of forestry as a key
 
component of environmental and ecological systems and the overwhelming
 
evidence that "...the accelerating loss of forests and tree cover in
 
developing countries undermines and offsets efforts to improve agri
cultural production and nutrition and otherwise to meet the basic
 
human needs of the poor."i A.I.D. also recognizes that few developing
 
countries have the requisite knowledge or the development resources to
 
carry out the wide-ranging prcgrams required to stabilize forest use and
 
to increase forest benefits. A.I.D. will therefore provide assistance
 
to developing countries for a range of forestry programs.
 

Among the forestry programs which currently require assistance
 
are those which seek to:
 

" 	Ensure that the production and harvest of fuelwood and
 
timber is carried out on a sustained yield basis.
 

" 	Integrate the product4',n of trees and tree crops into
 
agricultural systems, that is, encourage agro-forestry
 
approaches.
 

* 	 Direct the clearing of forest cover or cor'er ilon of 
forest lands to other uses in ways whic.i are ck nsistent
 
with land use capability.
 

* 	Reforest, affnrest, or encou:age the natural regenera
tion of lands not currently supporting any forest cover 

to help balance conversion and transformation 16sses that 
will occur as forest lands are inevitably converted to 
other uses. 

Restore the produ:tivity of degraded watersheds
 
and depleted soils.
 

• 	Develop communities' capabilities to initiate and
 
andertake forestry and for&scry-related activities in
 
their own behalf.
 

" 	Protect forests and set aside certain ecological
 
areas for protection of plant and animal species.
 

1. Foreign Assistance Act of 1961, Section 1.03(b).
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In designing and funding such programs, both A.I.D. and host
 
governments will be confronted with a number of hard political and

economic decisions. Immediate benefits from forestry -7 
 for timber, fuel
wood, fodder -- must be balanced against long term needs -- for soil 
fertility, genetic resources, watershed protection, ecological diver
sity, wildlife habitat, future commercial development, tourism, and
 
recreation. Land required for agricultural expansion in the short
 
-erm may also compete with the need to maintain or create adequate
 
areas of forest cover. Further, the successful implementation of these
 
programs will require rural populations to participate in these decis
ions. Households, for example, will have to choose between satisfying

pressing daily needs for fuel and food in the short term and investing

additional labor and resources in the nurturing Gf new forest growth for
 
future returns.
 

This policy determination sets out A.I.D.'s position on addressing

forestry concerns in the context of its overall development objectives.
 

III. Forestry in the Context of Equitable Growth
 

A.I.D. has endorsed a strategy for U.S. bilateral development

assistance which endeavors to support developing countries in their
 
efforts to satisfy, through sustained and equitable economic growth,

the basic human needs of their populations. Major elements of this 
strategy include: (1) assisting the poor to increase their incomes -
through raising their productivity and access to productive resources as
 
well as expanding their opportunities for procuctive employment, and
 
(2) increasing the availability of and access to goods and services
 
required to meet these basic needs.
 

There is evidence in many developing countries that unsustainable
 
uses 
-f forest resources are already having widespread adverse effects.
 
Such eifects are being felt by consumers who need fuelwood to cook
 
their food, farmers who require assured supplies of water for their
 
crops and protection against erosion for their fields, builders who rely
 
on timbers to construct shelters, and workers who depend on jobs in
 
forest-related industries for their livelihoods.
 

The tendenry IT foreqtry nroarar, As in nany aqr-it1lttlrel development efforts, has been to direct available resources to the most fertile 
and productive areas. It should be recognized, however that peop".e
with little social, cultural, or economic standing are often forced 
to subsist on the most marginal and fragile forest lands. These lands
 
require both greater knowledge and substantial !conomic investments
 
to sustain productivity. Yet those who live in them often have least
 
access to such resources and find special difficulty in controlling

the problems begun when the forest and vegetation cover is removed.
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Without directed action to alter the allocation of development
 
resources to marginal as well as more productive areas and to generate
 
the knowledge needed to maintain deforested lands in productive use,
 
inequitiec are likely to increase and to constrain significantly the
 
prospects for sustained, equitable agricultural growth. These
 
inequities and constraints will undoubtedly have broad ecological,
 
social, and political ramifications.
 

IV. AoI.D. Forestry Policy 

A.I.D. forestry policy includes the following elements:
 

1. 	A.I.D. will provide assistance in support of forestry and
 
forestry-related activities. The assistance -- both
 
technical and financial -- may be narrowly focussed (as in
 
a reforestation activity in a single region in a single coun
try) or it may be global in emphasis (as in support of a world
wide program of forest resources inventories).
 

2. 	A.I.D. recognizes that forestry activities may be an
 
important instrument of rural income and employment generation.
 
Forestry activities are thus to be seen as complementary
 
to the Agency's broader rural development objectives. One
 
implication of this is that in areas where underemployment
 
is significant, labor-intensive approaches to forestry
 
activities should be adopted.
 

3. 	Forestry program objectives supported by A.I.D. assistance
 
may be broadly defined (as in supporting the intensification
 
of permanent agriculture opportunities to prevent further
 
encroachment on forested lands) or they may be narrowly
 
specified (as in establishing a given number of tree
 
nurseries to provide planting materials for community
 
forestry).
 

4. 	A.I.D. recognizes that forests have multiple uses. For 
example, forestry (or agro-forestry) programs may be an 
appropriate approach for providing assistance to improve and 
restore the .- gricultnral 1-roeucivfty nF degr'Ae watersheliq 
and depleted soils. 

5. 	In providing forestry assistance, A.I.D. will rely on normal
 
project preparation procedures to indicate social, economic,
 
and technical feasibility and to establish pragmatic proje:t
 
design. Popular participation of the prospective beneficiaries
 
will be intrinsic to project preparat.on and implementation.
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Community and participant needs, interests, and capacities
 
must be recognized and understood. The roles of local
 
institutions, particularly those that manage the allocation
 
and use of land, should be given major weight in project
 
design and implementation.
 

6. In addition to bilateral support, A.I.D. 'ill provide forestry
 
assistance in collaboration with other donors, the U.N.
 
specialized agencies, other U.S. Govern. nt agencies, U.S.
 
land grant institutions, and private voluntary organizations.
 

7. 	A.I.D. will rely on Mission identification of country needs
 
and forestry project opportunities, on host country initia
tives, and on international or regional organizations' analyses
 
to determine relative priorities and emphases in its forestry
 
assistance efforts.
 

8. 	The U.S. Government is prepared to provide food aid[as appropri
ate to support forestry objectives. Such assistance may be
 
provided where forestry activities are essential to sustaining
 
the productive capacity of agriculture in the long term but
 
will involve a reduction in food supplies in the short run
 
or where food for work approaches are indicated. In the
 
latter case, the impact on local food production incentives
 
must be taken into account.
 

This policy determination clearly establishes that A.I.D. is
 
prepared to offer support to developing countries to assist them in
 
addressing the broad range of problems associated with deforestation.
 
The task will require resources far beyond the capaciLy of A.I.D. to
 
provide. Thus, it is essential that A.I.D.'s bilateral assistance be
 
associated with the mobilization of community anI national resources 
within the host country itself. The political and financial commitment 
of the host cou..try to altering ,.nsust inable for:s t recourci us: patterns 
must be supported by the similar commitment of the rural population
 
if A.I.D.'s support is to be effective. Complementary assistance from
 
other donor groups and organizations will also be important, and colla
borative opportunities should be explored wherever pos.Lble.
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Because of the diversity of probleas, resources, awareness, and
 
commitment among developing countries, this policy determination
 
does not attempt to delineate precisely the types of programs which A.I.D.
 
will support in all cases. Any one of several areas of activity may be
 
appropriate starting points for policy implementation and program
 
development:
 

Analysis, planning, and policy formulation 'including
 
natural resource inventories and land use L .sessments, land
 
capability classification, evaluation of tenure law and its
 
application).
 

o 	 Institution-building for natural resource management and 
conservation (including training, management systems, and 
establishment of service support institutions). 

" 	Incorporation of forestry activities into agricultural
 
and rural development programs.
 

• 	Afforestation or reforestation, and protection of natural
 

or 	inuuced vegetation.
 

• 	Appropriate or alternative energy analysis.
 

• 	Action programs for technology transfer and exchange, including
 
extension and community liaison.
 

Development of the scientific knowledge base and applied
 
forestry research.
 

It should be emphasized that A.I.D.'s program of assistance in
 
forestry w1ll encompass program and policy options well beyond the 
narrow bounds of tree planting. Programs that assist developing 
countries to improve their capacity for making sound forestry 
and related land and natural resource use decisions normally will be
 
conducive to creating sustainable and productive land use patterns
 
in t1 i long term.
 

Further, it should be stressea that few social and economic bene
fits of projects in natural resource conservation, preservation, a-d 
management will be realized in the short term. Some progrzias in fores
try can be accomplished relatively quickly (assessmeuLt of resources, 
use rates, and causes of deforestation), but the development of programs 
to meet other objectives (training, controlling use rates) will require 
a decade or more before success can be expected, much less achieved. 
This should not deter A.I.D. from undertaking such activities. 
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Proceedings of
 
Workshop on Energy, Forestry and Environment
 

Volume: I Workshop Summary
 

Volume I includes the Workshop Report as prepared by the
 
participants, a strategy for action and recommendations to the
 
Assistant Administrator of the Bureau for Africa for implementing
 
the strategy. In addition, there is information on the history of
 
the Bureau for Africa's energy, forestry and environment programs.
 

Volume II: Discussion Papers/Case Studies
 

Volume 'I includes the 41 discussion papers and case studies
 
which were prepared for the workshop.
 

volume III: Country Energy Papers
 

Volume III includes the energy profiles of 21" African countries.
 
The papers were prepared by energy, forestry and environmental
 
officers of AID field offices.
 

This document was prepared under A.I.D. Contract No.
 
AFR-0135-C-O0-1087-O0 by Development Assistance Corporation. The
 
views necessarily and interpretations expressed are those of the
 
authors and do not reflect the official position of the Agency for
 
International Development.
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PREFACE
 

The discussion papers and case stud:es appearing in this volume were
 
prepared for the Workshop on Energy, Forestry and Environment held in
 
Nairobi during December 6 - 11, 1981. One of the goals of the Workshop
 
was to improve the current information on designing and implementing

projects in energy, forestry and environment and to stimulate the
 
programming of projects inthese areas.
 

Papers were presented on the world energy situation and its impact on
 
the third world, particularly Africa. In response to what AID's role
 
might be in helping African countries to alleviate this worsening
 
situation, emphasis was given to the role of energy assessments,
 
forestry and natural resource protection and management. In order to
 
encourage the Workshop participants to think in planning and
 
implementation terms, there were discussions on economic, social and
 
technical approaches to project design and a review of energy technology

project possibilities. In small working groups, case studies were
 
discussed on AID's experience in reforestation, natural resource
 
management and renew&ble energy technologies.
 

The authors of these papers and case studies are the energy, forestry 
and environmental officers from AID field Missions and other
 
specialists, expatriates and Africans, who were asked to deliver papers
 
at the workshop. Editorial changes have been kept to a minimum to
 
maintain the integrity of the papers and preserve the writing tyles of
 
the authors.
 



VI. Implications for A.I.D. Staffing
 

This policy on forestry could have significant staffing implications 

for A.I.D. The corollary to the development of new activities in 

forestry is an increase in staff having forestry and related inter

disciplinary backgrounds. Many of the constraints to improved forestry 

management lie in the purview of agriculture, political science, 

economics, law, social organization, and informal education, as well 

as in the technology of forestry. The Agency currently has few 

foresters on its direct-hire roster. Mechanisms for supplementing
 

and increasing forestry and related skills in A.I.D. need to be addressed,
 

within the context of continuing limitations on staff resources, in
 

order to enhance the effectiveness of A.I.D.'s forestry efforts.
 

Approved ' 
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Indeed, where conditions of deforestation are most urgent, A.I.D.
may wish to exercise considerable bilateral initiative in undertaking

and supporting forestry-specific programs.
 

V. 	 Implications of A.I.D. Forestry Policy for Assistance in Other
 
Sectors
 

A.I.D. 's policy on forestry complements policy in other sectors.
Indeed, strengthening the support for forestry-related activities
should increase the potential for achieving objectives in other
 sectors in which A.I.D. provides assistance.
 

1. 	 Environment and Natural Resources: 
 A.I.D. 's Policy Determination on Environmental Aspects of Development Assistance"

(PD 63) and the procedural requirements contained in A.I.D.Regulation 16 (22 CFR, Part 	216) direct the Agency to take
forest values into account in the design of projects requir-
Ing A.I.D. assistnce. Better understanding and measurement
 
of both benefits and adverse impacts should flow from
 
increased activity in forestry programs.
 

2. Agriculture and Rural Development: The provision of support

for the development of agro-forestry programs and other alternatives to unsustainable patterns of shifting cultivation
should help to support ard encourage a sustainable and sound

balance between agricultural, range and livestock, and forest
land use alternatives in developing countries. 
 By developing
alternative fuel supplies, fuelwood programs should benefit

agriculture by increasing availability of dung and crop

residues for soil enrichment. 
By developing forest-based

income and employment opportunities, rural growth will be
 
fostered.
 

3. 	 Energy: The increased production of fuelwood supplies through

the establishment of tree planations has already been adopted
as an objective of A.I.D.'s energy policy. 
Thus, through
direct production programs as well as through cnnservation of
other energy sources (e.g., protection of watersheds above
hydroelectric dams), forestry activities will play a key
role in suppporting the achievement of A.I.D.'s energy
 
objectives.
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WORLD ENERGY AND THE DEVELOPING COUNTRIES
 

James W. Howe
 

I. World Energy 

'A. Oil and Gas
 

Together they supply nearly three quarters of world commercial
 
energy. Known reserves of oil are enough to last 35 years at
 
present level of use. New discoveries are expected to more
 
than double this. But the initial problem is not when we run
 
completely out but when oil production will peak and then turn
 
down. The demand curve for oil has been the key factor in
 
determining the production curve. If production peaks soon
 
after the year 2000, that curve will turn down no matter what 
the demand for oil. Therefore, the consumption curve will 
have to be forced down to match supply and that could be a 
world trauma without peacetime precedent. Earlier, experts 
thought production would peak around 2000. Because demand 
(and therefore production) is lower than expected, the 
production peak may occur later -- perhaps after the year 
2010. However, in the interim, political turmoil may cause 
oil shortages. The Iranian revolution and war with Iraq cut 
oil supply only 21 MBD but that was enough to drive prices up 
143%. 1/ 

Gas will probably outlast oil, peak later, and become more
 
important. It is more expensive to transport than oil. It is
 
likely that some industries will, come to where gas exists
 
rather than vice versa, but gas will never be as important as
 
oil in international trade.
 

B. Coal
 

World reserves are huge; coal could last 700 years at current.
 
rates -- less if coal consumption increased.
 

Problems: Reliability of supply (labor/management problems);
 
high concentration of reserves and inadequacy of transport;
 
air pollution; acid rain; threat of CO increasing creating

"greenhouse effect" 
 on earth and cInging the climate.
 
Prognosis: coal will become more important, but it won't fill
 
the gap left by oil, especially in international trade.
 

C. Nuclear
 

President International Renewable Energy Services;:former Director,,
 
International Programs, SERI.
 



Outside USSR, France and Japan nuclear is about dead in its 
tracks. Problems: (1) fear of major accident (core melt or 
perforation), (2) fear of diversion of fuel to military or 
terrorism -- especially if we go to breeder reactors which 
produce plutonium, (3) if we do not convert to the breeder, 
fuel supplies will not last long, (4) fear of damage to
 
posterity from waste storage; and (5) cost. Additional
 
problems for LDCs: their grids are not big enough.
 
Prognosis: Not much global relief to the energy supply

problem. No direct benefit to LDC's except for a handful with
 
large grids -- none in Africa south of the Sahara.
 

D. 	Conservation
 

Define it: not austerity but efficiency. In the U.S., SERI
 
says energy use can drop from 75 to 65 quads by the year 2000.
 
This is the most cost effective option in the short and medium
 
term. One sees the beginnings of a real success story in OECD
 
countries: growth in energy use is down from 5.2% poa. in
 
1960-73 to 1.3% in 73-79. 
About I is due to slowed economies 
but nearly I is due to improved efficiency. In 1980, OECD 
energy use fell by 3.2% while GDP grew nearly 1%. OECD is 
beginning to de-link oil from gi.owth. Relative to GDP, oil
 
use is down nearly 20% since 1973 and the surface of possible
 
savings has barely been scratched. 2/
 

E, 	 New and Renewable Sources of Energy
 

Two U.S. studies (President Carter's Domestic Policy Review
 
and SERI's study) say that by the year 2000, 20% to 30% of
 
total energy (reduced from 75 to 65 quads through efficiency)
 
can come from these sources: hydro, sunshine, wind, bio,
 
geothermal. In the modern sector of developing countries the
 
goal should be at least as high. 3/
 

II. 	Energy in the Third World
 

A. 	Third World Position in the World Energy Scene
 

They produce about half of world oil and gas; 4/ consume 15%
 
of oil; 5/ oil use is increasing at 6.5% p.a.; 6/ and will
 
be 30% or the world total by 2000. 7/
 

B. 'Energy Characteristics in Oil Importing Developing Countries
 
(OIDCc)
 

1. 	Low level of consumption of commercial energy. U.S. per

capita average is: 1000 times that of Nepal; 800 for
 
Upper Volta; and 25 for India. An American uses more in
 
a day than the average person of the Third World uses in
 
a year.
 

S2. 	Consumption of commercial energy is increasing rapidly
 
as noted above.
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3. 	High level of production and consumption of
 
traditional energy: inAfrica, fuelwood consumption as a
 
percentage of total energy ranges from 63% inSenegal to
 
94% inTanzania. 8/
 

4. 	Unequal distribution inmodern energy use inthe Third
 
World. (e.g. Abidjan used more than 1/3 of all the.
 
electric energy used in the entire CEAO/CILSS region;
 
more than 60% of that in Ivory Coast.) 9/
 

5. 	Energy isused inefficiently --as we shall see below.
 

6. 	These countries are hit hard by oil price increases. For
 
example, 57% of Kenya's export earnings in 1980 went to
 
pay for oil imports. 10/ OIDCs' balance of payments

deficit reached $46 bilTTon in 1979, $67 billion in 1980
 
and $73 billion in 1981. 11/ These statistics fail to
 
describe the human side of the impact: lost jobs,

further malnutrition, accelerated deforestation, etc.
 

7. 	Dependence on outsiders for technology to cut oil
 
imports, find and produce oil, gas, and coal ana
 
development of renewable energy.
 

'
8. 	Under-exploited energy. InAfrica there ismoderate to,

good potential for oil, gas, and coal and excellent
 
potential for hydrp. Also, there are good prospects for
 
renewable energy resources.
 

Prospects for the Rest of the Century in.OIDCs --

Unless Trends Change
 

1. 	Increased oil import bill,
 

2. 	Continued deforestation.
 

3. 	Slowed growth.
 

4 	 Not'many people will have'access to modern energy.,.
 

III. 	OIDC Otions
 

A. 	Basic Ques
 

How far and how fast should LDCs permit their economies to 
become dependent on oil? The dilemma is that if they slam on 
their brakes, it will hurt development now, since other 
technologies are not ready to take the place of oil , but if 
they hit the oil accelerator, they will be introuble when oil 
prices skyrocket. Is there an option to touch the oil brakes 
gently and selectively? Within the framework of this dilemma 
their options are to: 
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B. 	 Develop their own conventional energy: coal, oil and gas
 

C. 	 Improve the efficiency of oil use
 

1. 	In the Modern Sector: Re-think the urban layout and
 
transport systems, Make modern buildings more efficient;
 
same for industry. The South has a better chance to
 
improve rapidly and inexpensively than the North because
 
its infrastructure is not locked in place.
 

2. 	 In the Traditional Sector: Most importantly more
 
efficient use of wood.
 

D. 	Develop Renewable Energy
 

Solar powered systems: sunshine, wind, hydro, photosynthesis;

plus non-solar tides and geothermal. There are. four
 
characteristics of renewable energy:
 

1. 	Abundance: 10,000 times as much as all conventional
 
energy consumption.
 

2. 	Mostly decentralized: No problem of building a grid....
 
The energy is already out in rural areas where the people
 
are.
 

3. 	 Cost: Capital costs arehigh, but some trends are good.
 
No fuel cost, the more we use, the cheaper and better it
 
is. ,
 

4. 	Manageable environmental problems.
 

To.objections are often' heard regarding modern renewable
 
technology:
 

1. 	First: LDCs should stick to wood which is fundamental
 
and not waste time on new and chancy hardware. Answer: 
Fuelwood depletion is a severe problem and will never 
help those countries develop -- it will only keep them 
from deteriorating. 

2. 	 Second: New and renewable energy (NRSE) is just another
 
passing fad inflicted on the South by the North. Answer:
 
Some kinds of NRSE equipment will fail. But electricity
 
and other forms of mechanical power are not passing fads,
 
they are essential for development. Development is not
 
possible without them. Human and animal muscle, and wood
 
are not adequate energy forms for development.
 

IV. 	Donor Option and Areas for Action
 

A. 	 Every Donor has Two Constraints
 

I. What the host government invites him to do, and
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2. What the donor's own rules permit.
 

Within these constraints there are many options:
 

B. 	Comprehensive Energy Planning
 

Help each country, using existing data, to review its
options and select lines of action. Provide advisors
 
on general energy strategy.
 

C. 	Develop Better Basic Information
 

Develop better basic information: (to refine and improve the
 
comprehensive plan).
 

1. 	Resource assessment: 
 wind, sunshine, bio, small-hydro.

Coal, oil and gas are different; usually.best done by

private enterprise.
 

2. 	Data on energy use patterns intransport, industry,

buildings, agriculture, domestic.
 

D. 	Develop Conventibnal Energy
 

Technical aid in production, distribution and use of coal
Train experts inoil, 
coal 	and shale to deal with foreign,oil
 
companies.
 

E.. Renewable
 

T. 	Detailed resource assessment to find test sites,

2. 	Testing a variety of equipment.
 

3. 	Training and institution building.
 

4. 	Setting up networks to gather evidence otheperformance

of renewable energy. 
 t
 

F. 	Improved Energy Efficiency
 

1. 	Educate: sponsor scholarly work. See that it gets

published; run seminars to spread the Word.
 

2. 	Technical Advice: in industry; in urban planning;,

inbuildings; in transport: inelectricity production
 
and distribution.
 

3. 	Help get conservation capability built into private

sector; help establish energy audit firms.
 

V. 	Summary and Conclusions
 

A. We are facing an unprecedented transition from oil to its
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successors.
 

B. 	Conventional successors (gas, nuclear, coal) give us more
 
time to make the transition but cannot fully take the place
 
of oil.
 

C. 	LDCs have special problems; i.e. crushing oil bill;
 
environmental devastation --especially deforestation.
 

D. 	LDCs have an abundance of energy to take the place of oil.
 

E. 	LDCs have a special opportunity to improve energy efficiency 
-- better than that in the North because LDCs are still 
designing their urban, industrial buildings, and transport 
infrastructure. 

F. 	Donors have many opportunities to make critical inputs.
 

G. 	Without action now, the OIDCs will be ina critical
 
situation when the oil runs short and prices skyrocket again.
 

With 	action now the transition can be made to an era of energy
 
abundance that will open the way for sustained developmit. There
 
istime. But there isno time to waste.
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ENERGY ISSUES IN AFRICA
 

W.N. Mbote
 

I. Overview of Africa's Energy Scene
 

Compared to countries in other continents, most African countries
 
are well endowed with energy resources. However, while a number of
 
them such as Nigeria and Libya are net exporters of energy, most
 
others are net importers. Consequently, the majority of the
 
African countries are directly confronted with energy concerns
 
which affect the rest of the world.
 

Although I have not come across any official forecasting figure for
 
energy demand covering the African continent, it is generally
 
estimated that the annual demand is growing fast and will be about
 
double before the year 2000. Gigantic efforts must therefore be
 
made in order to double the current energy production. This means
 
that unprecedented levels of financing and technical and
 
environmental problems would have to be overcome in a relatively
 
short period of time. Failure to do so will spell enormous
 
difficulties to the economies of most African countries.
 

It is with this background that I would like to introduce to you
 
what I consider as key energy issues facing most of the African
 
countries and perhaps all other countries of the world. In doing
 
so, I shall give specific examples based on the situation in Kenya.
 

II. Key Energy Issues
 

As stated earlier, Africa's indigenous energy resources are
 
believed to be abundant to meet her future requirements. However,
 
in order to develop these resources, there is an urgent need for
 
each African Government to adopt energy plans based on the policy
 
of self-reliance which inter alia should consist of the following
 
main points:
 

* 	Full exploitation of hydropower resources including mini-hydro
 

e 	Extensive exploration and development of new oil and gas
 
fields
 

s 	Full exploration and development of coal resources
 

* 	Development of nuclear power stations
 

Managing Director, Kenya Pipeline Company, Nairobi Kenya; Former
 
Deputy Director, Ministry of Energy, Kenya.
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e 	Introduction of commercial and domestic fuelwood plantations
 

* 	Utilization of biogas and other vegetable fuels
 

e 	Improved utilization of renewable energy resources such as
 
solar, wind, geotherma,, tides, etc.
 

* 	Energy conservation
 

III. Hydropower
 

Where rivers and streams exist, particularly in Africa south of the
 
Sahara, hydropower generation accounts for approximately 80% of the
 
total electricity supply. Hydropower is also used for running
 
water mills, grinding cereals, hydraulic rams, for water supply and
 
irrigation in rural areas.
 

There still exists in Africa vast hydropower which is currently

untapped. In Kenya for instance, the main hydroelectric potential

is concentrated on River Tana with an estimated potential of 15,000
 
Gwh/year. Out of this, 4000-5000 Gwh/year (i.e. between 500-600
 
Mw) can be economically exploited. With the commissioning of the
 
Masinga Reservoir, the total installed capacity will be 450 Mw.
 
Exploration for other hydropower potential, including mini-hydros,

is being carried out under the auspices of the Ministry of Energy.

In total, the hydropower potential of Kenya is estimated at 1200 Mw
 
out of which 750 Mw can be economically harnessed at todays market
 
prices.
 

There is little doubt that in At, ica, there will be a continuing

and expanding requirement for large and small hydroelectric

stations to feed urban, industrial and rural loads and thereby

assist in displacing reliance on hydrocarbon fuels. In Kenya, the
 
growth rate of the demand for electricity is 8% per annum and is
 
expected to continue through the year 2000. This implies that the
 
total hydropower potential, if harnessed exclusively for generation

of electricity, will hardly meet Kenya's electricity demand by the
 
year 1993.
 

IV. Oil and Gas
 

While a few countries in Africa have already discovered and
 
developed oil and gas fields and are producing surplus oil and gas,
 
most others depend on imported hydrocarbon fuels. Since the
 
1973/74 oil crisis, the international economic order has undergone
 
a series of recessions which coupled with inflation have led to
 
escalation in prices of manufactured goods. Most African
 
countries, being net importers of energy and production technology,

have been adversely affected. As a result, most African countries
 
are spending a large part of their earnings from exports to finance
 
the importation of petroleum fuels. In 1979 for example, Kenya
 
spent 37% of her export earnings on oil imports.
 

\
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The land mass of some of the African countries are known to possess

geological and geophysical characteristics capable of having
 
reservoirs of oil and gas. There is need for these countries to
 
participate in more comprehensive and intentive exploration for
 
hydrocarbons through fi3cal and administrative policies. The
 
explnration for hydrocarbon resources and their exploitation are
 
highly technical and expensive. Both these technology and finances
 
are lacking in these countries and therefore developed countries
 
and their appropriate institutions should assist.
 

Exploration for oil in Kenya, especially in the Northeastern and
 
Coast Provinces, has been going on for many years and is still
 
proceeding. There is, however, need for the Government to simplify
 
the licensing and other administrative procedures and to become
 
more directly involved in oil exploration to ensure quicker
 
results.
 

V. Coal
 

The known coal deposits in the world are estimated to be many times
 
more than oil. Some African countries are already known to have
 
substantial coal deposits and some are even exploiting them. With
 
more exploration, other African countries should discover coal.
 

Being importers of technology, most industries in Africa cannot run
 
on coal. Since coal as a source of commercial energy is destined
 
to play a major role in future, and taking into account the
 
environmental impacts of using coal, African countries would be
 
well advised to start utilizing coal for powering industries in an
 
effort to alleviate dependence on expensive oil. At least one
 
company in Kenya M/S Portland Cement Ltd is changing from using
 
fuel oil to using coal. Others should follow this example.
 

VI. Nuclear Energy
 

It is recognized that the issue of nuclear power is internationally 
highly sensitive. In spite of this, the fact remains that in order 
to meet the ever rising demand for electrical power in most African 
as well as many other developing countries, the use of nuclear 
power as a source of electricity is the only viable alternative. 

At the present rate of growth for electricity demand in Kenya (8%)
 
all hydropower potential small and large - will have to be fully
developed by the year 2000. A small quantity of geothermal power
 
will also be available. Then what? To enable Kenya's economy to
 
continue growing, there is a need to start considering the
 
introduction of nuclear energy now since the commissioning of a
 
nuclear plant requires substantial lead time, particularly in
 
designing, constructing and training of necessary manpower.
 

The present day cost of a nuclear plant (say 200-400 Mw) might be
 
considered astronomical. But in the long run, nuclear power might

be the only reliable source of electric energy capable of
 
sustaining most economies in Africa.
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VII. Fuelwood
 

At present, fuelwood and charcoal are the mos important energy
 
sources for the majority of Africans. In Kenya, it accounts for
 
about 75% of the country's energy requirements (both commercial and
 
domestic).
 

Being an indigenous energy resource which is renewable and easy to
 
handle, the future of fuelwood and charcoal should and in deed must
 
be guaranteed. Recent studies in Kenya indicate that the current
 
annual consumption of fuelwood is of the order of 30 million m3
 

(approximately 22 million tons of air-dry wood). This is about 7
 
million tons of oil equivalent. Thus in terms of foreign exchange,
 
use of fuelwood is saving Kenya an estimated 200 million pounds per
 
year.
 

But if the present fuelwood use pattern in Kenya continues, the
 
demand for fuelwood by the year 2000 will be about 55 million M3 .
 
Already the trees are being depleted and there are insufficient
 
stocks to meet the current needs on a sustainable basis. If
 
nothing is done to arrest the situation, the country's forests will
 
diminish rapidly, adversely affecting water flow, dam life,
 
agricultural production, local climate and will make it extremely

expensive and difficult for the rural communities to obtain cheap
 
energy for their normal requirements.
 

It is gratifying to note that during the opening of the Masinga
 
Reservoir, His Excellency President Moi urged all Kenyans to
 
continue planting trees at every possible site not only in order to
 
conserve soil and protect dams but also to provide fuelwood. This
 
Presidential call must be heeded.
 

VIII.Biogas and other Vegetable Fuels
 

Most African economies have agriculture as one of their main basis.
 
There is therefore abundant organic wastes from agro-industries
 
(i.e., coffee, coconut, sugarcane, forestry, livestock, etc.)
 

Biogas production technologies are well developed in countries such
 
as India and China. These technologies could easily be adopted in
 
the African countries and could reduce reliance on fuelwood in 
rural areas.
 

The technology for producing ethanol from sugarcane, maize, and 
cassava for straight use or for mixing with motor gasoline is well
 
known, particularly in Brazil and USA. The possibility for
 
extracting vegetable oils which could be used for replacing or
 
mixing with diesel also exists. There is need, however, for more
 
research and development into these areas in order to improve the
 
known technologies dnd to develop new ones which are appropriate to
 
the African conditions,
 

In Kenya, the Government is promoting and fostering use of biogas
 
as an alternative fuel in the rural areas and is encouraging
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production of ethanol from sugarcane or molasses for mixing with
 

motor gasolines.
 

IX. Solar and Wind Energy
 

In Africa, the solar and wind energy are 
abundant and renewable.
 
They have been used throughout history to perform various
 
functions. It is estimated that one square meter of space in
 
tropical Africa can produce 1 kw.
 

Solar energy, for instance, is widely used for crop drying, cloth
 
drying, etc. There is ample scope for its 
use in water pumping,

water heating, generation of electricity and so on. However, there
 
is need to improve solar energy technology and make it readily

available. Depending on availability of appropriate technology,

solar power has enormous application in Africa.
 

Wind energy applications are many and several technologies appear

promising. Wind mills can be used for water pumping and for
 
generating electric power to 
operate remote unmanned instruments.
 
It could also be used to generate electricity for remote
 
communities isolated from the grid or for driving large wind
 
turbines for grid-connected generation.
 

X. Geothermal
 

Geothermal power although not widely distributed is available in
 
some African countries. In Kenya, geothermal areas are mostly

located within the great Rift Valley. near
At Olkaria Naivasha,
 
the geothermal field has been proven to be a large one. Based on
 
exploration data and certain geological assumptions, the estimated
 
geothermal energy potential at Olkaria field is between 170 to 500
 
Mw available over a period of 25 years.
 

The development of the Olkaria geothermal field is in progress and
 
already over 15 Mw of electricity is available.
 

XI. Energy Conservation
 

Along with the development of various energy resources, energy

conservation and increased efficiency should be key features of the
 
energy strategies of each African Government. Special emphasis

should be placed on oil and wood conservation.
 

Energy conservation programs should encompass: information
 
dissemination to promote increasing awareness, direct 
government
 
grants or other incentives to remove capital barriers or to
 
increase rates of return, taxation measures, regulation, removal of
 
disincentives to efficiency, research and development, technology

demonstration and in-house examples.
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XII. Training in Energy Planning
 

The importance and necessity of national energy planning

particularly in developing countries as a guide to energy policy

decisions has not as yet been fully recognized. National planning
 
agencies, ministries of petroleum energy, electricity and finance
 
as well as the international financial institutions concerned with
 
energy development must realize the need for systematic and
 
comprehensive energy planning as an essential component of overall
 
economic planning. 

Concomittant with the need 
recognition of the paucity 

for 
of 

energy 
trained 

planning should 
energy planners. 

be the 
Steps

should therefore be taken at both national and international levels
 
to develop training institutions for energy planners who can
 
adequately undertake to 
solve the key energy issues such as those
 
outlined above.
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ISSUES IN AFRICAN ENERGY DEVELOPMENT:
 
ON TEACHING HOW TO FISH...
 

Dr. Gene Ellis
 

In the months since the present AID administrator, M. Peter McPherson,
 
has taken office, AID has heard much of the paradigm of 'teaching how to
 
fish',, a paradigm many of us first learned as Peace Corps Volunteers.
 
In addition, we have heard of the need to 'build institutions', to place

'technology transfers' ahead of mere 'resource transfers', and to
 
unleash the powers of private enterprise. These initiatives have been
 
the 'top-down' initiatives of AID, the directives of those setting
 
strategy. In this paper, I will explore briefly the 'bottom-up'

initiatives, those which would seem to stem from the logic of energy

development in the African context. I will first explore what would
 
seem to be required in the way of a general strategy for energy

development in Africa, and then move on to explore the implications of
 
this strategy, in terms of the manner in which projects are analyzed,

the types of projects undertaken, and in the use of organizations such
 
as the Peace Corps and Private Voluntary Organizations of which the
 
Administrator has committed the agency to make more use. What should
 
culminate from this discussion is some sense of the field and the
 
bureaucPatic perception thereof, and a short list of major issues and
 
suggested strategies for approaching those issues.
 

One major and pressing issue is how to address the problem of fuelwood
 
shortages which afflict urban and rural sectors alike, and it is in this
 
context that I would like to address the issue of a general strategy.
 
The elements of this dilemma are clear.
 

1. 	The plantings needed to meet future demands are far in
 
excess of actual plantings:
 

To meet future rural and urban needs, annual fuelwood 
planting will need to be increased by about 15 times over 
current levels -- nearly one million hectares (2.5 m. 
acres) of new fuelwood plantings a year -- for twenty 
years. This level assumes that up to a fourth of future 
fuelwood demand will be met by conservation or ... 
alternative fuels (1). 

... the amounts (of resources) devoted to establishing

fuelwood supply plantations of any significant size is 
nalinible (2). 

Professor, Economics Department, University of Denver
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2. 	 Indigenous governments cannot be expected to meet the need.
 
African governments will obviously not have the 
...
 

"funds from their own resources to pay for programs of this
 
size (3).
 

3. 	 Institutional capabilities for carrying out such programs are
 
lacking: In many countries, the necessary national cadres of
 
foresters and/or extension agents simply do not exist...
 
transportation and other logistic support is often lacking

(4).
 

A recent case history from a Koudougou (Upper Volta) regional

development project, assisted by FAO/UNDP funds, 
illustrates
 
the fact that, without manpower, transport and gasoline,

foresters, however well motivated, 
cannot be expected to
 
service and supervise even small-scale planting programs
 
successfully (5).
 

4. 	Attempt to regulate access has generally failed. With the
 
notable 
exceptions of the conservation and reforestation
 
drives in China and the Republic of Korea, most national and
 
local government efforts to regulate access to
 
fuelwood-producing lands, covering the spectrum from 
simple

legislation to police-type patrols, have been ineffective (6).
 

An added difficulty has been the alienation of local
 
populations from forestry cadres who have been placed in
 
policing roles, making cooperation in other initiatives less
 
likely.
 

5. 	Costs of current attempts have been high and variable.
 
current costs per planted hectare are quite high, but they

also vary widely. Sahel (CILSS) is using an illustrative
 
average of $725/hectare, for village woodlots based on recent
 
field experience... The World Bank's proposed 5-year planting
 
averages $765/hectare in East Africa and over $850/hectare in
 
West 	Africa (7).
 

The above-cited source 
 noted that a large-scale multi-purpose

reforestation project in Algeria had reported of
costs about
 
$300/hectare. 
Alas, a field study by Fred Weber revealed that:
 

labor costs per hectare alone would amount to $1080 per

hectare...
 

The World Food Programme Estimates the overall cost per
 

hectare of reforestation as $1,600 (8).
 

In Brazil, on the other hand,
 

... 
 the government chose to develop plantations rather than
 
follow the path of community forestry. The price has been
 
extraordinarily high. The public subsidy alone has ranged

from $500 to $820 per acre (roughly, from $1,235 to $2,C25 per
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hectare), and total costs give the plantation project the
 
dubious distinction of being one of the most costly man-made
 
forests in the world (9).
 

In this context it is notable that two AID experts, asked separately
 
which donor-supported forestry projects would be able to pay for
 
themselves, unsubsidized, in the marketplace, both answered succintly,
 
"None."
 

The conclusions which have been come to are that "... the bottom line is
 
that there must be massive fuelwood planting programs... (10)"
 

One wonders if a more logical conclusion would not be that we simply not
 
get there from here, that in a situation where governments are without
 
resources, where skilled personnel are not available, where donors are
 
increasingly constrained, and where marginal costs are high and rising,
 
a strategy based on 'more of the same' is doomed to failure.
 

Given the sheer magnitude of the task and the inadequacy of the public
 
resources which can be mounted, there is need for a strategy which will
 
mobilize resources on a wider scale. What is needed are responses which
 
can and will be replicated.
 

An example of the potential of small inputs widely replicated is the 
jiko stove, or a metal stove of the Southeast Asian variety lined with 
clay. In Tanzanian tests, this stove design proved twice as efficient 
in burning charcoal as the traditional variety (11). The stove is 
quite cheap to make, and, given even a fraction of the cited savings, 
highly profitable to make and buy. Such an innovati,)n is, in short, 
CONTAGIOUS -- there is reason for believing that othErs would seek to 
produce and disseminate the stoves with no donor inputs save the idea.
 

Another innovation is the improved charcoal conversion techniques (based
 
on upgrading the traditional pile method) introduced by Ed Karsch in
 
West Africa. This improved mound layout normally results in
 
substantially higher yields with very little capital outlay. The
 
ensuing higher profits lead to ready acceptance of the technique, and
 
there is reason to hope for rapid CONTAGION and dissemination.
 

It is important to realize the potential in such small innovati~ns. A 
household survey of Monrovia, Liberia, for example, reveals Viat 73 
percent of the households use charcoal for cooking -- a not at'ypical 
result. Taking the lowest difference found in a number of measured 
trials, spreading the improved mound technology to the charcoal industry
feeding Monrovia would be the equivalent of planting and maintaining a 
forest of about 23,500 hectares. If, in addition, improved charcoal 
stoves resulted in 25 percent energy savings, the savings would be the 
equivalent of a maintained plantation of over 40,000 hectares.
 

Caveats are in order. We are not assured of the level of gains in
 
either technology. Nor are we assured that the total sector could be
 
penetrated with the innovations. The point is, however, that large
 
impacts can be had for relatively little effort and costs, if we can
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find replicable, CONTAGIOUS technologies. The benefit-cost ratios of 
projects introducing such technologies should reflect their potential
for wide-spread replicability and mobilization of resources -- a point 
to which we shall return below. 

In passing, it should be noted that we should not expect, depend
nor 

upon, a succession of technological 'quick fixes.' As a BOSTID study

noted, "With the exception of a few devices (for example, homemade
 
windmills, solar driers) there are no cheap alternative technologies of
 
significance for either industrialized or developing nations, and there
 
probably will not be any in the near future (12)." Rather, we should
 
search for technologies and institutions which conserve on our scarce
 
publicity mobilized resources, and yield maximum impact. The example of
 
the development of the Addis Ababa eucalyptus forest at the turn of the
 
century is illustrative of how a serious fuelwood shortage was corrected
 
with but a modest input of governmental resources.
 

Development of the Addis Ababa Forest (13)
 

The decision of Emperor Menelik to site a permanent capital to be named
 
Addis Ababa at Finfini at the close of the 19th century placed extreme
 
pressure on local forest supplies, so much so that it was thought that
 
the capital would have to be relocated (14). A variety of laws
 
forbidding the cutting or burning of trees without permission, and
 
ordering replanting to replace trees cut down went unheeded and
 
unenforced (15). By 1901, travellers approaching Addis Ababa had to do
 
without wood for several days before reaching the capital, so scarce was
 
wood (16).
 

Around 1894-1895 Europeans brought in a wide range of seedlings for
 
plantings, including 26 varieties of eucalyptus. Menelik through his
 
support behind this introduction by exempting From taxation Thnds
 
planted in trees, and by distributing young plants at nominal prices

(17). By 1899 a writer noted that owners of several hectares were
 
planting their lands with eucalyptus in hopes of high profits, and that
 
many houses and roads were rapidly becoming surrounded by forests (18).

When in 1913 the newly created Ministry of Agriculture tried to order
 
the trees uprooted (in the belief that they dried up water supplies),

the proclamation went unheeded (19). By around 1920, Addis Ababa
 
resembled a forest, and the wood shortage had been eased. 
At the time
 
of the Italian invasion, the size of the urban forest was estimated 
to
 
be not less than 4,000 hectares (20). By 1957, aerial photography put

the forest size at 7900 hectares; by 1964, 10,400 hectares (21), roughly
 
keeping pace with pnpulation growth.
 

There are important lessons to be learned from the Addis Ababa example:
 

1. 	Firstly, it is an example of the type of foreign aid project

pressed for by AID's Administrator, M. Peter McPherson.
 
Rather than being merely a 'resource transfer,' the extremely

limited aid of the foreign donors was 'technology transfer.'
 
Rather than 'catching fish' for the recipients, the donors
 
concentrated on 'teaching how to fish.' There was no
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long-term dependency; indeed, historians have been hard put to
 
pin down who -introduced the successful species.
 

2. 	A second, related, point is that the 'foreign aid' would
 
appear to be a necessary ingredient. The large number of
 
varieties introduced were all exotic to Ethiopia; the
 
transport costs were high relative to any hopes for private
 
return; and institutionalization took several decades.
 

3. 	Thirdly, in contrast to modern forestry projects, there were
 
no long-term governmental inputs required. By the 1960's, the
 
Forestry Research Institute had still not included the
 
eucalyptus in research plans because it was a 'plantation'
 
tree. Indeed, as noted above, the industry grew despite
 
government attempts to eradicate it!
 

4. 	 Fourthly, the foresL was an urban forest! While the urban
 
forest expanded, the countryside remained denuded. Jane
 
Jacob's, The Econom of Cities, presents a convincing case
 
that cities developed agriculture first, and exported it later
 
to rural areas. On the demand side, there is the urban
 
market. On the supply side, the information and techniques

from abroad arrived first in the urban areas. And location in
 
the urban areas minimized transport (and energy) costs.
 
Perhaps most importantly, the ofttimes perverse incentives
 
of the rural countryside (arising from the nature of the land
 
tenure systems) were avoided, and replaced with the positive
 
incentives of the marketplace.
 

5. 	Fifthly, many of the elements of the system are wrong from the

'scientific' point of view, but 
as one writer noted, "It may
be all wrong scientifically -- but it works." The stems are 
'neither pruned nor stripped of leaves, 'and' from a forestry
 
perspective, the plants are doomed (22).' The seedlings are
 
planted at a density of 40,000 to 100,000 seedlings per
 
hectare, whereas a textbook forester would say 10,000 per
 
hectare were too many. But the crude techniques have proven
 
enduring and economical, whereas the textbook techniques a
 
research and development institute might have suggested (had
 
there been one) might not have been either.
 

6. 	Sixthly, the economy of resource use must be emphasized. No
 
only did the system require no 'manpower, transport and
 
gasoline' for supervision, but a large amount of the wood was
 
carried to market on people's backs, with women walking as far
 
as 14 kilometers from the town center tu purchase fuel from
 
woodcutters and retail it in the city. Of that which was
 
trucked, the majority was informally transported on top of
 
contracted loads. It is doubtful that a planner would have
 
dared devise a system requiring the bulk of forest products to
 
be carried to market on pack animals and the backs cf women,
 
but the system provided large-scale employment, and competed
 
in the marketplace with alternatives.
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7. Lastly, the very viability of the system should be noted.
 
Despite.enemy invasion, despite benign neglect by government,

in one of the poorest and least literate economies in the
 
world, with one of the least able governments in the world,
 
the industry endured.
 

POINT: There is no hope whatsoever that our efforts in reforestation,
 
whether in plantations, village or individual woodlots, will be
 
adequate. Our funds will suffice at best to reach a tiny fraction of
 
the necessary. If there is to be a solution, it will 
come through the
 
efforts of the indigenous governments and the indigenous private

sectors. Given the limitations of the governments, in terms of
 
expertise, administrative and managerial talent and, most especially,

finances available, the solution must most assuredly come from the
 
response of the private sector. The focus of our efforts 
must be to
 
complement arid draw out the private sector's resources, and not to
 
compete with highly-subsidized, non-replicable efforts.
 

If the general point is that we must attempt to focus on replicable,

contagious technologies and institutions, the particular one is that we
 
can 
design efforts in this particular sector to do so, by subcontracting
 
out the production of seedlings and mini-plantations, by promoting the
 
urban market and providing tax relief, expertise and technological

backup, by subsidizing research in exotic and domestic'species.
 

If the logic of the above argument is accepted, there are implications

for the manner in which donor agencies conduct project analysis, for in
 
,the types of projects funded, and for the general approach we have taken
 
to the energy problem. First of all, the above argument, with its
 
emphasis upon replicability and spread (or dynamic) effects, casts doubt
 
on the current emphasis on social benefits and costs in project

analysis. It has increasingly become the practice among donor agencies
 
to shadow price a number of inputs and outputs (most especially domestic
 
unskilled labor and foreign exchange) when conducting project analysis
 
-- to determine the 'social' benefits 
and costs with an economic
 
analysis, as opposed to a 'financial' analysis which uses market prices.

In addition, project analysts have tried to weigh a number of intangible

and non-quantifiable benefits. While it has been recognized thac
 
replicability and spread effects are issues of importance, 
 the
 
difficulty in documenting these benefits ex ante has led to little
 
consideration being given them in practice. These benefits may,

however, dwarf social benefits by comparison. And these benefits, which
 
accrue when projects are replicated by contagion, will not accrue unless
 
projects are financially viable. There is reason, in short, for
 
weighing projects according to their financial, as opposed to economic,
 
viability.
 

The arCament for letting viability ii the marketplace be the major

criterion becomes the stronger when we note that there is a tendency
 
amongst planners to overstate benefits and to understate costs when
 
there is no check on their behavior.
 

POINT: An attempt to focus on projects which were replicable and
 
contagious would mean 
that we would favor such projects over 'welfare'
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projects and what I would call 'Buck Rogers' projects. Projects which
 
are essentially 'welfare' projects, whose initial cost could not and
 
would not be borne by the community of beneficiaries, or even by the
 
government, and which neither we nor they can afford to give to all
 
citizenry, are poor projects. Projects which could and would be paid
 
for by the beneficiaries would be replicable and perhaps contagious, and
 
would deliver benefits to a much larger population. These offsetting
 
replicability benefits need to be weighed against the social benefits
 
and externalities of the localized welfare project.
 

A project like the IRTP minihydro project in Liberia, for example, is
 
undesirable not only because it is quite administration-intensive; the
 
primary problem is that even if it can be successfully set up and
 
maintained (both issues about which there is considerable doubt), it
 
will have such a large welfare component that it cannot be widely
 
replicated. For public projects whose products cannot be readily
 
marketed, or for which there are externalities in the form of social
 
benefits, technologies which require less subsidization per capita are
 
both more equitable and more useful in mobilizing the populace into
 
contributing labor and savings (23).
 

As a number of internal and external economic analyses have shown, and
 
as several AID economists have related to me, there is simply no way to
 
economically justify some 'Buck Rogers' technologies at present (24).
 
Often the photovoltaic pumps are justified by noting that solar cell
 
prices are expected tc fall dramatically over the coming decade. But as
 
the French study points out, even if the solar cells were free, diesel
 
would prove more cost-effective in the foreseeable future (25).
 
'Demonstrations' of such technology prove little more than that everyone
 
enjoys a free lunch, and that AID has the capacity to fly NASA engineers
 
virtually anywhere to make repairs.
 

Just as we can have added impact by concentrating on replicable, 
contagious activities, we can have added impact ( and save energy!) if 
we can manage to do our activities only once. In the energy field, we 
have had difficulties in maintaining our efforts, for both technological
and institutional reasons. Interviews in Liberia revealed that about 
two thirds of the water pumps were out of commission at any one time. 
In Tunisia, an evaluation of CARE water projects in 1980 found that 
about 75% of the project sites were not producing potable water, and 
that only 50% of the sites were operational (26). In Tanzania, another 
evaluation found a number of diesel and windmill/diesel systems did not 
function for lack of diesel fuel and parts (27). In Mali, 35 
water-pumping windmills were installed between 1956 and 1958; by 1959, 
none were working. A European organization, ELAF, was contracted to 
provide maintenance; by the mid-60's, after maintenance duties were 
transferred, none were working (28). In Ethiopia, AID put in over 100 
windmills; by the late 60's, few if any were working. An AID analysis
 
estimates that 35 to 50 percent of rural water projects are not
 
functioning 3-5 years later (29). With regards to windmills, the
 
primary difficulty would appear to be institutional -- it has proven to
 
be difficult to organize public institutions which can and do carry out
 
the needed maintenance, and difficult to organize community
 
organizations which can carry out those functions. In the case of water
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pumps, at least in West Africa, the technology has been such as to
 
exclude local production of parts, leaving localities at the mercy of
 
government agencies of limited capacity. More than one expert has
 
argued that the result of installing caps and pumps (which promptly

break down) has been to reduce the supply of potable water! In Liberia,
 
leading experts argued that a water supply program focL'sing on hand-dug

wells and pails would be less costly, spread faster, stir local
 
initiative more, and provide more potable water than the current
 
drilling program, which has some of the highest drilling costs in the 
world (30).
 

In some cases, maintenance can be made more likely by institutional 
changes -- in Senegal, a forestry project achieved a 3 year tree 
survival rate of almost 100% by paying farmers a small fee each year for 
each surviving tree (31). In others, emphasis upon either simpler
technology or upon the development of a maintenance industry (e.g.
Kumasi, Ghana, where the Technological Consultancy Centre has started to 
develop the capacity to teach firms how to cast parts, the essential
'missing link' in developing a spare parts industry for water pumps)
 
will increase maintainability. In any case, consideration of the
 
maintenance aspect is crucial both to the choice of technology and to
 
the design of a replicable, contagious program.
 

Finally, recognizing that "the likelihood of a replicable panacea... is
 
low (32)," and that eac6 technology, each enterprise, each community

organization, will require testing, experimentation, and, perhaps

initially, locally-based advice and aid, we must in so doing recognize

the important role which the Peace Corps and Private Voluntary

Organizations can play. As Emmy Simmons has noted of fuelwood programs:
 

The reforestation effort is never going to be achieved by a
 
top-down approach. It is going to require thousands upon thousands
 
of community-based fuelwood efforts -- the kind of approach that 
Peace Corps Volunteers, working with villagers and host country

officials and backed by AID resources, are uniquely suited to
 
handle (33).
 

She goes on to note that successful collaboration depends upon AID's 
ability to develop means for rapidly making small grants available -
grants similar to the Improved Rural Technology Project funds or to the 
Ambassador's Self-Help Fund (34). It is these twvo issues which must be 
dealt with -- the role of the PCVs/PVOs, and how best to fund and 
support that role. 

Private Voluntary Organization participation has been found desirable
 
because of their ability to have low-cost administration, to
 
decentralize, and to have grass-roots organization and support. As
 
well, they are ideologically attractive and have wide-spread political
 
support, so that even in the face of drastic budget cuts which may

severely hamper PVO/PCV efforts (e.g.. the proposed cut by 50% in the
 
IRTP budget), there is still a call for increased PCV/PVO involvement.
 
There is nevertheless reason for taking a critical look at PVO/PCV
 
performance.
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First, there is the issue of performance. In 1979, a report was made to
 
the Office of Private and Voluntary Cooperation of AID on the
 
developmental impacts of 17 projects in Niger and Kenya (35). All the
 
projects were self-selected by the PVOs carrying the projects out. In a
 
relatively ignored Table of the report, the researchers attempted to
 
construct the ratio of net benefits to costs for the projects (all of
 
which were designed as development, as opposed to welfare, projects; all
 
of which were expected to 'pay off'). Two projects had more net
 
benefits than costs; fifteen returned less than $.78 on the dollar, six
 
returned less than $.10 on the dollar. I would hope that few present
 
would be so sanguine as the writers of the report, who concluded:
 

... all projects in the sample could be credited with generating
 
at least some positive benefits for the participating populations.
 
This in itself is an encouraging finding (36).
 

Both this study and an AID study of PVOs in Bangladesh found that

"systematic and diagnostic evaluations were the exception, not the rule"
 
(37) while the Bangladeshi study found that "few if any show promise of
 
becoming Bangladeshi, self-sufficient, viable, continuing development
 
activities (38). The AID-supported projects were found to offer little
 
if any replicability.
 

A review of PCV-related energy projects in Mali, Liberia and Ghana this
 
year revealed that a large number of different ideas were being tried,
 
but that in some cases highly uneconomic projects requiring high levels
 
of subsidization and with little chance of replicability were being
 
undertaken, while highly economic projects had yet to be widely
 
publicized or replicated. While some Peace Corps-related projects were
 
receiving AID Improved Rural Technology Project funding, it was notable
 
that Peace Corps officials were greatly upset over the lengthy delays
 
experienced in obtaining funding, AID mission officials were equally
 
upset at the perceived inabilities of both the contractors and
 
AID/Washington to act with clarity, intelligence and dispatch, and
 
external economic and technological experts were upset that projects
 
offering little chance of success and replicability were being highly
 
subsidized.
 

These disparate remarks have a focus. The system by which PCV/PVOs can
 
submit proposals for small amounts of funding (i.e., the IRTP) has led
 
to poor proposals being submitted by groups who have little expertise in
 
analyzing and evaluating technologies. It has led to inordinate mission
 
time being spent on relatively small projects. Because of the paucity
 
of proposals, it has led to even poor proposals being accepted. It has
 
not led to evaluation and replication, but the attempt to improve poor
 
proposals has led to the usual loss of time at mission and Washington
 
levels. This is an issue that must be dealt with ifAID is to make full
 
use of the excellent characteristics these voluntary groups offer.
 

The simplest approach would be to attempt to identify a number of energy
 
technologies which do seem to be replicable and contagious, to evaluate
 
a number of such projects thoroughly, and to construct prototypes,
 
complete with economic and environmental justifications, which would
 
have pre-approval for iRTP-type funding (subject only to the normal
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monitoring of accounts and post-evaluation). This would provide
 
PCV/PVOs with services they currently need and cannot perform, while
 
providing an incentive to cluster ac ;ities in replicable, viable
 
areas. The lag time and frustration wou"d also be reduced, and PCV/PVO
 
efforts could be concentrated on problems related to implementation.
 
Mission time 
Washington time 
prototypes. 

spent 
spent 

on such 
on fi

projects would 
eld evaluation 

be 
and 

greatly 
the co

reduced, 
nstruction 

and 
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Conclusions 

Given the magnitude of the energy problems in Africa, and the paucity of
 
our resources, we are forced to focus on how we can multiply the effects
 
of our efforts. To concentrate on the transfer of resources is
 
manifestly futile, but if we can 'teach how to Fish', if we can devi.e
 
replicable, contagious activities and institutions, even a relatively
 
small input (as in the efforts of the foreign missions in Addis Ababa at
 
the turn of the century) ran have far-reaching effects. If, on the
 
other hand, our efforts cannot even be maintained, the sands of time
 
will erode even what we contribute.
 

Just as our efforts should be concentrated on 'energizing' the private
 
sector by providing key technological and managerial inputs, we should
 
seek to be as responsive as possible to the initiatives of the voluntary
 
organizations, while providing vital expertise and direction.
 

Baldly and briefly stated, these comments are so general as to be both
 
glib and trite. The catch, of course, is to give them substance in a
 
specific energy plan and strategy, with specific technologies and
 
organizations, And that, I say with some relief, is your task.
 

In closing, however, I will implore you to address the question
 
seriously, and to seek a solution which, like Addiz Ababa's forests, 
will endure. It is easy, I assert, to 'fake' good energy planning, and
 
important not to. Let us for a moment consider a typical (admittedly 
strawman) approach to developing an energy policy for an LDC. Such an
 
approach to developing an energy policy for an LDC. Si!ch an approach
 
might be characterized by (1) an efiergy survey or set of surveys, (2)
 
the establishment of a R&D facility, (3) the development of an overall
 
plan (often by a contract team), and (4) the funding of a project to
 
initiate implementation of part or all of the overall plan. Such an
 
approach seems manifestly sound (and safe), but I think it Iscrucial to
 
question the utility of this approach.
 

Peace Corps and AID officials, PCVs and others in Mali expressed doubt
 
that the information collected in village surveys was worth the effort;
 
technicians there found the material collected for the most part
 
worthless, and there was a real problem with information overload. Tom
 
Graham found people exhausted with surveys in Swaziland, with few able
 
to see much connection between surveys arid subsequent action program
 
(39). In North Cameroon, he found the surveys to be quite expensive,
 
with there being little control over the sheer bulk of information
 
collected (40). One might question as well whether a general survey
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which seeks to incorporate a number of issues and topics is really of
 
much use, and whether the supposed economies of scale are not spurious.
 

research inMali, have poor track records in developing prototypes which
 

There are, similarly, 
'institution-building' in 

several 
the form 

reasons 
of R&D 

to worry 
institutions. 

about 
Such 

institutions, whether in agricultural 
and Mali, or appropriate technology 

implements 
resea'ch 

research in Columbia 
in Kenya, or energy 

actually achieve mass marketing. The institutes tend to have a
 
technician's orientation, and evidence is growing that such measures may
do quite poorly in determining the usefulness of innovations in the
 
field, both for reasons of economics and performance. Dr. Timothy Wood
 
of VITA, testing w.dstoves in Upper Volta, has found that "laboratory

testing cannot accurately predict stove performance Under actual use
 
conditions, and it cannot provide a universal efficiency rating for any

woodburning stove (41)."
 

There may be equally good reason to be :oncerned about overall plans and
 
assessments. 
 Firstly, there is the rroblem of duplication of efforts. 
There is a striking similarity between the materials provided by
contract teams for various countries in Africa. One wonders if an 
excellent document -- say, the Kenya one, could not be used in toto 
elsewhere with little loss (except monies lost by contractors).

Secondly, with regards plans, one is struck by how often they amount to
 
nothing. As Emmy Simmons observed:
 

AID's experience in Tunisia with a water shed planning and marginal

land project, carried out between 1959 and 1967, illustrates the
 
limitation which are posed when the commitment of the hc-t country

government to implementing scientific plans is not secured.
 
Twenty-nine person-years of technical assistance were provided

between 1963 and 1967. Soils and range surveys were carried out
 
and conservation plans for the 157,000 
has. Oued Marguellil

watershed in central Tunisia were drawn up. Yet the single

achievement of the project appears 
to have been a series of soil
 
maps and an unimplemented watershed management plan (42).'
 

Planning, almost by definition, is oriented towards being comprehensive,

towards being holistic. Yet to do so it must incorporate actors and
 
institutions whose actions cannot be predicted, much 
less controlled.
 
Ironically, one nursery started by one Ethiopian peasant which makes a
 
profit has a greater impact (and a more predictable one, I would argue)

that a 'holistic' plan by experts for an entire watershed.
 

To cap off this disastrous (but comprehensive) hypothetical energy

strategy, the energy projects undertaken would be expensive, subsidized,
 
non-replicable, and non-contagious; the contract team would have managed

to write itself into the project; and, as a sop to renewable energy, the
 
IRTP funds would have been used to provide a few photo-voltaic pumps or
 
biomass experiments, high-cost and non-replicable, at a few research
 
stations and institutes of higher learning, there to be used to astonish
 
and placate visiting firemen.
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The 'strawman', of course, is entirely hypothetical.., but it provides a
 
target to avoid, lest we, as developers, find ourselves in the position

of King Ozymandias, of whom Shelley wrote that a stranger found his
 
visage in the desert, with the inscription:
 

"My name is i' ymandias, King of Kings: 
Look on my works, ye Might, and Despair!"
 

And, Shelley wrote on:
 

"Nothing beside remains. Round the decay
 
of that colossal wreck, boundless and bare
 
The lone and level sands stretch far away."
 

Yet Addis Ababa's forests survive.
 

27
 



REFERENCES
 

1. Frances A. Gulick, SUGGESTED APPROACHES FOR CADA INITIATIVES
 
IN FUELWOOD PRODUCTION, AID/AFR, October 18, 1980, p.iii. She is citing

the World Bank Renewable Eiiergy Task Forces's survey of needs in 10
 
countries (CAR, Chad, Ethiopia, Gabon, Mali, Rwanda, Somalia, Tanzania,
 
Uganda and Upper Volta) where fuelwood accounts for 90 percent or more
 
of all energy consumed.
 

2. Ibid., p. iv.
 

3. Ibid., p. 14.
 

4. Ibid., p. 15.
 

5. James W. Howe and Frances A. Gulick, FIREWOOD AND OTHER
 
RENEWABLE ENERGIES IN AFRICA: A PROGRESS REPORT ON THE PROBLEM AND THE
 
RESPONSE, ODC, March 31, 1980, p. 21.
 

6. THE SOCIO-ECONOMIC CONTEXi OF FUELWOOD USE IN SMALL RURAL
 

COMMUNITIES. AID Evaluation Special Study No. 1, August, 1980.
 

7. Frances Gulick, p. 12.
 

8. Fred Weber, A REFORESTATION PROJECT IN ALGERIA: WHAT IT LAY
 
MEAN TO FUTURE FORESTRY AND CONSERVATION ACTIVITIES IN SUB-SAHARAN 
AFRICA, AID/AFR, February 12, 1981.
 

9. THE SOCIO-ECONOMIC CONTEXT OF FUELWOOD USE IN SMALL RURAL
 
COMMUNITIES, p. 113.
 

10. Frances Gulick, p. 13.
 

11. See Firewood Crops, Appendix 1, p. 170.
 

12. National Research Council, BOSTID, ENERGY FOR RURAL
 
DEVELOPMENT 1976, from AID's computerized summary findings.
 

13. The following account of Addis Ababa's Eucalyptus forest
 
development is drawn from Richard Pankhurst's ECONOMIC HISTORY OF
 
ETHIOPIA, Appendix 2: Case Study, Ethiopia, in FIREWOOD CROPS: Shrub
 
and Tree Species for Energy Production (Washington, D.C., National
 
Academy of Sciences, 1981), Ronald J. Horvath, "Addis Ababa's Eucalyptus

Forest," Journal of Ethiopian Studies, 1968, 6:13-19, and from limited 
observations during field work during 1970-1971.
 

14. R. Pankhurst, p. 707.
 

15. Ibid., p. 246.
 

16. Ibid., p. 705.
 

28
 



17. Ibid., p. 246.
 

18. Ibid.
 

19. Ibid.
 

20. Horvath, p. 15.
 

21. Ibid., p.16.
 

22. FIREWOOD CROPS, p. 190.
 

23. Barbara Liesch has related two such examples from Ghana, where
 
villagers were refused electricity on the grounds that the government
 
did not have transformers. The village promptly purchased a
 
transformer. Also, the town of Okarase was told they could have water
 
pipe only if a four mile trench were dug for it. They did so, and
 
received the water pipe. In such cases, the donor achieves a multiplier
 
effect and may elicit contagious behavior, as other groups mobilize in
 
order to obtain goods and services. The strength of the contagion
 
effect is apt to be inversely related to the amount of subsidization,
 
and there is the strong possibility that high levels of subsidization of
 
public goods and services for a limited part of the population will in
 
fact retard mobilization of goods and services by the rest of the
 
population, because they see more gain in developing political contacts
 
for welfare than in developing themselves or because they see provision
 
of the good or service as the responsibility of others.
 

24. See David French, THE ECONOMICS OF RENEWABLE ENERGY SYSTEMS
 
FOR DEVELOPING COUNTRIES, AID, Washington, D.C. January, 1979, for an
 
annotated bibliography of some of the findings, as well as his
 
benefit-cost analyses of the Bakel pump, the Lake Chad photovoltaic
 
pump, and the Indian biogas plant.
 

25. David French, p. 35.
 

26. R.E. Bigelow and Lisa Chiles, TUNISIA: CARE WAFER PROjECTS,
 
AID, 1980.
 

27. Dan Dworkin, RURAL WATER PROJECTS IN TANZANIA, A1D/PPC/E.
 

28. MALI RENEWABLE ENERGY PROJECT PAPER, APPENDIX B, AID, June,
 
1978, p. B-16.
 

29. G.D. Self, SOCIAL ANALYSIS OF POTABLE WATER PROGRAMS,
 
AID,1979. Comments on water supply in Liberia and on windmills in
 
Ethiopia are drawn from the author's field research.
 

30. Field interviews, February and March, 1981.
 

31. ENERGY FOR AFRICA: Selected Readings, AID/AFR/DR, p. 177.
 

32. Emmy Simmons, DEVELOPMENT ASSISTANCE IN FORESTRY: An AID
 
Policy Background Paper, PPC/PDPR/RD, AID, July, 1980, p. 27.
 

29
 



33. Ibid., p.47.
 

14. Ibid.
 

35. Development Alternatives, Inc., FINAL REPORT: THE DEVELOPMENT
 
IMPACT OF PRIVATE VOLUNTARY ORGANIZATIONS: KENYA AND NIGER (Report to
 
OPVC, AID, February 2,1979).
 

36. Ibid., p.78.
 

37. Ibid., p.94.
 

38. I. Buxell, PVOs IN BANGLADESH AND THE PVO CO-FINANCING
 
EVALUATION, USAID/Dacca mimeo, April, 1977, p. 6.
 

39. Thomas Graham, in ENERGY FOR AFRICA: Selected Readings,
 
AID/AFR, p.87.
 

40. Thomas Graham, SURVEY ON ENERGY POTENTIALS AND NEEDS IN N.
 
CAMEROON, AID/AFR, February, 1981.
 

41. Dr. Timothy Wood, LABORATORY AND FIELD TESTING OF IMPROVED
 
WOODSTOVES IN UPPER VOLTA, VITA and CILSS, Ouagadougou, June, 1981, p.
 
3.
 

42. Emmy Simmons, op. cit., p. 22.
 

30
 



INVESTING IN AFRICAN RESOURCE DEVELOPMENT
 

Dr. Carol Sakoian
 

I have been asked to discuss what private international companies look
 
for when they consider natural resource exploration ard development in
 
Africa; how companies become interested in a particular country; and how
 
this interest eventually becomes an exploration/production contract.
 

By way of introduction, Conoco Inc., which recently merged with DuPont,
 
is the ninth largest oil company in the United States. The company has
 
oil, gas, coal, mineral and chemical operations in 24 countries.
 

Conoco has 30 years ot exploration experience in Africa. It has been
 
producing oil in Libya since 1962 and has an active exploration program
 
in Egypt. It has explored in Chad and several other African states.
 
Conoco's mineral division has uranium holdings in Niger and has 
investigated coal production on the continent. 

Let me preface this presentation by saying that oil companies have 
learned that the success of any international venture is directly
 
related to the company's ability to deal realistically and effectively
 
with host governments. The broad objectives that companies seek in
 
these relationships are: fairness; mutual benefits (without this no
 
contract can last); reasonable political stability; and contractual
 
consistency.
 

Commercial relationships between international oil companies and host
 
governments get started in several ways. In some instances, the cumpany
 
will approach the host government if it believes the country has
 
geological potential. The potential would probably have been identified
 
by the firms' advance exploration department, which is made up of
 
geologists and geophysicists who use a wide variety of sophisticated
 
techniques to identify areas of high geological prospectivity.
 

Sometimes one company will' invite another company to join an exploration
 
venture through a farm in. This helps spread the risk. It also occurs
 
when the first company does not have the resources, or does not want to
 
explore all of the ac-eage it has been awarded.
 

Third, the host govcrnment may contract companies to offer areas for
 
exploration. Governments do this by direct telexes, through oil
 
industry publications and occasionally through the U.S. Department of
 
Commerce.
 

What do companies look for? Obviously, the first and foremost
 
requirement in geological potential. This can be demonstrated by the 
host government through existing geological data which is sometimes 

Director, International Govern,ent Affairs, Conoco, Inc.
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found in the archives of former colonial powers or from seismic surveys

commissioned by the host government. Companies often buy this data
 
package as a preliminary step to apply'ig for exploration acreage.
 

After geology, the next important factor is the terms for exploration
and production offered by the host country. Some kind of a modern
 
petroleum law or model contract is a positive factor. Where this does
 
not yet exist, companies will sometimes work with the government to

formulate an administrative framework that both sides can live with. 
Here, the company must intelligently assess the country's objectives and
 
educate the government so that it clearly understands the mission and
 
objectives of a private company. Any steps a government can take to 
reduce the red tape involved in obtaining exploration/production
 
contracts is a plus.
 

What factors does a company consider when analyzing whether to develop a
 
hydrocarbon discovery? Very briefly, this is project economics. 
 You
 
measure how much oil and gas you think you've found (and this is never
 
100% certain); how long its going to take to develop, how much it will 
cost; and what the host government's share will be, against what you
think your share will be worth on the market over the life of the field.
 

Companies also look at political 
risk. This is not simply whether or
 
not the existing government will stay in power. The real question is
 
how likely are the terms and conditions under which the company made its
 
investment decision go ag to last. The company must look at more than
 
the government's intentions .... What economic and social pressures

might lead a host government to modify the original terms?
 

The overriding issue for a company is that it obtain an adequate return 
on capital. Not just a profit -- but a better return than if it did 
something else with the money. Companies also need profits to maintdin 
the credit ratings necessary to borrow on high cost projects and to 
reinvest in further exploration. Finally, firms must use the profits
where they find oil to help pay for all the places where they do not. 
As the risks of exploration become greater, the cost of failure even 
higher, companies must spread the risk and be involved in several areas
 
simultaneously in hope that their successes will compensate for their 
failures. I do not need to tell you that this is a very difficult 
concept for governments to accept.
 

On the government side, of course, is the fear that it will be taken 
advantage of by the company. Although gove rnwen ts are hecoming more 
technically cumpetent, they still feel at a distinct disadvantage. For 
example, most exploration contracts requi re that tie, compa ny report
geological data to the local expertise necessary t(o inter-pret the data. 

For assistance, host governments new to the internati onal oil 1misi1ness 
can turn to the World Bank,. the IO.N. Centre on Na tural Resources, and 
professionail consultants. Outside !,ources can be helpful, hut not 
always. For example, some oil producing countries which have already
reached the stage of large proven reserves may offer a.,sistance but 
unintentionally mislead those just entering the field into seeking teii,is
which are unrealistic. 
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Let me conclude this presentation by touching upon the possible role of
 
AID in the area if oil exploration and production, commercial
 
opportunities of interest to large international companies should, and
 
will, be identified by the companies themselves. It seems to me that 
AID is playing a key role in a very different and inpcrtant domain. 
While there may be opportunities for training energy economists/planners 
or for infrastructure building in host countries that would indirectly 
benefit large international companies, I would hate to see your good
work distracted or diluted by tasks that can and should be done b.y the 
private sector.
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I 

PERSPECTIVES ON ENERGY PLANNING IN AFRICA
 

Asif M. Shaikh
 

Overview
 

Working on the premise that most of what I say here today will be
 
forgotten virtually as it is said, I would like to start by 
stressing the central points which should be remembered. They are
 
not points about the substance of energy planning, but rather about
 
its context and its inherent limitations. Only by understanding
 
these can we approach the task of energy planning with the
 
appropriate humility.
 

0 	 Energy planning is a process, not an event. Energy
 
assessment is a component, usually an early component, of
 
that process.
 

* 	 Energy problems are part of a larger set of problems.
 
Energy scarcity is only one of several factors which
 
impedes economic growth and development. It is an
 
important factor and certainly these days it is a
 
fashionable one. But it is seldom the most important
 
impediment to development.
 

* 	 Finding solutions to energy problems will not necessarily
 
solve the underlying problems we are trying to affect,
 
whether they be balance of payments deficits,
 
underutilization of industrial or agricultural capacity,
 
deforestation or others. Theye is an urgent need for
 
integrated solutions if we are to avoid having advances
 
in energy frustrated by bottlenccks elsewhere.
 

* 	 There is no standard format for energy planning or
 
assessment. The scope, depth and analytical framework
 
for energy planning must depend on the individual
 
circumstances of each country. The most important
 
determinant should be a country's longer term capacity to
 
sustain the energy planning process set in motion.
 

* 	 There is, however, a fairly clear set of objectives
 
associated with all rational energy planning excercises:
 
to understand the energy system (flows), to establish
 
overall priorities in energy, and to focus the limited
 
resources available on high priority areas.
 

Chief Economist, Energy/Development International
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II. The Energy Situation in Africa
 

There is no need to review the entire African energy context at
 
this time. A number of excellent presentations have already set
 
the stage. We can focus on the two sets of urgent problems which
 
clearly stand out throughcut sub-Saharan Africa: the fuelwood
 
problem, and the high recurrent cost of fossil fuel imports.
 

A. Fuelwood
 

The majority of the population in virtually all of Black
 
Africa relies on fuelwood or charcoal to meet the bulk of
 
their energy needs; in most countries, that majority is
 
between 60 to 90% of the total population. Yet a number of
 
nations face serious deforestation both around urban centers
 
and in rural areas. This deforestation not only makes
 
fuelwood increasingly inaccessible (either physically or
 
financially) to the poor majority, it also threatens the very

viability of rural production systems by reducing soil
 
fertility increasing the loss of topsoil, creating greater
 
threats of flooding, accelerating the process of
 
"desertification" and, in some cases, even fostering adverse
 
climatic change.
 

Wood energy demand is, however, only one amongst many causes
 
of deforestation. Other equally important causes include:
 

* land clearing for human settlement
 
• land clearing for agricultural use
 
* poor land management in agriculture and herding
 
e poor crop rotation practices
 
* inefficient charcoal production techniques
 
* overgrazing

* lumber and other non-energy wood demand
 
e poor watershed management
 
e commercial iorest exploitation
 

Reducing energy demand's contribution to deforestation is
 
important and can create sizable incremental benefits.
 
However, it will not always halt continued forest degradation;
 
itwill seldom reverse deforestation, and it will almost never
 
- by itself - solve the deforestation problem.
 

The deforestation issue is, in fact, a set of issues. We
 
reach the ironical conclusion that even if we successfully end
 
energy demand's contribution to deforestation, we will not
 
necessarily solve the problem of the inaccessibility of wood
 
energy to the rural and urban poor majority. To address wood
 
energy needs, we must eventually confront the issue of
 
integrated land use management.
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B. Imported Energy
 

A very large number of African countries lacking in sizable
 
mineral, fossil or other natural resources face a severe
 
balance of payments crisis. In several countries, petroleum
 
imports alone drain 30-50% of foreign exchange earnings from
 
exports. Energy prices have risen much faster than export
 
revenues since 1973, and over the long run they will probably
 
continue to do so.
 

Balance of payments deficits have drained foreign exchange
 
reserves, have caused acute scarcity of precious investment
 
capital and have held long-term development objectives hostage
 
to the criterion of foreign exchange savings. In countries
 
such as Sudan, Kenya and Somalia, amongst others, they
 
threaten Lhe continued financial viability of the nation-state
 
itself.
 

But here again, energy imports are only one contributor to
 
balance of payments deficits and poor economic performance.
 
Other important factors include:
 

0 overly ambitious investment plans
 
a inadequate infrastructure support
 
• technical problems in production
 
* inadequate management capability
 
a fluctuating export commodity prices and, importantly
 
* a very high import intensity of growth
 

On the last point, it is important to understand that most
 
African economies have demonstrated an extremely high
 
propensity to import all types of goods - including
 
consumption goods, luxuries and non-energy intermediate goods
 
- in the process of economic growth.
 

As with the deforestation issue, relieving the energy burdens
 
on the balance of payments and the economy as a whole will 
make an important incremental contribution. But it will not 
solve the problem. The relative emphasis on solving the
 
energy problem as against others bottlenecks should depend, on
 
a case-by-case basis, on an understanding of the
 
interrelationships between a number of factors.
 

An excellent example is afforded by a recent analysis E/DI
 
performed as part of the National Energy Planning Assistance
 
Project in the Sudan. Sudanese industry suffers from very low
 
plant capacity utilization levels - typically on the order of
 
25-30%. Unreliable supplies of electricity and of petroleum
 
products are important contributors to frequent plant
 
shutdowns and low operating levels. However, the analysis
 
determined that even complete elimination of these two energy
 
bottlenecks would - in many industries - have only a
 
negligible impact on improving capacity utilization. Why?
 
Because a number of other obstacles would persist and would
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frustrate only potential gains from improved energy supply

reliability. Such obstacles 
 include poor management,

unreliable raw materials supply, transport bottlertcks, and
 
shortage of spare parts. Clearly, in this case which is not
-
at all unrepresentative - unresolving the energy problem in 
isolation is not only inadequate, it is inefficient. 

The mandate of energy planning in Africa then is to place

energy in its proper context, and to coordinate energy

solutions with realistic development solutions throughout the
 
economy.
 

III. Energy Planning and Energy Assessment
 

A. Energy Planning
 

"Planning" is a peculiar term to have to use in the context of 
African energy problems. It carries the implication that you 
can "plan" energy developments and somehow control them. That 
implication is blatantly false. Most energy institutions in 
Africa must struggle even to influence the energy future. 
"Control" or anything vaguely resembling it, is simply not in 
the cards. The development process in Africa has, if anything
been convulsive and often chaotic - both constructively and 
destructively. Let us therefore, despel any illusion that 
energy planning will allow controlled energy development.
Planning institutions can, however, look ahead. They can plan
public responses to events beyond their control, they can plan
certain policies, they can establish targets and, if 
fortunate, they can favorably influence 
 (or cease to
 
unfavorably influence) the future path of energy use and
 
production. The issue is whether or not this limited degree

of influence can be exerted in a way which fosters economic
 
development. In principle, it can be, and 
its potential

benefits can be considerable. The purpose of planning is
 
merely to make what positive contribution it can and to remove
 
or avoid potentially negative public sector policies, 
no more
 
and no less.
 

B. A Goal-Oriented Process
 

Energy planning is a goal-oriented process. The emphasis must
 
necessarily be on the word process, because there are no
 
quick-fix, one-time solution to the energy problems African
 
countries face. Therefore, energy planning, its methodologies

and its objectives must be consonant with the capacities of 
the specific African energy planning institutions, and 
especially with their long-term human and financial 
resources.
 
They, after all, will be charged with carrying the process 
through in the years to come.
 

Energy planning must be goal-oriented if it is to actually

affect energy problems. Specific solutions must be
 
implemented, whether they take the 
form of policy measures
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(price structure, taxation, incentives, etc.) investments (in
 
conservation, renewables, resource development, etc.) or
 
coordination (avoiding energy intensive development paths, for
 
example).
 

C. An Energy Planning Sequence
 

What, conceptually, is the substance of the energy planning
 
process? Figure 1 provides a set of conceptual steps in the
 
process.
 

The first step is to clarify and understand how the energy
 
system actually works. How much energy is used, how much is
 
produced, where and how is it used and what is its relation to
 
economic activity - both present and future.
 

The second step is to develop the highest priority areas for
 
influencing the energy system. Priorities must be established
 
both in the context of having the maximum beneficial impact
 
(absolutely and relative to the resources to be committed) and
 
in the context of the likelihood of success. Trying to solve
 
the most important energy problems can only be a high policy
 
priority if we can think of measures which have some chance of
 
succeeding in that area.
 

Implementation of priority solutions, the third step, does
 
not, of course, occur at a single point in time, but is
 
ongoing. Conceptually, the highest priority solutions should
 
receive priority access to the scarce financial, human and
 
institutional resources needed to implement them. All
 
resources have opportunity costs. When investment capital is
 
as scarce as it is in most African nations, piecemeal efforts
 
are extremely wasteful. One of the most serious charges made
 
against all donor agencies involved in energy in Africa is
 
that there has tended to be a project orientation rather than
 
a systems orientation. Throughout Africa we see examoles of
 
very costly pilot projects, which, even if successful and
 
successfully replicatea, would lead to negligeable energy
 
system impacts, even as much more urgent needs go unfilled.
 

The next three steps - "follow-up", "repeat at next level of 
priority" and "update", are -lf explanatory, and merely
 
underscore the ongoing nature of the process.
 

To repeat, these conceptual steps will not occur in order at
 
discrete points in time, but rather will be recurrent parts of
 
the energy planning process.
 

D. Energy Assessment
 

What is an energy assessment? It is an early information
 
gathering, organizing and analysis component of the energy
 
planning process. Relat-g it back to the sequence in Figure
 
1, an energy assessment is an important tool for achieving
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steps 1 and 2, and for establishing the procedures for step
 
6.
 

Figure 2 provides a diagrammatic outline of the major steps of
 
a "full-blown" national energy assessment. It is intended to
 
show all of the activities which can occur as part of an
 
overall assessment. It must be emphasized that the extent to
 
which these generir steps are carried out depends entirely on
 
the specific needs and capacities of the country for which the
 
assessment is being done. The level of detail can vary
 
greatly according to the availability and reliability of data,
 
the ability to act upon the information gathered and the
 
urgency of the need to act in certain clear p.'iority areas.
 
For example, in the National Energy Planning/Assessment
 
Project in Somalia, we have found it of little value to gather

detailed plant-specific energy use data for industry. The
 
industrial sector is very small, it is dispersed and it has
 
little managerial or financial capacity with which to improve
 
its energy efficiency and its importance pales by comparison
 
with the forestry, transport and other sectors. On the other
 
hand, in a number of more complex economies, such as the
 
Dominican Republic, Tunisia, Indonesia, Ke:iya even Sudan,
 
plant-specific energy data has been very ,,nportant in
 
developing national energy strategies.
 

The extent to which an energy assessment is of long-term value
 
to the host country can be strongly influenced by its success
 
in orienting itself awat from simple providing outputs

l"energy supply-demand 
 balances", "energy projections",


"energy strategies" and so on) and towards contributing to the
 
ongoing planning effort. In this context, the hidden agenda
 
of an assessment is to:
 

o 	 Create a framework for future energy sector data
 
gathering, monitoring and analysis.
 

* 	 Provide a focal point around which to define
 
institutional responsibilities in energy
 
policy-making and to build national staff
 
capability.
 

a 	 Build a consensus amongst various public and
 
private sector actors as to the current energy
 
situation, future prospects and the priority needs
 
in energy policy and energy investment.
 

IV. 	Alternative Approaches to National Energy Assessment
 

A number of donor agencies have funded various forms of rational 
energy assessments in Africa. There include USAID, the World Bank,
 
the U.N. Development Programme, and other bilateral and
 
multilateral donors. At present, USAID and the World Bank are the
 
most 	active agencies in this area.
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I would like to spend a few moments briefly contrasting three very
 
different approaches to national energy assessment in Africa.
 
There is no value judgement implicit in this comparison. The
 
diversity of African energy systems means that each approach can
 
best be judged on a country-specific basis. The approaches
 
considered are of the U.S. Department of Energy (DOE), the World
 
Bank and USAID.
 

A. U.S. Department of Energy
 

The DOE's assessment activities began in the early years
 
following the 19i3-1974 energy crisis. That period was
 
characterized by a viry limited understanding, anywhere in the
 
world, of developing country energy systems and
 
energy/economic interactions. Consequently, the focus of the
 
DOE assessments was as much research/analytic as it was
 
policy-oriented. That is,what was learned in a given country
 
was as valuable for its contribution to general knowledge
 
about LDC energy as it was for its clarification of that
 
country's energy problems. The first DOE assessments were
 
performed in Egypt and Peru, and subsequent assessments were
 
carried out in Portugal, Argentina and South Korea.
 

The analytic methodologies available in the early years were 
drawn heavily from existing methodologies which were designed 
for developed country energy systems. The early DOE 
assessments have frequently been criticized for seeking much 
more detailed information on energy use and energy/economic
interactions than is reasonable to expect in LDC's. We are 
all aware that this kind of disjunction between data needs and 
data sources leads to elaborate "estimation" exercises, and 
much valuable analytic effort was devoted to this task. The 
danger in such practice is that the sum of the micro 
estimations is not always consistent with the macro picture, 
and the reliability of even the more aggregated numbers is 
subject to question. 

The DOE efforts tended to use large teams - typically $750,000
 
to $1,000,000 was spent in a relatively short time span-and
 
gave little attention to building local institutional
 
capability.
 

For these reasons, the impart of the DOE assessments on the
 
development of viable energy policies has been very small 
with the possible exceptions of Portugal and South Korea 
both of which had relatively strong indigenous institutional 
capabilities. 

B. World Bank
 

World Bank is currently involved i two types of energy
 
assessments:
 

0 a series of small-scale assessments in 60
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developing countries
 

0 
 larger assessments in the $200-$400 thousand range
 
lasting one or more years.
 

To date, only three larger assessments have been performed in
 
Somalia, Gambia and Panama. These are viewed as strictly

exceptional, and no new ones are now on the horizons.
 
Accordingly we will focus on the first category of 
Bank
 
assessments.
 

The small-scale assessments are funded by the U.N. Development

Programme, with the Bank serving as the executing agency.

Typically, the efforts involve three to 
six person months and
 
are performed largely by teams of Bank experts spending three
 
to four weeks in-country and preparing a report in Washington.
 

The Bank views this kind of energy assessment as a diagnostic,

not as a technical assistance project. There is no attempt at
 
institution building and the assessment is not 
 normally
 
"housed" within any specific government agency.

Methodologically, the assessments are quite straightforward.

They are generally limited to preparation of energy

supply-demand balances and discussion of issues such as energy

pricing, energy/economic interactions, efficiency improvement,
 
resource development and sector performance in electricity,
 
petroleum refining and the like.
 

Of the 60 assessments planned, only about 15-18 have been done
 
or are already in prog!'ess. These include Ba Ados,

Bangladesh, Kenya, Zimbabwe, Zambia, Burundi, 
 Rwanda,

Thailand, Sri Lanka, Indonesia and Malawi.
 

The mandate of the World Bank energy assessments is very clear
 
as regards their sectoral emphasis: they attempt to create "a
 
maximum favorable impact on the balance of payments in the
 
shortest possible time" according to the energy assessments
 
department. Attention is focussed on projects which will have
 
an impact before 1986/87.
 

The terms of the mandate reinforce the tendency to favor
 
commercial and conventional fuels over traditional and
 
renewable sources of energy. In the first place, traditional
 
fuels have little direct impact on the balance of payments; in
 
the second place, both traditional fuels and many renewable
 
technologies require lead times of five to ten years before
 
large-scale impacts can be felt. Because it is 
one of the key
 
outcomes of Bank energy assessment to identify urgent energy

investment projects, the commercial and conventional focus
 
extends beyond analysis and into the actual allocation of
 
project resources.
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C. 	USAID
 

The AID energy assessment activities are carried out largely 
through the Office of Energy. The Office of Energys is not an 
energy assessment program, [-t rather an energy planning 
assistance program. Long- and medium-term energy planning 
projects (ranging from about $100 - $700 thousand) have been 
or are being performed in Sudan, Dominican Republic, 
Indonesia, Morocco, Tunisia, Togo, Malawi, Guyana and Liberia. 

In direct contrast to the World Bank approach, AID's program
 
is based on no standard format, scope or met'hodologies. It
 
emphasizes "tailor-made" approaches to suit the specific
 
capabilities and needs of host countries.
 

The three principles which underlie the AID program approach
 
are:
 

a 	 Institution building, in the recognition that energy
 
planning is a long-term process, and that it is
 
host-country institutions rather than AID or its
 
contractors who will be responsible for enerry
 
development and policy.
 

* 	 An implicit longer term committment to the energy
 
planning and technical assistance effort until
 
useful results are obtained. Particular stress is
 
laid on the role of a resident long term energy
 
advisor.
 

* 	 An action orientation, which focuses on using energy
 
planning as leverage for energy investment.
 

Several of the larger AID projects have included relatively
 
detailed assessments covering supply-demand balances, dp.tailed
 
sectoral studies, energy/economic projections, analyses of
 
conservation, and renewables potential, pricing analysis,
 
energy information systems and formal and on-the-job training
 
of energy personnel.
 

V. 	A Balanced Approach to National Energy Planning
 

It is a peculiarity of the situation we are in that the term
 
"national energy planning" more 
often than not refers to planning
 
for commercial and conventional fuels, while the traditional fuels
 
that constitute the bulk of the national energy used are often
 
ignored at the national level. At the same time, we find that
 
throughout Africa rural energy initiatives have been undertaken
 
with little or no attention to their macroeconomic or system-wide
 
prospects.
 

There are several important biases in national energy planning
 
against adequate treatment of rural energy problems.
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0 The institutional bias: without question, the major of
 
energy planning decision-makers in African governments
 
are more immediately concerned with the commercial
 
energy/balance of payments problem than with rural
 
energy. Foreign exchange scarcity threatens the entire
 
modern sector edifice; petroleum shortage and electricity
 
cutbacks are felt most acutely in urban areas, amongst
 
the most politicized socio-economic groups.
 

* 	 The time-frame bias: rural energy problems need to be
 
addressed with a much longer time grame than for most
 
urban/commercial energy problems. Trees take a long time
 
to grow, and the spread of small-scale technologies will
 
probably take even longer. There is a bias amLngst
 
government ministries and foreign donors for shorter term
 
payoffs, both because of the urgency of short term needs,
 
and because of a reluctance by donors to commit to truly
 
long-term programs.
 

a 	 The simplicity bias: rural ene gy analysis is quite

simply, more difficult than urban/commercial energy

analysis. Rural energy in non-monetarized subsistence
 
economies is heavily linked to rural development as a
 
whole. There are few readily obvious "generic" solutions
 
which can be applied without a detailed understanding of
 
the specific rural environment.
 

0 	 The data bias: not only is rural energy data more
 
difficult to obtain and much less reliable than data on
 
commercial fuels supply-demand balances, it is not always

clear what should be down with it at a national level.
 
In indigenous forest products use, supply is always equal
 
to demand, by definition. It makes little difference to
 
know that per capita wood consumption is 1 metric ton per
 
year vs. 0.6 MT/yr if we do not know the sustainable
 
forest yields. Even then, wood supply potential is very

geographically localized, sustainable yields are tied to 
a host of environmental and demographic factors, and so 
on. In short the term "supp'-demand balance" becomes a 
very complex and ambiguous statement for fuelwood. 

Yet there is in national assessments a distinct need for
 
data which can be added or r:;ltiplied by and otherwise
 
integrated with the remainder of national energy data.
 

Despite these problems it is crucial to Africa's energy future to 
bring rural energy concerns to the forefront of national energy
planning, and at the same time, introduce into ruralto energy
projects a greater sense* of the urgency of system-wide solutions 
affecting large numbers of rural households.
 

VI 	 Outcomes of EnerqyPlannini and Assessments
 

I have talked about energy planning and assessments energy planning
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must lead to something if it is to be useful. It is insufficient
 
to say to developing nations " you have an energy problem and we 
will write you a report telling you how serious it is." Figure
 
diagrammatically illustrates the flow of outcomes of a nation-aT 
energy assessment, terminating in the three most important next 
steps: institution building, policy changes and energy investment.
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OUTCOMES OF NATIONAL ENERGY ASSESSMENT
 

0 ENERGY BALANCES
 
o SECTORAL ENERGY STUDIES 
o ECONOMIC/ENERGY STRUCTURAL ANALYSIS 
O ENERGY PROJECTIONSISCENARIOS 
O ENERGY SYSTEM DOCUMENTATION 
O STAFF TRAINING (FORMAL AND INFORMAL) 
0 METOODOLOGIES FOR CONTINUED ANALYSIS 

O ALTERNATIVE STRATEGIES WITH
 
COSTS/BENEFITS OF EACH
 

--PAU IRTIft 

IMPLEMENTABLE PRIOGRAMS ANJD PROJECTS 

ISI.BLDG, - POLICY H ]E

I 

O COMIERCIALLY FINANCED 
O DEVELOPMENT PROJECTS 
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CAPITAL NEEDS AND THE IMPACT OF CAPITAL ON ENERGY PLANNING IN AFRICA
 

Colin Carter
 

The connection between energy consumption and industrial activity is
 
fairly obvious, as the industrial revolution entailed the use of
 
alternatives to muscle power, particularly the use of fossil fuels.
 
Since the industrial revolution was responsible for the current standard
 
of living in the developed countries, it is presumed that the same
 
route, or at least a similar route, should be followed by the developing

world to achieve a comparable living standard. The route, if followed,
 
may also bring with it much of the social turmoil that occurred in the
 
developed countries through the last century. However, it is also a
 
probaLility that much of this turmoil could be alleviated with help from
 
the industrialized countries. We are assuming that there will be a
 
growth in consumption of energy, Loth in total and on a per capita

basis, by the African states; this growth in consumption being a
 
necessary part of a growth in the economies of these states. I am going
 
to discuss production, exports and costs of energy both capital and
 
operation over the next 10 years. Using this as a basis, the expected

capital needs can be derived and I will cover our estimates of the
 
approximate capital expenditures. This will be followed by a review of
 
potential sources. I will close by attempting to cover the myriad
factors that a Bank considers when contemplatirng a loan for use in an 
African energy project.
 

First, let's review some history.
 

ENERGY CONSUMPTION - AFRICA 1970-1979
 

1970 1979 GROWTH % P.A.
 
Total Consumption (Quads BTUs) -3.7
 
Consumption 1/
 

(Quads BTUs) 1.6 3.4 + 8.6
 

Per Capita (MM BTUs/Year) 8.1 11.2 + 3.8
 

Per Capita 1/ (MM BTUs/Year) 4.5 7.5 + 5.8
 

GDP 1/ (Billion $) 65 126 7.6 2/
 

GDP Per Capita 181 276 4.8 3/
 

1. Excluding South ffrica
 
2. About 1% increasi in real terms
 
3. About 1.8% decline in real terms
 

These figures are enough to lead to much concern. Since 1970, however,
 
at least nine states representing nearly 20% of the population of Africa
 

Vice President, Energy Economics Department, Chase Manhattan Bank,
 
New York.
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have shown a decline in energy consumption per capita.
 

STATES THAT HAVE SHOWN DECLINES IN PER CAPITA CONSUMPTION
 

CONGO UGANDA
 
GHANA TANZANIA
 
LIBERIA ZAMBIA
 
MOZAMBIQUE ZIMBABWE
 
SUDAN
 

All of these states have suffered significant levels of internal
 
problems that may have caused this decline, and these problems have also
 
contributed to the poor economic performance of the region. Nothing in
 
the numbers we have seen makes us believe that real economic growth for
 
Africa is impossible in the next decade, and we also believe that energy
 
consumption in some form will grow with it. Since the developments
 
occurring will tend to be basic, we anticipate that for Africa energy
 
consumption, growth will parallel growth in G.D.P.
 

ENERGY & ECONOMIC ASSUMPTIONS FOR AFRICA
 

ECONOMIC GROWTH 1980-1990 4.0% P.A. REAL
 
ENERGY CONSUMPTION 1980-1990 4.0% P.A. REAL
 

ENERGY CONSUMPTION 1980 7.0 QUADS
 
APPROX. G.D.P. - 1980 $ 142 BILLION
 
BTUs PER G.D.P. $ 49 x 10
 

ENERGY CONSUMPTION 1990 10.25 QUADS
 
G.D.P. - 1980 $ 210 BILLION
 
BTUs PER GDP $ 49 x 10
 

These are, of course, gross generalizations, and in fact would not imply
 
any noticeable change in the per capita G.D.P. or energy consumption if
 
the population growth of the last 5 years or so is continued. However,
 
this does give a base against which capital investment can be estimated.
 

Having looked at energy consumption briefly, let's look at production of
 
energy.
 

AFRICAN ENERGY PRODUCTION
 
(QUADS)
 

'970 1979 1980 1990(est) 
HYDRO/UNCONV. T O.-IT 0.7 1.3 
COAL 1.4 2.1 2.5 4.4 
GAS 0.05 0.7 1.3 3.5 
OIL 11.1 12.4 11.9 16.1 
NUCLEAR -- -- -- --

TOTAL 12.65 T5.6 16.4 2.3 

Since oil production exceeds the continent's total energy consumption of
 
7 Quads in 1980 and the forecast 10.25 Quads in 1990, the obvious fact
 
emerges that Africa is a major net exporter of energy, particularly oil.
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We are assuming that consumption by the whole continent will have
 
increased by 3.25 Quads in 1990 compared with 1980. 
 Now, it is possible

that this could be met with current production, and Africa would still
 
have an exportable surplus. However, without investment, existing

production declines, and the loss 
of foreign currency associated with
 
the reduction in export would also be unacceptable. We have assumed
 
that energy "export" will, in fact, rise by 5.7 Quads. This "export" is
 
assumed to be made up as shown below.
 

ENERGY EXPORTS - AFRICA
 

(QUADS/YEAR)
 

1980 	 1990
 

PRODUCTION CONS. EXPORT PROD. CONS. EXPORT
 
HYDRO 0.7 0.7 --
 1.3 1.3 --
COAL 
 2.5 2.1 0.4 4.4 3.8 0.6
 
GAS 	 1.3 0.5
0.8 3.5 1.4 2.1
 
OIL 13.1 
 3.4 9.7 16.1 3.7 12.4
 
NUCLEAR 	 ............
 

TOTAL 
 17.6 7.0 1.06 25.3 10.2 15.1 

Coal exports, all from South Africa, will be around 115 million
 
tons/year by 1990. Oil exports will be at a net of around 5.8 million
 
barrels per day in 1990 compared with around 4'mTllion in 1980, and gas

will be about 2.0 TCF/year. The oil will probably be from the following
 
source states.
 

POSSIBLE MAKE-UP OF AFRICAN OIL EXPORTS 
- 1990
 
(MMB/D)
 

1990
 
ALGERIA
 
LIBYA 1.6
 
NIGERIA 1.9
 
EGYPT 0.7
 
OTHER 0.8
 

The gas is assumed to be from Algeria, Nigeria and Cameroon.
 

Having set the basic production and export background that we are
 
assuming develops over the decade, I would like to discus. our cost
 
assumptions. I must emphasize that these are only approximate -- of the
 
rule of thumb type. However, in many ways this makes them more valuable
 
since they of general.
 

First, let's look at 
hydropower. This is an area where generalization

is, perhaps, most dangerous, but an approximate figure in 1980 dollars
 
would be $2,000 per installed kilowatt of capacity. Operating costs
 
would be around $2 to $3 per year per kilowatt. Our assumption of an
 
increase in hydropower production Is equivalent to about 1.6 gigawatts

of capacity costing about $3.2 billion in 1980 dollars.
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Coal costs will be almost entirely associated with distribution and
 
consumption, since much of the production capacity is already in place.
 
Even if all the increased production was from new mines, the capital
 
cost wouFd--e only $4-6 billion (1980) over the decade, using an average
 
cost of about $50 per annual ton of production capacity.
 

Gas production cost also varies, and when looking at these numbers,
 
don't forget they are costs to produce, not distribute to the consumer.
 
It is also difficult to separate the capital cost of gas discovery from
 
that of oil, and we use a rough figure of $12,000 per daily barrel of
 
production capacity, around $33 per barrel of oil produced per year or
 
about $5.67 per million BTUs produced annually. In each case, the costs
 
are in 1980 constant dollars.
 

This enables us to put together a rough summary of the capital needed to
 
meet the energy picture developed. Please bear in mind that I am
 
verifying my rules of thumb rather than developing out forecast. The
 
projections of capital expenditure we make are made on a more detailed
 
basis, but these generalizations will help to assess possible variations
 
from the general pattern.
 

APPROXIMATE CAPITAL NEEDS FOR AFRICAN ENERGY PRODUCTION PROJECTS
 
1980-1990
 

FUEL "ADDED CAPACITY" 1980 COST BILLION $ APPROX.CUR.COST BILL.$
 

HYDRO 4.6 x 106 KW 3.2 5.1
 
COAL 8.6 x 106 TONS 6.0 9.0
 
OIL 2 x 10 BBL/D 1/ 48.0 77.0
 
GAS 1 x 106 BBL/D 24.0 38.0
 

81.q4 8_7 

1/ Including investment to "replace" oil production capacity lost by
 
standard depletion.
 

This shows a current dollar investment in oil and gas production of $105
 
billion, $77 + $38, compared with our published forecast of $72.8 
billion for drilling and $30.8 billion for other E and P costs for 
Africa. 

This investment is only for production. In addition, the investment to 
process and distribute, including movement to export sites, the 
consumption of these energy orms has to be considered. In order to do 
this, we must have an approximate assessment of the "type" of energy 
that will be consumed. 'A-' have already shown our estimate of primary 
energy consumption, and here I have shown this in the form of a sectoral 
consumption pattern for 1980 and 1990. 
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ENERGY - SECTORAL CONSUMPTION 1980
 

(QUADS/YEAR)
 

TRANSPORTATION RESIDENTIAL/COMM. INDUSTRIAL TOTAL
 

OIL 1.5 0:2 0.8 2.5
 
GAS -- 0.4
0.1 0.5
 
COAL 0.1 -- 1.3 
 1.4,

ELECTRICITY 0.4 0.6 1.6 2.6
 

TOTAL TU 4TT
0.9 7.0
 

OIL GAS COAL HYDRO/NUCLEAR TOTAL
 

ELECTRICITY 0.9 0.7
0.3 0.7 2.6
 

ENERGY - CECTORAL CONSUMPTION 1990
 

(QUADS/YEAR)
 

TRANSPORTATION RESIDENTIAL/COMM. INDUSTRIAL TOTAL
 

OIL 2.1 0.6
0.3 3.0
 
GAS -- 0.3 
 0.5 0.8
 
COAL 
 -- -- 1.0 1.0 
ELECTRICITY 1.1 3.0
1.3 5.4
 

TOTAL 3.2 1.-9 
 5.1 10.2
 

OIL GAS COAL HYDRO/NUCLEAR TOTAL
 

ELECTRICITY 0.7 0.6 1.3
2.8 5.4
 

This is an approximate breakdown, but it does give a basis for assessing

additional capital expenditures. The fi-'st area to cover is the
 
processing and distribution of oil. In this case, the cost of this step
 
to yield electric power generation fuel can be considered as nil. In
 
fact it is, in one sense at least, negative, since power generation

requires heavy fuel that we believe will be in surplus over this decade.
 
However, for the balance the alternatives will be to import from a world
 
that will be long on d,avy fuel and short of light products, or to
 
refine and crack. We are anticipating a mix of this and estimate'that
 
African expenditures on refining over the decade will be $8.5 billion.
 

Capital expenditure on power generation and distribution capacity will
 
certainly be necessary, with about 36 megawatts of additional capacity

required. The investment would be on the order of $36 billion expressed
 
in 1980 dollars.
 

Other etiergy-related capital expenditures will be associated with gas
distribution and liquefaction for exports and while subject to many
uncertainties this will probably be in the range of $15-20 billion in 
1980 terms.
 

This enables us to summarize an approximate demand schedule for capital
 
to finance energy projects in Africa over this decade.
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CAPITAL NEEDS - ENERGY IN AFRICA 1980-1990
 

PURPOSE BILLION 1980 $ BILLION CURRENT $
 

OIL & GAS E & P 72 115
 
HYDRO GENERATION 3 5
 
COAL PRODUCTION 6 9
 
OTHER ELECTRIC POWER 36 58
 
REFINING 9 14
 
GAS DISTRIBUTION 18 29
 
OTHER 10 16
 

TOTAL 154 M
 

To put this in perspective, we anticipate that the total capital

investment of the world petroleum industry, excluding the Communist
 
Bloc, will be about 2.6 trillion dollars over the decade, or more than
 
10 times the total energy investment in Africa. The "other" is included
 
to cover the expenditure on such items as nuclear power, biomass,
 
geothermal and solar power.
 

As a final part of this brief look at what the capital needs could be, I
 
have put the various forms of energy available on an approximate cost
 
comparison basis. There are so many caveats that need to be covered
 
that I was tempted not to show the table at all. However, it is useful
 
in looking at some project comparisons, and in case you might feel it
 
helpful, I have incluaed it.
 

APPROXIMATE COST OF DELIVERING FUEL TO "CITY GATE" OR EQUIVALENT
 

(COSTS IN 1980 $ PER MM 13.1
 

CAPITAL COST OPERATING DIST. TOTAL APPROX. MARKET PR.
 

OIL 1.13 0.55 1.50 3.18 6-7
 
GAS 1.13 0.20 2,25 3.58 5-6
 
COAL 0.20 0.40 0.40 1.00 2-3
 
NUCLEAR 8.00 0.50 1.00 9.50 12-14
 
HYDRO 7.00 0.05 1.00 8.05 12-14
 

Now we come to possible sources of the capital. This varies f'om entity
 
to entity and fuel to fuel. The oil industry, for example, funds over
 
70% of its capital investments by internal cash flow. By contrast, many
 
public utilities are very highly leveraged, using debt as a major source
 
of capital. As one point from which to operate our forecast of the
 
source of funds for the world petroleum industry outside the Communist
 
Bloc is shown here.
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WOCA PETROLEUM INDUSTRY CAPITAL SOURCES
 
(BILLIONS OF CURRENT DOLLARS)
 

1980 1990 CUM. 1980-1990
 
AMT. % AMT. % AMT. %
 

INTERNAL CASH FLOW 94 73 415 71 2,429 73
 
CREDITMARKET 28 22 132 23 710 21
 
OTHER 6 5 33 6 210 6
 

TOTAL T7 10- 580 100 3 9 10-60 

TOTALS include sale of assets, issuance of common stock and drilling
 
partnerships.
 

It must be remembered that the capital required includes dividends, debt
 
retirement and increase in working capital.
 

From now on I will stick with cumulative current dollars over the 
decade. I am also, of course, ignoring any relative change in currency 
values, and am using the U.S. dollar as a convenient reference point.
However, I am going to consider an approximate division between local 
and foreign currency for these projects. This will vary greatly from 
project to project and location to location. Despite this, there is 
some directional consistency even if the absolute numbers vary greatly. 

APPROXIMATE DIVISION OF CAPITAL COSTS BETWEEN LOCAL AND FOREIGN CURR.'UZ
 

LOCAL CURRENCY FOREIGN CURRENCY
 

OIL & GAS EXPLORATION 1/ 30% 70%
 
OIL & GAS DISTRIBUTION- 40% 60%
 
OIL & GAS PROCESSING 25% 75%
 
COAL PRODUCTION 50% 50%
 
NUCLEAR PLANTS 40% 60%
 
HYDRO GENERATION 60% 40%
 
THERMAL ELECTRIC POWER GENERATION 50% 50%
 

1/ Excluding any lease cost
 

To further add to the confusion, who will provide the funds? In the
 
case of oil and gas exploration it is usual under the relevant
 
agreements for the exploring company to fund at least the major part if
 
not 100%. Once the project has yielded proven reserves, the situation
 
varies. In some cases, the state participates directly at this point
 
(or the state oil company) including the provision of capital. In
 
others, the state participation is via a sharing agreement under which
 
the capital investment is provided entirely by the exploring oil
 
company.
 

Processing, particularly refining, is more and more becoming a direct
 
function of the state oil company, and the direct capital contribution
 
by overseas oil concern is slim. This is reversing the level of the 60s
 
and early 70s.
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The provision of capital for coal production varies also, but the major

investment occurring 
is in South Africa where the state is heavily

involved in the capitalization of new export facilities, but the coal
 
production itself is in private hands.
 

Electric power generation is generally a function of the state. This
 
table gives an estimated breakdown of the capital needs into local and
 
foreign currency and the responsibility for raising capital.
 

ESTIMATED CAPITAL NEEDS - AFRICA 1980-1990 BY TYPE OF C(JRRENCY
 
AND RESPONSIBILITY
 

(BILLION $)
 

RESPONSIBILITY STATE & LOCAL 
 OVERSEAS INVESTORS
 
TYPE OF FUNDS LOCAL FOREIGN LOCAL FOREIGN
 

OIL & GAS E&P 3.6 8.4 30.9 72.1
 
HYDRO POWER 3 2 -- --

COAL 5 4 ....
 
POWER GENERATION 29 29 -- --

REFINING 3.5 10.5
 
GAS DISTRIBUTION 2.9 4.3 8.7 13.1
 
OTHER 4 4 4 
 4
 

TOTALS 51.0 62.2 4 89.2
 

Around 45% of the capital expenditure on energy in Africa will be the
 
responsibility of state or local 
concerns, primarily state. The balance
 
will be funded by overseas companies. Of the funds raised by overseas
 
companies, 73% will be funded by internal cash flow. 
 Of the state
 
proportion, such a division becomes in many ways meaningless, but at
 
least 30% will be provided by way of grants or soft loans leaving some
 
$20 to 25 billion of foreign currency to be found by the state
 
companies. When it is remembered that the current oil exports of the
 
African oil producers generated $55 
to 60 billion of foreign currency a
 
year at present, and assuming consistent inflation, this figure will be
 
over $190 billion in 1990, this funding should not be infeasible. As a
 
precursor to the oil production or, at least much of it, this
 
expenditure is indeed essential.
 

To summarize, we would anticipate that state concerns will raise at
 
least $20 biliion on the private markets over the next 10 years. The
 
balance of their needs, about $51 billion in local currency and over $40
 
billion in foreign currency, will come from internal sources, grants

from international institutions and soft loans. The private concerns
 
will also raise some of their capil needs on the private market,

probably close to $40 billion in total, though only about half at most
 
will be directly against the credit of African projects via the various
 
forms of project finance.
 

I would like to spend the last part of this review covering the factors
 
that a Bank considers in making loans in this field. Before we go into
 
this, I would like to remind everyone of what a commercial Bank is, and
 
what its function is. Quoting from the Encyclopedia Britannica, "A
 
commercial Banker is a dealer in money and in substitutes for money,
 

58 \
 



such as checks or bills of exchange .... The basis of his business is
 
borrowing from individuals, governments, etc. With these resources and
 
his own capital, he makes loans or extends credit.... The banker makes
 
his profit by borrowing at one rate of interest and lending at a higher
 
rate." The critical points to remember are that its responsibility to
 
its stockholders is to make profit, and that a Bank does not take equity
 
risk. The margin between the banker's loan rate and his cost of funds
 
limits the risk a bank can take to a very minimal one. A very large
 
part of a line officer's time in a commercial bank is spent convincing
 
the bank's credit officers that the project he wishes to lend to is as
 
near to being risk free as possible. The law varies from country to
 
country, bjt U.S. banks are limited in the extent of their exposure to
 
individual entities by law, and limit their exposure to countries and/or
 
regions by way of their own internal controls.
 

POINTS CONSIDERED BY BANK INMAKING LOAN
 

a PROJECT RISK
 
* "!ONE OBLIGOR" LIMIT
 
* COUNTRY LIMIT
 
* RATE OF RETURN
 

The order in which a review proceeds is not fixed, but the project or 
concern to which the funds are being loaned is considered first. If the 
loan is against the credit of a company or state corporation, then the 
financial strength of that concern is thoroughly investigated. The 
reputation and financial strength o- an Exxon is fairly well known and 
established, and a loan against Exxon's credit would rapidly move to the 
next step -- one obligor limit. A loan against the credit of, for 
exr- 'e,a U.S. pipeline company to cover the construction -- or their 
share -- of the Alaskan gas pipeline could represent such a proportion 
of the company's net worth -- like 150%! -- that much investigation 
would be needed. A loan to a state or state entity will be developed on
 
fairly analogous terms.
 

There is a great deal of interest these days in Project Finance. This
 
is a form of lending in which the bank making the loan has recourse to
 
the project being financed only. It is as if the project was a separate
 
concern (and it often is) and the sponsors (owners) of the project
 
provide the equity capital only. Ine provider of the debt does not have
 
recourse to the assets of the sponsors beyond this equity provision.
 
The advantages of project finance are many, but they are primarily
 
concerned with keeping the debt off the balance sheets of the sponsors,
 
such that the sponsor's credit rating does not get affected.
 

Coordination of a project finance deal is going to require specific
 
investigation of a project, its likely costs, its product and the market
 
for the product as well as the general management ability of those
 
responsible for the project. This puts a need for a broad level of 
understanding of all aspects of the project on the lender. The bank 
must be able to assess all the risks -- engineering, geological, 
political, market and financial. A good project finance group is an 
interesting mix of many disciplines, all with baking expertise 
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superimposed. I should add that even in today's uncertain job market,
 
they are very much in demand.
 

From this you can see that a bank requires a great deal of information
 
in order to make a loan. A company making an investment in a project
 
can do it if the management and the board is satisfied that the risk is
 
worth the potential return. To restate the point, a bank cannot take an
 
equity risk, since its return is fixed and is not a function of the
 
degree of success of the project being financed. This, in very many
 
cases, if not all, leads to a mortgage concept. No loans can be made by
 
a commercial bank against an oil or gas exploration venture. Such 'oans
 
have to be against the credit of the sponsors or against proven reserves
 
of oil, gas or other minerals already in the ground. If a project such
 
as a refinery, a pipeline or a synfuel project is being financed, and
 
the loan dt any point in time exceeds the "sci'ap value" of the project
 
at that time, then a completion guarantee from the sponsors is needed
 
such that if the project is not completed, then the sponsors will become
 
responsible for the outstandinj debt. Guarantees from other agencies
 
are also possible (government, etc.), but ir each case, as well as a
 
thorough investigation of the prnject, the credit of the guaranteeing
 
agency has to be assessed.
 

If the project is completed within budget (or roughly so) and on time,
 
the marketing of the product has to generate The funds needed to repay

the debt. Concerns evaluated by the bank include the risk that the
 
project may suffer from government actions (political risk) including
 
war, nationalization, change in tax structure, etc. These risks 
are
 
taken by banks in many circumstances, and it is generally left to the

"country limit" concept to limit the bank's exposure to this risk. 
 Some
 
of the Iranian projects have been painful to some banks. MITI, for
 
example, has to meet its guarantee of some of the loans to Japanese
 
petrochemical concerns.
 

The element I have not yet covered is competition. This, I must admit,

is fairly ferocious. The days of the gentleman's agreement to divide 
markets, if they were ever there, have now gone. The number of banks 
and financial institutions competing both for funds and for loans is 
very large. However, the differences between the final cost of the loan 
will not be too great since we all go back to the same market for our 
source of funds. This competitive banking system has proven to be much 
tougher and much more resilient than was expected. However, to expect
the private banking system to provide too much more of the share of 
funding than I have indicated would be foolish. The banking margin
precludes the bank from taking a major risk. 
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NATIONAL ENERGY PLANNING hSSISTANCE IN THE DEVELOPING WORLD
 

Mike Bess
 

Many of us recall a television series that was very popular during the
 
60's that centered around a weekly assignment, with instructions, to
 
several brave characters. I propose to set up the same scenario for
 
those who would wish to embark upon a national energy planning
 
assistance project in the developing world. Picture yourself in a room
 
receiving a little cassette tape with the followinq set of instructions:
 

"Your assignment, should you choose to take it:
 

One. Go to a country with an annual per capita income less than $500
 
(U.S.), with a population growth in excess of 2.5 percent per annum,
 
that depends on oil imports for 100 percent of its petroleum needs, and
 
that has been experiencing acute balance of payments problems for at
 
least a decade.
 

Two. Conduct a "national energy assessment" in this country that will
 
become the basis for future national energy planning. 

Three. In so doing, develop 
distribution and consumption from 

sectoral data on 
an information base 

energy 
that is 

supply, 
poor at 

best, non-existent at worst. 

Four. Work with the national administration that is less than one year
 
old, that lacks a defined organizational structure, whose senior staff
 
are "seconded" from at least four other ministries and whose junior
 
staff are recent university graduates with little or no practical
 
experience including ministries which may be in direct competition with
 
your own, and several additional departments and agencies. While
 
working with this agency, try to assist it in its efforts to become the
 
national energy planning agency. Train its people during the process.
 
In other words, go out and accomplish some "institution building."
 

Five. Respond to the nation's immediate and short-term needs for energy
 
policy decisions. Serve as advisor and counselor to the appropriate
 
Minister, your local IJSAID Mission, your head office (in Washington or
 
elsewhere), and to USAID/Washington.
 

But, before setting out on this assignment, you must first design a
 
program that will enable you to accomplish the above tasks. If you are
 
unable to have any voice in the design of your project, pray that the
 
project designers have examined all the following constraints:
 

1. Your budget will be too small.
 

,
 
Project Field Manager, Sudan Energy Planning Assistance Project.
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2. 	 You will be working for a funding agency that, while
 
sympathetic tc your needs (and never at a loss to express such
 
sympathy), will rarely be able quickly to respond to or
 
deliver on your requests for immediate assistance; crises will
 
be as many as the days are long.
 

3. 	 You will be a long way from Washington, or any other home
 
office location. Therefore, communications with and responses

from your home office will often be slow. Moreover, your

requests will rarely be properly understood. You will be a
 
very fortunate person indeed to have access to a reliable
 
communications system (but, don't get your hopes up).
 

4. 	 You will have a dearth of long-term experts and a wealth of
 
short-term experts at your disposal. You will, therefore,
 
quickly realize the value of the famous "learning curve."
 
More important, you will be wise to learn the value of
 
training, and to utilize the skills of those people (your

hosts) with whom you will work day to day.
 

While carrying out the above tasks, under the above constraints, you

will experience a persistent and ever present temptation to do things

yourself or with your own foreign experts. You will quickly want to
 
package and deliver your assessment. After all, it is just too damned
 
difficult to take "institution building" seriously. You will not be the
 
first to experience or yield to this temptation. Should :vou have any

doubts about this, just walk into any Ministry or national corporation

and look at all the stacks of nicely, colorfully packaged reports and
 
assessments, replete with beautiful charts and diagrams, piled unread,

unused, and dusty on book shelves and inside bureaucrats' desk drawers.
 

Remember, regardless of your personal philosophical inclinations, you

will be working for and with a central government agency in the heart of
 
some nation's capital. Any talk of "appropriate" or "adaptation"

technology and local self-help will not set well with your Minister,
 
until you have fostered his confidence in your ability to respond to
 
his/her more immediate needs. Remember, s/he faces constant petroleum

supply problems, inadequate power/electricity to drive the national
 
industry and to light the capital's homes, not to mention the constant
 
attacks from others who feel they (or someone else) could do a better 
job. While you may be a technician by training, more often than not, 
you will be asked for political, social and economic rather than 
quick-fix, technical solutions to national energy problems. Therefore
 
you must work within such a framework.
 

If you have any input into project design, you should proceed with the
 
following:
 

1. 	Make a thorough examination of the country and its
 
socio-political and economic setting.
 

2. 	Make as thorough as possible an examination of the institution
 
you will work with. Look for the following strengths and
 
weaknesses:
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a. 	Age of the institution
 

b. 	History of the agency
 

c. 	Make-up or constitution of its senior staff. Do not
 
just examine the technical qualifications of that staff.
 
While these are important, more important still are those
 
people's institutional backgrounds. Ask yourself: "How
 
long have they worked with this institution?" Do they
 
appear committed to working with this institution under
 
its mandate?" Remember, "institutional awareness,
 
responsibility and memory" isnot merely a public policy
 
catch phrase, but is a very real determinant of an 
agency's ability to mobilize its own as well as the 
nation's resources. 

d. Look at that agency's position within the 
government. That is,do other people or other agencies
 
take it seriously? Will they take itseriously given the
 
proper circumstances which you may be able to influence?
 
How powerful is it or can itbe? How much of a national
 
mandate does it have?
 

e. 	After you have attempted to answer the above questions,
 
ask yourself how capable is this institution in
 
conducting a national energy assessment and of lobbying
 
for changes in the country's national energy policies
 
once that assessment has begun to fit together.
 

3 	 You must view "national energy assessment" as an ongoing
 
process, not as a final product. You must adopt a
 
working strategy with your host agency to ensure that
 
ongoing process.
 

Ifyou do the above well, you will find that, in the process, you will
 
identify many other potential, valuable projects, most of which will be
 
much more micro and local in nature than what you began with. If this
 
is the case, you have done part of your job wcll and you will find that
 
your agency will begin to mobilize the central resources of the
 
government (and a number of donors) in these directions. In addition,
 
if you have accompiished the above well, you will begin to perceive a
 
national awareness of the problems you and your host agency have been
 
working with from the onset. You should strive to see energy issues and
 
policies debated, and hope that some national consensus will be achieved
 
thaI will bring needed resources to bear on the nation's energy

problems, including many of those small, local problems you have been
 
wanting to see addresscd from the first day of your job.
 

That is, while doing all the above, keep in mind that solving the
 
firewood problem will not solve all urban and industrial energy
 
problems. Improving cookstove efficiency will not improve energy inputs
 
into the modern agricultural sector. You will never be truly able to
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affect most developing nations' abilities to control a good part of
 
their energy destinies, to stop reacting to and start acting on their 
energy problems without a national awareness of the total national 
energy picture. And, to accomplish this will require, at least, the
 
mobilization of a central, powerful, strong and well-informed agency in
 
the government. 

"Sound like a tall order? It is. Should you decide to take this
 
assignment, good luck!"
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I 

CASE STUDY: KENYA
 

Philip O'Keefe
 

Analysis
 

The following preliminary report analyzes the energy policy issues
 
confronting Kenya over the next 20 years. Focus has been placed on
 
generating an adequate data base to identify the current patterns
 
of energy use, on projecting the demand and supply picture using
 
detailed computer simulations, on identifying trouble spots in
 
resource sufficiency, and on suggesting the type and scope of
 
policy interventions required for remediation.
 

The analysis explicitly recognizes that the allocation of land for
 
purposes of growing wood implies that less land is available for
 
agriculture. The evaluation of the wood balance 's therefore
 
related to the national food balance, and we have chosen for this
 
reason to incorporate an analysis of the food balance in the
 
schema.
 

The data employed in this analysis were procured from a variety of
 
primary and secondary sources. Three surveys of energy use were
 
undertaken in the cor,se of this study. The first survey queried
 
urban households regarding their use of energy at the household
 
levrl. Particular emphasis was placed on the uses of fuelwood and
 
charcoal. This was done within each household sector on the basis
 
of income groupings, and enduse services within each grouping. The
 
second survey performed a comparable enumeration for rural
 
households. Both household surveys noted information on income.
 
The final survey represented a pioneering effort at the enumeration
 
of energy use by informal industry.
 

Additional surveys were undertaken to establish the patterns of
 
land use by province and ecological zone. These surveys included
 
measurements of study and yields of wood resources on a
 
province/zone/landtype basis.
 

In addition, the project included a comprehensive survey of energy
 
use in the industrial sector, breaking out otn-site fossil fuel
 
consumption and electricity.
 

The field team also engaged in a regional demographic analysis and
 
forecast. Finally, estimates were made of future levels of
 
sectoral activity and stocks of energy using equipment. On the
 

Don Shakow and Cara Seiderman contributed to this report. All
 
authors are from Beijer Institute's Fuelwood Project (Nairobi).
 
This paper is based in part on "One Step Fonvard, Two Steps Back:
 
The Experience of Energy Planning in Kenya", October 1981.
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basis of these data a series of forecasting analyses were
 
undertaken. The initial analysis was made under
 
"business-as-usual" (or Base Case) assumption. This assumes that
 
present trends and existing policies hold relatively unaltered Cer
 
the forecast horizon.
 

The Base Case analyses of supply and demand indicate a disquieting
 
prospect of shortages in three basic commodities: food, petroleum,

and fuelwood. In particular, the trends indicate the presence of
 
unsatisfied demand for wood beginning about 1990. By the year

2000, this shortfall will amount to approximately 15 million tons
 
per annum, or about 50 percent of total demand. Moreover, the
 
analysis indicates massive cumulative depletion of standing stocks
 
of wood biomass.
 

These results demonstrate that in the absence of significant policy

intervention by government, Kenya faces the prospect of continuing
 
and accelerated shortages in commodities necessary to its continued
 
development and growth. Satisfying the growing demand for
 
petroleum will lead to an endemic shortage of foreign exchange.
 
Deficits in the trade balance imply three consequences:
 

0 	 Kenya will be forced to curtail its imports of source
 
materials and capital goods necessary to the development
 
of an efficient modern sector in manufacturing, industry,
 
and agriculture.
 

* 	 Due to the shortage in foreign exchange, Kenya will be
 
limited in its ability to import food as a means of
 
compensating for deficits in domestic production.
 

* 	 Alternatively, the allocation of scarce foreign exchange
 
resources to satisfy domestic food, materials and capital
 
goods requirements, may lead to curtailment of petroleum
 
imports, in.turn hampering those very activities which
 
gererate foreign exchange.
 

Equally important, the analysis suggests that accessible standing

stocks of wood resources would suffer a very dramatic decline
 
implying possible major shifts in settlement patterns or the
 
allocation of labor and economic resources to wood harvesting.
 
Moreover, depletion of stocks could increase erosion and undermine
 
soil quality, leading to further deterioration of agricultural

production and the local ecology in general. Decline in
 
agricultural productivity will in turn adversely affect the
 
critical food situation. Foreign exchange earnings from export
 
crops could decline and foreign exchange needs for food imports
 
could increase.
 

Under these circumstances it is essential that the possibilities

for intervention in the network of energy transactions be reviewed.
 
While the Base Case projections do appear ominous, the aim of this
 
analysis is not to generate alarm but rather to emphasize the
 
urgency of timely intervention by means of policy.
 

66
 



A strategy for assessing policy alternatives involves a two-stage
 
procedure. The first stage is aimed at establishing the potential
 
scope of specific classes of intervention. Interventions through
 
such means as enhanced appliance efficiency, fuel conversion,
 
income redistribution, electrical capacity expansion, and specific
 
wood enhancement programs are analyzed assuming technical optimal
 
conditions. A series of sensitivity runs were undertaken for each
 
potential intervention.
 

Finally, a plausible policy scenario was defined, incorporating
 
target achievement levels for each class of intervention. The
 
application of this scenario on both the supply and demand side was
 
sufficient to eliminate the potential shortfall. Application of
 
the demand related options associated with the plausible policy
 
scenario, but not including supply options, reduces the projected
 
shortfall in the year 2000 from about 15 to 12 million tons per
 
annum.
 

In short, in the absence of policy interventions, Kenya faces
 
substantial depletion of standing wood stocks and growing
 
shortfalls of regional and national fuelwood supplies. An
 
aggregate national wood resource shortfall of about 50 percent of
 
total wood demand in the year 2000 can be expected. A cumulative
 
of standing stocks amounting to about 26 percent would result by
 
the end of the century.
 

Approximately 29 percent of the projected shortfall could be
 
avoided assuming implementation of a plausible demand policy
 
package. This package would embody measures affecting end-use
 
appliance efficiency, primary to secondary fuel conservation
 
efficiency (i.e. charcoal kilns), industrial process efficiency,
 
and electricity generation enhancements. Moreover, the remaining
 
deficit in regional wood r-ources can be eleiminated by
 
implementation of a program o1 conversion of some 500,000 hectares
 
of forest and largely uncropped agricultural land to woodlots in
 
those provinces where shortfalls occur. The wood resource projects
 
embodied in the policy scenario are of sufficient magnitude to
 
maintain the aggregate volume of standing stocks. Depletion of
 
existing stocks would be reduced by about one-thiro while
 
additional stocks on the new woodlots would connensate for the
 
remaining depletion. While the conversion of some productive
 
agricultural land would be necessary, this would entail only about
 
a 4 percent increase inyear 2000 food imports.
 

The analysis shows, in general, that the current trajectory
 
regarding Kenya's food, energy, and biomass situation is extremely
 
worrisome. Serious programmatic initiatives could make substantial
 
inroads towards solving these problems. Assuming that the overall
 
growth of the Kenyan economy can handle growing oil and food
 
requirements, it appears that, so far as wood resources are
 
concerned, a breathing spell of about 20 years can be achieved by
 
an ambitious programmatic effort.
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Because of the energy focus of 
the Workshop, energy planning

problems for fuelwood will be considered in the following

discussion.
 

II. Planning
 

Wood will 
remain the basic energy source for household consumption

needs beyond the year 2000. If consumption continues at present

levels, there will be a shortfall of 15.4 million metric tons 
in
2000. This shortfall occurs as charcoal demand expands with the

acceleration of urbanization. Although several conservation and
 
supply enhancement strategies could be advocated, consideration of

these strategies within the Kenyan social context indicates several
 
serious problems.
 

A. Conservation Strategies
 

Two conservation strategies are usually touted as solutions to

reducing fuelwood consumption: improved stove design and
 
improved pyrolytic conversion processes for charcoal
 
manufacture. Both conservation strategies have limited impact

because both disregard the social setting, the peasant modes

of production and consumption, into which they are diffused.
 

1. Stove design
 

The literature of improved cooking stoves 
abounds with
 
naive rules of thumb. T. Harris has summarized the
 
results of experimental work on the combustion-related
 
technical parameters of stove design. He notes,
 

"... it is important to remember that, while
 
fuel efficiency may be the principal interest
 
of the designer, it can only be achieved if
 
the more diverse values of the user are
 
first satisfied." 1/
 

But what are the more diverse values of the user?
 
Essentially, this is 
a reference to the impossibility of
 
using simple end-use analysis to derive broad
 
convervation policies. peasant and
In production

consumption systems, the traditional 
open fire, which,

when carefully 
managed, can be as efficient as some
 
stoves, has several fuel sources and multiple end uses.
 
Many stove designs are fuel specific, thus limiting

source 
 material. This is especially tue when
 
considering the size requirements of fuel loads due to
 
the redesign of the combustion chamber. Many peasant and
 
periurban families do not even possess 
the elementary

tools, specifically 
 pangas (heavy cutting knives),

required to cut the fuel to appropriate sizes. Such
 
stove design does not satisfy the values of the end user.
 
More importantly, current stove design efforts are
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focused on only one end use -- cooking-- when traditional
 
open fires serve several end uses, including:
 

* Rapid Boiling
 
* Light
 
* Space Heating
 
0 	 Maintenance of thatch by reducing insect
 

population
 
* 	 Preservation and flavoring of food stored in
 

rafters
 
* Reduction of human disease
 
* Social focus
 

Current stove design efforts that essentially seek to
 
improve the efficiency of simmering do so at the expense
 
of other end uses. Of necessity, the peasants then
 
require a multiplicity of othev, end use devices and fuels
 
which raise the real cost, in both monetary and iabor
 
terms, of energy procurement. Is improved stove design
 
really more socially efficient? Should the emphasis in
 
the household consumption sector be on accelerating
 
mcvement "up the energy ladder", with use of other fuels
 
such as kerosene and gas, rather than reinforcing the
 
poverty-ridden status-quo? We see little consideration
 
of these structural questions, although we see
 
considerable amounts of capital and effort devoted to a
 
growing sideshow of technical appliances.
 

lhe place where improved stoves may indeed be useful is
 
in urban areas where "jikos" are already in use on a
 
large scale. The main constraint here is cost; above
 
US$4, a stove is unaffordable for average Kenyans.
 
Low-cost, higher-efficiency stoves could potentially be a
 
positive conservation strategy at the present.
 

2. Improved Pyrolytic Conversion
 

The techniques of improved pyrolytic conversion are
 
widely known. P~isant charcoal conversion techniques are
 
relatively inefficient (8 to 10 percent) and modern
 
production methods could increase yield threefold. But
 
such techniques are centralized, frequently capital
 
intensive systems, that would be controlled by the urban,
 
industrial middle class, and not by the peasants
 
themselves.
 

In order to survive, peasant production systems require
 
access to off-farm income. These sources of income are
 
essentially off-farm wage labor and income from the
 
production and exchange of commodities from communal
 
lard. The single most :mportant income source in the
 
latter category is income from charcoal manufacture.
 
Should that income be threatened, then the peasant order
 
itself is threatened. Rural to urban migration would
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significantly iJ.crease as a rpsult of the loss of
 
off-farm income, exacerbating problems of
 
underdevelopment and further distorting the ene,'gy
 
system.
 

There are few examples of peasant production cooperatives

that would be a model for community control of a
 
pyrolitic conversion technology. Moreover, even the
 
pyrolitic production processes that are scheduled for the
 
large state forests are focused on the provision of
 
charcoal for process heat generation in heavy industry

and not for urban household consumption. It is not
 
surprising that such initiltives are led by the energy

transnational corporations.
 

Current strategies for wood conservation are inadequate

because they do not consider the social context of energy

utilization. Measures to improve stove and charcoal
 
conversion efficiencies will have to be reconsidered if
 
the results of their implementation will not be a
 
substantial increase in the existing burden of 
poor
 
peasants.
 

B. 	Supply Enhancement Strategies
 

If demand management strategies required careful
 
reconsideration, supply enhancement strategies require tota4
 
revision. The survey of natural wood supplies in Kenya

produced the following conclusions:
 

1. 	Woodstocks and production under prevailing patterns

of land use provide the bulk of Kenya's present
 
energy needs. The rangelands, which cover 87
 
percent of Kenya's land surface, support some 600
 
million tons of wood. However, sustainable
 
production amounts to only 14 million t.ns. Less
 
than 	50 percent of this is available for charcoal.
 

2. 	Most wood presently used is extracted from the high

potential agricultural lands and fringe areas. In
 
contrast, the bulk of remaining stocks exist in the
 
rangelands where both transport costs and low yields

preclude large-scale extraction. The
 
unaccessibility of these stocks will increase
 
pressure on the agricultural areas -- the main
 
source for food and export crops.
 

3. 	 Large-scale extraction on the high potential areas
 
will have a more detrimental environmental impact

than on the rangelands. Temporarily, there is
 
sufficient wood to meet demand because:
 

a. 	There has been an expansion of the arable land
 
frontier which has, through clearing, produced
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an artificial surplus.
 

b. 	There has been selective cutting of forest
 
stock which disguises the actual rate of forest
 
depletion. 5/
 

Supply, however, will dwindle sharply over the next
 
decade.
 

C. 	Constraints
 

The limited potential of Kenya's natural woodstocks emphasizes
 
the urgent need for planned afforestation efforts but there
 
are several constraints which must be overcome if such efforts
 
are to succeed.
 

1. 	Administrative Constraints
 

The present governmental structure of the forestry
 
administration focuses almost exclusively on watershed
 
management and the maintenance of the gazetted forest
 
areas. If the forestry administration responds to any
 
pressure, it is the pressure of industrial consumers who
 
require chemical feedstocks and buildi'ng materials. Yet,
 
these demands total less than 20 percent of the demand
 
for wood. Eighty percent is the demand for wood as an
 
energy source, a demand that the forestry administration
 
does little to meet. 6/ Until administrative
 
reorganization produces a structure that reflects the
 
demand for wood and wood products, we can expect little
 
progress in energy afforestation efforts.
 

2. 	Social Constraints
 

Repeated emphasis is given to planned community woodlots
 
on, or near, arable land, These recommendations,
 
however, do not appear feasible because they omit
 
consideration of the operating social constraints. Some
 
of these are:
 

a. 	 Kenya is in a rapid process of transformation
 
which has seen the consolidation of capitalist
 
relations of production in the rural areas. In
 
this transformation, land has been privatized
 
and communal relations, "community spirit",
 
have been severely eroded. It is impractical
 
to suggest that energy supply policies should
 
seek to function through relations of
 
production that have already been destroyed.
 

b. 	Community-based projects most frequently are
 
badly-disguised attempts by development
 
agencies to extract free labor from the
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peasantry. This free labor is generally

womens' labor. Even during the best of times,
 
there is a labor constraint in peasant

production systems. 7/ Women traditionally
 
carry the heaviest bu-rden of agricultural and
 
domestic work. Now, as children are often away
 
all day in school, and men are going to urban
 
centers seeking wage labor, the work load has
 
increased even further. To design

community-based forestry projects which 
assume
 
free labor donations, especially from women, is
 
to misunderstand totally the nature of the
 
peasant economic structure.
 

c. 	Even a cursory glance at the East African
 
landscape reveals the lack of a village
 
settlement pattern. In the densely populated
 
areas, individual tenure, with the household
 
settled on the land, is the established order.
 
Such an ownership pattern makes it difficult to
 
envisage a community (i.e. village) woodlot as
 
exists in Asia. Moreover, the distance to be
 
traveled in order to collect wood from such

"community" projects is frequently too great.
 

d. 	Most importantly, given the current political
 
economy of Kenya, many schemes designed as
 
decentralized systems based on fuelwood
 
production, will fail because not all the
 
population has access to land. Increasing
 
privitization of land, coupled with a rapidly

growing population, will mean that fewer people
 
will have access to land in the future as well.
 
In turn, this will mean longer periods of time
 
devoted to the collection of a decreasing
 
resource. But the scarcity in this case is a
 
direct result of the changing social order and
 
not a decline in biomass productivity.
 

3. 	 Production Constraints
 

There are several production constraints on enhancing the
 
supply of energy from forestry. The most fundamental is
 
that 	forests are unimportant for wood production. The
 
key issue Is how to establish "trees outside the forest",
 
for that is where most of fuelwood is gathered. There
 
are two major areas of intervention:
 

a. 	 Improved pollarding techniques with the design
 
of simple tools that will 'nable
 
non-destructive removal of secondary vegetation
 
on "within-farm" trees.
 

b. 	 Improvee agroforestry practice within
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individual farms where, at the present moment,
 
much of the land, especially along pathways and
 
hedges, is under utilized.
 

Improving offtake is essentially intensifying
 
agricultural offtake. We are still experimenting with
 
ways to intensify agricultural offtake without
 
increasing the energy inputs.
 

4. Development Constraints
 

We have already indicated that the forestry
 
administration requires substantial reorganization. The
 
current forestry, and particularly nursery, practices
 
have no adequate extension staff. It will be necessary
 
to decrease the number of large-scale nurseries as
 
distribution from these nurseries is difficult,
 
particularly in the rainy season when the seedlings are
 
required for outplanting. 9/
 

But small-scale nurseries, at a greater frequency,
 
should do:ble as seed orchards in order to make for a
 
successful plant diffusion policy. Additionally the
 
seeds and seedlings available miist be carefully selected
 
for energy purposes: the current practice of stocking

nurseries with ornamental and fruit trees might fulfill
 
the desires of the still-resident settler community but
 
it does nothing for the peasant trying to maintain
 
supplies.
 

III. Conclusion
 

If the administrative, social, production, and developmental
 
constraints can be overcome, then a viable energy supply

enhancement policy might be operational. If not, we will merely
 
retain the current position in which most young seedl iigs are
 
gathered spontaneously by children but, unfortunately, not at a
 
rate which is sufficient to counteract the demand for wood. The
 
poor planting rate, and the limited conservation opportunities, may
 
force a move "up the energy ladder", irrespective of what the
 
Kenyans themselves desire.
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nurseries to individual farms which results in the plant exhibiting
 
drought symptoms, and 2) late delivery of seedlings which, with the
 
labor constraint (see 8, above), means that outplanting occurs as soil
 
moisture content is decreasing and seedlings again exhibit drought
 
symptoms. In both cases drought essentially reflects the drying up of
 
resources, not a lack of rainfall!
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PEACE CORPS RURAL VILLAGE SURVEY
 

Paul %Jankura
 

I. Introduction
 

In 1979, the Peace Corps Rural Energy Survey was developed as one
 
component of a renewable energy program unaertaken with the support

of a three-year grant from USAID. The purpose of the Peace Corps

Energy Program is to assist developing countries in identifying
 
energy needs 
in rural areas and in implementing alternative,
 
renewable energy projects at the community level.
 

Individual Peace Corps volunteers living and working in Third World
 
villages had frequently initiated or supported renewable energy

projects such as biogas digesters, windmills and tree nurseries, in
 
response to the immediate needs of their communities. The purpose

of the AID support has been to enable the Peace Corps to organize a
 
systematic program for energy assistance worldwide by devising

programming strategies for joint PC/host country renewable energy
and appropriate technology projects and by developing relevant 
energy training programs and technical materials in support of 
these projects. 

An essential part of such programming and training efforts is a
 
means of assessing existing village energy use patterns, the needs
 
for additional energy sources, as perceived by rural dwellers, and
 
the potential resources available for renewable energy technologies

in the area. In addition, it is necessary to have information
 
about the social and cultural practices associated with energy use,
 
and the possible effects on these practices of the introduction of
 
alternative energy technologies. Only with proper consideration of
 
all of the factors involved in rural energy use patterns can
prog;ain planners amd implementers promote energy technology
interventions which will be truly "appropriate" for those intended 
to benefit. 

At the time that the study started there was little data available
 
on energy use in rural areas. 
 Because large numbers of educated,
 
motivated Peace Corps Volunteers living and working in villages

throughout the developing world are uniquely placed to provide this
 
kind of information, it was felt that the Peace Corps could be
 
instrumental in developing a survey instrument and methodology for
 
gathering energy data in rural villages. By field testing the
 
survey in selected countries, the project would produce actual data
 
on selected village level energy use, needs and 
resources.
 

Energy Programs, Office of Programming, Training and Coordination, US
 
Peace Corps, Washington, D.C.
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The 	goals of the energy survey, therefore, reflect the overall
 
purpose of the Peace Corps' energy program. Indeed, the
 
programming and training components of the program are designed to
 
complement and build upon the information generated through survey
 
activities and other community level eftorts in the development of
 
an integrated approach to the problems of rural energy needs.
 

II. 	Rural Energy Survey Project Goals and Objectives
 

A. 	 lo design, test and revise a survey instrument which will
 
furnish data at the village level regarding current energy
 
uses, needs, and resources, and about the economic, social and
 
cultural context of energy use in the community.
 

0 	 The questionnaire should be comprehensive in scope,
 
specific and detailed, and adaptable to use in any rural
 
community.
 

B. 	To design, test and revise a methodology, and a training
 
program in that methodology, whereby the survey can be
 
conducted by Peace Corps Volunteers, host country development
 
workers, rural villagers or other interested parties who may
 
be unfamiliar with surveys.
 

* 	 The methodology should include active participation by
 
members of the communities being surveyed, and the
 
training design should provide bi- or multi-lingual
 
models.
 

C. 	To collect and analyze detailed, valid information from
 
selected villages in various countries:
 

a 	 as a field test of the survey instrument, methodology
 
and training program;
 

* 	 to provide host country and Peace Corps energy planners
 
and programmers with a better idea of energy needs at a
 
village level; and
 

* 	 to provide baseline information on the "before" energy
 
conditions of a village, to help determine the
 
effectiveness of introducing a new technology to meet
 
perceived energy needs.
 

D. 	To create an awareness of energy uses and needs, and an
 
Tnterest and participation in energy planning and
 
conservation, on the part of Peace Corps Vlunteers, host
 
country development workers, and the people of the villages
taking part in the survey. This goal should be accomplished 
by: 

a 	 encouraging active participation in and discussion
 
of the survey project by members of households in the 
s'irvey sample, village leaders, local development
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workers such as teachers, extension agents, and health
 
and sanitation workers, and by local government
 
officials;
 

* 	 providing training and technical information about
 
renewable energy technology options, where possible; and
 

* 	 encouraging the understanding of the village as a system
 
wherein the sum of individual actions and practices
 
relating to energy can and do have significant impact on
 
the prosperity of the village and each member within it.
 

III. 	Conclusions
 

The development and implementation of the rural energy survey
 
proved to be a productive and worthwhile, if somewhat frustrating
 
experience. Most goals of the project were met, and a great deal
 
was learned both positive and negative from the endeavor. The most
 
obvious conclusion to be drawn concerns the scope of the project.
 

lhe scope of the study, as envisioned in 1979, was definitely
 
overambitious. The distance and time limitations were
 
underestimated. It became necessary to significantly reduce the
 
number of countries in which The survey was to be piloted.
 
Likewise, it became obvious that a longitudinal survey conducted
 
over an entire year was a much too demanding task to be undertaken
 
by voluntary workers and that the number of villages reporting
 
would be smaller than anticipated.
 

However, if the quantity of data produced by the survey field test
 
was less than expected, the quality of the information was quite
 
encouraging and confirmed the value of the instrument and
 
methodology.
 

Another positive conclusion which can be drawn from the
 
implementation of the energy survey project is that governments,
 
development workers and villagers in developing countries share
 
with 	the Peace Corps a concern about energy issues and an interest
 
in studying needs and working to develop alternative, renewable
 
energy programs. There has been strong interest in the survey
 
project expressed to Peace Corps staffs in many countries, and a
 
shorter, slightly revised version of the survey could prove to be a
 
useful assessment tool for energy program planners.
 

Some 	ot the positive conslusions drawn from the survey project are:
 

* 	 demonstration of a survey methodology combining
 
observation, interviews, actual fuel measurements and
 
renewable resource assessment;
 

the development of a thorough training program for local
 
enumerators;
 

0 


I demonstration of the utility of using local villagers as
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successful members of an enumeration team;
 

0 
 the ability to collect useful data on energy use, needs
 
and resources in villages;
 

* 	 demonstration that the activity of administering a
 
village cnergy survey in a participatory manner is
 
useful mechanism for increasing the awareness of energy
 
issues and int'.rest in conserving fuel/developing new
 
energy resources in the villages where the survey was
 
conducted.
 

Some 	of the negative lessons learned-from the survey project are:
 

* 	 one year is too long a per;od of time for survey
 
enumerators to remain available and motivated to collect
 
data;
 

* 	 the survey project, as presently designed, is too
 
extensive; the instrument needs to be more sharply
 
focused on particular end-use investigation and
 
particular measurement procedures for each end-use;
 

* 	 regular supervision and support from a-survey coordinator
 
is essential to maintain motivation of enumerators; and
 
for the maintenance of quality information;
 

* 	 timely collection and forwarding of survey reports is
 
extremely difficult in rural areas of developing
 
countries; and
 

* 	 in conducting a survey on a voluntary basis it is
 
extremely difficult to maintain the interest and
 
motivation to complete the study.
 

It is difficult to judge whether the shortening of the survey
 
period will suffice to make the survey more feasible as a voluntary
 
activity. Certainly, the feedback from PCVs who conducted the
 
survey field tests indicated in their feedback comments that the
 
length of time was the biggest problem for both enumerators and
 
village participants.
 

Regarding the instrument itself, three basic recommendations are
 
made to strengthen its weaknesses:
 

a sharpen the focus of investigation to those areas which 
are of primary concern in examining energy demand and 
supply in order to better identify areas of policy 
intervention; 

9 sharpen the procedures for fuel measurements to remove 
some of the open-ended nature of the fuel measurement 
section and to remove ambiguity from the responses; 
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0 
 restructure some of the response formats to facilitate
 
data processing.
 

The information to be collected is intended primarily to provide

the basis for a broad assessment of current energy needs in the
 
village locations surveyed in each country. Such an assessment is
 
a prerequisite to the formulation of detailed village 
 level
 
projects to assist each community in meeting its current and
 
possible future needs. Energy demands energy as a particular focus
 
for investigation because 
litt e is known about their current
 
pattern. Information on the supply of fuels presently used is also
 
essential to determine the particular difficulties of meeting
 
energy needs in each location. A mode of analysis is required by

which current demands and supply can 
be examined in an integrated
 
manner to 
arrive at an understanding of the interrelationships

between end-use activities, methods of converting fueld to useful
 
energy and the current resource base. Ideally, the chosen method
 
of analysis should be one which allows simple explorations of
 
future policy options given present trends. An example of such
 
simulation 
cookstoves 

exercises might be to 
on the pattern of 

examine the effects of improved 
fuel use under conditions of 

population and income growth. 

The end result Lf calculations made is an estimate of total 
resource requiremp .s by fuel type to meet a particular pattern of
 
energy use. Once a "base case" has been established showing the
 
details of energy flows 
in the energy system as a whole, policy

options can be explored by constructing alternative future
 
scenarios based upon particular assumptions about changes in
 
demand, end-use and supply technologies.
 

The data requirements of this approach and hence the design of a
 
rural survey depend strongly upon the options to be analyzed, and
 
the financial resources 
available for primary data collection. A
 
decision to focus 
on the household component of rural energy use
 
will require a relatively limited set of data on the current
 
pattern of fuel demands for household activities (primarily for
 
cooking and lighting). This will limit fieldwork to the task of
 
making accurate fuel consumption measurements in a representative
 
group of households. The level of detail at which 
data on
 
household consumption is collected must also be guided by

considerations of policy and financial resources.
 

lhus, there are three essential components of data required for
 
each demand sector:
 

0 
 Demand Activity Level: a unit of measurement must be
 
specified to quantify the level of demand. 
 This may

consist simply of physical unit representing the energy

consuming entity in the particular sector ('households in
 
each income group', or 'number of diesel pumpsets').
 

0 
 Direct Fuel Consumption: the amount of fuel (inenergy

units) of various types delivered to a particular
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end-use.
 

.	 Relative Efficiency since some energy isalways lost
 
when converted to another form, or to work, the relative
 
efficiency of conversion processes or end-use devices
 
must be known in order to estimate the useful energy

consumption of each sector.
 

the data from field surveys of rural areas is most important in
 
establishing the level of direct fuel consumption and inestimating

the levels of activity ineach end-use.
 

The narrative data provides a useful contextual backdrop for the
 
computable data, and the renewable energy resource analysis

contains helpful information for identifying areas for developing

potential applications of renewable energy technologies to existing

village needs.
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RURAL ENERGY SURVEYS: MALAWI
 

Richard Scobey
 

We have reached the point in the field of renewable energy where we have
 
developed alternative energy systems that are technologically sound and
 
viable. But in order for a new system to be of any use, it must fit
 
with the social and economic realities of the community for which it is
 
intended.
 

Despite our occasional trips into the field, we essentially know very
 
little about the world of the rural smallholder farmer and the urban
 
poor. One way to learn about their ne ls and priorities is the energy
 
survey. By collecting information on people's needs and people's
 
perceptions of their problems, we know where to begin planning energy
 
projects. 

The following discussion 
illustrates the utility 
interested in developing r

of 
of 
enew

the rural survey work 
survey results and may 
able energy projects. 

done in Malawi 
assist Missions 

In Malawi, Government has become increasingly concerned about 
deforestation. It has been estimated that 94% of all energy used in
 
Malawi is fuelwood and therefore, the growing fuelwood crisis has severe
 
implications for all sectors of the economy. In line with this concern,
 
Government has established a World Bank funded Wood Energy Project,
 
which establishes urban fuelwood and polewood plantations and encourages
 
farmers to grow woodlots. The Project has a research component, the
 
Energy Unit, which monitors the success of the Project and investigates
 
alternative energy technologies.
 

The first major project of the Unit was a natural rural energy survey.
 
Since little information on rural energy use existed, we asked questions
 
that illustrated the basic patterns of energy use (what jobs do people
 
do that use energy, What fuels are used to do these jobs, how difficult
 
is it to procure these fuels) and that showed the consequences of
 
fuelwood scarcity.
 

We were able to conduct our survey quickly and cheaply because we joined
 
an existing survey process. The National Statistical Office maintains
 
340 enumerators throughout the country that regularly administer surveys
 
on a variety of topics, such as crop production, householl composition,
 
and household income and expenditure. We negotiated wit,, NSO to join
 
the 1980/81 work program, and we wrote our energy survey, trained the
 
enumerators, checked schedules for errors, and processed the results.
 

Peace Corps Volunteer, Malawi; working as a Rural Energy Survey;
 
Officer with the Ministry of Agriculture, Malawi.''
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The 	 urvey results have been interesting and have made us rethink some
 
basez assumptions about rural energy use inMalawi.
 

The survey confirmed that fuelwood is the dominant energy scurce, with
 
90% or more of the households using wood for cooking, heating, curing

tobacco, and almost all other rural tasks.
 

One 	 non-wood fuel used in rural dreas is paraffin, on which
 
three-quarters of the families rely for lighting. However, paraffin is
 
not used for the preparation of quick meals or tea. Another commercial
 
fuel used in the villages is diesel for the maize mills, on which
 
four-fifths of the households rely for preparing flour.
 

When we asked about the problem of collecting firewood, we found that
 
two-thirds of all households said firewood collection was difficult.
 
Similarly, two-thirds of the respondents felt that firewood collection
 
had become more difficult ovei- the past five years.
 

However, when we studied the pattern of energy use of people who said
 
firewood collection was difficult or who walked lengthy distances for
 
fuelwood, we found that fuelwood scarcity had little impact on their use
 
of energy. People in wood scarcity areas have not yet begun to perform

less often fuel-consumi.-q tasks like cooking or beer brewing.

Similarly, we found few people who were purchasing a portion of their 
fuelwood, burning wood from commercially valuable trees such as mango, 
or relying heavily on secondary cooking fuels such as crop residues.
 

Although a substa'tial number of households planted trees during the
 
past year, this was done for building poles and fruit rather than
 
firewood. Significantly, people were no more likely to plant trees
 
where wood was scarce than where itwas abundant.
 

These survey findings raised several points about reforestation programs

and the Energy Unit made the following recommendations to the Wood
 
Energy Project.
 

1. 	Emphasis should be on trees for building poles, since this is the
 
most immediate concern of farmers. The branches of these trees
 
would be available for fuelwejd, as would the indigenous trees
 
which would no longer have to be cut for poles.
 

2. 	Trees specifically for fuelwood should be encouraged only where
 
people have already begun to but wood or to rely on inferior fuels
 
for cooking. Eight target districts were suggested.
 

3. 	Infuelwood scarcity areas. it isworth exploring whether women as
 
well as men can be involved in planti.j trees since it iswomen for
 
whom firewood isbecoming an immediate problem.
 

4. 	Reforestation efforts may be expected to have only modest success
 
until the firewooL.' "crisis" grows appreciably worse than it is
 
today.
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.Inaddition to assisting in the planning of the Wood Energy Project, the
 
survey results also assisted in formulating the work program of the
 
Energy Unit.
 

1. 	Maize milling was identified as a possible area for technological
 
intervention. As the price of diesel increases, peope will need
 
alternative sources of energy for preparing flour.
 

2. 	Since the fuelwood "crisis" is having little impact on rural energy
 
use, the Unit must bear in mind that the rural population will most
 
likely be unreceptive to renewable energy technologies.
 

3. 	The motivations, preferences, and problems associated with rural
 
tree planting was identified as a critical area for further study.
 

The Malawi rural energy survey work suggests several caveats four
 
Missions interested in conducting survey work.
 

1. 	Surveys must be simple, well craf*ed, and extensively pre-tested.
 

2. 	Survey is more likely to be successful if it is part of the host
 
country's existing survey structure. Many countries conduct
 
national census or niational surveys of agriculture, and these
 
meclanisms provide a cheap, competent, efficient method of data
 
collection.
 

3. 	 Energy surveys must focus on people's perceptions of their needs
 
and problems. All too often an energy survey measures wind speed
 
or counts sunny days, and is used to justify a specific
 
technological intervention. We should do surveys because we little
 
understand the world of the poor and we need guidancp to see if we
 
can assist them in solving their energy problems.
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I 

THE FORESTRY/FUELWOOD PROBLEM IN AFRICA AND
 
ITS ENVIRONMENTAL CONSEQULNCES
 

Marc Rene de Montalembert
 

The Deteriorating Fuelwood Situation
 

A. Fuelwood plays a ,nique role in the energy supplies of Africa
 

- Approximately three fifths of the tutal energy
 
consumption is from fuelwood.
 

- In countries such as Mali, Upper Volta, Ethiopia, it 
accounts for over 90% fo total energy consumption. 

- In rural areas its share of energy consumption is 
currently close to 98% (excluding human energy and 
animal power). 

- Nine tenths of wood removed from the forests areas is 

used for fuel.
 

B. Dependence on fuelwood is very marked
 

- According to a recent FAO study, itwas estimated that 
approximately 290 million people (out of a total 
population of 320) depended on fuelwood in 1980. This 
is made up of almost all the rural population and a
 
large number of urban dwellers, particularly the poor.
 

- The use of agricultural residues for fuel is limited to 
areas ot fuelwood scarcity. 

- .elwood is the preferred fuel for domestic uses and for 
a number of rural industries: for most populations, 
fuelwood has been, until recently, a locally available 
free fuel. Fuelwood does not require complex nor 
expensive equipment to use or to procure it and it is 
part of the traditional way of life. 

- Higher prices of possible substitutes and irregular 
availabilities not only maintain the dependence but in 
some cases lead to a reversion to fuelwood of some uses
 
which had shifted to conventional energy; in this
 
respect, the limited success of butanization in Senegal
 
provides useful thoughts.
 

Senior Forestry Officer, Forestry Department, FAO.
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As a result of tight supplies, fuelwood has become an
 
increasingly marketed good, the price of which has risen
 
substantially making the purchase of fuelwood a major
 
expense in household budgets. In urban areas, charcoal
 
is usually preferred and concentrated demand adds to the
 
transportability of charcoal in drawing on supplies over
 
large surrounding areas.
 

C. Growing fuelwood deficits
 

- From recent energy, environmental and forestry studies, 
there is evidence that the fuelwood consumption is 
greater than the sustainable level of supplies. 

- Forest resources are being depleted at an intensive rate. 
Over 1.3 mi'lion ha are being depleted annually over the 
recent period as a result of growing human and animal 
population pressures and the need for more land for 
agriculture. 

- Indiscriminate land clearing, the mismanagement of 
natural resources and the increased fuelwood needs of 
growing populations have the worst ecological 
implications. An estimated 50,000 km2 of land suitable for 
production are lost year in areas where people have no 
alternative than the locally available natural resources. 

- The implications of fuelwood deficits are dramatic and 

well known: nutrition, time, money.
 

D. Magnitude of fuelwood deficits and populations affected
 

This is illustrated by the FAO Map of the Fuelwood Situation
 
in Developing Countries. Fuelwood situations are classified
 
as follows:
 

- Fuelwood scarcities: minimum energy needs cannot be met 
even through overexploitations of available supplies. 

- 13 million people in arid/sub-arid areas; deficit 
4/5 of needs. 

- 36 million people in mountainous areas; deficit 2/3 
of needs. 

- Fuelwood deficits: minimum energy needs can be met only 
by overexploitating available supplies. 

130 million people in savannah areas: deficit 1/3
 
of needs.
 

- Critical situations: additional areas which will be in 
deficit by year 2000 if current trends remain uncheck.d. 
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- savannah areas: 112 million people in 2000 

- High forest areas: 63 million people in 2000 

In 1980, 180 million people were affected by a deficit of 112
 
Mm3 between needs and sustainable level supplies.
 

In 2000, 4b0 million people could be affected by a deficit of
 
270 Mm3.
 

This means that under current trends fuelwood will be a
 
marginal source of energy over an extensive part of the
 
Region, essentially in the poorest countries where
 
substitution will be more difficult.
 

E. The problem of large scale substitution of fuelwood
 

Energy is indispensable for subsistance and development and
 
,.r 
 political and social reasons, governments will have to
 
secure energy supplies particularly for coong.
 

Replacing fuelwood by conventional energy and distributing it
 
would be very costly. There is a large consensus about the
 
lack of alternative for large scale substitition under
 
conditions which meet the possibilities and n ..Is of the
 
users, in the foreseeable future. Fuelwood will therefore
 
remain a major source of energy in the region, especially for
 
tee daily househiold life.
 

II. The Environmental Impact of the Fuelwood Crisis
 

Fuelwood usage in rural areas is mostly of a subsistence nature and
 
it is collected at short distance around the home. As most rural
 
populations live away from the forest, most of the fuelwood supply
 
comes from tree vegetation outside the forest. Forests are cleared
 
for creating more land for food production and it is later that the
 
tuelwood pressure of growing population needs becomes the major 
factor for the de:truction of the remaining tree cover.
 

A deteriorating cycle is then generated:
 

- removal of remaining trees even those of econuiic and 
subsistance value (acacia senegal, karite, mango, etc.) ane 
use of agricultural residues for fuel instead of for manure. 

- Declining yields of lands exposed to erosion and left without 
organic recycling. 

- Loss of productivity of natural resources, erosion,
 
desertification.
 

- Clearing of new land of poorer quality originally left under 
protection of tree cover, decreased agricultural production 
and more poverty and hunger. 
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Worsening tactors:
 

- Trends of modern agriculture: monoculture, failure to 
maintain sufficient wood supplies in new land settlement 
schemes. 

- Impact of concentrated urban demand in surrounding rural areas
 
and of increased commercialization of wood fuels.
 

- Impact of charcoal transportability. 

The environmental impact of 
socio-economic and nutritional 

the fuelwood 
implications. 

crisis 
This 

addF 
points 

to 
to 

its 
the 

very important conclusion 
that in the fuelwood crisis the energy,

food, and poverty dimensions are inextricably related and that the
 
fuelwood crisis over increasingly large areas threatens the more
 
subsistance 
base of the people. The more fragile the ecological

conditions, the poorer the people affected and the more serious the
 
problem.
 

III. Solving the Fuelwood Problem: Strategies and Issues
 

A first point here is the urgent need for massive action; until
 
now, efforts have been totally inadequate. The task is formidable
 
but fortunately the technical solutions 
are there. The main
 
dimensions are social, institutional and financial.
 

A global strategy needs to be applied:
 

- energy should now be systematically integrated in 
all rural d.'elopment efforts. 

- Ihe continuing dependence on fuelrood in the 
foreseeable future shuuld be fully recognized as
 
well as the potential to maintain or increase the
 
supply.
 

- The complex contribution of trees as a combined 
solution to the energy and environment problems 
should be a basic element in land use planning. 

- Research and development Should be intensively
pursued for improving the production and use of 
energy from biomass. 

- Peor~e's active participation in efforts and 
benefits are indispensable elements for success. 

Specific strategies have to be desigred according to specific

situations, and a combination actions.
sheod be of 
 Short
 
term action would include substitution as a temporary measure
 
to restore fuelwood supplies, improvement of conversirn
 
technologies (charcoal and stoves), organizing marketig and
 
distribution. Longer term action should include bringing into
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effective management natural fuelwood resources, state and
 
communal forests and woodlands, planting more trees and
 
managing the plantations.
 

Major issues involve changing the attitudes of people and
 
institutions. The institutional framework should be
 
strengthened in order to support the efforts of all those
 
which can contribute to solving the problem. Training at all
 
levels to prepare the right type of technicians with social
 
capability is probably the most critical issue.
 

IV. What FAO is Doing
 

The FAO is taking the lead among the UN system in addressing the
 
problems of rural energy and fuelwood. Currently the main
 
orientations of work are: monitoring the fuelwood situation,
 
evolving suitable community approaches, developing and adapting
 
suitable technical packages, strengthening the institutional
 
framework, assisting developing countries in preparing and
 
implementing fuelwood programs.
 

In 1981, FAO began a special action programme on Forestry and Rural
 
Energy to meet the much larger scale of assistance required for the
 
preparation and implementation of projects in fuelwood deficit
 
areas. This program is supported by special contributions from
 
donor countries.
 

V. Conclusions
 

Fuelwood is and will remain a major source of energy in Africa for
 
20 to 30 years. There are vital links between the fuelwood
 
situation and the environmental stability required to sustain and
 
increase food production. Massive action is only possible through
 
mass mobilization and participation. Year 2000 is tomorrow.
 

For the irternational community the question is relatively simple.
 
Given the fact that the social and environmental implications of
 
fuelwood scarcities will cost much more than acting to reverse the
 
deteriorating fuelwood situation, the international community
 
should stand ready to support the efforts of local people and
 
governments with technical and financial assistance. Time and
 
scale of action are crucial factors.
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AFFORESTATION FOR ENERGY IN AFRICA: PROBLEMS AND POSSIBILITIES
 

E.M. Mnzava
 

I. Introduction/BAckground
 

Africa is heavily dependent on fuelwood (including charcoal) for
 
its domestic and village or cottage industries requirements. This
 
renewable source contributes about 60% of the total energy
 
consumption. In fact, in some African countries the percentage is
 
much higher than this. For example, in Tanzania it is 96%, while
 
Uganda, Kenya, and Malawi figures are, respectively, 75%, 90% and
 
89%. The bulk of the fuelwood (more than 98% in Tanzania) is
 
obtained from natural forests. And unfortunately these forests are
 
being depleted at an alarming rate - more than 1.6 million hectares
 
in Tropical Africa. Consequently, about 55 million people live in
 
acute fuelwood scarcity, while another 146 million live under
 
fuelwood deficit conditions. 1/ These figures will total about 53b
 
million by the year 2000.
 

Almost all the forest clearing activities are linked directly with
 
human activities (agriculture, animal husbandry, timber and
 
fuelwood exploitation, fires, construction of infrastructure). So
 
as the population is rapidly increasing, deforestation will
 
inevitably increase as well. That being the case, the efforts to
 
intensify the management and conservation of the remaining natural
 
forests must go hand in hand with massive afforestation. There are
 
problems to be encountered, ranging from technicai/technological to
 
social/human.
 

This paper reviews some of these problems and gives some possible
 
solutions. It focuses mainly on energy plantations and woodlots
 
for domestic and cottage industries needs. And Eastern Africa is
 
used as the principal example.
 

II. Afforestation Problems
 

Afforestation problems in Africa are var;ed, not only because of
 
the strikingly heterogenous nature of the environment but primarily
 
because of great diversities in the people, population dynamics and
 
social structure. For convenience, the problems are grouped as
 
follows: ecological (environmental), technical, technological,
 

Director of Forestry, Ministry of Natural Resources and Tourism,
 
Tanzania.
 

1 FAO (1981): Map of Fuelwood situation in the Developing
 

Countries.
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wood energy shortage, institutional, people:i's attitudes and
 

participation.
 

A. Ecological Considerations
 

pour main 
deforestation, 
species. 

areas 
soil 

are 
degra

involved. 
dation and 

These 
erosion, 

are 
and 

climate, 
choice of 

1. Climate 

Climate: Much of Africa is characterized by dry tropical
 
climate, dominated by savanna woodlands. The total mean
 
annual rainfall ranges from less then 50 mm to 1500 m.
 
But a big portion receives between 300 to 1000 m. The
 
mean rainfall does not depict clearly the magnitude of
 
the problem. What matters more are the reliability and
 
predictability of the rainfall. As a whole the rainfall
 
is unreliable; and the length of dry season is very long
 
in some countries - rdnging from 6 to 8 months or even to
 
11 months in zones like Sahelian Africa. Thus the number
 
of rainy days is naturally low in some areas are henice
 
characterized by very low water balance in the soil.
 

This situation is worsened by temperatures which are
 
consistently high, unless modified by local factors.
 
Normally the evapotranspiration greatly exceeds
 
precipitation. This has been the case in Niger, Nigeria,
 
Sudan, Kenya, parts of Zambia and Botswana. The
 
resultant moisture deficit for most part of the year
 
makes it diticult to grow trees in terms of high plant
 
mortality, slow growth, low yields, and increased tree
 
establishment costs.
 

Possibilities for improvement include keeping good
 
weather records in order to predict rainfall patterns.
 
Preparing seedlings and planting on time is axiomatic.
 
Optimum planting dates should also be worled out using
 
raiofall probability maps and ta)les. Irrigation should
 
be encouraged as it is in Sudan.
 

2. Deforestation
 

Deforestation: Deforestation is very serious in many
 
parts of Africa. As stated earlier for the last five
 
years tropical Africa has lost more than 1.5 million
 
hectares (estimate) of forest. Only about j3% of the
 
original forest remains. In some countries the
 
percentage is much less; for example Algeria, Tunisia and
 

2 Mnzava (1980): Solar Energy Forum "Fuelwood Needs in
 

Africa."
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Morocco have 11% remaining while Gambia has only 4%
 
remaining.
 

In these deforested areas land degradation is
 
accelerating. Therefore, any regeneration, whether
 
natural or artificial, is difficult, especially under
 
semi-arid conditions of the Sahel, Northern Kenya,

Central Tanzania and parts of Zambia. Here, soils can no
 
longer retain nutrients and organic rrtter. So
 
fertilization of the trees becomes imperativ In fact,
 
the invasion of other competing vegetation in these areas
 
slow tree growth. Deforestation also interferes with
 
water regimes, usually reduces them, and indirectly

reduces available water points for starting nurseries and
 
for irrigating woodlots.
 

Flooding is also closely linked with deforestation, which
 
may obliterate nurseries, small woodlots and
 
infrastructure helpful in afforestation.
 

3. Degradation
 

Degradation: Like climate, soil is also varied. As a
 
whole, soil depths are reasonable except in the mountain
 
and planteau slopes where soils are frequently shallow,
 
hence limiting root penetration. Another feature which
 
normally hinders tree growth is the so-called "black
 
cotton soil" found in many parts of Eastern Africa.
 
These soils are plastic when wet and crack deeply when
 
dry, sometimes more than two meters deep.
 

Soil erosion also impedes afforestation; in some parts of
 
African countries it has prohibits tree planting

completely. In Konodoa district (Central Tanzania),

about 12% (more than 150,000 ha) of total area is so
 
severely eroded and gullied that tree planting is
 
difficult and expensive.
 

In order to lessen these problems farmers should be
 
encouraged to ensure good land prepardtion before
 
planting. The use of farm tractors may not be very

expensive. And since soil erosion often results from
 
human activities, the best solution seems to lie not only

in encouraging proper land management but also in
 
demonstrations. Special campaigns, such as Tanzania's
 
"Forests are a Wealth", are a good approach.
 

4. Choice of Species
 

,Isstated above the choice of species is crucial. The
 
problem is that most foresters think so much of timber
 
and fuelwood production that they often forget that if
 
farmers do not have food for themselves or fodder for
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their livestock they will not listen to tree planting
 
pleas. This is the case with the Maasai, for example, of
 
Kenya and Tanzania who are essentially pastoralists. In
 
these circumstances the choice of species must revolve
 
around fodder production (Acacia, Leucaena, Prosopis,
 
etc.) These tree species will eventually produce some
 
quantities of fuelwood. The main point to be made is
 
that species should be chosen which are relevant to the
 
local communities needs.
 

III. Technical and Technological Aspects
 

The technical and technologicvl constraints are primarily
 
associated with the establishment, ma:jagement and utilization of
 
the energy plantations. Many nurseries are located far away from
 
the villagers. Seedlings may have to be transported long distances
 
(even more than 50 to 60 kni). This causes high mortality and is
 
expensive. As much as possible, nurseries should be situated near
 
the villages. Villagers should be encouraged to own and manage
 
their own nurseries. This approach is gaining momentum in East
 
Africa. The Forest Departments should supply seeds and should
 
train the villagers in nursery management. In some countries,
 
villagers have not reached this stage; and seedlings are supplied
 
to them free. What are the merits and demerits of this approach?
 

Problems associated with establishing nurseries include land
 
preparation, late planting, weeds, fires, pests (especially
 
termites), livestock and harvesting. Tree planting can be
 
seriously hampered by non-land preparation, especially in areas
 
where there are hard-pans and black cotton soils. However, trees
 
do not always have to be planted in specified areas; they should
 
also be planted in non-conventional places like farm boundaries and
 
next to roads. Once land or planting areas are prepared, it is
 
important to plant on time.
 

During tree establishment, early weeding is necessary.
 
Unfortunately, some villagers think that once trees are planted
 
their work is over. Trees can take care of themselves, but some
 
species are very sensitive to weeds, for instance, the Eucalyptus.
 
Investigations have revealed that Lp to 80-90% tree mortality
 
during the first two years of establishment in Northern Tanzania is
 
attributed to weed competition. .The weeds do not only compete for
 
nutrients but also house pests; and they increase fire hazards.
 
Fires are a chronic problem in Africa. They destroy the newly
 
established plantations and often change the tree growing
 
environment.
 

Livestock is another setback in afforestation. Because of
 
livestock being inseparably tied, with traditions and ritual
 
activities, farmers keep large numbers. In parts of Kenya and
 
Tanzania, a household can pay 100 units of livestock as dowry.
 
Keeping livestock in excess of carrying capacity is commonplace in
 
Africa (e.g. as low is one half hectare per unit as compared to the
 
desired hectares per unit in Central Tanzania).
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The results of all this are compaction of soil in the plantations,

with accompanying run-off and mineral 
leaching. The animals also
 
eat and break the young trees. Possibilities include live fencing,

using species such as Acacia 
spp., Agave spp., Euphorbia, Hakea,
Pithecelohium dulce and Cupressus spp. There are some countries

which Fvie avocated livestock destocking. But this has not seen
 
much success, partly because of the 
people's attitudes and poor
marketing facilities. Education of the public, though it takes 
time, always pays dividends.
 

Once the tree crop is ready, harvesting problems sometimes arise 
even though no complicated technologies are needed. Trees may be

harvested when they 
are still too young. And this implies that
 
more trees have to be planted within short periods, hence more

financial inputs are needed. Further, some trees do coppice (e.g.

Eucalyptus); but wrong tree cutting may greatly reduce the

coppicing capability. The public needs our guidance in this issue.
 

Although the utilization of fuelwood and chiarcoal 
does not involve
 
aniy complicated echnologies, the methods employed in converting

wood to charcoal are very wasteful; more than 70% of the energy may

be lost. Similarly, much fuelwood (in open fires) and charcoal is
 
wasted because of inefficient stoves. This means more wood is used
 
than necessary and 
more forest is cut. Improved cookstoves are

important but designs come the
the should from villagers

themselves.
 

IV. Wood Energy Shortage
 

It is estimated that more than 465 million m
3 of wood are harvested

annually in Africa, and out of these 350-370 million m3 
are used as
 
source of wood energy. Yet, as pointed out earlier more than 201

million 
people in Africa live in acute scarcity and deficit
 
fuelwood conditions. And this figure is expected to rise to about
 
535 million by the year 2000.
 

The fundamental problem is the 
rapidly increasing population with
 
simultaneous diminishing of the forest 
resource. These shortages
 
are more pronounced in East Africa, some parts of South Africa, and

the Sahel zone. In countries of West and Central Africa where wood
 
seems abundant overall, much of it is locked in 
as forest reserves,

national parks and is not readily available to the villagers.

Also, some is so far 
away from the local communities that its
 
collection is cumbersome and expensive.
 

Besides 
 this shortage of fuelwood for households, cottage

industries are increasingly consuming a large share. 
These include
 
tobacco curing, tea drying, lccal brewing and brick and pottery

works. For example, Tanzania needs 1.7 million m3 annually for
 
tobacco curing; this figure will rise to approximately 2.1 in 1985.
 

The results of all this is further depletion of the remaining

forest resource, hence more 
dependence on plantations and more
 
resources needed to them.
increase In addition, labor and
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household funds otherwise used for afforestation are diverted for
 
wood collection and its purchase. Cow dung and agricultural

residues are also diverted. In Tanzania, one hectare of cotton
 
needs 16 tons of dung per year. If this is diverted, it can have
 
serious repercussions on agriculture.
 

Some of the remedial measures include more efficient use of wood,

using mo -eforest and industrial wates, encouraging agroforestry,

and the use of other energy source . Substitutes to charcoal
 
should be investigated. For example, in Kenya, coffee husk
 
briquettes in 5 kg. bags are finding their way to super markets.
 

V. Institutional Constraints
 

Tree planting may still be difficult without sound institutional
 
arrangements such as, rational policy and plans, legislation, land
 
tenure, incentives, sympathetic local and national organizations
 
and supporting services.
 

A. Policy and Planning
 

There are still some countries in East Africa which do not
 
have clear policies on wood energy, nor do they have clear
 
plans and programs for afforestation. Plans are normally

focused on the urban centers and little attention is given to
 
rural areas wl.ere the majority of the people live.
 
Consequently, wood energy plans are sporadic and implemented
 
when other sectors have been allocated with "enough" inputs.
 

B. Organization
 

Since development and plans are centralized, organization And
 
administrative machinery follows suit. In other words there
 
is too much "Telephone Administration". The poor farmer in
 
remote areas has difficulty ingetting seedlings and technical
 
advice. Tanzania has substantially decentralized
 
afforestation activities and have given much of the
 
responsibility to village governments.
 

C. Legislation and Land Tenure
 

Rigid legislation can adversely iffect afforestation by making

villagers passive and disinterested. Thomson has observed in
 
Niger that afforestation is greatoy affected by legal

barriers. The legal institutions have caused the villagers to
 
think that trees, as a whole, are either a common property or
 
belong to the forester. As such they are not obliged to
 
protect them, and can harvest forests at will. There are
 

3 Thomson (1981): Sylvia Africana No. 10.
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still a few local communities which hesitate to plant trees
 
because of uncertainty in land tenure regulations. Villagers
 
fear that once they establish woodlots the same can be taken
 
over by land owners. This has also been observed in Niger.
 
In addition to the land tenure constraints, land shortages
 
also hinder afforestation. In mountain ecosystems of Eastern
 
and Southern Africa, land may be so fragmented through land
 
inheriting tradition that setting aside areas for woodlots is
 
unrealistic.
 

The Kenya highlands, Arusha Region (in Tanzania), parts of
 
Malawi and Zambia are example of this situation. In these
 
areas, trees should be planted in non-conventional places.
 
Agroforestry can play a key role; so is the provision of
 
various incentives such as giving farmers facilities to
 
practice more intensive farming and tree planting. In some
 
parts of Africa, the governments may establish plantations and
 
turn them over to the farmers after a year or so. Afterwards
 
the government gets a small portion of the revenue accruing
from sales in order to remove the idea of "free good". The 
best incentive is to work together with the villagers. 

VI. People's Attitudes ard Participation
 

It is generally accepted that the establishment and management of
 
short-rotation energy plantations do not constitute serious
 
technical and technological constraints. But foresters, social
 
scientists and economists seem to be divided on how to go about it.
 
A brief consideration of people's attitudes steming mainly from
 
social structure and stability, traditions, habits, taboos, and
 
apathy are necessary to take into consideration.
 

A. Attitudes
 

In the African social structure, cooking is the responsibility
 
of women. The fuelwood with which to cook the food is
 
collected and/or purchased by women. But these same women are
 
expected to farm, fetch water, look after children, go to the
 
market, and participate in social and communal activities of
 
the village. Villages located in remote areas are frequently
 
neglected by centralized government organizations. As a
 
result, the communities develop apathetic social behaviour to
 
many things, including tree planting. Further still, there
 
are some tribes which, by tradition and unfounded beliefs and
 
taboos, do not like trees near their dwelling places. Some
 
tribes in East Africa still resent trees because they shelter 
omen-bearing birds like the owl - its sound near the village 
means someone will die. 

These attitudes coupled with family and village instabilities.
 
The loose social organizations and the institutional factors
 
discussed above greatly hinder progress in afforestation.
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B. People's Participation
 

In planning afforestation projects, initial ideas hatched by
 
foresters can be introduced to village governments by
 
fcresters. An exhaustive debate should be encouraged. Once
 
the villagers are convinced, theni the ideas should be
 
translated into a project. Once the project is formulated, it
 
can be discussed by the village leaders with no need to
 
discuss with the whole assembly. Where village governments do
 
not exist, other gatherings like local political rallies and
 
meetings should be used.
 

During the implementation of afforestation projects a bulk of
 
the work should be done by the villagers themselves who should
 
then become the owners. The government may help by raising
 
seedlings for villagers, and sell them at a nominal price.
 
Land preparation, planting and maintenance of the plantations
 
is the villagers responsibility. Ideally, villagers should
 
own and run everything, including the nurseries. When the
 
wood is harvested the villagers should decide what to do with
 
the proceeds. The government should only get benefits from
 
its own plantations.
 

VII. Conclusions and Strategies
 

The main problems hindering afforestation for energy stem from 
sociological attitudes and activities. Any efforts to solve these
 
problems must hinge on the people themselves. The question of
 
people's participation in afforestation programs ought to be very
 
clearly spelled out. The level of participation will definitely
 
depend on the local situation and the existing circumstances at a
 
given time. The effectiveness of people's involvement depends
 
significantly on the training and extension services we offer them.
 
A more "revolutionary" approach is needed: that of involving more
 
socio-oriented scientists (sociologists, anthropologists, social
 
workers, women). The forestry curricula should be re-oriented to
 
cater more for producing "social foresters". In this respect there
 
is a complaint among local communities that there are too many
 
foresters but not enough trees.
 

Once it is accepted that afforestation for energy centers around
 
people and not around trees, it is, then, easier to formulate
 
realistic policies and plans, the implementation of which aims at
 
satisfying people's needs and ensuring proper environmental
 
management. In the same token it is likely to ease the problem of
 
persuading the people to manage and protect energy plantations
 
efficiently and economically.
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SOCIAL FORESTRY IN INDIA (GUJARAT)
 

R.L. Java
 

I. Background
 

A. India
 

Forests in India cover 23% of total 
 land area. Conifers
 
constitute 4%; the remaining 96% are broad-leaved species. In
 
1980, requirement for industrial wood was 30 million cubic
 
meters against the production of 20 million cubic meters. The
 
fuelwood gap is lairger yet. Projections have shown that the
 
production of fuelwood by the year 2000 would be 75 to 80
 
million cubic meters, against the requirement of 184 million
 
cubic meters for year 1980, alone.
 

In our country, the contribution of wood to domestic fuel is
 
62% and up to 78% in rural areas. The rural communities
 
traditionally depend on forests as a source 
of food, energy,

and shelter. Forests in India so
have been used, abused and
 
misused that the delicate balance with soil and vegetation has
1,ren upset resulting in accelerated erosion. The precious top
 
soil, which takes from 100 to 400 years to develop a 10 mm
 
layer has been swept away with disturbing results on vegetable
 
growth.
 

This loss of fertile top soil is estimated at 6 billion tons a
 
year representing a financial loss in terms of crop production

of 3 billion rupees and 
a fertilizer equivalent loss of 12
 
billion rupees, together representing an annual loss of 15
 
billion rupees.
 

If this loss is to be avoided, the resources of fuelwood and 
round wood have to be augmented so that the urban poor are 
supplied their urgent needs of domestic energy with no more 
cost than that of collection.
 

Systematic forestry in India is over a hundred years old, with
 
the Forest Act being enacted in the year 186b. In 1894, the
 
forest policy was enunciated with a definite emphasis that
 
forestry should serve as an adjunct for agriculture. The
 
privileges and rights of the forest dwellers who are the
 
customary users ot forests was clearly defined, restricted and
 
regulated. This resulted in fairly well organized forest
 
departments existing all over the country at the time of
 

Head of Training, Research and Communication for Social
 
Forestry, State of Gujarat.
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Independence (1947). In th;e days, the slogan was "progress
 
through industrialization". The year 1967 saw wood-based
 
industries using 2.6% of the total value of production and
 
2.9% of employment of all manufacturing activities. Coupled
 
with the population growth, which is doubling every 30 years,
 
the supply demand position with respect to wood and firewood
 
will indeed reach an alarming situation in the near future.
 

A twofold strategy has therefore been developed in India to
 
fight this frightening situation. Programs have been
 
strengthened during the successive five year plans to augment
 
production forestry, mainly for supplying the spiralling
 
demand of domestic wood production industries such as paper
 
pulp and allied industries, and secondly through community
 
forestry programs to supply in adequate quantities fuelwood,
 
fodder, small timber and other minor forest prodbce to the
 
rural population.
 

In India, the forest departments in Gujarat and Uttarpradesh,
 
taking their cue from the National Commission on Agriculture
 
(1976), became the first two States to create separate
 
Community Forestry wings.
 

B. Gujarat State
 

Gujarat, which is a small State in the western region of
 
India, lies between 210 and 24' north latitude and 69c to 750
 
east longitude. With an area of nearly 200,000 square
 
kilometers and a population of over 3 million of which 7?%
 
live in rural areas, the State has only 19,500 sq. kilometers
 
under forestation making it a forest-poor State. The
 
rainfall, which is erratic, varies from 200 mm in the North to
 
2,550 mm in the South. Nearly half of the State is
 
chronically drought prone. The climate and edaphic factors
 
are also varied, from the saline wastes of Runn of Kutchh in
 
the north to the Arabian sea in the west resulting in very dry
 
and harsh climate in the former to the humid and wet climate
 
in the latter. In the Northeast, East and Southeast there are
 
the mountain ranges of Vindhyas, Satpuras and Sahyadris.
 

Electricity and gas as sources of cooking energy are virtually
 
nonexistent in rural areas. During 1978, 78% of total
 
domestic fuel utilized was comprised of firewood (48.2 lakh
 
tons), dungcakes (10.6 lakh tons) and charcoal (1.6 lakh
 
tons). Against this annual requirement of wood, the recorded
 
production of timber from State-owned torests was calculated
 
at 1.3 lakh cubic meters and 11.6 lakh tons of fuelwocd, which
 
included the recorded production of firewood of 1.3 lakh tons
 
and the rest 10.3 lakh tons of unrecorded nature removed by
 
the villagers for the daily bonafide domestic use, by way of
 
rights, privileges, unauthorized removal, etc. Because of
 
this over exploitation, average annual recorded production
 
which was 2.6b lakh tons of firewood and 2.23 lakh cmt. of
 
timber during the period 1960/65 has fallen to 1.37 lakh tons
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of firewood and 1.56 lakh cmt. of timber during period
 

1975/80.
 

C. Forests
 

Depending on the rainfall, Gujarat can be divided into three
 
distinct forest regions. On the western side (Kutchh and
 
Saurashtra), the rainfall low and forests
is very dry scrub 

predominate and include species like 
 Acacia nilotica,
Anogeissus latifolia, Azadirachta indica, Erythina suberosa,
 
Zizyphus sppP. 
 and thorny shrubs with bamboos in hilly pockets.

The central area of Gujarat has moderate rainfall. Dry mixed

deciduous forests are found in this with
area species like
 
Tectona grandis, Adina cordifolia, Telminalia crenulata,

Dalbergia sissoo and bamboos, Dendrocalmus strictus and

?ambusa bamb-oos. Moist deciduous forests are found in the
 
southern parts of the State where rainfall is quite heavy and
 
soil factors are more favorable. The above mentioned species

are found in bigger size and better growth. In addition,
 
mangrove forests are found along the sea coast. 
 These consist
 
mainly of Avicenia officioalis which supplies firewood to the
 
adjoining population.
 

D. Production Techniques
 

Industrial species such as teak (Tectona 9randis), 
 khair
 
(Acacia catechu), and bamboo (Dendracalmus strictus)are being
 
grown at the rate of 5,500 ha. annually. Degraded areas,

subject to adverse biotic factors 
are being reboised through

fast growing fuelwood species like Eucalyptus, Acacia
 
tortallis, Leucina leucocephela etc. at a rate of 2,000 ha.
 
every year. In badly deteriorated areas, soil and moisture
 
conservation measures such as 
gully plugging, nala bunding,

and terracing, are carried out before carrying out

afforestation. An area of about 12,000 
hectares is being

developed under this scheme each year.
 

In saline and desert wastes, like the Great and Little Runn of

Kutchh measuring almost 13,000 sq. kilometers, efforts are
 
being made to raise plantations of hard species like Prosopis

juliflora and Accacia tortallis to contain and strip the desert
 
from spreading inward towards fertile fields. An area of

1,600 hectares is developed under this scheme every year.
 

Along 
 the coast line stretching over 1,600 kilometers,

plantations of Prosophis juliflora and Casurina equesitifolia

are raised to stabilize sand save the fieldsthe and from 
salty spray.
 

Beginning from 1951 to 1978, the following achievements have 
been made under different plantation programs.
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Economic plantation b9,763 hectares
 
Plantation of fast growing species 34,383 hectares
 
Soil and moisture conservation and
 

reforestation of degraded forests 65,347 hectares
 
Desert border plantation 33,8/2 hectares
 
Plantation along coastal border. 8,322 hectares
 

II. Social Forestry
 

A. Why necessary?
 

Even though we know that more and more areas should be
 
forested to make them more productive, the reverse continues
 
to be true. It is estimated that during the period 1961 to
 
1979, valuable fertile land and good tree bearing areas
 
(545.15 sq.km.) have not been forested due to the following
 
reasons:
 

For major and minor irrigation
 
projects 223.9946 sq. km.
 

Rehabilitation of persons
 
displaced from project areas 162.4060 sq. km.
 

Regularization of forest cultivation 43.4360 sq. km.
 
Miscellaneous. 115.3212 sq. km.
 

Total 545.15 sq. km.
 

Thus, the gap between demand and supply of fuel and timber was
 
so wide that even the most intensive management of existing
 
forests could not bridge it.
 

Recognizing the dwindling forest resources of the State and
 
realizing the immediate need for increasing the tree cover
 
especially outside the traditional forest areas, the State
 
forest department set up an independent unit for undertaking
 
the Social Forestry program from the year 1969-1970. This
 
organization planted trees along a 50 km. strip and the State
 
was divided into two Divisions under the overall control of
 
Conservator of Forests for taking up this new project.
 

The Social Forestry program received good response from the
 
people. In 1974-1975, plantations in village community lands
 
were developed.
 

In the field of social forestry, public participation and
 
cooperation in raising trees is the most important component.
 
In order to encourage the public, seedlings were distributed
 
free. Other activities such as raising student's forests,
 
planting in municipal vacant plots, industrial estates,
 
compounds of Government buildings, and raising seedlings at
 
primary schools were initiated. Later on, innovative schemes
 
like raising plantations in malki lands and social security
 
through plantations were added.
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Seeing the success achieved by the Forest Department of
 
Gujarat in the social forestry programme, the World Bank is
 
funding a 5 year project totalling $76 million (653.59 million
 
rupees).
 

B. Village Woodlots
 

Village woodlots are raised in community lands popularly known
 
as "Gaucher lands", have been covered starting from 1974-1975,
 
an area of about 17,000 hectares spreading over an area of
 
2,000 villages (out of 18,275) in the State. Under the World
 
Bank Project, vil lage woodlots will be self managed by the
 
panchayats. The department will assist with free seedlings
 
and technical advice. The purpose behind initiating

self-managed woodlots is to involve village panchayats so that
 
they get all the profit. During the 1980 rains, 4,560
 
hectares of village woodlots were raised.
 

C. Rehabilitation of Degraded Forests
 

Some of the State forest areas have been badly degraded due to
 
severe biotic factors. Efforts to rehabilitate these areas by

the department have not yielded fruitful results. Therefore,
 
an innovative scheme of settling some faiilies to afforest
 
part of these areas has been put into operation. This scheme
 
aims at giving social security to the local tribe. Groups of
 
10 to 15 tribal families having no cultivatable land will be
 
employed. These families will also be given 20% share from
 
the net profit of the harvest. During 1980/1981, 200 hectares
 
will be planted through full time labor and 4000 hectares on
 
casual labor. If this labor scheme succeeds, most of the
 
degraded area will be afforested through full time labor.
 

D. Afforestation of Private Agricultural Land
 

This is another important scheme of afforestation of hilly
 
areas unsuitable for raising agricultural crops. Under this
 
scheme, a tribal farmer who sets aside 2 hectares of his
 
cultivated area for raising trees will be paid Rs.250/- per
 
year for lb years. The plantations of fast growing species
 
such as teak and bamboo will be raised. The government will
 
bear the cost which will be recovered from sales. The net
 
profit will go to the farmer. The target for the year 1980
 
was to afforest 200 hectares under this scheme.
 

E. Farm Forestry
 

Due to the concentrated efforts of the Forest Department, the
 
cultivators and other people in the State have become tree
 
conscious and every year a large number of seedlings are being

planted and looked after. The Department has introduced a
 
scheme to raise seedlings through primary school children.
 
The poly pots and seeds are supplied free by the Department
 
and technical guidance is given to the children who perform
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the labor. About 100 schools have adopted this scheme in the.
 

State and many more are coming forward.
 

F. Conservation of Fuelwood Supplies
 

Gujarat is facing severe shortage of fuelwood and hence many
 
trees are being hacked inthe rural areas in their prime. The
 
future fuelwood resource is thus declining as newly planted
 
trees will take some time to mature to fuelwood size. The
 
Department, quite conscious of this situation, has decided to
 
save as much tree growth as possible from the countryside by
 
reducing the consumption of fuelwood with more efficient wood
 
burning stoves. By providing a simple adjustment to the
 
firebox and adding a smoke pipe, more efficient smokeless
 
Chula can be made which reduces fuelwood consumption to the
 
extent of 25%. Under the World Bank Project, 10,000 smokeless
 
Chulas will be provided in rural areas especially in the
 
villages having population of more than 2,000 and which have
 
self-managed woodlots.
 

G. Difficulties Encountered
 

The main difficulty in the execution of the Social Forestry
 
program was to gain the confidence of the people. At first
 
the people were very sceptical regarding the success of the
 
program. They felt that it was money down the drain because
 
who would expect a plantation on the open road where hundreds
 
of thousands of cattle roamed freely.
 

When the people refused to come to the department, the
 
department went to them. Seedlings were taken to the villages
 
and through lectures, demonstrations and audio/visual aids,
 
the people were convinced of the beneficial results.
 

III. Conclusions
 

Gujarat has become more green, more beautiful, more clean and more
 
famous thanks to the massive tree planting program. This has also
 
had effect on rainfall and microclimate. The capital of Gujarat,
which used to be called "andhinagar" or the city of dust storms 
prior to the social forestry project, has become a picnic spot for
 
Sunday visitors from adjoining industrialized cities.
 

With more grass available for cattle, the dairying industry has
 
been increasing its production. It is not uncommon during the
 
months of August to November to see hundreds of people cutting
 
grass along the roadsides, in the plantations, earning Rs.5-Rs.6
 
for 3 to 4 hours of labor. This has given self employment and
 
income to thousands of urban poor all through the State.
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SAHEL: FORESTS AND FORESTRY
 

G.F. Taylor, II
 

I. Introduction
 

The U.S. Agency for International Development is currently
 
undertaking a wide variety of forestry projects across the Sahel as
 
p'rt of its Sahel Development Program. In addition to two
 
large-scale plantation projects (in Senegal and The Gambia) and a
 
number of pilot rural forestry efforts (in The Gambia, Mali,
 
Mauritania, Niger,.Senega'l and Upper Volta), important pioneering

work is being carried out in natural resource inventory ard land
 
use planning (in Mali, Mauritania, Niger arid Senegal as well as
 
through the OMVS and OMVG river basin development projects),

-forestry education (in Upper Volta), and natural forest management
 
(in Niger and Upper Volta) (1). Papers describing a number of
 
these projects have been prepared for presentation at this
 
Workshop. Readers interested in pursuing further both AID and
 
others' experience with forestry development in the Sahel are
 
referred to the bibliographic postscript of this paper,
 

Although most USAID-funded projects are only a year or two into
 
implementation, initial results coupled with experience gained from 
a wide range of other efforts have raised a number of important 
issues related to forestry development in the region. A few of 
those issues have been selected for treatment in this paper. If 
the presentation is found to be provocative, it is intentionally so 
- with the aim of airing the issues, stimulating reflection and 
discussion, and thereby providing a more solid basis for both 
ongoing and future forestry development activities in the Sahel. 

II. Natural Forest Management - the case for increased attention
 

The case for substantially increased attention to natural forest
 
management has been building across the Sahel in recent years.
 
Critiques of the large-scale planting ot 'fast-growing' exotics
 
have been based on a variety of concerns ranging from escalating
 
costs due to the dependence of these techniques on imported

petroleum and heavy machinery on the one hand to concerns over a
 
range of environmental issues on the other (2). More recently,
 
initial production figures for Eucalyptus camaldulensis from
 
plantations in Upper Volta coupled with research results from
 
Senegal have made it clear that the estimates upon which these
 
projects have been based were highly optimistic and will not be
 
achieved (3).
 

Forestry/Ecology Advisor, :Sahel Development Planning Team, AID.
 

106 i
 



It must be noted at the same time that the experience with
 
large-scale plantations of fast-growing exotics in the Sahel has
 
not been uniformly dismal: Gmelina arborea continues to perform
 
well when planted in higher rainfall zones with production volumes
 
of 12 to lb m3/hectare/year achieved since 1966 in plantations in
 
Mali. Encouraging work is also underway in Senegal (under a
 
USAID-funded project) designed to reduce the costs of plantation
 
establishment in an attempt to ensure the economic viability of
 
Eucalyptus plantations in the face of lower yields. Nonetheless,
 
results across the region as a whole provide a clear signal that
 
the fast-growing exotics have not performed as well as was expected
 
and that substantialiy increased attention must now be devoted to
 
the management of existing woodlands to meet both current and
 
anticipated future energy and forest product needs.
 

A. Natural forest management - a new priority?
 

Although the call for large-scale plantings of 'fast-growing'

exotics has captured much of the limelight in recent years,
 
some foresters have questioned the viability of these schemes
 
for some years now and have stressed the central role of
 
natural forest management in forestry development in the
 
Sahel. Aubreville, for one, noted as far back as 1938 that
 
the idea of 'artificial forests' in the Sahel was utopian. In
 
the 1950's French foresters working in the region considered
 
rainfed plantations inappropriate in areas under 1100 mm ot
 
annual rainfall (4). Inthe period following the most recent
 
drought a continuing skepticism surfaced in a variety of
 
documents. l-or example, a paper prepared by CTFT in 1975 for
 
the MAB lechnical Note The Sahel: Ecological Approaches to
 
Land Use noted:
 

'Generally speaking, fry plantations are not to be
 
recommended. Intact, though such plantations can be
 
successful,, they require large investments (150,000
 
FCFA/hectare) and are based solely on local, slow-growing

species, the production of which is scarcely higher than
 
that which can be obtained with a much lower initial
 
investment - from natural regeneration (5).'
 

In this passage, ironic in view of the current situation, the
 
paper went on to note:
 

'Technical workers are often criticized for not using
 
exotic species reported for their resistance to drought.
 
Indeed, few exotic species are to be seen in the Sahel,
 
but this isnot due to lack of imagination on the part of
 
local technicians. The reason is rather that very few
 
introduced species can withstand the local environmental
 
conditions, which are among the most severe in the
 
world (6).'
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After reviewing the whole range of forestry interventions
 
underway across the region in 1976, J.C. Delwaulle, in a paper

prepared for the CILSS/UNSO/FAO Consultation in Dakar, noted:
 

'Apres avoir passe en revue, d'une maniere assez
 
critique, l'ensemble des actions susceptibles d'etre
 
menees dans la zone, en matiere de technique forestiere,
 
nous voudrions attirer l'attention des responsables
 
torestiers sur la trop grande importance qu'ils
 
accordent, a notre sens, aux plantations, perdant ainsi
 
de vue trop souvent le recours aux techniques de
 
regeneration naturelle, d'amenagement des peuplements, de
 
defense et restauration des sols et d'animation rurale
 
(7).'
 

Nevertheless, relatively little has been done in the way of
 
natural forest management in the Sahel to date. The
 
observation made by Delwaulle in 1976 continues to hold true,
 
namely:
 

'Mis 	a part ces cas (a few examples in Senegal) il semble
 
bien cependant qu'il n'existe actuellement aucun
 
amenagement serieux de forets dans l.es pays membres du
 
CILSS alors que les superficies susceptibles d'etre
 
amenagees, soit du point de vue sylvopastoral, soit du
 
point de vue production de bois, sont enormes (8).'
 

B. 	Natural forest management - a new panacea?
 

Although it is now clear that urgent attention must be devoted
 
to improving the management of existing natural formations
 
across the Sahel, it is equally clear that:
 

0 	 substantial long-term research into the dynamics of
 
the natural vegetation will be needed as a
 
prerequisite to the development of appropriate
 
silvicultural techniques.
 

* 	 even with the technical knowledge in hand the
 
constraints (institutional, financial ,social, etc.)
 
to carrying out more intensive management on any

wide scale will be substantial - and,
 

G 	 the increased productivity that is expected under
 
the more intensive management of natural formations
 
is not likely to meet current let alone projected
 
fuelwood and forest products needs.
 

As a result, forestry development in the Sahel must continue 
to include a wide range ot interventions designed to increase 
production (including large-scale plantations, rural forestry 
and pilot irrigated plantations with concomitant; research,
 
training and infrastructure development). Concurrently,
 
efforts to reduce fuelwood consumption and develop alternative
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energy sources thereby reducing pressure on the natural 
vegetation must be pursued with all deliberate speed. It is 
abundantly clear from the experience of the last five years 
that there are no panaceas to the complex issues that surround 
forestry development in the Sahel - including natural forest 
management.
 

III. 	Reboisement: Process vs. Project
 

Among the issues that emerge from development efforts in forestry 
in the Sahel is the observation that the successful implementation 
of a particular project, or set of projects, should not be confused 
with 'successfully solving the problem' or even necessarily with 
setting in motion a process that will eventually 'solve the 
problem'. While the concern expressed by various observers (myself 
included) - that talk about forestry needed to be translated into 
more concrete action sur le terrain - continues to be a valid one, 
an excessive preoccupation with project outputs (number of trees or 
hectares planted, number of students trained etc.) can serve to 
confuse short-term objectives with long-term goals. In other 
words, what must be examined is not simply how much is achieved in 
quantitative terms but how it is achieved and whether or not a 
process has been started tat can and, ho--7-lly, will be contimued 
in the absence of external funding. Th* issues of replicability
and absorptive capacity (including the ability to cover recurrent 
costs) are, of course, central to the development process - issues 
that may all too often be lost sight of in an impatience to 'solve
 
problems' and demonstrate concrete project results (9).
 

Recommended long-term goals for various types of forestry
 
interventions include:
 

* 	 for large-scale plantations: a move towards increased private
 
sector involvement in fuelwood production, particularly around
 
urban centers.
 

* 	 for rural forestry: the development of locally controlled,
 
village-level forest and land resource management.
 

* 	 for natural forest management: the development of controlled
 
multiple-use management of the national forest estate (10).
 

A. 	 lhe harnessing of natural processes
 

The importance of harnessing natural processes (particularly

natural regeneration) in any schema for forestry development
 
in the Sahel cannot be overemphasized. While project-specific
 
tree planting activities will assist in addressing the 'other
 
energy crisis' on a limited scale in selected locations, the
 
understanding and harnessing of the dynamics of the natural
 
systems is the only viable long-term strategy for the region
 
as a whole.
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B. The harnessing of social processes and 'felt needs'.
 

A careful examination of the 'felt needs' of local populations

coupled with the production and distribution of a few tree
 
species that meet those needs may contribute more effectively
 
to the long-term goal of reboisement than dozens of 'planting

projects'. Mention has been made elsewhere of the remarkable
 
spread of one tree species, Azadirachta indica (neem), across
 
the Sahel over the past few decades - a process that combined
 
the harnessing of both social and natural processes: starting

with planting and being continued through natural regeneration
 
aided by the birds and the bats (11). While the importance of
 
the social context of forestry development is now widely
 
recognized in forestry circles (12), the effective integration

of 'felt needs' into project design as well as the harnessing

of social processes to promote forestry development remain the
 
exception rather than the rule (13).
 

C. Possibleness - a guiding principle?
 

The issue of absorptive capacity deserves urgent attention in
 
forestry sector activities across the Sahel. While
 
projections continue to be generated showing that current
 
planting programs are only a fraction of what must be done
 
immediately if catastrophe is to be averted, Forestry

Departments across the region are being stretched to their
 
limit just handling current project portfolios.
 

A recent article in Unasylva summed up this issue well.
 
Stressing the importance of practically achievable objectives,
 
it noted:
 

'It is possible to project present trends in fuelwood
 
depletion and find they lead rapidly to total disaster.
 
Such exercises tend, however, to be counterproductive.

They do not take into account the flexibility and the
 
versatility of human response. More important, they call
 
tor large-scale remedial measures which are far beyond

the boundaries of political and economic feasibility. In
 
proposing impossible responses to what may appear to be
 
exaggerated projections of future needs such analyses may

succeed in paralyzing rather than galvanizing policy
 
makers. Effective policy making depends upon matching

practically achievable actions to needs and priorities as
 
they are actually experienced. This does not mean that
 
the seriousness of the outlook for fuelwood supplies
 
should be ignored but that action should be concentrated
 
where it is most likely to be productive and effective
 
(14).'
 

Absorptive capacity, practically achievable objectives,

possibleness - concepts to be reckoned with in relation to the
 
current status and future direction of forestry development in
 
the Sahel.
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IV. Forestry and Agricultural Development - the importance of the
 
forestry/agriculture interface (15).
 

Increased attention to forestry in the Sahel in the years following

the most recent drought can be traced to a number of sets of
 
interlocking issues including: a) energy (the 'other energy

crisis') and b) environmental degradation/rehabilitation (both the

'advancing desert' and tropical deforestation have been prominent
 
themes). While each of these continue to provide an important
 
rationalefor ongoing sector activities, it has become increasingly
 
clear that forestry programs need to be based on a clearer
 
understanding of the multifaceted role of woody vegetation in the
 
Sahel. As a result, forestry development needs to be tied more
 
closely (both conceptually and in terms of project interventions)
 
to agricultural development activities.
 

Trees and tree crops play a central role in traditional
 
agricultural production systems (both crop and livestock as well as
 
mixed farming systems) across the Sahel. The important
 
contribution of trees and tree crops has been documented for some
 
time now (see, for example, the work on Acacia albida done at
 
Bambey in Senegal, Paul Pel lisier's Les Paysans dF Senegal and
 
R.A. Pullan's seminal article 'Farmed Parkland in West Africa' in
 
Savanna 3(2), 1974, p. 119-152 to mention just a few examples).
 
More recently this theme has been picked up as an area of active
 
research by international agricultural research centers such as
 
ILCA, ICRISAI and IITA (see, for example, ILCA's International
 
Symposium on Browse in Africa (Addis Ababa - April 1980.
 
Proceedings currently in press); ICRISAl's Sahel program director
 
Clause Charreau's article, 'Le role des arbres dans les systemes
 
agraires des regions semi-arides tropicales d'Afrique de l'Ouest'
 
in the IDRC volume Le Role des Arbres au Sahel; and I11A'a work on
 
leucaena/maize intercropping and indigemous tree-crop species

trials reported in the Proceedings - United Nations
 
University/IDRC/ICRAF.Workshop on Agroforestry in the African Humid
 
Tropics held at IITA in April of this year.) (16). Word has,
 
however, been slol, to filter through to the development community.
 

As indicated above, forestry aevelopment in the Sahel needs to be
 
based on a definition of forestry that is considerably broader than
 
that provided 
illustrated in 

by 
a recent 

the 'energy 
National 

perspective' 
Academy of 

alone. 
Sciences 

This 
report 

is 
a; 

follows: 

'Although family plantations should be encouraged and compound
 
plantings will undoubtedly continue to contribute marginally
 
to fuel needs, interviews with men and women in rural areas of
 
Mauritania and Senegal have revealed less concern regarding
 
fuelwond supplies than anticipated but considerable anxiety
 
concerning the growing scarcity of wild fruits, browre shrubs,
 
medicinal herbs, building materials, and other forest products
 
that were available locally in the past .... ll'ewe, the
 
establishment of village woodlots represents only a partial

solution to the perceived problems of these populations ....
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The continuing emphasis placed upon fuelwood by donors tends
 
to obscure the complexity of local problems and could prolong

their resolution (17).'
 

Agroforestry is one area that deserves increased emphasis 
in the
 
context of closer attention to the linkages between forestry and
 
agriculture. Although agroforestry has been the subject of renewed
 
interest and considerable discussion in recent years, effective
 
mechanisms have yet to be developed to initiate much of the basic
 
research prerequisite to effective project interventions, it must
 
be cautioned that agroforestry (,md, for that matter, tree planting

ingeneral has, in some circles, suffered from an excess of wishful
 
thinking: it is not a panacea that will cure 
all the evils of
 
inappropriate land management. As the recently appointed director
 
of the Nairobi-based International Council for Research in
 
Agroforestry (ICRAF) has noted:
 

'Inthe promotion of the agroforestry concept, there has been 
no limit to the alleged positive influence of trees. 
Sometimes this has achieved almost mystical dimensions - the 
frequent talk about 'miracle trees' is one aspect of this.
 
Although it may sound like lack of imaginative thinking, it
 

crops
 

must be flatly stated that there exist no miraculous 
influences of trees on soils (18).' 

Nonetheless, the simultaneous cultivation of food and tree 
does make sound production sense in a wide variety of situations 
traditional production systems across the Sahel confirm this point.
It is hoped that ICRAF, working with national and other regional
and international agricultural and forestry research organizations,
will be able to serve as a catalyst in initiating the research 
necessary to develop appropriate improvements in agroforestry
production systems.
 

Inaddition to the importance of trees., tree crops and agroforestry

systems in meeting the food and nutrition requirements of Sahellan
 
populations, another facet of the forestry/agriculture interface is
 
the protective role of forests and tree cover 
in relation to
 
agriculture. These concerns 
 have, to date, been addressed
 
primarily under the rubric of environmental protection. While
 
broad environmental concerns continue to be important in the Sahel
 
Development Program, a more direct linkage at the program 
and

project level between soil and water conservation and agricultural

production is called for if these concerns are to receive the
 
attention they deserve. A closer linkage between forestry 
and
 
agricultural development isa first step in that direction.
 

The relationship between forestry and agriculture and the
 
contribution of forestry to agricultural and 
rural development

stands as a fundamental parameter of forestry development in the
 
Sahel. One programatic implication: the need to insist on a
 
definition of forestry substantially broader than that provided by

the 'energy perspective'. A second implication: the need for
 
careful attention to incorporating appropriate forestry activities
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(both production and protection oriented) into ongoing and proposed

agricultural and rural development projects in USAID project
 
portfolios.
 

V. 	Forestry Research - essential prerequisite to more effective
 
project interventions.
 

One of the clearest lessons to emerge from forestry development in
 
the Sahel in the post-drought period is that forestry research must
 
be both reoriented and receive substantially increased emphasis.
 

A. 	The need for reorientation
 

That a reorientation is called for is evident not only in the 
disappointing results currently being registered across the 
region with the species that has received the bulk of research 
attention in recent years - Eucalyptus - but in the growing 
awareness that a) technical packages are unavailable for use 
in rural forestry and b) much of the basic research 
prerequisite to natural forest management remains to be done. 
The development ot technical packages for rural forestry is
 
particularly urgent. As noted in an FAO report in 1979 on
 
the prospects for FLCD (Forestry for local community

development) projects in Senegal:
 

'La necessite d'amplifier et d'intensifier, dans de tres
 
fortes proportions, la recherche forestiere dans ce
 
domaine est une des constations majeures de la mission
 
car le developpement communautaire est deja lance et les
 
insuffisances techniques qui resultent des lacunes de la
 
recherche ne peuvent avoir que le plus mauvais effet pour

l'integration indispensable de l'arbre et de la foret
 
dans les preoccupations paysannes.' (entire passage

underlined in original) (19).
 

B. 	The need for increased emphasis
 

The case for increased emphasis has, in part, been made above
 
as well as in earlier sections of this paper. The recently

completed CILSS/Club du Sahel Forestry Sector Analysis Report
 
for Niger summed up the need succinctly when it noted that
 
forestry research was 'un domaine ou presque tout est a
 
trouver (20).'
 

C. 	Setting research priorities - the process
 

The recent World Bank/FAO paper entitled Forestry Research 
Needs in Developing Countries - Time for a Reappraisal?
prepared for the I/th IUFRO Congress in September set forth 
with clarity both the need for increased attention to research 
and some of the issues that deserve priority attention. Using
the IBRD/FAO paper as a starting point including a) the 
primary conclusion that first priority should be given to 
strengthening national research institutions in developing 
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countries, b) the CGIR-derived mechanism for establishing
 
priorities For forestry research (Annex 3) and, c) the
 
indicative list of forestry research ne,Js in developing

countries (Annex 4) it is recommended that an Africa-specific
follow-up study be launched including an in-depth assessment 
of current research capabilities, a review of work completed
to date, and the identification of research priorities coupled 
with specific suggestions on the most efficient means of 
getting that research started. An Africa-wide rather than 
Sahel-specific focus is suggested so that one of the most 
important issues facing forestry research - namely, the need 
for vastly improved coordination and information dissemination 
mechanisms between francophone and anglophone Africa - is 
squarely faced. 

It should not be assumed from what has been said above that
 
little or no thought has already been given to the question of
 
research priorities. As is often the case, the Sahelians are
 
well ahead of the donor community in this regard. In Senegal

alone, for example, ISRA's Plan Indicatif National de la
 
Recherche Agricole 1979-1984 (which, in case anyone is
 
interested, runs to 370 pages) includes 37 
pages of detailed
 
proposals for forestry research. Many of the proposed topics

(natural regeneration, the silviculture of indigenous species,

the development and commercialization of 'minor forest
 
products' etc., etc.) fit directly with some of the 'new
 
priorities' proposed earlier in this paper. What has been
 
lacking has been not an understanding of what needs to be done
 
- but the means to do it.
 

D. 	 Forestry research in the Sahel - a few reflections
 

While the case for increased attention to forestry research
 
has been outlined above, a few reflections are in order:
 

1. 	Review of work done to date is an essential
 
prerequisite to the launching of new efforts.
 

Although reports are scattered and often very

difficult to get hold of and although the methods
 
used 	in many cases were less than fully scientific,
 
a substantial amount of research work has been
 
carried out over the years across the Sahel . The 
insight gained from this work must, wherever
 
possible, be used as the starting point for any new
 
efforts. This procedure would, perhaps, appear to
 
be self-evident. Unfortunately, a review of a
 
number of research proposals currently making the
 
rounds in the Sahel indicate that this is not the
 
case. Fortunately, some compiling of research
 
results has already been done. Among the sources
 
that deserve to be highlighted is D. Toni's,

Recherches Lffectuees en Haute-Volta en Matiere
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Forestiere. ENIThF - Nogent/Vernisson- Domaines des
 
Barres. October 1975, 75pp.
 

2. 	The strengthening of the research infrastructure in
 
the Sahel will be a costly, long-tern proposition.
 

Although the IBRD/FAO paper recognized in a global
 
sense the costs associated with its proposals, it
 
did not address in any concrete way a number of
 
important issues tied to the strengtheninE of
 
research institutions including a) recurrent cost
 
ramifications, b) the ability oi financially
 
strapped governments to both make effective use of
 
and hold on to trained research personnel, and c)

the additional financial and human resource
 
commitments that are implied in the development of
 
research infrastructures i.e. demonstration
 
programs, an extension network etc. These are only
 
a few of the many issues that will need to be
 
addressed prior to the establishment and/or

strengthening of forestry research institutions. It
 
must also be clearly recognized that although 20
 
years have elapsed since independence, most of the
 
forestry research in the Sahel continues to be
 
carried out by expatriate researchers. As a result,

the training of a Sahelian research cadre will, in
 
most instances, need to be the initial priority.
 

3. 	Utilization of results to promote development is the
 
ultimate test of research effectiveness.
 

Given the pressing need for development across the
 
Sahel and the limited resources available to work
 
towards that end, to insist on the need for
 
relevant; applied research is perhaps a moot point.
 
That careful attention must be given to developing

mechanisms for the dissemination and utilization of
 
research results is, however, something that cannot
 
be overemphasized. Later in the paper a couple of
 
examples are given illustrating how difficult a task
 
information dissemination demonstrably is. Those
 
examples could be multiplied many times over - cases
 
o 	 research results, reports etc. that lie
 
torgotten not because they have nothing to offer but
 
because effective mechanisms for information
 
dissemination are not in place.
 

4. 	Coordination efforts currently underway will form
 
the basis for future action.
 

On a more upbeat note, there have over the past year

been a number of developments that point with
 
optimism to the future of forestry research in the
 
Sahel. These include a) the reorientation ot
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research priorities in a number of countries with
 
substantially increased priority given to research
 
on indigenous species (including their wide range of
'non-wood' products) and 
natural forest management
 
and b) the establishment of coordination mechanisms
 
for forestry research. lo cite an example of the
 
latter, Upper Volta recently set up a Commission on
 
Sylviculture et Techniques Forestieres designed to
 
bring together all research workers involved in
 
forestry research (from as many as three separate
 
government Ministries) on a regular basis to
 
exchange information on work underway, coordinate
 
and provide peer review of that research, and
 
prioritize proposed research. While it is too early
 
to judge the effectiveness of this Commission, that
 
it was established in the first place and that it is
 
headed not by an expatriate but by a Voltaic (with a
 
Ph.D. in forest ecology) appears to bode well for
 
the future of forestry research in Upper Volta.
 

VI. 	 The Regional Dimemsions of Forestry Development in the Sahel:
 
cooperation coordination and information dissemination.
 

lhe final issue to be touched briefly in this paper is the regional

dimension of forestry developmenc in the Sahel. While both time
 
and space preclude devoting the attention to this issue that it
 
deserves, a few observatio~is follow.
 

Given the limited resources (human and financial as ',elI as 
physical) at the disposal of Sahelian governments, the enormity of 
the development tas', and the underlying similarity of nany of the 
problems across the region - cooperation and coordinatioli take on a 
heightened importance in the Sahel. The rationale ior USAIu's 
Sahel Development Program and the broader Cil-SS/Club coordinating
mechanism of which it is a part is firmly based on this fact. In 
forestry, as in virtually every other sector, there is much to be 
gained from a coordination of effort and a sharing of experience.
Mechanisms - both formal and informal - to promote this sharing are
 
in place. Much can, however, be done to expand the role and
 
increase the effectiveness of the formal mechanisms (including,

inter alia, CILSS and the Institut du Sahel). The potential role
 
of such mechanisms is becoming increasingly important as results
 
become available from the many forestry activities currently
 
underway across the region.
 

Information dissemination is a particularly important component of
 
regional cooperation. Two recent examples of the lack of adequate
 
dissemination serve to illustrate this point: a) Forestry
 
technicians starting work on a large-scale plantation project in
 
the 1100 mm zone of Upper Volta u3ing Eucalyptus camaldulensis were
 
unaware of the excellent results that had been obtained since 196b
 
with Gmelina arborea under similar climatic coi litions in two
 
Sahelian countries: neighboring Mali and The Gambia. b) A
 
dendrology textbook was recently 'rediscovered' in Mali (2i).
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Prepared as part of a UNESCO project in 1913, eight years later not
 
only were copies unavailable for students at the national forestry

school, but a piecy of 
work that could with relatively minor
 
additions and revisions become 
a standard dendrology text across
 
the Sahel had been virtually unhearch of out side of Mali.
 
Examples of this type abound. Pointing the
out problem and
 
decrying the unnecessary duplication of effort and 'reinvention of

the wheel' that result from it are easy. What is both more 
difficult and 
arguably among the most pressing priorities for
 
forestry development in the Sahel is the establishment of
 
information dissemination networks that are both found by those
 
working in forestry across the region to be useful and are, as a
 
result, used.
 

VII. Conclusion
 

In closing  a bit of historical perspective on the development of
 
forestry in the Sahel. The French agronomist htesse, writing in
 
1918 as Directeur d'Agriculture des Colonies on the question of
 
reforestation in Senegal, noted:
 

'Pour etre un bon agriculteur, il faut etre entreprenant,

observateur, patient et obstine. Ce sont les qualities qui

ont domine une experience de dix annees sur le boisement au
 
Senegal, et dont les resultats commencent seulement a
 
apparaitre (22).'
 

Reporting on successful trials with Casuarina that had begun as 
early as 1908, itwas Etesse's hope 10 years later in 1918 that one
 
day 
the entire coast from Dakar to St. Louis would be protected

with plantings of filao. Some 60 years later that dream is about
 
to be fulfilled: th-e Senegalese, working with assistance from the
 
FAO, CIDA and USAID, expect to complete the first line of
 
windbreaks next year. Various morals could be drawn from this
 
example. The one 
that I choose to draw: forestry development in
 
the Sahel is likely to be a longer and a more complex undertaking

than many had imagined. That is, however, hardly reason enough to 
give up hope - the line of filao will be completed between Dakar 
and St. Louis. 

For many of the forestry activities currently underway in the Sahel
 
we 
are, in 1981, close to where Etesse was in 1918: results are
 
just beginning to appear. His counsel continues to hold true: il
 
faut etre entreprenant, observateur, patient et obstine.
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SENEGAL: FULLWOOD PRODUCTION PROJECT
 

David Gibson
 

. Background
 

Without dramatic changes in lifestyle or adoption of new
 
large-scale energy alternatives, fuelwood is, and will likely to
 
continue to be (until supplies are exhausted) the primary domestic
 
energy source for an overwhelming majority of Senegalese. At
 
present, an estimated 85% of household energy needs are met through
 
the use of wood fibers in the primary and the altered forms of
 
firewood and charcoal (Eaux et Forets, 1979).
 

Due to drought, overcutting, poor range management, wildfire and 
increased agriculture, national forest resources are being reduced 
by 60,000 hectares annually (Clement et al., 1981). While managed
 
and natural fuelwood production varies drastically at the regional
 
level, national trends in the following table are quite evident.
 

TABLE I
 

ANNUAL PRODUCTION OF COMBUSTIBLE WOOD FIBER
 
AVAILABLL FOR DOMESTIC CONSUMPIION IN 1980 _/
 

Total Per Capita Availability Per Capita
 
Available (m3/person/year) Surplus (+)
 

Region Production or Peficit
 
(000 m3/yr) Rural Pop. Tot. pop. (-) (m3/
 

person/year)
 

Fleuve 271.9 0.62 .4/ - .1 
Louga 159.4 0.40 0.34 - .25 
Western 
Regions (Cap 
Vert, Thies, 
Diourbel) 49.1 0.05 0.02 - .55 
Sine Saloum 303.1 0.31 0.27 - .3 
Senegal Or. 4,947.6 17.6 15.5 + 14.0 
Casamance 2,565.4 3.8 3.1 + 2.5 

1 Source: Clement et al., 1981. 
2 Assumes 0.6 m3 of solid fuel fiber per person. 

At present only Senegal Oriental and the Casamance regions are
 
energy self-sufficient or surplus producing in relation to their
 
own populations. Even this situation is somewhat misleading in
 
that Senegal Oriental is the largest, least inhabited and second
 
wettest (after Casamance) region in Senegal.
 

,
 
Project Manager for industrial-scale, mechanized fuelwood
 

plantations, USAID/Dakar.
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While the long-term ability of the forest sector to supply
 
Senegal's .energy is in question, the demand side of the equation
 
has shown equally ominous signs. H,-,,-er, anticipated increases in
 
fuelwood requirements are below population growth estimates (2.7%
 
and 3.3% annual increases respectively into year 2000). Table II
 
well illustrates expected demand from forest resources.
 

TABLE II
 

EXPE"TED POPULATION TRENDS AND SUBSEQUENT FUELWOOD DEMAND IN
 
SENEGAL I/
 

Year 1980 2000
 
Population Fuelwood Population Fuelwood
 

(000) needs (000) (%+) 	 (000 M3 ) (%) 
(000 M3 )
 

Region
 

-leuve 570 340 870 (52) 500 (47)
 
Louga 450 270 630 (40) 350 (30)
 
Cap Vert, Thies
 
and Diourbel 2,450 1,480 4,660 (90) 2,500 (68)
 
Sine Saloum 1,140 680 1,690 (48) 1,000 (47)
 
Senegal Oriental 320 190 510 (59) 300 (58)
 
Casamance 800 480 1,220 (52) 700 (46)
 

TOTAL 5,730 3,440 9,580 (67) 5,350 (55)
 

Source: Clement et al., 1981
 

Barring any major and unforeseeable changes in consumption patterns
 
or development of readily assimilated alternative energy sources,
 
Senegal will theoretically exhaust all wood fiber reserves before
 
2010.
 

II. Project Description (No. 685-0219)
 

Basic data of the Senegal Fuelwood Production project is as
 
follows:
 

Project Authorization Date 	 April 27, 1979
 
Project Agreement Date 	 May 21, 1979
 
Dates CPs Met 	 December 21, 1979
 
Project Assistance Completion Date 	Decemter 31, 1979
 
Cooperating Agencies 	 GOS,Eaux et Forets, USAID,
 

ISRA, CNRF, ORSTOM
 
Life of Project Funding 	 $3,134,000 (U.S.) + 779,000 FCFA
 

(GOS)
 
Disbursements to Date 	 $1,525,000
 
Project Directors 	 Mr. Sid;be and Mr. Gibson
 

The Senegal Fuelwood Production Project addresses the most obvious
 
and severe problems illustrated in the background information:
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disproportionate supply/demand tendancies fostered by urban
 
conglomerates.
 

through the mechanized development of 3,000 hectares of rapid
 
growing forest plantations in the Bandia National Forest, 60 km
 
from Dakar and 25 km from Thies, the project promotes fulfillment
 
of two major goals:
 

* 	 Stabilize/increase the Dakar dnd Thies fuelwood supplies
 
(charcoal and firewood) while stabilizing/decreasing their
 
market prices. Upon completion, the project expects to
 
furnish between five and 10 percent of this region's total
 
needs.
 

0 	 Halt/reverse environmental deterioration through the easing of
 
cutting pressure on marginally productive and already
 
deteriorating upland forest reserves (expected yields of
 
between seven and 10 m3/hectare/year would prodi'ce equivalent
 
of 15 to 4U hectares of upland, unmanaged, forest).
 

Replacement of the existing degenerated Acacia Seyal forest type of
 
the Bandia Forest (annual production between .1 and .92
 
m3/hectare/year) with naturalized and exotic fast-growing species
 
involves several key ideas. A major emphasis of this pilot project
 
is the development ot a readily replicable model which can be
 
-'pidly and successfully extended into other similar peri-urban
 
ateas. lo assist in this goal of rapidly maximizing the project's
 
spread effects, $238,000 have been allocated to the local forestry
 
research center (CNRF). In close collaboration &th project
 
personnel and the Service of Water and Forest (SWF), CNRF will
 
assist in 1) reducing input costs at every implementation level, 2)
 
identifying urban centers with similar problems and determine their
 
potential to successfully support a replication (site
 
characteristics, monitor rainfall, ascertain land availability), 3)
 
performing basic research into ecological and hydrological effects
 
of intensely managed forest plantations.
 

lheoretically, the project will become self-funding after
 
implementation. Timber receipts from sales to authorized forestry
 
cooperatives will assure plantation maintenance and protection as
 
well as pay for office space, equipment repairs, gasoline, etc.
 

Successful implementation of the project thus far has been due to
 
several factors. The flexibility designed into the PP and ProAg as
 
well as the relatively autonomous structure afforded to the project
 
by SWF officials has allowed an administrative framework which
 
lends itselt well to the project's experimental nature. Senegalese
 
expertise in industrial plantation management is being assured
 
through an extensive training program emphasizing nursery
 
operations, diesel mechanics, equipment operations, soil management
 
and technical forestry.
 

Although nearly 70% of local cost financing is spent on salary
 
vouchers ($280,000 in FY 8i), the project is hcavily dependent on
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mechanized equipment. A Peace Corps diesel mechanic and three
 
apprentices are responsible for the maintenance of three bulldozers
 
used for final land clearing and subsoiling (initial clearing is
 
done by forestry cooperatives) as well as 10 tractors and other 
agricultural equipment used for plantation establishment and 
maintenance. 

III. Project Status
 

Due to delays in equipment procurement and location of an 
expatriate forester to serve as U.S. Team Leader, only 150 hectare 
of exclusively eucalyptus plantations were planted in 1980. 
Results have been mixed for several reasons; paramount of these 
reasons being insufficient rainfall (total in 1980 - 310 mm) and 
inadequate site analysis in regard to soils. Limited quantities of 
selected eucalyptus seed (E. camaldulensia, var. No. 8411) and 
wasteful nursery techniques also forced planting of less than 
optimum nursery stock.
 

In 1981, 700 hectares of the 750 hectares objective were totally

prepared (i.e. cleared, levelled, subsoiled, harrowed and picketed)

prior to the rainy season. Completion of the largest and most
 
modern nursery in Senegal (capacity more than 1.0 million
 
seedlings) was completed in June although 'renovation of an
 
office/living complex and completion of the physical plant are not
 
yet terminated. 500,C00 containerized E. camaldulensis seedlings
 
were produced as well as 50,OUO Cassia siamea, Azadirachta indica
 
neem), Prosopis Juliflora (mescqutiteTan-d-Casuarina equisti-foia

Australian pine). Cost for seedlings was reduced 30% from 1980 to
 
6¢/unit. Excess nursery production (nearly 100,00U seedlings) was
 
distributed to projects, government agencies and the private sector
 
in six of Senegal's eight regions.
 

Due to nominal and sporadic rainfall (total ppt. - 357 mm) only 650
 
hectare were finally planted. Although this hampered work
 
efficiency, raised costs and will certainly lower expected

production rates (annual production initially expected between b
 
and 10 m3/year/hectare) total per hectare costs were reduced nearly

60 percent 1980 figures to $1,000/hectare. (Note: Figure includes
 
both training and research components as well as technical
 
assistance at Dakar level. The subtraction of these indirect costs
 
brings the per hectare price down to approximately $680.)
 

In spite of deficit rainfall for the second consecutive year (667
 
mm composite For 1980-1981 vs. expected 550 to 600 mm/annually),

productivity and survivorship amonq the 1980 plantations has been
 
over 90% in 100 of the 150 hectares (70 to 80% in the remaining 50
 
hectares) through enhancement of water retention through timely

harrowing. Results for 1981 promise to be considerably better due
 
to: 1) the identification dnd location of plantations on the most
 
suitable soils (assistance received from the Soil Conservation
 
Service - USDA - Soil Management Service Support Service PASA), 2)

exclusive use of locally adapted E camaldulensis No. 8411 seed
 
stock, 3) efficient weeding/harrowing which eliminated water loss
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to herbaceous vegetation and 4) enhanced organizational structure
 

which insured timely planning.
 

IV. Major Problems/Future Considerations
 

Problems which seem endemic to and limit the success of most
 
forestry projects in Senegal such as failure or inability
 
tomobilize funds and resources or lack of technical expertise have
 
been nearly eliminated in this project. However, during the course
 
of two years implementation experience, some even more basic
 
problems have occurred.
 

Less than complete analysis of all aspects of the project site by
 
the implementing agency (SWF) and the PP technical team have led to
 
several misconceptions concerning expected productivity and the
 
potential for local expansion of the project into a second 3,000
 
hectare phase.
 

Lack of meteorological data for the area may have hidden possible
 
climatic variations which seem limited to the project zone.
 
Available information indicates that the area in question has for
 
the past five years consisteitly received less total rainfall than
 
meteorological stations 20 km north or south (three of the five
 
years showed more than 30% differences).
 

Although the exact number of hectares of soil suitable for fuelwood
 
plantations within the Bandia Forest is presently unknown, soils
 
scientists familiar with the area doubt that the forest can support
 
more than the initial 3,000 hectares. Unfortunately, due to the
 
fact that accurate soils maps were unavailable, all pedological
 
investigations were conducted after the site selection had been
 
made. For these reasons, phase two of the project will likely be
 
implemented elsewhere. This likelihood will require a
 
reorganization ot equipment to allow for the second 3,000 hectares
 
to be established elsewhere.
 

Equipment procurement was also negatively affected by inadequate
 
study of site characteristics. Irrespective of the fact that
 
nearly all the agricultural equipment was purchased from a U.S.
 
concern not franchised in Senegal (i.e. no warranty service, spare
 
parts, etc.), the equipment has proven to be poorly adapted and
 
unsatisfactory. Light weight tractors and harrows designed for use
 
in Colorado for dryland wheat are unsuitable for foresz plantation
 
establishment and maintenance in Senegal. The same problem
 
occurred with the procurement of bulldozers slated for forest
 
clearing. Optional equipment such as brush rakes, full cage

protection and power shift transmissions are all mandatory for
 
efficient, cost-effective clearing operations, and should have been
 
ordered.
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MALI: REFORESIATION EXPERIENCE
 

Jon Anderson
 

I. Introduction
 

The bulk of USAID's efforts to address the deforestation issue in
 
Mali on a long-term (5year) basis is relatively recent and centers
 
around the design and implementation of the Village Reforestation
 
Project (VRP) (625-0937). The Project Agreement was signed in
 
Septemher of 1980 and full-scale implementation began in May 1981.
 
Given this short history, it may be dangerous to make
 
generalizations for the design and implementation of other
 
reforestation projects. Nevertheless, USAID feels that the VRP has
 
some unique aspects that might be useful to others working in this
 
area.
 

II. Project Background
 

The problem that this project addresses is unfortunately typical to
 
many African nations and has been dealt with extensively elsewhere.
 
Suttice it to say here that at least regionally, detorestation and
 
desertification mean further distances to travel to wood supplies,
 
higher fuelwood costs, increased erosion rates, and less
 
availability ot the immense variety ot products that the forests
 
produce either directly or indirectly.
 

lhe GRM infrastructure which exists to address these problems is
 
fairly old but is well-staffed. The forestry service was created
 
in 1935 mainly as a rural police force to "protect" the natural
 
resource base by fining people for "illegal" hunting, cutting and
 
tishing and by selling permits for these activities. The nature of
 
this system makes tension between villager and "for !stor"
 
inevitable and its abuse has led tu a general situation ot distrust
 
and misunderstanding.
 

Recently, the GRM has realized that this system of "protection" has
 
not been effective in combating deforestation and more positive
 
steps were urgently needed. The GRM created several organizations
 
supported by donors to do essentially large-scale plantations of
 
exotic species. This, however, still left gaps in an approach to
 
widespread reforestation. lhe VRP is an attempt on an experimental
 
basis to address some of these gaps.
 

III. Project Purpose
 

The overall goal of this project is to contribute ti) the
 
rehabilitation of Mali's renewable resource base and t,ereby
 
improve and protect the well-being of the rural population. Tie
 
project will assist the Forestry Service in a trial effort at a)
 
the creation of a tree nursery infrastructure, b) strenghtening of
 

, 

Project Manager, USAID/Bamako
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the Forestry Service's extension capability, c) the creation ot
 
experimental and demonstration plots, all leading towards support

of and encouragement for villagers' attempts to implement rural
 
forestry interventions. Although small scale and experimental,

this is a fundamental reorientation of past approaches and
 
practices.
 

IV. Highlights
 

The following represents elements of the project that USAID
 
considers significant.
 

A. Design
 

Given that village participation is essential for successful
 
rural reforestation and that good forester-village relations
 
were a necessary prerequisite for this participation, USAID,

during the collaborative design process, negotiated a
 
condition which stipulated that project personnel would not be
 
involved in repressive forestry activities in the project zone
 
for the life of the project. The fact that this CP was
 
accepted and met by the GRM represented a major concession and
 
a substantial reorientation of forestry poligy. The low level
 
of funding involved also demonstrated that small projects 
can
 
have considerable leverage in influencing policy changes at
 
the national level. It appears that the CP is beinig put into
 
practice in the field but it is 
too early to measure improved

forester-village relations.
 

B. Financial Management
 

Given past experience in implementing projects in Mali,

considerable effort was made before project implementation to
 
work with the GM in defining the project's financial
 
requirements. The participation the
active ot 
 USAID
 
Controller's Office has meant that a system acceptable to AID
 
has been developed while also considering the realities of the
 
Malian situatikn.
 

C. Some Technical Aspects
 

1. Exotic vs. Indigenous Species
 

It is often argued that certain African countries need
 
fast-growing tree species to address their
 
deforestation/fuelwood probles.. It usually folows that
 
these fast-growing species ure exotic and should be
 
impu(ted. The 
VRP, hcv"ver, decided to put substantial
 
emphasis on indigenous :pecies because a) generally, the
 
tast-growing exotic species that have keen tried 
in West 
Africa to date have not produced anywhere near
expectations, b) villagers in the project area expressed
interest in indigenous species as something they know and 
of which their benefit and usefulness is assured
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(risk-minimization), and c) it appears that little work
 
has been done on indigenous species and thus their growth
 
potential is unknown.
 

The VRP has stipulated that at the beginning, b0% of the
 
project's nursery area be set aside for the production of
 
indigenous species and that this percentage be changed
 
only after an analysis of villager demand. Although
 
technical problems exist, the Forestry Service has
 
already begun to use a variety of local species such as 
Karite, Nere, Acacia Albida, Detarium and Balanites in
 
the project nurseries. The SDPI Forestry Adviser has
 
noted that this is one of the few examples of work on 
indigenous species that he has seen in the Sahel.
 
Villager interest appears to be very high and it will be
 
interesting to see how the demand for indigenous and 
exotic species differs.
 

2. Protection
 

The protection of trees is a crucial element in any 
retorestation effort. The VRP has approached this issue
 
by considering that in most cases adequate protection is
 
a function of clear individual ownership rights over the
 
trees Hence, VRP will avoid situations where ownership
 
of t oes is in doubt or dispersed, i.e., where villagers
 
may think that trees belong to the forestry service, 
village elders, or to some other group who will later
 
decide who shares the benefits. Woodlot strategies
 
unfortunately run into ownership problems.
 

The controversy surrounding protection schemes usually
 
centers aroung the theory that 100% protection means
 
importing costly sheep fencing. While this may be
 
necessary for nurseries, tradi tional protection 
techniques are abundant and cheap for plantings. There 
are techniques using local materials (thorns, mats, 
stalks, adobe, etc.) that are labor intensive and have 
the potential to be quite effective. At one VRP site, a
 
trench has been dug along one side of the nursery 
perimeter with the soil piled on tile outside of the 
trench. This seems to be effective barrier against 
cattle. Combinations of trenching and thorn or banco 
walls might also be effective. If money can be saved on 
protcction, a bigl step is made towards making the project 
economically viable.
 

3. Seeds
 

Since little work has been done on the indigenous 
species, it follows that it is next to impossible to get 
improved or se lecd ed seeds for these s.pecies. The VRP 
has been constra i red to collecting its own seea, the 
quality of which iis unknown. Sudan (thr,)ugh USA|I)) has 

133
 



been a major supplier of seed for this project but the
 

quality of those seeds is also unknown at the moment.
 

4. Woodstoves
 

The VRP has a fairly large component for the introduction
 
on a pilot scale ot improved woodburning stoves. Because
 
of the importance of non-wood products to the economic
 
viability of reforestation projects, it appears that
 
efficient woodstoves might be the major complementary

activity to reforestation. The VRP stoves will probably

be versions of the Lorena stove based upon adaptions made
 
in Mali and elsewhere. This activity also has the
 
potential, if implemented correctly, to demonstrate to
 
the villagers the Forestry Service's good faith and to
 
counteract to some degree the relatively longer time
 
forestry projects need before return on investment is
 
realized.
 

5. Water
 

Nurseries. The VRP will assure all year water supplies

in project nurseries through the construction ot good

quality wells and the installation of locally-made hand
 
pumps.
 

Interventions. Although a small number of wells are
 
planned for the small number of woodlots that VRP will 
axecute, by and large it appears to be clear that rural 
forestry interventions should get no more water than the 
local agricultural activities since agriculture is the 
first priority. Also since an integrated approach seems 
the most valid, water needs of agriculture and forestry 
are not easily separated. 

D. Economics
 

A main reason why economic analysis of reforestation projects

is difficult is because of its large social cost/benefit 
component. Thi s has led to some neglect of the economic 
aspects of reforestation, especially the need to cover 
recurrent costs and the need to minimize these cost.s where 
possible. Under auspices the ViiiP, econmistthe of Asif 
Shaikh was; made available to the ForesLry O;ervice. This visit 
resul ted in the report enti .1ed "lhe Economics of 
Village-level loi'stry: A Methodoloqjic:l Framework." The 
report and the visit eiriphdaized a) theceessty of economicn 
analysis, h) lypes o iii tio0n Ihd . nut b gathered tothe ot 
do economic analysis, c) that Lah,, upon dv~ii lable 
information, individual farmer aro- oru,,,ry is;probably more 
economically aLtract ive than vII aqe woo(d Ilot!,, d) the 
inportance o prod( to viiat iIi Lynon-wood t.,,1 ecoom)iC (and
hence the il1or1)rta nce of the use of I muI 1-purpou Lree 
species), and e) that Lforesry should bIe a part of an 
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"integrated approach to rural production and exchange
 
systems."
 

In an attempt to cover recurrent costs, the VRP will sell 
trees that provide commercial byproducts and is exploring the 
possibilities of the sale of all seedlings from project 
nurseries. Ihe sale of seedlings for a nominal price, while 
perhaps inhibiting some villagers from participating in the 
project, will probably encourage better care and higher
 
survival rates for the trees of those who do participate. The
 
sale of seedlings in a market at one of the project sites 
demonstrates that villagers are prepared to buy some types of
 
seedlings. Different price and time schedules are being
 
developed and proposed.
 

E. Extension
 

The need to develop an eftective extension effort continues to
 
be a GRM/USAID priority. Malian forestors, by and large, do
 
not receive much training in extension techniques. The VRP
 
stipulated that community development agents be assigned to 
the project to assist in this effort. The project plans to 
develop a forestry extension package and sensitize forestry 
personnel to extension techniques. However, it is clear that
 
the GRM cannot afford to create a "lorestry extension service"
 
nor is having several different agents for different sectors
 
(agricultural, livestock, forestry, health, etc.) always
 
effective. Eventually, the Forestry Service would have to get
 
out of the extension business after having developed packages
 
and teckniques which can then be integrated into rural
 
production extension efforts.
 

F. Training
 

Peace Corps Volunteers have been assigned to work on the 
project. The VRP took advantage of their technical training
 
period to simultaneously train their counterparts. This
 
training was organized by Peace Corps/Ouaga using ex-PCV 
forestors with Shelian experience. The training ,4as useful 
and concurrent training of PCVs and HCNs may be an idea for 
other project:; to explore. 

G. Data Col lectio 

The experimentaI nature of this project dictates an extensive 
reporting and (ata collection component. Technical, economic 
and soc iaI diti will be co I Iected, tabulated, analyzed and 
reported. To anint the GP M in ;etting up this system, the 
VRP ha% called upon the re,ources of the U.S. Bureau of 
Census. A visit by a lhuCen expert is expected during December 
to devel op and formalize a data collection system. 
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H. Collaboration
 

Excellent collaboration exists between the Forestry Service,

USAID and Peace Corps. To a large extent, this is a
 
consequence of the personalities involved and their
 
willingness to work together. However, given the turnover of
 
personnel in these three organizations, it appears to be
 
important that the collaborative process be documented, i.e.,
 
agreements reached verbally are followed up by letters, etc.
 

I. Documentation
 

Particularly in the absence of technical assistance, USAID
 
considers the supply of technical documents to project

personnel an essential component of the project. A very small
 
library has been ordered under the project and is constantly

being supplemented by documents supplied free of charge by

various organizations. Not only does the documentation serve
 
as a technical reference and source of experience, but it has
 
stimulated discussion ot the differing techniques and has
 
opened up new channels cf communication. The desire to read
 
and the quasi-total lack ot reading materials inthe field can
 
be capitalized upon in increasing staff's technical knowledge

and capability.
 

J. Incentives
 

In most cases, USAID is opposed to systems of bonuses or
 
salary supplements for public servants who work on
 
USAID-funded projects. However, a system of bonuses is being

implemented under the VRP in order to compensate forestry

agents for the income that they lose because of the
 
prohibition on fining. It is known that forestry agents,

legally or illegally, often supplement their rather meager

salaries considerably through taking a percentage ot a fine.
 
Hence, this incentive for fining had to be counterbalanced.
 
It is hoped that over the long-term, the revenues generated

under the project will compensate (or the use of USAID funds.
 

V. Summary
 

This project may demonstrate that the response to the rural
 
torestry issue is not necessarily implementing what is presently

being done aroung urban centers (industrial plantations) on a
 
smaller scale aroung villages (woodlots). The rural problems are
 
different and a different approach is needed. This approach would
 
appear to include stressing a) individual ownership, b) indigenous

species that are multipurpose, and c) integration into rural
 
production systems.
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NIGER: FORESTRY AND LAND USE PLANNING PROJECT (683-0230)
 

John Heermans
 

I. Introduction
 

The Forestry and Land Use Planning Project started on December 1,

1980 and is scheduled to finish in December 1984. Project cost is
 
approximatley $4 million. There are four main components involved
 
in this project: 1) development of model sites, 2) resource
 
inventory, 3) human inventory, and 4) documentation center.
 

II. Model Sites
 

This component of the project is concerned with applied forestry
techniques and research on choses sites throughout thk country.
These sites will serve as models for other places in Niger with 
similar rainfall and soil conditions. So far, four model sites
 
have been choses: 1) Niamey greenbelt; 2) management of the
 
National Forest at Guesselbodi (500 MM); 3) management of the
 
National Forest at Tanda (900 MM); and 4) study of the windbreaks
 
in the Majgia Valley.
 

A. Niamey Greenbelt
 

After many meetings and discussions with the various
 
interested parties (Mayor's office and Urban Planning), we
 
have come to the conclusion that the greebelt in its present
form (1 km. wide) is not achieving any of its original goals
which were: 1) to stop the spread of the city in several 
directions; 2) tc protect the city from the Harmattan wind and
 
dust; and 3) to provide the city of Niamey with firewood. The
 
only possible use for this greenbelt which extends almost half
 
way around the city is recreation. Dust and wind are best
 
prevented by planting trees inside the city (in compounds,

along roads, and in "green spaces"). Firewood cannot, from a
 
resource economist's point of view, be planted on land within
 
the city limits because of the high rent of land. The city

has already "jumped" the greenbelt in several places and,

according to the city bureau of planning, the greenbelt, in
 
its present torm, will be approximately in the middle of the
 
city in 10 years. Therefore, we proposed that the GON
 
discontinue the greenbelt (which is being financed by UNSO)

after this year and begin planting along roads and creating

city "green spaces". This proposal seems to be acceptable to
 
all parties.
 

B. Guesselbodi and Tanda: National Forest Management
 

Also included in the model sites component of the project are
 
management plans for several classified National Forests in
 

Project Manager, USAID/Niamey
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different rainfall zones which could be used as models for
 
other forests. The two sites chosen are Guesselbodi (22km.
 
southeast of Niamey in 500 MM zone), and Tanda (380 km. South
 
of Niamey in 900 MM zone).
 

The idea of managing natural vegetation and national forests
 
has been around for some time, but there seems to have been
 
very little work done on this subject up to present. We
 
decided that, apart from the more obvious tasks (redefining
 
the forest limit, drawing maps and defining the vegetation in
 
general terms), that we would list all of the parameters that
 
we felt should be studied and plan out work to answer as many
 
unknowns as possible. Our list of parameters that we are
 
looking at in both Forests is as follows:
 

1. Soils
 

Collection of past information on soils analyses in areas
 
of study; take soil samples from profile pits of 1.5
 
meters in different parts of the forest.
 

2. Vegetative Analysis
 

Draw vegetation map 1/20,000 for entire forest; determine
 
dominants and sub-dominants in each vegetative type;
 
ertablish vegetative sampling according to what
 
ihformation is required and according to overall
 
objectives. For example, in Guesselbodi, we are looking
 
at firewood potential in Combretum type vegetation.
 
Little work has been done in regards to sampling within
 
the Combretum type and as a result much ot our time has
 
been spent establishing a sampling technique applicable
 
to this type of vegetation.
 

3. Socio-Economic
 

This study is done through a series of interviews with
 
villagers found around the forest. We have been doing
 
these interviews since we began work in each forest, and
 
we would like to assure the thoroughness of this work
 
before drawing up our management plan. Probably, the
 
number one cause for the failure of forestry projects in
 
Niger is that 
consulted or 
projects. 

the 
included 

local 
in 

population 
the design 

have 
stages 

not 
of 

been 
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4. Wildlife 

The more research done on causes for deforestation, the
 
more evident the need becomes for a total ecological and
 
historical picture in order to ascertain a better
 
understanding of present and past habitats. We are
 
trying to estimate wildlife populations in those areas
 
where it exists in these forests. In those areas where
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wildlife has disappeared, we are attempting to ascertain
 
from the local population what types of wildlife existed
 
and how long ago.
 

5. Pastoral Studies
 

We aie currently using the same sampling techniques
 
employed by the USAID Niger Range and Livestock Project.
 
These techniques are based on frequency, composition and
 
production. Also, animals and herds are counted at
 
different times of the year in order to get an idea ot
 
grazing pressures.
 

6. Independent Research Projects According to Forest
 

At Gaya, we have begun two studies: one on burning
 
practices; the other on honey production. Each forest
 
has its own characteristics which must be taken into
 
consideration. Sometimes the need for certain studies is
 
not apparent until later, but all parameters should be
 
addressed before sitting down to draw up the management
 
plan.
 

As soon as research has been terminatea, the management plan
 
shall be drawn up and implementation will begin. Studies
 
should be terminated sometime next year.
 

The use of aerial photography has been useful in studying the
 
forests themselves, and has provided information about
 
surrounding areas. Given the tact that many of these forests
 
werc officially created in the 1930's and 1940's, their actual
 
boundaries are meaningless. Part of the management plan might
 
be to alter these boundaries in order to either increase or
 
decrease the total surface areas of the forests.
 

C. Magjia Valley: Windbreak Studies
 

These windbreaks were previously proven effective in an
 
earlier study (Els-Bogmetteau 1980). They are now aged to the
 
point that they can be exploited for poles and firewood. How
 
much can be cultivated without losing the effect of the
 
windbreak, and what method of cut should be used are the two
 
main questions that we will be addressing in this study.
 

III. Resource Inventory Component
 

This component will be responsible for creating resource planning
 
maps of Niger using aerial photography, Landsat imagery, and ground
 
truthing. These maps will examine soils, water and vegetation. We
 
are currently in touch with the resource inventory project in Mali
 
(TAMS) and may, or may not draw our maps using their techniques.
 
The resource inventory workshops to be held in February 1982 should
 
aid us in organinzing and detining objectives for this component.
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VI. Human Resource Component
 

This component includes education and extension programs. There
 
are four 2-year scholarships available for this purpose (two in the
 
States, and two in Africa). We will be working in conjunction with
 
the second phase of the World Bank Project in organizing

"recyclage" type training 
sessions in Niamey. The extension
 
programs will take the form of publicity campaigns, and during the
 
course of 
extension 

our interviews 
activities will 

at 
be 

the model sites, audio visual 
carried on in both urban and 

type 
rural 

settings. 

V. Documentation Center 

This component will integrate our own documentation center at
 
Project Headquarters with that which now exists at the Ministry.

We are in contact with other documentation centers and universities
 
and have ordered a wealth of material which will be incorporated

into e'.'r center. The center will publish a newsletter every 3
 
months which will be circulated to all forestry agents.. This
 
newsletter will be a means to gather and disseminate newly acquired
 
information.
 

VI. Problems encountered in the First Year of the Project
 

Ihe original director selected for the project was the most
 
immediate problem at the outset of the project and created problems

in the handling of day-to-day administrative business. On the
 
other hand, problems in AID a-19iristration have also cropped up in
 
that people assigned to backstop the project as project managers

have been generally burdened with other project duties, therefore
 
leaving much ot the burden of administrative work to be assumed by

the contractor consultant. As a result, the project has been
 
depending upon the aid ot short-term technical consultants. We are
 
presently attempting to recruit an adcditional long-term consultant
 
who would devote his time solely to mapping for the resource
 
inventory component. Candidates tor this position are being

screened now, and the final decision will depend principally upon

which techniques will be used to draw the maps.
 

Another major problem during this first year of the project was the
 
amount of time spent on administrative processes (PIL's, local
 
accounting, etc.). The lack of coordination and procedural skills
 
on the part of AID and the GON was the major reason for this
 
difficulty. AID is now providing a two-week course condunted in
 
French covering project accounting and procurement procedures tor
 
Project Directors, Project Accountants, and Project Manage-s.

Something like this should be a condition precedent for each new
 
project. Before the commencement of each project, AID should meet
 
with key project personnel to explain exact procedures and
 
responsibilities for each person during the course of the project.
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UPPER VOLTA: FORESTRY AND NATURAL RESOURCES
 

Bob Winterbottom
 

I. Introduction
 

These remarks are intended to review the experience of
 
reforestation projects in Upper Volta. For a more complete project

by project discussion, one can consult the paper "Reforestation in
 
the Sahel: Problems and Strategies", Prepared for the African
 
Studies Association meeting, Oct. 15-18, 1980, Philadelphia.
 

II. Fuelwood
 

Forestry interventions in Upper Volta are in large measure
 
responses to the "firewood crisis" -- the Forest Service is
 
preoccupied with doing something about the very real and evident
 
shortages of firewood.
 

In addition to dwindling or inadequate supplies of food, water and
 
forage, the average villager in Upper Volta is also concerned about
 
firewood. Small branches cut and collected from the bush
 
surrounding the village are still the primary source of energy
 
consumed by people in Upper Volta, and accounts for roughly 90% of
 
the typical household's total energy requirements.
 

There are numerous signs of the increasing scarcity of firewood.
 
Wood is beginning to be sold for the first time in the more remote
 
areas. Wood prices have doubled or tripled over the past five
 
years in more densely settled areas. Small families spend 50 CFA
 
or more a day on firewood; larger families use more than a
 
donkey cart load every month (about 400 kgs.) at costs up to 4500
 
CFA per load. Numerous studies have concluded that 20 to 30
 
percent of an urban family's average annual income is spent on
 
firewood, leaving less for other basic household expenditures,
 
food, education and health care.
 

With each passing year, women in rural areas walk greater distances
 
and spend more time gathering and transporting tirewood. It is not
 
unusual for a woman to devote 4-6 hours, three times a week to the
 
task of collecting firewood. If one assumes a woman works ten
 
hours a day, seven days a week, she may spend a quarter of her time
 
hunting firewood, at distances up to ten kilometers from her home.
 

Rising prices and shortages of firewood are, however, only one of
 
the more obvious symptons of a widespread and growing imbalance
 
between people and their environment.
 

Project Manager, AID/Ouagadougou
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In the northern and central areas of the densely populated Mossi
 
plateau, farmers are abandoning eroded, exhausted farmlands and
 
leaving homelends and relatives in order to resettle in the more
 
fertile, less densely populated river valleys of western and
 
southern Upper Volta. In the northernmost areas, severe
 
degradation of the vegetation triggered by the 1969-1973 drought is
 
still apparent, as large areas have yet to recover from the dieback
 
of that period. Elsewhere in Upper Volta, trees have given way to
 
shrubs, and the vegetative cover is constantly thinned or cut out
 
in patches as a result of clearing new farmfields, firewood
 
harvesting, heavy grazing and bushfires.
 

It is now recognized that trees play a major role in maintaining
 
the productivity of Sahelian ecosystems. The loss of the woody

plant cover will bring with it a steady lowering of the productive
 
potential of the resource base. Once the vegetation has been
 
degraded, the soil is more exposed to erosion. The organic matter
 
content of the soil is not adequately renewed and maintained, and
 
its moisture holding capacity declines. Rainfall infiltration
 
rates decrease. More rainfall is lost through runoff, which
 
carries with it the most fertile part of the topsoil. Soil
 
nutrients are not as efficiently recovered and recycled by the deep
 
roots of trees, and the nutrients are gradually leached out of the
 
soil.
 

III. Natural Resources
 

The natural resource base of Upper Volta is both fragile and
 
resilient. Natural regeneration ot protected areas has sometimes
 
been remarkable. But, overall, the resource base is now steadily

deteriorating and becoming less productive as a consequence of too
 
many people and animals pressing too hard, for too long, in ways no
 
longer appropriate. The accelerating growth in demand, fueled by

population growth and development, insures that the land will not
 
have the rest it requires if productivity is to be sustained.
 

This "ecological crisis", of which declining supplies of firewood
 
is only one aspect, admittedly involves more than mere imbalance
 
between tarmers, herders and the land. Other factors, often
 
originating in the colonial period and diversified and intensified
 
in the post-independence development decades have exacerbated the
 
impact of population growth. These include the introduction ot
 
animal traction (which allowed more land to be cultivated, often
 
without precautions against soil erosion), the pressure to increase
 
cash crop production (which increased the total area being farmed),

well digging, vaccination programs, and the development of
 
irrigated agriculture (which upset former balances in agro-pastoral
 
zones).
 

IV. Forest Service
 

From the perspective of Upper Volta's Ministry of Environment and
 
Tourism (which includes the Forest Service), deforestation is less
 
a result of land use and population pressures and more an unhappy
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consequence of institutional constraints. For them, the problem
 
can be summed up as: too few forestry agents and not enough means
 
at their desposal to effectively control over-cutting and to plant
 
enough trees to keep ahead ot the cutting.
 

At present, there are about 250 to 275 field and technical people
 
in the Ministry of Environment/Forest Service. In a country with
 
an area of 275,000 kW2, this translates to roughly one forester per
 
100.000 hectares. The deficiencies in terms of simple numbers is 
compounded by the insufficient training given to the Forest 
Service personnel , and by the inadequate support provided to them 
once they are posted in the field. Housing and office space are in 
poor condition or lacking; vehicles, tools and fencing materials 
are in short supply or in poor shape, and there is very little 
money available to cover the cost of fuel, nursery workers and 
other operating expenses. For example, the forest district of 
Banfora (Department de la Comoe), one of ten in Upper Volta, has an 
annual operating budget of less than $1000 to provide support to 11 
toresters. These eleven toresters are expected to effectively 
monitor and manage 16 forest reserves totalling over 260,000 
hectares, as well as the remaining natural forests within the 
district. The Ministry can only provide bU litres of gas per month 
to this District Forester, who has a single vehicle available to 
his statf to cover the entire district. 

Given the severe budgetary and logistical constraints which exist,
 
the Forest Service staff tends to be preoccupied with relieving
 
them, and discounts or ignores population growth, land use
 
pressures, land tenure and pat.terns of resource use, m- -ration, 
development activities ana other socio-economic factors
 
contributing to deforestation and environmental degradation. How 
can they deal with those factors when they cannot keep people from
 
cutting down a forest reserve, and cannot supply more than 20,UUO
 
seedlings a year to a population of half a million? Since other
 
Ministries ard techrlicians are similarly preoccupied with the
 
shortages of means at their disposal, the upshot is that few people
 
appreciate the crucial linkages between forestry, agricultural
 
production and economic development.
 

V. Fuelwood Projects
 

In response to the problems in the forestry/ecology sector, a
 
number of different types of development projects have been funded
 
in the past ten years. Most tall into one of three categories:
 
fuelwood plantations, village reforestations, and small scale,
 
experimental or pilot projects.
 

The fuelwood projects aimed to increase production of firewood and
 
poles by the planting of large blocks of fast growing exotic
 
(introduced) trees such as Eucalyptus, Ginelina, Cassia, and reem
 
(Azadirachta indica).
 

It was torecast that these high yielding plantations would produce
 
at least ten times as much wood as the natural forests they
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generally replaced: in the 600 to 800 mm rainfall region, from 0.5
 
m3/hectare/year from the natural vegetation 
to 5 m3/hectare/year

yields in the plantations; and in the wetter regions with 800 to
 
1200 mm rainfall, from 1 m3/hectare/year in the natural forest to
 
10 m3/hectare/year yields in the ,lantations. The estimated
 
productivity of these plantations was felt sufficient 
to justify

heavy investments in site preparation, including subsoiling with
 
bulldozers, complete protection 
from fire, and frequent weeding.

These plantations were established both inside and outside 
of
 
existing forest reserves.
 

As more attention was given to "integrated rural uevelopment",

foresters were encouraged to promote village reforesttion
 
projects, as complimentary activities to those initiated in
 
agricultural development. 
 At the outset, most village

reforestation projects were add-on activities or subcomponents of
 
large-scale fuelwood planting projects. 
Seedlings were distributed
 
to villagers in the expecLation that they too would plant them on
 
good soils (cropland) ar d care for them dilligently throughout the
 
growing season and afterwards. Ihe same exotic, fuelwood species

and essentially the same plantation techniques and management were
 
promoted. Site preparation was generally much less intensive, and
 
tencing was sometimes provided to protect the widely scattered,
 
small plots (usually O.b to 2 hectares) from 'livestock grazing
 
damage.
 

lhe plantations were planned and established in some instances by

the Forest service working directly with the villagers, but more
 
often by the rural development extension agents who were sometimes
 
assisted by Forest Service 
field agents and Peace Corps forestry

volunteers. Yields were expected to be lower, because of the lack
 
of heavy imachinery for site preparation; but total establishment
 
costs were also lower, as no paid labor was needed. (Villagers

contributed their lobor.) The village authorities made the final
 
selection of sites to be planted, and only rarely designuted
 
relatively deep, fertile soils.
 

A number of pilot or experimental projects in improved fuelwood
 
utilization, renewable energy development, soil and water
 
conservation and range management were also supported, but the
 
total investments in these types of resource management projects
 
was only a small fraction of that committed to reforestation
 
projects. Prior to 1980 there were no significant investments in
 
forestry training, aside from occasional scholarships and support

to seminars. Assistance in now being provided to both the
 
university and field agent levels of forestry training, by projects
 
funded by USAID.
 

VI. Observations
 

Looking back over the past ten what were the of
years, results 

these iivestments in forestry? What lessons have we learned?
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We have learned that reforestation, especially in rural,

impoverished areas with less than 800 mm of rainfall, is more
 
likely to fall than to succeed when one relies on the classic
 
technical package of block plantings ot exotic species for wood
 
production, and if one does little more than provide operating
 
costs for nursery production and seedling distribution. There has
 
been only limited lasting impact from a succession of projects that
 
picked tip nursery and transportation costs for reforestation
 
activities, but which did little to retrain the field agents
involved, or adapt the technical package to local socio-economic 
and environmental conditions. Furthermore, even in areas with
 
obvious deforestation and shortages of firewood, one cannot simply
 
assume that villagers can plant and care for seedlings with little
 
or no continuing extension efforts by well trained, f:ill time
 
forestry extension agents. Much careful planning and design is
 
needed, as well, to creatively overcome of compensate for problems

of land availability, tree and land tenure, labor arrangements,

harvesting and distribution of benefits, and susceptibility to
 
damage from drought, animals, fire and termites.
 

A key problem in past projects has been a tailure to generate a
 
village-level reforestation capability; projects neither envisaged
 
nor fostered autonomous, self-sustaining village tree-planting and
 
resource conservation activities. A large percentage of project

funds were often devoted to building up the government

"infrastructure" and in the final analysis simply generated a
 
dependency on the part of the Forest Service on outside funds for
 
operational expenses. As a result, the Forest Service 
often
 
planted, trees (not the people) and after several years the Forest
 
Service was left with plantations it could not care for and manage.
 

As a rule, one cannot completely bypass the government in
 
development assistance projects, but projects can be designed 
to
 
redefine government agencies' roles. The Forest Service could, for
 
example, focus on providing technical information and practical

guidance in the field, to directly assist villqge-level
 
conservation efforts. In principle, the local people should be the
 
ones deciding in each specific instance, the scale ot operations,

the species to be planted, v:ork ,nrganization and allocation of
 
benefits. Up to the present, stdndard techniques, species and
 
approaches were defined by the project directors, 
and decisions
 
were made on a top-down basis.
 

Given the very obvious limitat-oons on the capability of the Forest
 
Service, and the magnitude of the deforestation ana desertification
 
problems, lasting progress will only come when the people take
 
responsibility for more rational management of their environment
 
and conservation of their natural resource base. Foresters need to
 
be trained not to execute projects, but to sensitively and
 
competently respond to the expressed needs and desires of 
rural
 
populations so that they can accomplish the conservation activities
 
they decide to undertake in ways they feel are most appropriate and
 
promising. The Oxfam-supported Agro-forestry project in the
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Yatenga region of Upper Volta is now setting an example in this
 
regard.
 

From an economic (as well as a socio-cultural) standpoint, it has 
become obvious that much more attention needs to be given to 
reforestation with local species, forest management, and 
regeneration and more rational use of the existing vegetation. lhe 
fuelwood plantations have proven more costly than anticipatpd (up 
to $1000 per hectare total investments after 3 years, instcad of 
the projected $500 per hectare), often as a result of inefficient 
use of laLor, heavy machinery, and the difficulties of managing 
inputs well. Even if the projects could be implemented more 
efficiently, the investments can only be justified on very
productive soils, in areas with more than 1000 mm rainfall, that 
are located close to firewood markets and sources ot labor. Giv-n 
existi g land pressures, especially close to urban areas where 
firewood demand is concentrated, fuelwood plantations cannot 
feasibly supply the firewood needed in many areas of Upper Volta. 

The higher than expected costs of fuelwood plantations is 
especially troubling when one notes that yields have generally been 
lower than expected: an average of 2 to 3 m3/hectare/year instead 
of 5 to 10 m3/hectare/year after 4 to 6 years. The causes of their 
poor performakce range from the heterogeneity of soils, to 
difficulties in protecting the plantations from fire, to late 
plantings, and poor management of the required maintenance, 
thinning and harvesting operations. In a dition to problems fo 
financial soundness, many fuelwood projects have socio-economic 
drawbacks.
 

An approach which relies on the intensive production of fuelwood 
from fast-growing species like Eucalyptus has also required the 
forester to utilize relatively fertile soils that could otherwise 
be used for growing crops. The high-yield plantation technology
thus puts wood product ion in competition with food production. In 
instances where the plr:t ations were established outside of a 
foren.,t reserve on village coillunal1 lands (INJfiP/FAJ p(lnations 
south of Ouagadougou), a lack ot local support and cooperation (to
the point of setti ing fires iniLhe )lantations) has been a recurrent 
prob 1em. 

While fuelwood pl1antaI. i(jn; may take p e:.;sure off the surrounding
bush by providing an alternatI.e soirce of I irWod, ty do not 
direct.ly Serve 1( reclaln dqraded, eroded, n4rgin la land, nor do 
they contribut , to the product.ion of highly va1nuei non-woody forest 
product. ssuch an ed ible, fruit and leaves, forage, t jnoInin , dycs, 
honey, local i c(l e(iries such. Mhaqeling nt. schemes,anid )ifierent, 
m,,aking use of local speis aid nat.urally ccrrrin, vegital ion 
associaLions could conceivably producf, f ire'wood imure economii;al ly
(with much l(wer level of inve' u1rilt'.) and1l yill d a wide range of 
secondary and tertiary pr((lu(.ts an we 11. Such types o mana(,menLt
schemes are now being explored by IJSAIl[-funded foresLry projects in 
Upper Volta (Dinderesso) and Niger. 
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Although the inadeqq' te numbers and level of training of host
 
country personnel was discussed and evaluated years ago, the small
 
number of investments in training has not proved sufficient to
 
resolve the problem. As a result, the shortage of well-trained
 
counterpart personnel at all levels has made it difficult to
 
implement projects on schedule, to achieve targets, and to ey'nand
 
or even continue planting programs. In general , manl wer 
deficiencies have contributed to administrative, management and 
logistical problems that have driven up costs, reduced survival,
 
limited the area of land being reforestcd, and decreased the
 
prospects ior follow-on activities (once the technical assistance
 
is pulled out). As exanples, one can point to the FAC-assisted
 
projects in Dedougou and in Bobo-Dioulasso, PVO-assisted woodlut
 
projects in Yatenga, and the UNDP/FAO and German-assisted Fuelwood
 
projects. In a typical Forest District (with more than 500,000
 
inhabitants settled over 25,000 kin2 ) it has proved difficult to 
sustain a village retorestation program of more than 100 hectares 
per year (producing enough wood on a sustained basis to meet the 
needs of 200 persons). The typical fuelwood planting project has 
had difficulty planting as much as 500 hectares a year. This scale 
of planting can be contrasted with the World Bank estimates stating 
that Upper Volta needs to plant more than 10,000 hectares annual ly 
for the next 20 years in order to reverse the pattern ot
 
overcutting and meet the expanding fuelwood requirements of the 
country.
 

Another related problem has been the institutional character and 
attitudes of the Forest Service itself. Despite good project 
design, with provisions for local involvement and integrating of 
forestry activities into a rural development context, the attitudes 
of the Forest Service pers onnrel charged with project execution are 
not changed overnight, and have proved a constraint to moving along 
the pathways ol "social forestry", and forestry for local community
development. (FLCD). Most forestry agents in Upper Volta still 
pride themneles most on their knowledge of forest protection laws, 
and feel most comfortable in a uniform checking wood cutting 
permi ts. 

It is apparent that the FLCD activities will require a relatively 
long start op time, before Lhey can be im1lpleented on a large 
scale, in order to retrain foreste.rs ""ridgradually insttuticnalize 
new approachw; anl technique" which (Wre appropriate 1rI(l effective 
respmirso', to tihe pro1)lcimw, of erivirorillll.tal (egra(lt ion in rural 
areas. We l00(1 to r,,I i rct I ore t('';" to re(: la imi r aiind 
rehabi 1i ti ing eroded, mar iirai l lards, and rot(oririg their mul t iple 
use prodUctivity, instea(l of supporting thelli in planting crop lard 
with tre' produc ing firewoond in(I hull(h/ig I f1(5rt!,. to make room 
for firancially unjustifivel L ,clyptus stanl,. (rnce a iimiiei.uiiii is, 
generated inrntw directi,0,, there could 1)0 a signi icanl. payoff in 
the lorig t(rin in ter, f ificaLion coni.rol ard,desert ',os',ained 
agriculteral production . At p)reset., however, lhe iores, !ervicc 
of Upper Volta is niot dealing in a significant way wi.h the 
underlying problems of soil erosion, declining soil fertility 
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(overfarming), overgrazing, and overexploitation and destruction of
 

natural woodlands.
 

VII. Conclusion
 

Caught as it is in a struggle to absorb and manage development
assistance focused on classic reforestation projects (e.g. World 
Bank, FAC/CCCE, German projects), the Ministry of the Environment 
has only begun to appreciate the true dimensions of the 
deforestation and desertification problems in the country. With 
each passing year, however, it is increasingly obvious that 
provision of funds to Forest Service personnel, rehabilitation and 
expansion of nurseries, distribution of seedlings, and planting ot 
fast-growing exotics will not correct ot compensate for the basic 
imbalances between people and their resource base.
 

Much greater efforts are also needed in fuelwood conservation and
 
improved utilization (to reduce consumption) and more intensive
 
management of the natural forests and bushlands. 
 Projects need to
 
be designed to directly address the larger issues of declining soil
 
fertility, uncontrolled land clearing and the destruction of once
 
productive range/fallow/farm lands. In particular, more
 
innovative, experimental projects are needed that will
 
systematically explore and refine new technical packages that
 
integrate and adapt the recommendations of research in agriculture,
 
torestry, range management and soil conservation, to rural
 
development activities. Constant involvement and feedback from the
 
affected, target populations must be insured. Better land use
 
planning and a consistent integration of "conservation" elements
 
into production-oriented development projects is also needed. 
 And
 
finally, to make it all keep on happening, much more emphasis on
 
training is essential.
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NIGER: RANGE AND LIVESTOCK MANAGEMENT
 

Vernita Fort
 

Introduction
 

Some of the conference participants may wonder why a case study on
 
methodology for range and livestock management, drawn from the
 
Niger Range and Livestock Project (b83-0202), is presented at a

Workshop on Energy ,Forestry and Environment. The reasons are 
straight forward. Range and livestock comprise a significant

portion of Africa's biophysical environment. This is particularly
 
true in the Sahel, where it follows that pastoralism is the
 
principal form of livelihood. At the same time, range degradation

is one of the greatest environmental problems i.n the Sahel.
 
Livestock in many areas compete with people for forests and
 
woodland resources. For example, livestock consume tree foliage,

under-story grasses, and seedling and young sprouting trees before
 
either can become directly useful to humans. If riot properly

mdnaged, livestock can also damage tree seedlings and sprouts in 
forests by trampling. Trees are often lopped so that animals can 
eat the foliage. From the same forests and woodlands, people
 
consume wood for energy and for construction and tiber material.
 
They also extract important secondary products provided by the 
forest and woodland habitats such as wild meat, fruits and plants
tor dyes. People clear torest for farming and habitation, removing
the sylvo-pastoral systems that may ahve been in place, or the 
opportunity to introduce such systems. To address energy and
 
forestry, particularly in the Sahel without taking into full
 
consideration the implications for range and livestock, could mean
 
failure for well-intentioned projects and an inefficient use of 
funds. More fundamentally, it could mean an inaccurate or 
incomplete definition of a problem, and necessarily an 
inappropriate solution for the actual 
problem.
 

This paper seeks to inform persons who can directly or indirectly

influence or catalyze actions in the range and livestock sector 
about a tested methodology and model that, if employed and 
absorbed, could signiticantly improve livestock production and 
ecological stability. Ine methodology is applicable in the vast 
array of ecosystems in Africa and other parts of the world. In 
essence, the methodology determines the balance between animal 
numbers arid available vegetation for optimum and sustained 
productivity. The acronym AVB will stand for animal - vegetation 
balance. The significant uniqueness arid strength of this 
methodology compared to conventional western approaches (some which 
have been al)pl d in Africa), is that it relates animal performance 
to a quantity of feed available, rather than to the traditional 
tlat ration of the
 

Natural Resources Advisor, REDSO/WA.
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number of hectares required per animal for a given period of time.
 
In other words it recognizes that animals do not eat hectares.
 
They eat vegetation found on the hectares of land. This
 
distinction is quite important with profound implications for
 
management, particularly in an environment like the Sahel where
 
rainfall and vegetation are highly variable.
 

The contributions that the AVB methodology can make towards 
improving food and protein production, reversing range and 
environmental degradation and augmenting the productivity of 
associated renewable resources including energy and forest 
resources, are significant. Its lurther application is highly 
recommended. The Niger Range and Livestock Project has employed 
the methodology. It has provided a context and a set of support 
activities for doing so and for facilitating extended application 
of the animal-vegetation relationship as determined by the 
methodology. A brief project profile thus preceeds the description 
of the methodology. 

II. 	The Project Profile
 

The Niger Range and Livestock Project (683-0202) is a 4-year $5.4
 
million project which began in 1977. The project purpose is to:
 
1) develop and test methods of optimizing livestock production
 
while preserving range and water resources and reducing devasting
 
effects of future droughts, in Niger's pastoral zone, and 2)
 
develop a national institutional capacity to successfully manage
 
Niger's rangelands. Ihe project acknowledged that data had not
 
been developed on which sound range management programs could be
 
designed and implemented. The necessary response was to focus
 
primarily on developing the appropriate data and information, and
 
on preparing a cadre through training that could implement actual 
range management programs that would constitute a second phase. 
Thus, this project is the first of two phases wlich has as its main
 
activities:
 

0 	 Range Management and Animal Production Research - This
 
activity employs a methodology that has significant 
potential for improving livestock productivity while 
restoring degraded environments. Trie methodology is the 
main focus of this paper and is described below for the 
purpose of publicizing it and encouraging its 
application. 

* 	 Socio-Eccnomic Research - The socio-economic research 
team has been systematically collecting data on current 
land use and resource allocation practices including
 
water availability and use, the nature of decision making
 
in societies in the area, the economic and other
 
variables influencing decisions and actions, household 
economies and labor and other requirements for herd 
management. 

150
 



0 'Training - The training component includes on-the-job
 
and informal training covering the areas of range
 
management, animal husbandry, agricultural economies,
 
sociology and livestock extension.
 

* 	 Communications and Information - This activity provides
 
for two-way information flow between responsible
 
government authorities, the project implementors and the
 
inhabitants of the zone, through periodic information
 
bulletins, radio broadcasts, cassette tapes, and meetings
 
between the official and project representatives and the
 
pastoral porulations to discuss project work, goals and
 
results.
 

III. 	Methodology for Determining the Balance between Anumal Numbers and
 
Feed Resources for Optimum and Sustained Productivity
 

A. 	 Description of the Methodology and Model
 

lhe project's research component on rangeland management and
 
animal productivity employs a methodology for determining the
 
balance between animal numbers and available vegetation. The
 
central characteristic of the methodology or procedure is that
 
it relates animal performance to a quantity of feed available
 
rather than to the traditional flat ratio of the number of
 
hectares required per animal for a given period of time. It
 
recognizes that animals do not eat hectares; they eat
 
vegetation. This distinction is quite significant,
 
particularly in an environment like the Sahel where rainfall
 
and vegetation are highly variable. The stocking pattern from
 
one year to the next, from one SLSOn to the next and from one
 
region to the next will be correspondingly variable. The
 
procedure provides a tool for managing rangelands accordingly
 
and relinquishes a static notion of carrying capacity. It
 
defines the animal-vegetation relationship for a given
 
vegetation type or community, corresponding to a given season.
 
It provides a guide for adjusting animal numbers to balance
 
with vegetation production, to achieve resource stability with
 
a high level of livestock production and economic return. It
 
also illustrates the consequences when adjustments are not
 
made.
 

Animal production is dependent on quantity and quality of its
 
tood supply. As this food supply becomes limited, animal
 
production decreases. When the food supply is the forage crop
 
on grazing lands and the forage plants are excessively
 
utilized, the vigor of these plants also decreases. Livestock
 
production can be expressed as the rate of increase in weight
 
per individual animal or weight change per unit area grazed,
 
each 	influenced by the forage supply available to the grazing
 
animals. For any given time period, livestock select for
 
quality of forage if the quantity is adequate to allow
 
selectivity. Adequate quantity best insures the highest
 
available quality. When properly documented and graphed, the
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animal production and forage availability relationships permit
 
the development of a model for optimum and sustained livestock
 
productivity.
 

The fundamental animal-vegetation relationship may be
 
illustrated by plotting two animal responses (production per 
animal and production per hectare) over forage remaining
 
ungrazed at the end of a grazing period.
 

Table I 'ind Figure 1 present generalized data for animal 
weight changes in response to available forage. The available
 
forage is plotted on the X axis in Figure 1. Again, since 
forage production is variable, the livestock forage
 
relationship is best shown with the available forage or some
 
index of this available forage. For example, the availability
 
of one or more key forage species may be used as an
 
appropriate index for the X axis.
 

The relationship shown in Figure 1 as the individual animal
 
gain in units of kg/animal, is the normal average response ot
 
an individual animal to its food supply in the grazing trial 
presented 	here in full as an example. The curve is plotted by

identifying maximum gain per animal (240 kg in Table I) and 
arraying this as 10 equal parts above zero" to the left of the 
Y axis as done in Figure 1. This curve is plotted as 
kg/animal for each corresponding amount of forage remaining at 
the end of the grazing season represented by the livestock 
weight data. At point C on the Figure 1, food supply is not 
limiting. If production is limited at this point, genetic or
 
other factors, not food supply, would be attributable.
 

TABLE I: 	Generalized example of mean animal weight changes arid
 
available forage remaining at the end of the dry season for
 
seven stocking rates.
 

Forage remaining Mean weight Mean weight Stocking rate
 
at end of dry sea- change per change per hectares/steer
 
son (kg/hectare) steer, kg hectare kg
 

50 -20 -6.25 3.z
 
100 0 0.00 3.5
 
225 42 l0.b 4.0
 
400 80 16 5.0
 
500 93 lb.5 6.0
 
650 100 12.5 8.0
 
800 100 8.33 12.0
 

Calculated by dividing Mean Weight change per steer by the Stocking
 
Rate in hectares per steer.
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In Figure 1 the weight change per hectare (kg/hectare) curve is
 
drawn by identifying the maximum weight change per hectare shown in
 
the table above (kg/hectare) and placing this value to the right of
 
the Y axis opposite the maximum kg/animal weight. This amount is
 
arrayed in 10 equal part3 as shown in Figure 1. The curve is
 
plotted as kg/hectare as itcorresponds to remaining forage.
 

Point A, as illustrated in Figure 1, shows when maximum animal
 
production per hectare is reached. This point is always reached
 
when ungrazed forage per hectare is less than where maximum
 
individual gain, point C, is reached. When maximum animal
 
production per hectare is attained, individual animal performance
 
is not maximum and the range vegetation may be utilized beyond its
 
ability to maintain vigor and favorable plant composition.
 
Therefore, the optimum point ot forage availatility for livestock
 
production lies somewhere between points A and C.
 

Point B in the graph is the intersection of the two animal response
 
curves and identifies the amount of ungrazed forage left on the
 
ground when a balance point between maximum weight gain per hectare
 
and maximum weight gain per animal is attained. The guide to
 
stocking is therefore the amount of forage left on the ground at
 
the end of a grazing period when this balance is attained. The
 
guide shown in the example graph is to stock to leave 530 kg of
 
forage at the end of the grazing season. Livestock numbers
 
required to attain this amount of ungrazed forage becomes the
 
proper stocking rate for the season covered by the grazing trial. 
As vegetation changes are monitored, this initial stocking guide 
may be modified if the ungrazed forage does not provide for 
stability or improvement of the vegetation and soil resource.
 

After the guide is established for a specific season, range site
 
and vegetation condition, the stocking guide graph provides targets
 
based on ungrazed forage to which stocking rates can be adjusted
 
for reaching desired animal and vegetation response goals. lhe
 
amount of ungrazed forage which corresponds to the intersection of
 
the two curves representing individual animal weight changC and
 
weight change per 6ctare, provides a guide for an initial estimate
 
of the use level which is likely to provide the highest net
 
economic return.
 

The data listed in the table and displayed in the graph are based 
on measurements from seven grazing intensities. If a good initial
 
estimate of grazing capacity is made at the beginning of a grazing
 
trial it is possible that three intensities of grazing (numbers
 
4,5, and 6) could result in the approximate intersection at point
 
B. If, however, plotting of data points such as points 3,4, and 5
 
resulted from the trial, the stocking is too heavy and should be
 
made lighter in future years.
 

If all points show a relationship as points 6 and 7, then stocking

is too light. Adjustments in livestock numbers are made until the
 
point of maximum production per hectare, and the leveling off point
 
for individual animal production on the intersection are located.
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Early data may show an intersection prior to the location of these
 
two peak points. This intersection may shift either to the left or
 
to the right after more data are developed. When the maximum
 
points on the two curves are located, the relationships of
 
livestock responses to ungrazed forage can be properly plotted. A
 
viable tool has been developed.
 

In the procedure, data are developed which also permit estimation
 
of vegetation growth rate, conversion rc., of feed to meet and
 
potential animal production for an area. Data on climate and soils
 
is also collected. Aberrations of the known animal vegetation
 
relationship can signity the functioning of unique characteristics
 
for the range and livestock ecosystem and valuable information for
 
management. For example, at the Imbecetine Ranch in Niger,
 
individual animal production in the heavy-use pasture was found
 
higher than in the moderate-use pasture. This was not expected,
 
given the normal animal-vegetation relationship.
 

A closer look at the heiters and the heavy use pasture was taken.
 
It was found that the animals were selectively grazing certain
 
Cenchrus plants that had developed new green leaf growth. In some
 
cases, new seeds had developed at the nodes of old apparently

dormant plants. Using a post hole digger to dig into the soil, the
 
team found that the soil moisture in heavily grazed pastures was
 
significantly greater than that in the moderately and lightly
grazed pastures. The restricted vegetation growth in the heavily
grazed pasture allowed some moisture to remain deeply stored in the
 
soil. It is with this moisture that +6- annual plants, probably

because of temperature changes, were making one more attempt to
 
produce seed. The new seed and small new leaves were green and
 
provided some protein as well as vitamin A for a short time in the
 
heavy-use pasture. Thus, the animals gained more weight than
 
anticipated.
 

In a similar way, unexpected animal weight gains revealed that a
 
high source of protein was being consumed by the animal which
 
allowed them to more effectively assimilate the total forage they
 
were consuming. A bush by the name of Chrozophora was discovered
 
to be the source. This intormation will certainly (ontribute to
 
increasing animal productivity.
 

B. Economic Implications
 

Highest ecoromic returns are found at the intersection point C
 
since there are variable costs of production associated with
 
each animal and also variable costs associated with additional
 
hectares required to produce forage. The intersection point
 
provides an estimate of the point where optimum economic
 
return might occur. This correlation has been demonstrated
 
for livestock production in Colarado, U.S.A. where the above
 
described model and procedure was developed and in the other
 
countries where the methodology has been employed.
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C. 	Absorption of the Methodology into the African Pastoral
 
Context and its Application
 

Herders like most people in the world, make rational decisions
 
for livelihood and life support, based on the information,
 
resources and tools they have available to them. H(4°ders have
 
altered their grazing and other land use practices over the
 
centuries to adapt to changing conditions. Many natural
 
resource use practices and management systems, that during one
 
period are viable, can become inoperative and even destructive
 
with changing conditions. Biophysical and socioeconomic
 
circumstances, including human numbers, evolve and change 
to
 
the point that alternative and responsive natural 
resource use
 
and management practices are essential to adequately 
 support

the population of a given area. When viable alternatives are
 
available that clearly resolve or *address what herders
 
themselves consider to be a problem, and that produce changes

which they regard as clearly beneficial to them, the
 
alternative is likely to be absorbed. 
 It is from this vantage

point that socioeconomic organization and support would need
 
to be shaped for favoring and encouraging range management

practices that could increase and sustaing 
productivity,

arrest range degradation and result in ecological stability.
 

The involvement of the few herding groups 
in initial grazi-a

trials, and the response of these same groups and of 
seme
 
observers, has been positive and thus encouraging for turther
 
work. Local herders have actively participated in carrying

out the trials. They have recognized the value of certain
 
grazing practices over others, based on visible results. The
 
tools and initiol support would be needed to assist these few
 
herders families adapt and change their practices in a manner
 
that they themsel,,es have recognized as beneticial and that in
 
tact is based on the results of the grazing trials. lheir

examples and resulting benefits would then demonstrate the
viability of the new practices to an even wider group of

people in the area. A signiticant transition, that would
 
undoubtedly take time, would require joint decision 
making
 
among herders about land use and grazing practices, additional
 
technical assistance and support through extension, and

supportive national policy on land and range use and
 
marketing.
 

In terms of day-to-day management by the herders, a visual
 
value can be ascribed to the animal-vegetation balance point

determined by the grazing trials. 
With this, herders in time
 
would be able to identify the amount of vegetation that should
 
be left ungrazed at the end of a given season, and manage

accordingly for optimum and sustained productivity. This
 
visual value would be an appropriate management tool if the
 
actual vegetation were periodically measured to confirm
 
continued viability of the visual value.
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With increasing demand on the range resource base and
 
decreasing vegetation productivity on some of the same
 
rangelands, severe perhaps brutal changes would be naturally

imposed on pastoralists in the Sahel, if change is not
 
conscientiously undertaken by people in the region. Though

the task is not easy, the opportunity to work with herders in
 
Niger to map out and direct positive change, and to avoid
 
subjection to inevitable, possibly undesirable change, will be
 
available to USAID in February 1982 when so designed, Phase II
 
of the Niger Range and Livestock Project. The biophysical and
 
socioeconomic data, including the "animal-veyetation balance"
 
points that were developed in phase I, will provide the basis
 
for the phase II design.
 

D. Originial Development of the Methodology
 

The methodology described above, was developed by Dr. Robert
 
Bement, former director of the USDA Colorado Experimental

Range Station. It results from 32 years of data from animal
 
weight gain per individual and per hectare, as related to
 
ungrazed herbage available to cattle grazed on the Central
 
Plains of Colorado. Dr. Bement is currently the Rangelend

Management Consultant for the Niger and Livestock Project. He
 
is based in Colorado where he runs his own ranch. He consults
 
extensively in many countries on range and livestock
 
management, employing the methodology presented in this paper.
 

E. A Detailed Manual of Procedure to be Issued
 

A manual is currently being developed which describes how to
 
set up and run the grazing trials, develop the biological
 
response curves and use the results for managing rangelands

for optimum and sustained productivity. The manual, with Dr.
 
Robert Bement as primary author, should be available through

the USAID Office of Development Information and Utilization
 
(DS/DIU) in AID/W, from REDSO/WA or from USAID/Niger in the
 
summer of 1982. With this manual and the extremely useful
 
results from multiple grazing trials based on the methodology,
 
a significant contribution to livestock production, range

management, agro-sylvo-pastoral schemes and environmental
 
protection and restoration is certainly available.
 

IV. Recommendation
 

I strongly recommend that AID missions and host country colleagues

consider employing the methodology which is presented in this paper

(and which will be elaborated in the anticipated manual) in ongoing
 
or upcoming rangeland initiatives. Representatives from Sahelian
 
countries and Sahelian AID posts might particularly benetit from
 
visiting the ongoing grazing trials in Niger, if Niger's

appropriate government institutions and thE AID mission, were to
 
concur. Concrete Sahelian results from the globally applicable

methodology could provide applicable range mangement tools and
 
guidelines for the region.
 

157
 



AGROFORESTRY AND ICRAF
 

Bjorn Lundgren
 

I. Introduction
 

Agroforestry is a new word for the old prac.ice of growing crops
 
and trees together on the same land. Development of the concept

does not simply mean trees, but those with very specific purposes.
 
An agroforestry land use system can yield both food products, from
 
plants, animals and/or the trees, as well as various "tree"
 
products, thus meeting, as comprehensively as possible, the needs
 
of tlie user. Agroforestry systems can, and should, have a
 
stabilizing or even improving effect on the environment; and also a
 
stabilizing effect, on total productivity from the land. These
 
requirements may be met by selecting a range of tree species, or by
 
the use of multipurpose trees, and "matching" them in one
 
appropriate system with crop plants and/or grasses.
 

Among the many roles which trees can play in the agricultural
 
landscape is that of the provision of energy for the household.
 
Some 80 percent of the wood used in the tropical world is for home
 
fuels. This inevitably leads to destruction of forests and
 
woodlands, and the p 2ntial destabilization of the environment.
 
Coincident with thi, consumption of forest resources is the
 
inexorable pressure from expanding human populations to increase
 
food supply which, in turn, can lead to an increasing level of
 
agricultural activities on pre-iou~ly non-agricultural lands - in 
the majority of cases forests and woodlands. Thus te urgent needs 
are: to meet both the food and the energy requirements of the 
peoples in developing countries; to deal objectively with the 
probiems of land use in order to best reconcile and optimize
 
utilisation with potentials and restraints; and to lend stability
 
to the environment. It is not surprising, ttigrefore, that many now
 
see modern multiple output agroforestry systrns as a promising
 
choice for the resolution of certain land use problems.
 

II. ICRAF
 

A. Organization
 

The International Council for Research in Agroforestry (ICRAF)
 
is currently supported by five donor agencies, namely: The
 
Canadian International Development Agency; The International
 
Development Research Centre; The Ministry ot Cooperation of
 
the Netherlands; the Ministry of Economic Cooperation of
 
Switzerland; and - the German Agency for Technical Cooperation
 
(GTZ).
 

Director,lhe International Council for Research in Agroforestry,
 
Nairobi
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The German Foundation for International Development (DSE) has
 
supported a seminar while the Rockefeller Foundation and the
 
World Bank have contracted for specific services. It is
 
expected that the Ministry for Overseas Development of the
 
United Kingdom will soon join in support of ICRAF.
 

ICRAF by its Charter has been charged with the responsibility
 
of "promoting agroforestry systems to achieve better land
 
use... to encourage and support research and training relevaait
 
to agroforestry; to facilitate the collection and
 
dissemination of information relevant to such systems ard to
 
assist in the international coordination of agroforestry
 
development". The objective is "to increase the social,
 
economic and nutritional well being of people of developing
 
countries".
 

B. Research Strategy
 

Agroforestry schemes are systems of land use, and often rather 
complex ones; the outDouts are both food and tree products. 
ICRAF's strategy is to develop this analytical approach - the 
diagnostic methodology - which will enable anyone to analyze 
the state of their land use systems so as to identify the 
critical subsystems, and to det2rmine the problems or 
operative constraints as well as the potentials for 
improvements of system performance. 

C. Research Logic
 

The basic logic of ICRAF's research approach is dictated by
the cycle of development depicted in Fig. 1. Each phase in 
the cycle embraces a series of research activities. Each 
situation to which the cycle is applied will require a 
different mix of the particular activities in order to 
complete the cycle. 

The cycle takes its starting point from the premise that the
 
process of developing a solution to a problem should begin
 
with the capacity to analyze the problem situation, in this
 
case the land use system in which agroforestry technology is
 
deemed to have a role. The diagnosis of existing land use
 
systems is aimed at discovering the constraints and
 
potentials, especially those which relate to agroforestry
 
schemes. This is the deductive, analytical, or diagnostic
 
part of the technology development cycle. One important
 
outcome of Phase I ot the diagnosis is the capacity to
 
identify land use systems in the right way. ICRAF is
 
developing a "basic needs" approach to the identification of 
production subsystems in terms of output categories which 
answer the universal human need for food, energy, shelter, 
cash and community integration. What is analyzed is therefore
 
highly relevant to human needs.
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Phase II ot the development cycle involves identification of
 
constraints in the existing land use system and an analysis of
 
potentials, with implementation of further diagnostic

procedures if required. Phase III identifies either existing

agroforestry technology which 
could be used to synthesis a
 
new, or modified, agroforestry system (Phase IV), or it
 
establishes a research 
 program to develop appropriate

technology. 
The outcome of Phase IV, that is the synthesis ot
 
a new agroforestry system (or the redesigning of an 
existing

one), can be compared with the diagnosis of the original

situation in Phase I, so as to ascertain whether or not 
it is
 
measurably better. The reiterative cycle can continue until
 
existing technology has been fully utilized and 
 the
 
development of technology becomes the main stumbling 
block.
 
The latter process is, however, always directly guided by the
 
requirements of an objective diagnosis which will help

identify priority problems.
 

The implications of the adoption of such a strategy 
is that
 
there will be two distinct but complementary research
 
activities. These are:
 

1. 	The development of the diagnostic capability for the
 
identification of agrotorestry needs and potentials.

[his will be done through "on-farm" studies of the
 
system used by the small holder. This will also
 
deal 	with, 'communities', particularly when land use
 
and/or environmental impact is of major concern.
 
This research will initially be carried out in
 
Kenya, but later extended to other countries.
 

2. 	The development of methodologies to develop new
 
agroforestry technology. These may range from
 
devising quick methods to evaluate multipurpose
 
trees, designing low cost field experiments to test
 
particular variables in tree-based systems, to
 
trials of complete agroforestry systems. This kind
 
of research will be initiated on ICRAF's Machakos
 
Field Station in Kenya.
 

There will undoubtedly be some technology generated as a
 
consequence of this 
research activity. Generation of this
 
technology, however, is not the objective of the research but
 
is a spin off from the development of the methodology.
 

C. 	 Long Term Effects
 

Agrotorestry systems should be sustainable. Environmental
 
sustainability on individual land holdings implies two things:

the basic environmental impact of the system being used, and
 
its capacity to fulfill the needs of the landholder. If the
 
latter is not satisfied, either in total or in kind, then some
 
torm of exploitation may be resorted to and the system may

fail to realize any potential it has for environmental
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sustainability or benefit. 
 The problems resulting from a
 
severe reduction in the 
tree fallow period in shifting

cultivatinn _ystems 
is a case in point. Woody perennial

vegetation 
can have beneficial effects on the environment
 
through a range of processes (climatic amelioration, nutrient
 
cycling, soil stabilization) so that the inclusion ot trees
 
and shrubs in a land use system may, if the species chosen and
 
their management are appropriate to the situation, help raise
 
the potential for basic environmental stability or
 
enhancement. It 
is this factor which should enable
 
agrotorestry systems to be environmentally sustainable at
 
generally lower 
levels of nutient inputs than agricultural
 
ones.
 

In terms of outputs it is almost inevitable that the food and
 
energy subsystems in agroforestry will have priority byt with
 
emphasis on the latter only where an energy crisis is actually

perceived at the present mument 
by the land user. The
 
potential capacity for individual land holdings at least to
 
oftset the family's fuelwood needs by adopting one or more or
 
several agroforestry solutions to this problem is a
 
possibility which has to be clearly borne in mind at the
 
Technology Identification part of the cycle.
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THE CDA FORESTRY/FUELWOOD INITIATIVE
 

John D. Blumgart
 

Cooperation for Development in Africa; (CDA formerly CADA) is the
 
acronym for an informal grouping of donors (Belgium, Canada, France,
 
Germany, United Kingdom and United States) that have agreed to cooperate
 
for the purpose of expanding and enhancing their programs in support of
 
economic and social development in Africa. Each donor has agreed to
 
assume a leadership role within the group for a certain program or
 
series of activities (e.g. Germany has opted in favor of supporting
 
Southern Africa transport development). In consultation with the other
 
donors during 1980, the U.S. elected to become the lead donor in three
 
fields: (a)health delivery systems, (b) agricultural research, and (c)
 
forestry/fuelwood programs. CDA technical committees ahve been formed
 
on each of these topics to elaborate a strategy, define operational

roles, and to develop collaborative relationships with African
 
governments.
 

During the course of 1981, on the basis of consultations with the
 
African governments and the other donors, the Forestry/Fuelwood
 
Technical Committee presented a conceptual approach and course of action
 
that was endorsed at the September meeting of CDA policy level
 
representatives held in Ottawa. Conceptually, CDA agreed on the
 
following program ideas:
 

(a) Forestry and fuelwood programs should be given increased
 
priority in donor and African economic and social development
 
programs, as major elements in sub-Saharan agricultural
 
production, natural resource management and energy supply
 
systems.
 

(b) The primary goal of a CDA initiative in this sector should be
 
to assist in the creation of a broad African institutional
 
capability to undertake national reforestation and fuelwood
 
production programs on a scale commensurate with the needs
 
within each country selected.
 

(c) Initially the effort should concentrate on a few countries.
 
On the basis of criteria identified by the Technical
 
Committee, the following five countries were selected for
 
special attention: Senegal, Upper Volta, Malawi, Burundi and
 
Somalia.
 

As a means of coordinating in-country implementation, the six donors
 
agreed to identify a senior resident official to serve as point of
 
contact and alternate point of contact as follows:
 

Senegal: France, U.S. alternate
 
Upper Volta: Germany, Canada alternate
 
Burundi: Belgium, France alternate
 
Malawi: United Kingdon, U.S. alternate
 
Somalia: United States, U.K. alternate
 

Chief, Special Development Problems, AFR/DR.
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It was agreed that the in-country efforts should, to the ex~ent
 
possible, proceed along the following process:
 

(a) Review and confirm the quantitative dimensions ot the forestry
 
and fuelwood problems, including the implied land
 
requirements;
 

(b) Inventory host country, CDA and other donor assistance in
 
terms ot their effectiveness in providingthe main components
 
required for successful national programs;
 

(c) 	Identify and support projects required to provide priority
 
assistance, through donor bi-lateral programs, to strengthen
 
those program components which are missing or are the weakest
 
link.
 

Subsequent to the Ottawa meeting, the following in-country progress has
 
occured:
 

(a) All CDA donors have appointed local points ot contact and
 
alternate points of contact in the five African countries ini
 
accordance with the matrix noted above.
 

(b) Somalia: Somalia has circulated a five-year forestry sector
 
paper and proposed programs. Several meetings of local donor
 
representatives have been held to explain and coordinate
 
fuelwood/forestry activities. USAID/Somalia has submitted a
 
$9./ million PID for a national program of reforestation, research
 
and institutional development. The U.S. program would be
 
complemented by projects being planned or implemented by France,
 
U.K., Germany, Italy (which is joining CDA), UNSO/FAO. Meanwhile,
 
AID/W has advanced $250,000 to the Somalia Mission for pre-project
 
initiatives and PP design.
 

(c) Burundi: designation of Burundi as a CDA priority country has
 
led to the securing of funds for the Bururi Forest project
 
($1.1 million) and its initiation in FY '82.
 

(d) Senegal: the Senegalese government plans to convene a
 
multi-donor meeting under the auspices of the CILSS and Club
 
du Sahel in May to review its recently formulated national
 
forestry plan.
 

(e) Malawi: The Malawi Forestry Department is preparing a
 
forestry strategy paper along the lines of the suggested CDA
 
approach which will be submitted to the local CDA group.
 

See 1980 State 262414 for a summary of the technical components
 
agreed upon by the Technical Committee.
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It is planned to hold the next meeting of the Forestry/Fuelwood
 
Technical Committee to review in-country progress just prior to the
 
next CDA policy-level meeting which is to be held in Washington
 
during June 1982.
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SECTOR APPROACH TO ENERGY AND NATURAL RESOURCES IN AFRICA
 

REDSO/EA Panel
 

General Problem
 

Resource management problems in the LDC's are symptoms of much
 
deeper political and economic maladies, which are significant
 
barriers to future economic development. While private
 
organizations, overseas corporations and development agencies are
 
struggling valiantly with a host of problems, they confront
 
enormous difficulties in their attempts to overcome the large,
 
complex failings of individuals and political and economic systems
 
now in place. A coincidence of events including price hikes in
 
fuel, drought conditions, population pressure, political turmoil,
 
refugees and declining buying power of export commodities, has
 
places particular pressure on the natural resources of Africa. lhe
 
resulting crisis has received much publicity (UN conferences, TV
 
coverage, advocacy groups, etc.). As a result, Governments and
 
donors are attempting to respond but what seems to be lost in the
 
shuffle is the fact that several sectors: energy, natural
 
resources, environment, forestry, agriculture and population are
 
interrelated. Instead of dealing with this fact, focus tends to be
 
on specific projects or single elements of the overall problem.

Yet, there is a growing realization that the total resources
 
required to deal effectively with natural resource related problems
 
are enormous, perhaps beyond the current capability of coordinated
 
government/multidonor responses. It is clear that the lull range
 
of natural resource problems must be addressed in an integrated and
 
systematic way if priorities are to be established. An attempt
 
must be made to identify: (1) natural resource interactions, (2)
 
critical points of intervention where greatest progress can be
 
achieved, and (3) the trade-offs associated with alternative
 
courses of action. To do t';: 3 requires detailed knowledge ot
 
natural resource conditions and trends. Typically, key intormation
 
of this type is lacking. For example, most USAID Missions are
 
aware that soil erosion is a major problem; however, few of the
 
African LDCs have reliable data on biomass production, carrying
 
capacity, soil erosion trends or soil types. The degree and extent
 
ot land degradation is often unknown, erosion monitoring is seldom
 
done, etc. The LDCs and Donnr agencies have! difticulty in
 
identitying these interaction effects occurring between resource
 
sectors because they are even more complex than single sector
 
effects. For example, intensified agriculture and the associated
 
increased use of pesticides has contributed to a resurgence of
 
malaria in the LDC's (Nature, vol. 293, 1981). Many missions and
 
host country governments have simply not been in a position to
 

This paper was prepared by the REDSO/EA's Natural Resource Committee
 
consisting of: B. Robinson (Chief, Analysis Division); J. Gaudet
 
(Science, Technology and Environment Advisor); W. Fisher (Energy
 
Advisor); J. Seyler (Forestry Advisor); C. Barnes (Social Analyst); and
 
R. Ford (Environmental Training and Management Specialist).
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identify interaction effects. The only course of action open to them
 
has been to undertake single sector interventions, with the hope that
 
project resources will provide maximum benefit and that other natural
 
resource interactions will not overwhelm the project and cause it's
 
failure over the long-term. Missions must weigh the costs of integrated

natural resource analysis against the potential benefits to project

design and implementation and then choose a balanced level of study

effort. However, even a limited effort using natural resource
 
specialists to gather more complete information on natural resource
 
trends and to attempt to identity resource interactions could
 
significantly reduce the risk of misallocating resources.
 

1I. 	 The Sector Approach
 

A. 	Methodology
 

Assuming some type of integrated approach to the analysis ot
 
natural resource problems is called for, is there a way of
 
approaching such a task which does not result in unending
 
studies, makes use of limited AID resources and obtains
 
maximum benefits and multiplier effects for the host-country?
 
The sector approach proposed here provides a step-by-step
 
methodology tor a systematic analysis and the consequent

development of a natural resource strategy for the
 
host-country which can produce maximum benefits and multiplier
 
effects. It should accomplish -iree primary goals:
 

I. 	Provide better and necessary information for host-country
 
and mission planning and decision making;
 

2. 	Strengthen host-country institutional capability in:
 
monitoring, data collection, data processing, analysis,
 
policy formulation, and mangement of natural resources;
 

3. 	 Identify prioiity corrective measures and help the
 
host-country implement and evaluate the identified
 
interventions.
 

B. 	Analysis
 

On the analytical side, the approach consists of three
 
distinct phases: preassessment, sector assessment, and sector
 
analysis. At each phase the above three I's would be
 
considered (Intormation, Institutions, and Interventions). It
 
is proposed that the process of obtaining information be
 
carried out at each stage, but with increasing depth and
 
precision by: (1)measuring and locating the major problems;

(2) explaining the major causes of the problems; and (3)
 
providing feasible, corrective measures which lie within the
 
administrative and financial capacity of the host- ountry.
 
The final outcome and purpose of the appraoch is to lead to a
 
more coherent LDC natural resource policy and more effective
 
management of natural resource problems over the long run.
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1. 	Preassessment
 

[his phase is a preliminary, quick assessment which
 
provides a mission witi, guidelines for mission strategy.
 
A REDSO team of 1 to 4 people conducts this study over 
3-4 weeks. During the preassessment, existing data and
 
information is gathered and reviewed. Through
 
discussions and interviews with people in the
 
host-country, AID and other donor representatives, major
 
problems and corresponding objectives are identified
 
along with an initial investigation into grassroots
 
perception of the problems and general areas of
 
intervention. The purpose of the preassessment is to
 
identify initial practical activities which can and
 
should be carried out by the mission. The completed
 
preassessment will: (a) identify the major resource
 
problems and areas of intervention; (b) assess the
 
existing institutional capacity to address these
 
problems; (c)identify significant gaps in the available
 
information; (d)assess activities of other bilateral and
 
multilateral donors; (e)list special problems or sector
 
interactions foreseen in ongoing or future projects; (f)
 
determine if a sector assessment is feasible and, if so,
 
define the scope of work; and (g) on the basis of
 
existing information, identigy those interventions that
 
are clearly of high priority.
 

2. 	Sector ASsessment
 

This is still a comparatively short-term activity (3-5
 
months) following from the preassessment and using
 
similar techniques. It is a unilateral exercise to be
 
funded by AID and will use available data and info'mation
 
to:
 

a. Further define the priority problems and
 
interactions by in-depth assessment of the
 
three I's (Information, Institutions,
 
Interventions);
 

b. 	Determine the extent of host-country government
 
concern and commitments. In other words, are
 
the problems perceived by the people in the
 
,host-country the same as those identified by
 
the government and other donors? If
 
interventions are undertaken, will they
 
participate?
 

c. 	Identify grass roots support. This is
 
especially important in natural resource
 
conservation, renewable energy and propagation
 
projects (e.g., terracing, treeplanting, etc.)
 
where costs necessitate active village
 
participation.
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d. 	 Detei-mine if other donors will collaborate with
 
AID in this sector approach to information
 
gathering, institution building, identifi'cation
 
and undertaking of potential interventions.
 

One of four general conclusions may emerge from the
 
sector assessment:
 

* 	 No further analysis is needed because the
 
country resource sectors are well-managed and
 
are under control;
 

9 	 The resource sector problems, interactions and
 
interventions can not be further analyzed due
 
to lack of trained host-country personnel and 
institutions. An immediate training program is
 
essential and/or PVO's should be identified who
 
can undertake interventions pending the
 
development of trained personnel;
 

* 	 A long-term sector analysis would be of use,
 
but greater host-country commitment is needed.
 
An in-country, resource sector seminar might be
 
held at this stage.
 

0 	 Long-term sector analysis is desirable and
 
feasible. The Mission could decide to promote
 
the support of a sector analysis project with
 
other donors. The scope and methodology ot
 
this analysis would be specified in the sector
 
assessment.
 

3. 	 Sector Analysis Project
 

Sector analysis necessitates the assembly and support of
 
a long-term in-country team. Outputs wouid result at
 
several stages so that the project could provide findings
 
and conclusions of imediate utiity for resource policy
 
and management. It is important here to realize that the
 
analysis would be a collaborative project wherein
 
host-country personnel would be trained on-the-job and 
through formal training programs. The purpose of the
 
analysis would be to strengthen host-country capabilities
 
in data collection, data processing, analysis and policy
 
formulation. For example, U.S. technicians working in
 
information analysis can provide host-country
 
counterparts with on-the-job training. Formal training
 
can also be provided in the project for individuals who
 
will 	work in resource data collection, processing and
 
analysis. On-the-job and tormal technical training would
 
take place in areas such as: sample surveys, remote
 
sensing, ecology, renewable enargy, forestry, etc.
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One of the outcomes of a collaborative sector analysis
 
project is the establishment of a new sub-unit and
 
permanent staff capable of directing a continuous ongoing
 
analytical and monitoring process in the appropriate
 
host-country institution, e.g. Ministry of Natural
 
Resources.
 

As in analysis of other sectors, surveys of public
 
institutions, private firms, farms and households are
 
carried out. Resource sector analysis uses remote
 
sensing, resource inventory, mapping, etc., to provide
 
raw inventory and trend information not previously
 
available to the host-country. Further, it helps the
 
host-country develop the trained personnel and the
 
institutional capacity to analyze and interpret the data
 
produced by such techniques.
 

C. Interventions
 

At all three levels (preassessment, sector assessment and
 
sector analysis) information and institution-building are
 
considered essential Piputs. One of the goals is to make use
 
of ecological and development indicators and trend analysis
 
coupled with on-going monitoring techniques to judge resource
 
degradation. The host-country should then Le able to develop
 
a fairly sophisticated approach to resource management. In
 
LDC's this approach will only work if these analytical and
 
monitoring techniques are applied and/jr managed directly by
 
host-country individuals and institutions.
 

As well as acquiring more information on physical trends, data
 
are collected on relevant economic and sociological factors.
 
This will make it possible to carry out a better analysis of
 
selected resource sector problems, i.e. a fuller explanation
 
of major causes should result. This identitication of
 
principle causes will, in turn, make it possible to identify
 
appropriate corrective measures that can be applied as
 
interventions in light of the limited physical, financial and
 
human resources available.
 

It is important here to note that at every stage natural
 
resource interventions or action projects must be started
 
concurrently with efforts to obtain better information and to
 
strengthen institutions. Perhaps the preassessment and sector
 
assessment stages will lend themselves more readily to
 
immediate action projects because of their faster turnover
 
time. But even at the sector analysis level concurrent
 
interventions will be possible. In fact, most host-countries
 
doubtlessly have already started interventions in practice,

because of their lorg-term nature, sector analyses will
 
probably provide LDC's with better long-term planning and
 
monitoring capabilities, as well as indicating the more
 
immediate corrective measures.
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III. Conclusion
 

Once this sector approach is implemented, can it be sustained by
 
the LDCs? Although sector analysis has been used in the past, it
 
is liable to become an even more important tool for AID ifwe look
 
at current trends. For example, in a recent action memorandum to
 
the administrator (15 September 1981), it was recommended that
 
technical expertise be mobilized to "oversee the preparation and
 
appraise the soundness of sectoral analytic studies...." Following
 
this in a recent AID general notice (17 November 1981) the Bureau
 
of Science and Technology has created sector councils (including
 
one entitled "Energy and Natural Resources") which will be
 
responsible for erview of AID's sector policy papers. In the draft
 
of the "U.S. Bilateral Economic Assistance Strateqy for Africa in
 
the 1980's" now under review, an emphasis is placed on both the
 
need for better host-country resource policies and on analysis as a
 
basis for such policies.
 

Sector analysis can be used to focus AID expertise on natural
 
resource problems, but more importantly it is a dynamic approach
 
which carefully builds a host-country capability to cope with these
 
problems.
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REGIONAL REMOTE SENSING FACILITY
 

Merrill Conitz
 

I. Introduction
 

The past four years have seen the development of the Regional

Remote Sensing Facility as an effective instrument for resource
 
technology transfer. This is an AID project which, under REDSO/EA
 
brings remote sensing training, user assistance and services to the
 
East and Southern Africa region. The facility is now operational
 
and its services are available to missions as well as government

agencies. The facility's considerable data holdings provide
 
information on natural resources on a regional basis. This can be
 
an effective source of data for projects in the region which are
 
concerned with forestry or other vegetation cover, with energy
 
(water for hydropower, fossil fuel exploration), or with other
 
natural resources (rangeland, wildlife habitat) that would benefit
 
from the inclusions of appropriate remote sensing data in the
 
planning, implementation and monitoring stages.
 

II. Project Summary
 

A. Background
 

['he Regional Remote Sensing Facility was conceived and
 
designed by AID to support the transfer of those aerospace
 
technologies applicable to resource analysis, monitoring and
 
mapping. The U.S. Government has led the world in the
 
development of space related technologies which make such
 
monitoring and analysis possible on a continental regional
 
scale. This project is one that is specifically designed to
 
make the benefits of these technological innovations available
 
to East African countries. The facility can also support and
 
partially execute development projects for AID and other
 
donors.
 

B. Host Organization Structure and Support
 

The Regional Centre for Services in Surveying and Mapping is
 
an African Regional organization sponsored by UNECA but
 
financially supported by Kenya, Tanzania, Uganda, Somalia,
 
Malawi, Comoro, Zambia, Lesotho and Swaziland. It provides
 
bu'lding accomodation and administrative statt support, shares
 
technical equipment and has recently begun paying the salaries
 
of locally hired statf of the facility. Through an
 
arrangement with the Survey of Kenya it also gives the
 
Facility access to the surveying and map printing capabilities
 
of that organization. Active divisions of the Centre are
 
administration, library, calibration and maintenance, printing
 
and cartography, and geodesy. The Remote Sensing Facility
 
functions as a semi-autonomous division of the Centre.
 

Director, Regional Remote Sensing Facility, Nairobi
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C. Training and Services Provided:
 

As of November 1981 the Remote Sensing Facility has sponsored

13 three-week specialized short courses with a total of nearly

300 participants from 14 countries in East and Southern
 
Africa. In addition four information seminars have been held
 
in the participating countries with a total of over 200 
attendees. Individualized training is regulary carried on at
 
the Facility.
 

Over 100 projects in the region have been assisted with 
satellite imagery, aerial photography and/or technical
 
assistance in the form of image interpretation, specification

writing, etc. Approximately 10,000 photographic images have
 
been produced in the facility's photo laboratory. The
 
majority of these are reproduction for the facility's

reference files but many specialized products have been
 
distributed to users in the region. Numerous experimental
 
maps, brochures, training illustrations and information
 
bulletins have also been produced.
 

D. Physical Facilities:
 

- Modern classroom, briefing room and seminar room equipped 
with all necessary audio visual aids. 

- Satellite image and air photo analysis capability 
supported by extensive reterence files, multispectral 
viewers, scale change equipment and various items of 
photo interpretation and drafting equipment. 

- Modern photo laboratory capable of producing black and 
white or color enlargements, color composites, mosaics 
and other specialized reproductions. 

- Project support capabilities include aerial cameras for 
pilot and sample surveys, geodetic satellite positioning
 
equipment, and equipment for various ground surveys
 
sampling and testing.
 

- capability to provide staff consultants for resource 
surveys in forestry, agriculture, land use, rangeland
monitoring, geology, hydrology and others with the
 
required thematic and image mapping capability. Staff
 
also available for project design and monitoring.
 

E. Staff
 

- Remote Sensing Facility staff includes nine 
professional/technical positions representing various 
disciplines and four administrative and support staff. 

- The host organizations provides technical support in 
cartography, geodesy, printing and electronic/optical 
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equipment maintenance.
 

F. Future Plans and Prospects
 

As the ministries in East and Southern Atrica that are
 
concerned with renewable resources become aware of the
 
tczhrnologies available for monitoring these resources, there
 
is an increasing demand for training and technical assistance
 
in remote sensing. lhe facility plans to continue its
 
training and technical assistance program at an expanded

level. Specialized training in agriculture, land use
 
monitoring, range management, water resources and others will
 
continue. Anticipated changes in the training program include
 
a gradual shifting of financial responsibility from the
 
facility to the participants or their sponsoring agencies and
 
the introduction of extended training courses. Beginning in
 
CY 1982, the participants or their sponsors will assume
 
responsibility for travel to and from Nairobi. Later there
 
may be a gradual assumption of per diem and training costs.
 
The first extended training course is planned for March
 
through August 1982 and will feature the monitoring of
 
renewable resources. It will be a project-oriented course
 
designed to train participants in association with ongoing
 
projecLs intheir home countries after a period of orientation
 
in Nairobi.
 

Another change in facility activities in the near future will
 
be an increase in project activities. The Regional Remote
 
Sensing Facility presently holds the largest collection of
 
Landsat imagery in Africa. This is supported by an extensive
 
collection of maps, air photos and other reference material.
 
The facility's multidisciplinary staff has expertise in many
 
resource application areas and has access to consultants in
 
other areas as needed. It is hoped that this expertise along
 
with the reference material and analysis equipment of the
 
facility will be utilized in the implementation of resource
 
development projects of AID and other donors.
 

Il1. 1982 Training Program
 

Missions are requested to bring these opportunities for training in
 
remote sensing to the attention of relevant government departments.
 

A. Courses
 

1. Remote Sensing for Geology February 1 - 19, 1982 Nairobi
 

Ihis course will be of three weeks duration and will
 
include two field excursions. The emphasis will be on
 
geological mapping and exploration. Participants are
 
encouraged to bring to Nairobi maps and reports relating
 
to a particular area of their home country. They can
 
then make their project work of direct relevance to their
 
field area.
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Participants must arrange their own travel to 
and from
 
Nairobi, including all visas and taxes. The Remote
 
Sensing Facility will provide travel from the airport, to
 
and from the hotel to the classrooms, tuition, field
 
travel and accomodation (bed and breaktast). A small
 
daily allowance (150 Kenya Shillings) is also paid to
 
cover meals and incidentals. [he facility accepts no
 
responsibility for medical insurance and is not liable
 
for costs or damages arising from accidental death or
 
injury. Applications for places on this course should be
 
forwarded immediately to the Training Programme Manager,
 
Remote Sensing Facility, P.O. Box 18332, Nairobi, Kenya.

Applicants should normally hold a degree or diploma in
 
geology and have five years or more post graduate
 
experience.
 

2. 	 Natural Resources Extended Training - Nairobi March 15 
-

27, August 8 - 12, 1982.
 

This course will begin in Nairobi on 15th March and there
 
will be two weeks of classroom sessions. Participants

will then return to their own countries to undertake
 
project work. The project work should emphasize resource
 
monitoring, particularly vegetation monitoring.
 
Participants will be selected by arrangement between the
 
facility and participating agencies rather than directly
 
with individual participants. Project work undertaken in
 
the participants own countries will be chosen in
 
consultation with the sponsoring agency which must agree

to support the work with all in-country requirements and
 
not transfer the participant until the course is
 
completed. Topics will be in the area of natural
 
resources.
 

At the conclusion of the project work there will be a 
final session in Nairobi. All arrangements in Nairobi 
will be as stated for the geology course above. The
 
participating agency is expected to furnish in-country

support for the participants and for the supervision and
 
consultation provided by the Remote Sensing Facility.
 

3. 	Teaching with Remote Sensing Data - August 23 -

September 3,1982, Nairobi
 

This 	course is intended as a follow on from the course
 
given in 1980. Participants will be given the
 
opportunity to create materials for use in teaching in
 
the context of their accumulated experience with remote
 
sensing courses. Preference will be given to
 
participants from the previous couse but places will be
 
available for other teachers using remote sensing data at
 
the college or university level.
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Arrangements for this two week course will be as stated
 
for the geology course above.
 

4. 	 Remote Sensing in Hydrology Extended Training, Nairobi
 
October 25 - November 5, 1982 and January/February 1983
 

This course will begin with two weeks of classroom
 
instruction in Nairobi followed by project work in the
 
participants' home country. It will feature groundwater
 
exploration and the monitoring of surface water by remote
 
sensing methods. During the field work some supervision
 
and consultation will be provided by the Remote Sensing
 
Facility. There will be a concluding session in Nairobi.
 
Applicants from appropriate agencies will be selected in
 
the same manner as for the natural resources course
 
above.
 

B. 	General Notes
 

1. 	Background
 

All training courses intended to provide insight into the
 
application of remote sensing in specialized professional
 
areas. Participants are expected to have a college

degree in the appropriate application area and several
 
years of practical experience. Short Course participants
 
may be at the operational or managerial level. Extended
 
course participants are expected to be assigned to
 
specific projects with data collection or supervisory
 
duties.
 

2. 	 Financial Arrangements
 

Training costs, training materials, hotel accomodation
 
and subsistence for the participants are provided by AID
 
through the Remote Sensing Facility. Beginning in CY
 
1982 all travel to and from Nairobi by the participants

will be paid for by the participants or their sponsoring
 
agencies. Travel and per diem for facility staff in
 
connection with the extended training courses will be
 
paid by the facility but any local transport and other
 
logistic support for staff or participants is the
 
responsibility of the participating agencies.
 

3. 	Applications
 

Persons interested in applying for the geology or
 
teaching materials course should submit their
 
applications to the Training Program Manager of the
 
facility including present occupation and
 
responsibilities, other biodata and certification by the
 
employer that such training is sanctioned and travel to
 
Nairobi is approved. Details of application for extended
 
ourses contained in the Facility Newsleter.
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IV. Applications of Remote Sensing
 

A. Mapping with Landsat Data
 

Because the Landsat satellite is in orbit at 930 km above the 
earth it provides a view ot the earth which is approximately
equ'valent to that of an oblique mercator map projection. In 
general the Landsat data can be thought of as useful picture 
maps. Computer processing of the data can make a picture map
fit any given map projection, and at scales of 1:100,000 or 
smaller the fit is very good. 

Overall the photomap product based on Landsat data gives a
 
good visual impression of the landforms and the major natural
 
regions of an area. Irrigation projects are particularly
 
visible and so too are major differences in land use.
 
Forestry plantations are also well defined. Such experimental
 
photo-map products appear to offer a useful view ot an area
 
and can be used in conjunction with conventional maps to
 
address many questions about the distribution of natural
 
resources.
 

B. Monitoring Fires in Open GrRsslands
 

Landsat can play a vital role in long term monitoring of the
 
extensiveness and impact of fires on woodland/grassland

dynamics of large natural part areas such as the Serengetti
 
National Park. These images clearly show the seasonal pattern

of fires and their extensiveness. Furthermore, historical
 
series of Landsat images show the frequency which the
 
different vegetation components are burned.
 

Using such intormation, it is possible to produce maps of the
 
extent ot tires each year and to note their location. Such
 
information, apart from providing basic knowledge, also
 
assists in the planning of fieldwork and ground or light

aircraft surveys. Because Landsat data provides information
 
on a large area at a specific time, they are ideally suited to
 
the management of extensive parks such as the Serengetti.
 

C. Evaluation of Forestry Resources
 

Repetitive Landsat images over a given area on a periodic

basis have been used to evaluate changes in Atrican forestry
 
resources. Changes in vegetation conditions due to moisture
 
variations and due to activities of removing vegetation are
 
very obvious on these images. The repetitive and large area
 
views from Landsat can be very useful to planners and
 
administrators in identifying areas for development projects

and by providing a permanent record of progress which is also
 
useful for monitoring the impact of the projects.
 

Recent studies indicate that the world's forests are being
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depleted at the rate of 20 million hectares each year. Much
 
of this loss is in the tropical region and in Africa
 
projections of current rates of forest cutting indicate that
 
40 percent of the present forest cover will diappear by the
 
year 2000. The demand for additional land for food production
 
accounts for a substantial loss of forest each year. This
 
demand is usup!ly regulated and documented in agricultural
 
development projects. However, a growing demand for fuelwood
 
for burning as firewood or for conversion to charcoal is less
 
easy to regulate and iiiJnitor.
 

For most countries in the Eastern Africa region the need to
 
assess present forest cover can be easily met using Landsat
 
data in a photo-print form. Comparisons between Landsat
 
scenes of different dates reveal information about changes in
 
forest area and about progress of regrowth in plantations. An
 
overall view of the forest resource can be rapidly and cheaply
 
obtained in this way.
 

Many items of importance to foresters are also visible on
 
satellite images. Such things as geological structures, some
 
soil types and the major terrain units can be rapidly mapped
 
from Landsat images. Thus afforestation projects or rapid
 
mapping of areas for forestry development can be assisted with
 
such information. Using the satellite images as a base for
 
planning soil surveys, terrain mapping and field deployment,
 
including the planning of survey flights, can be a most
 
effective low-cost strategy in development.
 

In summary, Landsat data provides a picture map of forest 
resources. This is a low cost, large-area picture which can 
form the basis of country-wide forest mapping. Such mapping 
can be achieved rapidly and with acceptable accuracy but is
 
limited by cloud cover, especially in coastal regions.
 
Because the satellite remains in orbit, pictures are taken in
 
a time sequence. Therefore comparison between pictures can
 
show change. In addition the satellite data indicate the
 
vigor of vegetation growth and can be valuable indicators of
 
disease or stress in forest growth. Fire damage can also be
 
easily mapped over large areas.
 

D. Remote Sensing and Hydrology
 

Over large areas of the earth the identitication, evaluation
 
and monitoring of water resources are of vital importance.
 
Agricultural development, rangeland management and urban or
 
regional planning are dependent upon the availability of
 
adequate water supplies. In many cases these water supplies
 
are a function of the hydrology ot a large area. The data 
from Landsat, providing views of large areas on a repetitive 
basis, can be very important in the examination of certain 
hydrologic features. Major hydrologic applications are
 
groundwater exploration, flood monitoring, surfacewater
 
inventory, water quality analysis, irrigation monitoring, the
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detection and mapping of wetland areas, and the mapping of
 
some coastal features and reefs.
 

Important in many hydrologic applications is Landsat's ability

to detect open water. The principles of air photo

interpretation can be applied to the Landsat images to
 
delineate open water easily, providing low-cost and rapid

mapping of floods, rivers and surface-water bodies. In
 
addition, data from Landsat reveals turbidity 
patterns in
 
larger water bodies as well as floating vegetation and shallow
 
water areas. Where water is in assr.ation with vegetation,
 
as in wetlands or swamps, the Landsat data provide some detail
 
of the variation in the vegetation and a ready means of
 
mapping the vegetated area. In other cases, areas of
 
groundwater seepage 
 are revealed by the presence of
 
vegetation, and groundwater movement may be inferred from the
 
patterns of geological structure and rock type evident in the
 
Landsat image.
 

E. Landsat Data for Hydrology in Eastern Africa
 

In the Eastern Africa region Landsat data provide an important
 
source of information about water resources. The repetitive
 
coverage of Landsat is ideally suited provide seasonal
to 

images of surface waters including changes in the areal
 
extent, presence of vegetation, and degree of turbidity that
 
may be correlated with contemporary or previous field studies
 
of actual conditions. Data derived from the analyses of such
 
images can provide a rational basis for planning the economic
 
utilization (salt 
or water extraction and agriculture) and
 
engineering development (roads and airfields) of 
 these
 
hydrologic features.
 

Simple location of surface water can 
be done very effectively

with Landsat. 
 Sufface areas greater than five hectares can be
 
identitied with 99 percent accuracy. Mapping of floods and
 
water courses or water body changes 
for map updates can also
 
be done very effectively.
 

Repetitive coverage of Landsat may determine if
a stream is in
 
continuous or intermittent flow. It has provided

reconnaissaince-level 
 data needed for the development and
 
operation ot large irrigation projects as in Swaziland. Such
 
data may also be used for the design of major impoundment
 
structures arid their impact can be Landsat monitored. Landsat
 
data have 
in some situations provided input to water-demand
 
and ground-water-flow models for irrigation projects.
 

Landsat data 
 are used to assess major watershed
 
characteristics that runoff. in the
affect It is possible

semi-arid and arid watersheds of East Africa to develop

information on runotf prediction based 
on data from Landsat
 
and available meterological satellites.
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Meterological satellites also provide information on cloud
 
cover, cloud type, and cloud persistence, and information on
 
moisture which may be useful for agricultural crop yield
 
prediction.
 

Interpretation of a photographic print of Landsat data also
 
reveals features associated with ground-water occurrence such
 
as landforms and landform patterns, drainage characteristics,
 
vegetation types and associations, outcrop patterns, soil
 
tones, lake patterns, and land use or land-cover
 
chardcteristics. Some detected features directly imply the
 
presence of shallow sands and gravels; other teatures indicate
 
rock types or the presence of folds and fractures. There is
 
often a good correlation between lineaments detected on aerial
 
photographs or satellite images and the occurrence of ground
 
water in dense, fractured limestones. There is good reason to
 
believe that many lineaments are related to ground water
 
occurrence in other types of dense, fractured rocks. Another
 
application of Landsat can be the delineation of zones of
 
potential recharge for groundwater supplies. Delineation of
 
such recharge zones could aid in more efficient management of
 
water quantity and quality.
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OVERVIEW OF ENERGY TECHNOLOGY PROJECT POSSIBILITIES
 
, 

C.F. Kooi
 

There is such a wide range of possible and potentially productive energy
 
projects that one is hard pressed to decide whirch to pursue. One could,
 
for example, do a project designed to get African petroleum refineries
 
operating at full capacity, one could do a project to utilize
 
wood-burning internal combustion engines fir mobile cr stationary power,
 
or one could develop solar dryers, etc. To which project should money,
 
time, and effurt be allocated?
 

We suggest that this be done by a three-step process. ihe steps are:
 

(1) Determine and prioritize energy needs. These are things like
 
the need for fuelwood (more is needed and at a lower price in Sahelian
 
cities), the need for large new energy inputs to agriculture in order to
 
increase food production and the need for energy to reduce excessive
 
mechanical work of rural women (water drawing, grain grinding, etc.).
 

(2) Determine the available energy resources. These vary
 
according to the region. For example, petroleum is available in the
 
Ivory Coast, Nigeria, Gabon; gas in Nigeria; coal in Niger; hydropower
 
in Zaire; biomass resources in Liberia; geothermal energy in Kenya; wind
 
in the Cape Verde Islands; and solar energy is predominant in Sahelian
 
countries.
 

(3) List the technologies which convert the energy resources into
 
satisfaction of the energy needs. Some resoureces can be used almost
 
directly by standard devices (gasoline engines, mini-hydro turbincs),
 
others require additional develorment and/or cost reduction, training,
 
infrastructure development, etc. (photovoltaics, biogas production,
 
ethanol production).
 

In Tables I and II we give a partial list of these needs, resources and
 
technologies. There are obviously hundreds of project possibilities
 
corresponding to different combinations of resources, technologies, and
 
needs. it one decided to concentrate on grain grinding, for example,
 
one could use the direct solar resource via a variety of heat coilectors
 
(flat plate collectors, concentrators, solar ponds) in combination with
 
a variety of thermodynamic engines (Rankine cycle, Stirling Cycle), or
 
photovoltaics with or without concentrators. One could use a variety of
 
wind machines, biogas-fueled engines, wood-fueled engines, engines
 
burning palm oil, smdll hydropower, etc. Too often people commit
 
themselves to a certain combination without adequate consideration of
 
the large number of alternatiw.s, some of which will probably better
 
satisfy all the physical, socia', economic, management, and political
 
requirements of the situaticn.
 

Energy Adviser for REDSO/WA, Abidjan
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We are concerned with the determination of the energy sources available
 
in the regions under consideration which could be used to satisfy a need
 
and seliction of a technology that can couple the energy source to that 
need. (Ifweter pumping is needed and wind speeds are high, wind pumps
 
may be a good idea.)
 

In this process we would ask questions such as: What are the promising
 
energy sources at the location in question? For example, is solar
 
insolation adequate and at the time of year or day when the demand is
 
highest? What is the diffuse component (which concentrators wouldn't
 
collect)?
 

When the promising sources have been identitied we then select a
 
technology or technologies. We would ask questions such as:
 

1. Will a system do the job? (Will it grind the required amount
 
of grain to the proper fineness in an acceptable time?)
 

2. What is the state of syst-m development? Does it have an
 
acceptable track record; or none at all?
 

3. What skill levels are required for routine operation and
 
maintenance?
 

4. What is the expected life of the system and the expected
 
repair and major overhaul schedule?
 

5. What is the installed cost? What are the major repair costs?
 

Operation and m~intenance costs?
 

6. What is the cost per unit of product?
 

7. What spare parts must be on hand or purchased during life ot
 
system? Can parts 'e fabricated in the country or must they be
 
imported?
 

Example:
 

Let us make an attempt to identify a good energy technology project. We
 
start with the need. We know that most African countries have placed Z
 
very high priority on increasing food production. Likewise the AID
 
CDSS's give it a nigh priority. We will therefore assume this to be a
 
valid, established need.
 

Increased food productivity requires increased energy inputs. These are
 
(1) mobile mechanical energy for land preparation, planting, weeding,
 
harvesting and product transport, (2) stationary mechanical energy for
 
irrigation and grinding, threshing, etc., (3) chemical energy for pest
 
and insect control and for fertili7ers and (4) heat energy for drying
 
and cooking. Vaize productivity c;n be increased by increasing these
 
inputs.
 

Although increased productivity depends on furnishing a balance of these
 
inputs, we will concern ourselves for the momerit with a specific case,
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namely, supplying irrigation water. Let us say we are concerned with a
 
location in central Upper Volta where the water must be pumped from a
 
depth of 30 meters.
 

What are the energy resources available to do this job? We simply run
 
down the list given in the left hand column of Table I. Solar energy is
 
plentiful, fossil fuels must all be imported and are expensive
 
especially in view of the lack of roads. Agricultural, human, and
 
animal wastes exist but quantities and collectability must be
 
determined, forestry wastes and wood are scarce, biomass for conversion
 
to ethanol and methanol is scarce, biomass for animal power (forage) is
 
adequate, wind speeds are too low to be attractive (average = 2m/s), and
 
small hydropower resources are absent. Thus we are left with solar
 
radiation and wastes of agricultural, animal and human origin. Let us
 
assume that after a suitable study it is found that these wastes are not
 
present or collectable in sufficient quantities to do the water pumping

job envisaged. Then we are left with the solar resource and biomass for
 
animal power.
 

We now consider the technologies that will connect the solar resource to 
the need. From the right hand column of Table I, we find that there are 
five direct solar possibilities: thermodynamic engines 1/ driven by one 
of three types of heat collectors (flat plate, solar pond, or 
concentrator) and photovoltaics (with or without concentrators). For 
animal power, donkeys and cattle exist in the region but there is no 
record of their use in water pumping. The criteria lsted above must be 
applied to these systems in order to select the most suitable. This 
will be done, with the exception of animal power, in the discussion 
group which immediately follows this talk.
 

Once the best technology is selected and the system is installed the
 
project has just begun. Unfortunately that's just when most AID energy
 
projects end. All renewable energy pumping technologies are more or
 
less unproven and need years of changing, improving, adapting, and
 
working-out of bugs. Local management, operation, and maintenance must
 
be worked out. Duplicate and improved r-,ct-ms of similar types should
 
be installed in the same neighborhood and an irtrastructure (preferably
 
private) for installation, service, and sale of parts should be
 
developed. Financing must be made available since the initial cost is
 
so large (and running costs low). Diffusion of a new technology, no
 
matter how good, is not likely to occur if long term attention is not
 
paid to all of these relevant factors.
 

1/ There are many types of heat-driven engines but we will limit
 
ourselvws to the organic fluid Rankine cycle engine, the most commonly
 
used and most proven.
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TABLE I
 

ENERGY RESOURCES AND TECHNOLOGIES
 

Energy Resources 


1. Solar Energy (direct use) 


2. Solar Energy (biomass)
 

Agricultural & Forestry
 
-wastes 

-straw 

-shells, etc. 

Wood 

Animal & human manures 

Starches (corn for ethanol) 

Sugars (sugar cane for ethanol) 

Vegetable oils (palm oil) 


3. Solar Energy (physical conversion)
 

Wind 


Hydropower 


Ocean Thermal 


4. Geothermal 


Technologies
 

flat plat:.collectors
 
concentrators
 
salt gradient solar ponds
 
dryers
 
desalination
 
cookers
 
thermodynamic cycles,
 
mechanical, electrical
 
power


refrigerators, air
ditioning
 
thermoelectric electricity
 
photovoltaic electricity
 

improved pyrolysis
 
(charcoal)
 

-stoves (wood & charcoal)
 
gasification & internal
 
combustion engines
 

ethanol production
 
methanol production
 
direct combustion for heat,
 
steam, etc.
 

briquetting
 
biogas (methane + CO
 
internal combustion ngines
 
using vegetable oils
 
external combustion engines
 
using wide range of fuels
 

windmills 	- water pumps
 
- grain grinding
 
- electrical
 
. power
 

mini-hydropower installa
tions
 

hydraulic ram
 

direct use thermal
 
electrical generation
 

5. Fossil Fuels 

Coal 

Peat 
Lignite 

synfuels, coal-oil 
slurries 
charcoal substitution, 
electrical power 
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TABLE II
 

ENERGY NEEDS IN AFRICAN COUNTRIES
 

1. Agricultural Production
 

land clearing and preparation
 
planting
 
tilling, weeding
 
pest, insect, and animal control
 
fertilizing
 
irrigation
 
harvesting
 
transport (aqriculture)
 
storage
 
drying
 
refrigeration
 
processing (grinding, threshing, etc.)
 
cooking
 

2. Water Production
 

well drilling
 
pumping (human, animal, plant uses)
 
desalination
 
purification
 

3. Domestic and Residential
 

lighting
 
washing & drying clothes
 
cooking
 
hot water
 
electric power (diverse uses)
 
grain grinding, etc.
 

4. Transport
 

liquid fuels needed
 

5. Industry
 

electrical, mechanical, heat energies
 

6. Commerce, government
 

lighting, space cooling
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GEOTHERMAL: KENYA CASE STUDY
 

OLKARIA GEOTHERMAL FIELD: DEVELOPMENT HISTORY AND FUTURE PLANS
 

Sebastian Bwire-Ojiambo
 

I. Exploration
 

Olkaria geothermal field is situated in the central part of the 
Kenya Rift Valley about 120km. northwest of Nairobi and about lOkm.
 
south of Lake Naivasha. Earliest geothermal development at Olkaria
 
was carried out between 1956 and 1959 when two exploration wells 
were drilled but failed to produce steam and were consequently 
abandoned. Interest in geothermal development then subsided until
 
after the mid-1960's when a reconnaisance geophysical survey was
 
carried out in the Rift Valley between Lake Bogoria and Olkaria in
 
1967.
 

The survey indicated several low resistivity areas suitable for 
geotherm-l development, Olkaria being one of them, Others are
 
Eburu, Lake Bogoria and Lake Magadi. In 1969, the Government of
 
Kenya requested United Nations assistance in starting an
 
exploration project. The project commenced in October 1970, with
 
UNDP and E.A.P.&L. Co. Ltd. as the Executing and Counterpart 
Executing agents respectively. Extensive geological, geophysical,

hydrogeological and geochemical surveys were carried -,c while
 
tests 
were performed on well X-2 which resulted in dis,.harges of 
steam. From these surveys and other econiomic considerations, 
Olkaria was chosen for exploration and production drillng. 

II. Drilling 

Drilling commenced in 1973 with the assistance of UNDP and by April
1976 when UNDP personnel left, six wells had been drilled. Since 
then, 13 more wells have been drilled. Of the 21 wells so far 
drilled, one is a non-producer, four are poor producers and the 
rest are good producers with outputs varying between 1.5MWe and 
7MWe at 5 bars absolute wellhead pressure. The deepest well so far 
drilled is 2484 metres (well No. 19) and the shallowest is 900 
metres. There arP generally two major production zones, one 
between 750m. and 900m. which is richer in steam and one between 
110Dm. and 1300m. which is richer inwater. The quantity of proven

usable steam up to well No. 20 but excluding 19 and 21 is
 
equivalent to 40MWe. The total Olkaria field is estimated to have
 
minimum power production potential of 316MWe over 2b years.
 

Geothermal Superintendent, The Kenya Power Company Limited
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III. Power Plant
 

The Olkaria Power Station turbine is a single flow, four stage
 
condensing type with gas ejectors and inlet pressure of 5 ata on a
 
condenser vacuum of 0.127 ata. The turbine speed is 3000 rpm and
 
consumes about 143 tons per hour ot steam at the rated output of
 
15MW. Exhausted steam enters a direct contact type barometric
 
condenser at the bottom while cooling water cascades in four stages
 
trom the top. Condensed steam and the cooling water are collected
 
in the hot water tank and pumped to the mechanical counterflow
 
draft cooling towers from where it flows back to the condenser.
 

Directly coupled to th,2 turbine is an 18.15 MVA totally enclosed
 
air cooled generator with a rated voltage of 11 Kv. Power from the
 
generator is conveyed via insulated cables to the single double
 
primary transformer rated at 36 MVA and connected to the National
 
Grid at Naivasha SubStation via a 22 km. single circuit 90MW 132kV
 
transmission line.
 

The first 15MW turbo-generator unit was synchronized on 20th June
 
1981 and commenced generation on 10th July 198i and as at 30th
 
November 1981 it has produced 27.6? GWhrs. during a total running
 
time of 1889 hrs averaging 9/.5% Load Factor. The power station
 
auxiliaries consume 4.7% of the power generated. A second 15MW
 
unit is under construction and plans to install a third one are
 
being contempleted.
 

IV. Waste Water Disposal
 

The liquid eftluent -to be disposed consists of excess water from
 
the cooling towers and the well discharges separated at the
 
wellhead. Ihese amou~nt to 6000 to 8000 gallons per hour. Water
 
from the wellhead separators is conveyed ir open ditches to a
 
retention pond located at each well where silica precipitates on
 
cooling. From there, the effluent is again conveyed in open
 
ditches to the infiltration pond. The overflow from the cooling
 
towers will be disposed of directly into the infiltration pond.
 
Owing to the high content of hydrothermal minerals in the effluent,
 
it is not fit for human or animal consumption without treatment and
 
the infiltrdtion pond will be fenced. The effluent water will be
 
pumped inte the ground at a rate rf 500 m3/year will have
 
negligible effect on the chemical composition of groundwater
 

3
estimated to be over 150 million m per year.
 

There have been inquiries from local farmers on the possibility of
 
using low qualit; geothermal steam for dehydrating vegetables and
 
also the use of excess condensate to neutralize the alkaline soils
 
in the nearby firms. This matter is being given active
 
considraLion in view of integrating all the possible alternatives
 
of waste disposal in the geothermal project.
 

V. Future Development Program
 

The f-iture development program is based on developing the present 
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drilled area or Olkaria I area to 45MWe and at the same time
 
drilling deep exploration wells at the four sites selected by the
 
Scientific Review meeting in December 1980. It is intented to 
use
 
the old rig for production drilling at the present area up to 45MWe
 
plus surplus for reserve while the new one is used for drilling the
 
deep exploration wells. One such well is now drilled to 250m. At
 
some of the sites, directional drilling will be done with the aim
 
of intersecting the near vertical faults in the area at deeper
depth-. These are thought to be more permeable. If some of these
 
exploration wells prove to be good producers (more than 4MWe per

well) then appraisal production wells will be drilled in that area.
 

If enough steam is found at any of the western exploration areas,
 
feasibility studies will be carried 3ut with a view toward
 
construction of other power stations with greater capacity than the
 
present 15 NWe units.
 

Development of the present area and the proposed exploration areas
 
will go along with environmental studies. Waste water disposal is
 
always problematic in geothermal power development, and apart from
 
looking for more infilcration/evaporation ponds as at the present
 
area, studies into drilling re-injection wells for waste water
 
disposal will also be undertaken. Ceological, geophysical,

geochemical and reservoir response studies under production will
 
also continue.
 

Training of our manpower so as to eventually phase out expatriates

is to be actively pursued. As a first step to this a drilling
 
technology training officer has been hired to train our drilling
 
crew on 
site and others may be taken abroad for further training.

The scientific and power station crew will also be trained on site
 
and others taken abroad for specialized courses on short-term
 
basis.
 

In order 'hat the above development program may be effectively

undertaken, we may require the assistance of consultants on a
 
short-term basis.
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ENERGY CONSERVATION
 

H. Mike Jones
 

. What is Energy Conservation?
 

I believe in the broadest possible definition. That is, energy

conservation is the husbanding 
of scarce energy resources, the
 
creation of sustainable energy systems, the assignment of
 
opportunity cost pricing to energy sources, 
and last, curtailment
 
of lower valued energy uses. The basic dilemma remains how to make
 
conservation happen -- not how to technically accomplish particular
 
measures.
 

Conservation of energy 
is best achieved by following five basic
 
principles;
 

* 
 Make 	it known, that is,how to do it and what benefits
 
will 	accrue.
 

* Make it aftordable
 
I Make it available
 
a Make it acceptable
 
0 Make itself-perpetuating
 

These principles are particularly appropriate for developing

countries, as they rely heavily on stimulating self-help attitudes,

aim at minimizing foreign exchange needs, and emphasize development

and reliance on local talents.
 

Energy conservation is not only often misunderstood, but frequently

has been given totally inadequate consideration as an energy

option. In fact, energy conservation is the natural result of the
 
application of sound economics to a scarcp resource 
- energy. The
 
frequent understanding is related to ignorance of:
 

* 	 How badly inefficiency hurts,

* 	 The relative cost of supplying energy vs. reducing use
 

(some 10 to 15% less for fossil fuels and many times more
 
for electrical capacity),


* 
 Failure to recognize that immediate mitigation of energy

import costs or deforestation can essentially only come
 
from conservation, and
 

0 Failure to consider the costs and benefits of different
 
energy options.
 

However, neither energy conservation nor energy planning in
 

Energy/Development International, 
Team Leader, Kenya Renewable
 
Energy Project.
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general can proceed without basic information in fiva areas:
 

0 	 Sources and amounts of energy used by fuel type
 
0 	 Uses of energy by sector
 
* 	 Sustainability and opportunity costs of domestic energy,
 

and careful assessment of imported fuel cost and
 
security of supply.
 

• 	 Prospective growth and relationship to economic progress
 
and meeting basic needs.
 

* 	 Priorities on how and where to apply energy policies.
 

Another critical element in country development aid programming
 
with respect to energy conservation is to recognize that arguments
 
concerning the relative merit of "conservation" in domestic
 
woodfuels versus commercial imported energy, can be misleading and
 
counterproductive. Development progress requires both. It would
 
be nonsense to argue that merely maintaining the current standard
 
of living involving use of wood, charcoal dung and other domestic
 
fuels is our primary goal for energy development. To focus only on
 
these energy sources is to miss the essential role of current
 
imported fuels in sustaining development and fueling economic
 
growth. Failure to control the foreign exchange costs ot imported
 
fuels, perpetuating dependence on foreign aid for such energy
 
supplies, and failing to modify or replace inefficient capital
 
equipment, all weigh heavily on whether the majority of the
 
population will ever achieve improvement in material well-being.
 

II. 	Energy Aid Cost-Benefit Analysis
 

Resource allocation to the energy sector by governments, the
 
private sector, and from donors, also needs to be targeted with 
extreme ca,'e. There is simply no surplus in skilled manpower or 
furds to squander on low-payoff investments. Thus, a rigorous 
cost-benefit assessment is a vital element in future energy aid 
programming. Such dn analysis, without question, will assign a
 
higher priority to conservation than in the past. It hopefully
 
will 	also reduce the attention given to marginal technologies and
 
refocus expenditure on those areas really likely to make a
 
d'fference.
 

If one accepts the importance of energy conservation in both the
 
imported and domestic fuels, i:e. wood and charcoal, then how can
 
we 	 best proceed to realize these ends. Following the
 
implementation theory presented above, we must examine how and why
 
energy is used and what factors may impede more efficient energy
 
use.
 

Several brief illustrations help to understand what may need to be
 
done. From past experience in examining industrial energy use, the
 
set of impediments most often encountered are:
 

* 	 Lack of awareness of how much energy is used and for what
 
purpose,
 

0 
 Ignorance of the potential magnitude of energy that could
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be saved,
 
0 
 Lack of management interest in efticiency versus
 

increased costs related to production expansion,

* 	 Lack of expertise in how to retrofit equipment,

* Lack ot engineering staff time tor energy use evaluation,
 
0 Lack of domestic sources of equipment,

* 	 Lack of capital and/or the cost of capital, and
 
* 	 Lack of belief that large benefits will really occur,

* 	 Major problem is getting equipment to operate given lack
 

of spare parts and unreliable electricity.
 

Another observation isthat industrial firms are extremely sensible
 
in economic terms, and that real constraints in skills, manpower,

capital and equipment, mean they are doing the best they can under
 
fhe circumstances.
 

In the traditional rural sector, the charcoal producer operates in
 
a rational manner as well. He produces a saleable commodity with
 
very low capital inputs, uses free or low cost wood and moves to
 
the 	site of the wood to minimize the burden of wood transport.

Unfortunately, as we know, given the severe deforestation occuring

throughout Africa, the social opportunity cost of such wasteful use
 
of wood (not sustained by replanting) far exceeds the minimal cost
 
borne by the charcoal producer.
 

Simila-ly the rural household uses an "energy inefficient"
 
three-stone fire with locally available fuelwood for heating and
 
lighting, cooking food, killing or driving off insects and
 
pre.serving and water-proofing thatch roofs. To the household this
 
is a remarkably efticient technology. The urban charcoal user as
 
well purchases the only practical and available high-cost charcoal.
 
Nor is this unreasonable in light of his income, the available
 
alternatives, his skills and information, and the costs of energy

equipment and other cooking options available.
 

lhe key to successful conservation efforts is often in resolving
certain significant constraints and providing alternatives -- and 
then permitting the firm or individual to pursue his own best
 
interests.
 

HII. 	Program Development
 

A. 	Priority Setting and Implementation
 

Unfortunately, there is no single measure of global solution
 
for Government to pursue in energy conservation nor energy

supply development. It isessential that Government develop a
 
program (as opposed to an incoherent set of projects)
 
providing the private sector with information, national
 
pr~ces, and access to equipment.
 

Given the scarcity of skilled manpower and financial and
 
physical capital, it is also necessary to rank which energy

conservation areas deserve greatest attention. The following
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crude priority listing for Kenya typifies the relative ranking
 
of areas from high to low energy reduction potential.
 

9 	 Domestic cooking technology and practice

* 	 Wood to charcoal conversion
 
* 	 Transportation system changes
 
* Industrial energy conservation and cogeneration
 
0 Commercial energy conservation
 
* 	 Electrical system imp-ovemei.ts
 
* 	 Solar water heating substitution.
 

B. 	The Time Dimension in Conservation Planning
 

Another prerequisite in conservation program development is
 
recognition of the critical factor of timing. One of the most
 
appealing qualities of conservation as an energy policy is
 
that it permits almost immediate returns to our investments.
 
However, each of the elements of a conservation program will
 
actually produce an effect only after differing periods of
 
time. Therefore, phasing of activities and relative
 
priorities must recognize just when benefits can be expected.

The table below illustrates this point, and highlights the
 
fact that some large pay-off options such as introducing new
 
industrial processes, agroforestry, and changing transport
 
patterns will not produce major benefits for some 
5 to 10
 
years in the future.
 

Therefore, while these may be essential, they are by no means
 
sufficient to meet today's needs. In fact only by developing
 
a balanced program of short, medium, and long-term activities
 
will the best opportunities appropriate now, next year and
 
thereafter be realized.
 

C. 	 Recognizing the Importance of Growth
 

It must be recognized as well that the forces driving energy

demand can overwhelm a weak or ill-conceived energy program.
 
The power of exponential growth in the factors below is easy
 
to underestimate:
 

* Population growth

6 Urbanization and movement to commercial fuels
 
* Income growth
 
0 Modern sector development requirements
 
* 	 Transport, particularly government
 
* 	 Public transit and government fleet use
 

International air transport
 

Conservation plays a major role in coping with this growth by

providing a means of lowering not only current levels of
 
demand but more importantly the rate of growth in energy

required for each increment of income, population, etc.
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IV 	Conservation Options Deserving Priority Attention
 

Conservation actions and measures deserve much greater emphasis in
 
aid programming, and Government energy policy considerations. It
 
should be stressed that none alone is qijfficient, rather these and
 
other opportunities need to be developed into a coherent multi-year
 
program.
 

A. 	Domestic Fuel Production and Use
 

1. 	Urban and rural stove redesign, field testing,
 
manufacture and marketing.
 

2. 	 Fuelwood supply - increase supplies through agroforestry
 
programs on individual tarms and afforestation for other
 
areas and urban/commercial use.
 

3. 	 Cha'coal production - improve conversion technology and
 
reorganize production and replanting, and introduce
 
charges for wood supply where possible.
 

4. 	Produce usable fuels from waste materials e.g. as
 
charcoal from agricultural waste, coffee husks, sawdust,
 
etc.
 

B. 	 Industrial Energy Use
 

1. 	Inform industry of economic benefits and type and extent
 
of energy saving improvements possible.
 

2. 	Assist in energy audit of all energy inputs, efficiency
 
of converzion and use, waste heat utilization potential
 
ans opportunities for maintenance, redesign, and fuel
 
switching.
 

3. 	Train engineers and technicians in conservation analysis

and maintenance, retrofit, and redesign.
 

4. 	 Provide incentives to invest in conservation
 
opportunities and ensure equipment is available whether
 
imported or produced locally.
 

5. 	Evaluate new industry and economic development plans in
 
terms of future energy requirements.
 

C. 	Commercial Energy Use
 

1. 	Provide information and education on benefits and
 
opportunities for conservation.
 

2. 	AssisL in energy audits and training to:
 
a Measure energy inputs and uses
 
• 	 Recognize and evaluate conservation opportunities
 

In:
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- water heating for domestic and other uses 
- ventilation and space heating 
- lighting 
- and fuel substitution, e.g. solar water 

heating.
 

3. 	 Regulate and/or provide information and incentives to
 
achieve energy efficient building materials, design and
 
operation.
 

D. 	 Iransport System 1/
 

Support assessment and program implementation in areas such
 
as:
 

* 	 Vehicle Operation Improvements
 

- Speed reduction 
- Reduction of number of trips 
- Improve traffic flow-reduce standing time 

* 	 Vehicle Maintenance and Equipmint
 

- Regular tune-ups
 
- Make spare parts available
 
- Use speed limitators on trucks and air
 

deflectors
 

* 	 Practice
 

- Restrict/tax downtown parking
 
- Encourage car pooling
 
- Stagger working hours/reduce congestion
 
- Discourage trips home tor lunch
 

* 	 Public Transport
 

-	 Provide bus and/or private minibuses se' vice on 
heavily used routes 

- Provide routes and parking for bicycles 
- Introduce fleet conservation programs, 

including caretul fuel use monitoring and
 
conservation goals for public fleet operators.
 

0 	 Fuel switching - dieselization and domestic biomas
 
fuels development
 

* 	 Discourage or prohibit energy inefficient vehicles
 
import
 

1/ A prerequisite is to price fuels at opportunity cost
 
to the Country.
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0 	 Introduce transport considerations into land-use
 

planning.
 

V. 	Implementation Mechanisms
 

A. 	Public Education
 

1. 	Aimed toward the commercial and urban fuel sector.
 

2. 	Aimed at the rural domestic fuel sector.
 

3. 	The public school system in general.
 

B. 	Incentives
 

1. 	Prices should be set on fuels to reflect economic cost,
 
including the added cost of use of foreign exchange vs.
 
domestic currency.
 

2. 	Financial incentives in terms of low-interest loans and
 
special (or even normal) terms for unconventional energy
 
sources such as conservation, tax credits and special tax
 
deductions tor producers or purchasers..
 

3. 	Duties and sales taxes can be lowered or removed on
 
selected large capital items to facilitate their import
 
and use. Also, selected raw materials used by manu
facturers of energy using equipment such as solar
 
collectors and wind machines, should be given import

preferences and be eligible for import duty and sales tax
 
exemption.
 

C. 	Industry-Business-Government Cooperation
 

1. 	Building design and operation should be evaluated with
 
an emphasis on both low energy consumption operation and
 
construction with low energy content materials.
 

2. 	An advisory group approach can be used and facilitated
 
by Government supplied consultants to provide seminars,
 
energy audit classes and design advice, and information
 
on existing design manuals and experience elsewhere.
 

D. 	Electric Utility Advice and (Sometimes) Financing
 

1. Use the technical resources of the electric utility
 
to provide consumet services in energy conservation.
 
Such services could include seminars on conservation,
 
lists of energy requirements for different appliances
 
and equipment stressing conserving equipment, advice on
 
ways to cut household and business energy use, and energy
 
audits ot major users.
 

2. 	Use the utility billing system to ofter low-interest
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loans to retrofit energy conservation equipment. Such
 
simple improvements as power factor correction, equipment
 
matching to loads, can produce major benefits.
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C 

Energy Sector 


Woodfuel/Biomass 

OR
 

Other Renewables 


Imported Fuels 


TABLE I
 

Conservation Options - Time Required to Produce Major Benefits 

Short-term 	 Medium-term 


Better Jikos 	 Rural Stove 

Improvements
 

Charcoal Production
 
Improvements
 

Wind/Hydram
 
Pumping
 

Agroforestry-
Afforestation
 

Industrial/ Industrial/ 
Commercial Commercial 
Conservation: Conservation: 
Operation and Retrofit 
Maintenance 

Solar Water 

Transport 
System 

Heating Transport System: 
-Fuel Switching 
-Public Transport 

Maintenance and
 
Operational
 
Improvement
 

Long-term
 

Energy Crops
 

Industrial/
 
Commercial:
 
New Capital
 
Equipment
 

Transport
 
System: Land
 
Use Patterns
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SMALL DECENTRALIZED HYDROPOWER
 

Allen R. Inversin
 

Though already a popular source of power around the world, hydropower

has become increasingly attractive in the light of the rising trend in
 
the cost of oil. Large hydroelectric schemes can make a significant

contribution to a nation's available energy and reduce a dependence on
 
imported fuel and the outflow of foreign exchange. On the negative

side, however, large hydroelectric undertakings engender a dependence on
 
foreign equipment and on foreign expertise to construct arid maintain.
 
They require a large capital outlay, both in absolute terms and in cost
 
per kilowatt and have a long gestation period between the time of
 
conception of the idea and operation of the scheme. And since these
 
usually require dams, they can lead to long-term environmental problems,

social dislocations, and innundation of agricultural lands.
 

In Africa, large hydropower plants will generally continue to provide
 
power to the more concentrated, urban industrialized areas. They will
 
have negligible direct impact on the majority who live in rural areas,
 
on deforestation, and on related problems because electric power through

the national grid will not be available to these areas for years. The
 
cost of grid extension would be exorbitant, the scale of the undertaking

immense, and even if implemented, the electricity could not be afforded
 
by most.
 

Small decentralized hydropower plants can be closer to the rural 
user
 
and promise the potential for avoiding virtually all these negative

attributes. It has the added advantage 
that if and when the grid is
 
extended to the rural areas, the population will then more likely have
 
advanced economically and be able to use and pay for the power.
 

But because the capacity of small hydropower plants is small, installing
 
a couple plants in a country would probably be an-ineffective use of
 
foreign aid. Rather, to have any marked impact, a well thought-out

framework, within the public or private sector, for the implementation
 
ot small hydropower schemes in an area, or country-wide scale, must
 
first be developed and instituted. Installing several "demonstration"
 
schemes in a real setting within that framework would then follow. At
 
the same time, maximizing local manufacture would be essential both to
 
maintain reasonable costs and ensure continuing viability of such a
 
project. And finally it must be kept in mind that, as is generally the
 
cast with development programs, it would be an illusion to expect that
 
an effective and viable program can evolve and an impact made without at
 
least a several year commitment to the program on the part ofa
 
technically qualified individual or team.
 

Presently with International Programs Division ot National Rural
 
Electric Cooperative Association (NRECA); micro-hydro engineer working

with small decentralized hydropower programs.
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Of course, prior to the formulation of any framework for implementation,
 
it would be necessary to undertake a country-wide assessment of small
 
hydropower potential to determine its extent, both in terms of where it
 
is found geographically as well as in terms of the size of units which
 
could best be accomodated. It would also be necessary to assess end-use
 
potential for both direct use of mechanical power as well as use of
 
electrical power. Only by actively incorporating ecoromic end-use of
 
can viable schemes be implemented. Experiences worldwide have well
 
illustrated the fact that provision of electricity to rural areas
 
contributes to lighting but does not of itself give rise to much
 
economic activity, if any. Such activity is essential if fully
 
subsidized projects are to avoided, subsidies which no funding agency or
 
government department can afford.
 

Small decentralized hydropower schemes might be undertaken by the public
 
sector at the national level but experience indicates that such projects
 
are expensive and generally poorly planned in the broad sense. Other
 
approaches are fortunately possible.
 

In the early 1970's in Pakistan where the Ministry of Water and Power
 
installed about 10 small hydroplants at a cost of $5,000 to $6,000/kW,
 
the Appropriate Technology Development Organization, a small unit under
 
the Ministry of Science and Technology, initiated a program whereby
 
villagers initiate, implement, manage, operate, and riaintain their own
 
schemes in the mountainous areas where no grid extension is envisioned
 
in the foreseeable future. Since the mid-1970's, nearly two dozen sites
 
have become operational, at a cost of $350-$500/kW, and several dozen
 
more are being implemented.
 

In Nepal, where the government's Small Hydro Development Board has been
 
involved for some time in approximately 20 hydropower schemes, virtually
 
none are yet in operation. On the other hand, two local companies have
 
installed more than 100 locally fabricated turbines and associated
 
equipment, mostly in mills in remote areas, with no subsidy.

Implementation is continuing at an increasing pace and several other
 
small workshops are also beginning to fabricate similar equipment.
 

Both of these successful ventures in Pakistan and Nepal rely on
 
community involvement, locally fabricated turbines and related hardware,
 
and use of appropriate materials and design in the civil works. While
 
the Pakistani projects required no technical expertise or financial
 
assistance from outside the country, the two Nepali companies were
 
initiated and technically and tinancially supported by overseas
 
organizations. However, in Pakistan, the financial contribution of the
 
national government is being phased out and in Nepal, Nepalis are taking
 
over all aspects of the work from field assessment, turbine manufacture,
 
and plant installation. A Case Study: Microhydro Schemes in Pakistan
 
is available from NRECA and A Case Study: Microhydro Schemes in Nepal 
should shortly be available. 

In both cases, because of the framework under which the hydropower 
schemes were implemented, the schemes are replicable on a wide scale and
 
growing demand is proving that the idea is contagious. These are two
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attributes which 
are essential if any foreign assistance is to be
 
eftectively utilized.
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SOLAR
 

C.F. Kooi
 

I. Introduction
 

"Solar" is usually taken to mean direct conversion of solar energy
 
to perform useful functions without the intervention of natural,
 
physical or biological processes. That will be the meaning used
 
here. Wind, hydropower, oceanthermal, biogas, etc., all of solar
 
origin, will be excluded from the "solar" designation.
 

There are two principal ways to use solar energy: (1) by 
conversion to heat, for example, water heating, space heating, 
drying of agricultural products, etc., and (2) by conversion to 
electrical or mechanical energy. In order to determine the 
feasibility of either of these conversion paths one must know the 
characteristics of the source of the energy - the solar power 
inpinging on a unit area (insolation) at the location in question. 
Thus, this presentation falls naturally into three parts: (1) 
Insolation, (2)Conversion to Heat, (3)Conversion to Electrical or 
Mechanical Energy. 

II. Insolation
 

The regions of Africa of primary interest are the drier, sunnier
 
regions such as the Sahel. The more humid regions have less
 
sunshine, and therefore lower potential for direct use of solar
 
energy, and more potential for utilization of other forms of solar
 
energy such as biomass, hydropower and, as a matter of fact, fossil
 
solar enrgy. What are the characteristics of insolation in the
 
Sahel?
 

Firstly, there are very good measurements extant. Weather stations
 
usually measure only sunshine duration and the method
 
(Campbell-Stokes Device) is far from precise. The AGRYMET
 
(Agricultural Meteorological Network), based in Niamey, has started
 
making insolation measurements on an extensive Sahelian network but
 
its results are still too new, few, and somtimes unreliable to be
 
of much use. Of the measurements made at two national solar energy

laboratories in the Sahel, Senegal and Mali, only the data from 
Senegal ( and only at Dakar) is extensive and reliable 1/. Thus 
the insolation picture in the Sahel must be pieced togeTher from 
very little good data plus assorted scattered data whose type and 
reliability leave much to be desired.
 

Energy Advisor at REDSO/WA, Abidjan
 

1/ This author has heard that good data exist at ONERSOL in Niamey
 
Eut has not yet seen the data.
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The picture that emerges is the following:
 

Insolation increases as one goes north. At 150 north latitude
 
it is about 7 kWh/m 2 in March, April, and May and about 4.5
 
kWh/m 2 in December. It falls between these limits during the
 
intervening months. There is a large diffuse component,

presumably caused by water droplets in the wet season, smoke
 
in the burning season (Nov., Dec., Jan.), and dust in the
 
harmattan season. The diffuse component varies from about 2U%
 
in January to nearly 50% in August. The north-south variation
 
in insolation is rather strong. Insolation decreases by about
 
b% between northern and south-central Senegal, a distance of
 

300 kilometers.
 

This pattern implies that solar energy production is pi'actical in
 
the Sahel. Attention should be paid to the rapid decrease as one
 
moves toward the southern and southwestern coastal regions.

Furthermore, concentrating systems, which do not collect the
 
diffuse radiation, are not as attractive as they would be in a
 
climate with a higher ratio of direct to- diffuse insolation.
 

IIJ. Conversion to Heat
 

Conversion of solar radiation to heat may be used for the following

useful functions: water heating; space heating; solar cooking;

desalination of water; drying of agricultural and food products;
 
and cooling by the absorption cycle.
 

A. Water Heating
 

This is well-developed and extremely cost-effective when
 
pitted against the electric hot water heater used in West
 
Africa. Because of the combination of high electrical energy
 
costs and good insolation, a solar hot water heater in
 
Ouagadougou could pay for itself in saved electricity in a
 
year or two.
 

B. Space Heating
 

This is likely to be impractical in most of Africa due to low
 
utilizability, i.e., heating is rarely needed in most regions.
 

C. Solar Cooking
 

This can be done and at lower cost than by purchased wood or 
charcoal in many locations - particularly Sahelian cities. 
However, use has been almost negligible. Ihis is thought to 
be.due to various inconveniences and restrictions associated 
with their operation. 

D. Desalination
 

Simple solar desalinators produce water that is too expensive
 
for other than special usage such as for car batteries.
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Larger, more complex, solar desalinators are expected to
 
produce cheaper water. An example is the multistage, flash
 
evaporation system driven by heat from a solar pond.
 

E. Drying of Agricultural and Food Products
 

Solar drying is universally used but almost always done in the
 
open where losses and product deterioration from various
 
causes occur. It is thought that closed solar drying devices
 
would prevent such losses and deterioration by protection from
 
insects, rain, and dirt. However, they are rarely used
 
probably because the advantages are too small compared to the
 
disadvantages such as cost, low output, and extra labor
 
requirements.
 

F. Cooling by Solar Heat-driven Absorption Cycle
 

This is presently too expensive where electrical energy or
 
inexpensive fuels are available. In some locations in Africa
 
it may be cost-competitive because of full usage and high cost
 
of electricity and fuel.
 

IV. Conversion to Electrical or Mechanical Energy
 

There are two major routes availabe. One can convert solar
 
radiation directly by means of the photovoltaic effect 2/ or by
 
solkr
 
production of heat which drives a thermal engine. The photovoltaic
 
converter is highly developed but still costly. Various thermal
 
engines are also highly developed but combinations of thermal
 
engines and solar heat collectors are not yet at an acceptable
 
stage of development.
 

The common types of solar heat-driven systems can be classified
 
according to the nature of their heat collection device. These are
 
the flat plate collector, the solar pond, and concentrators of
 
various types. The first two are low efficiency devices resulting
 
in systems efficiencies of about 1%. The third can operate at
 
higher temperatures and reach system efficiencies above 10%,
 
perhaps 25% ultimately.
 

Photovoltaics may be placed directly in the path of the solar
 
radiation (called flat plate type) or may employ a concentrator.
 
The advantage of the concentrator is that expensive solar cells can
 
be replaced by less expensive concentrator surface. If solar cell
 
costs decrease to the neighborhood of concentrator costs (per unit
 
area) the concentrators will be out of business.
 

2/ There are also photochemical effects but not yet developed to a
 
practical state.
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When considering a solar mechanical or electrical energy producer for
 
uses such as village electritication, grain grinding, or water pumping,
 
a large number of factors must be considered. Such factors are: the
 
cost of the energy produced, maintainability, ease of operation, life of
 
system, reliability, supply of spare parts, etc.
 

V. Prospects
 

In Sahelian cities, or other sunny urban centers of Africa where
 
electric rates and fuel costs are high, colar hot water heaters are
 
more than competitive.
 

In rural Sahelian regions solar mechanical or electrical energy for
 
village electrification, water pumping, grain grinding, etc.,

promises to become less expensive in the near future than diesel
 
and human energy production (presently used).
 

Photovoltaics appears to be the best prospect for smaller systems,

while solar pond and concentrator systems may be attractive for 
larger systems.
 

High capital requirements, lack of an infrastructure for spare 
parts and 
 maintenance, and lack of semi-skilled and skilled
 
operators are major problems.
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IMPROVED WOODSTOVES IN THE SAHEL: A CRITICAL ASSESSMENT
 

Timothy S. Wood
 

I. Introduction
 

The age of the improved woodstove has arrived in West Africa. In
 
the Sahel, where four years ago the expression, "foyer ameliore"
 
was virtually unknown, over 6,000 such stoves have now been built,
 
most within the past 18 months. These have attracted the interest
 
of governments, private organizations, and financial institutions.
 
In Ouagadougou, the Permanent Interstate Committee for Drought
 
Control (CILSS) has established a regional Sahel team to assist
 
far-flung stove-building programs. Governments in five Sahellan
 
countries have received funds for establishing special woodstove
 
coordinating committees. ihroughout the area, nearly every
 
woodstove program is planning to expand.
 

The reasons for this sudden interest in woodstoves are not hard to
 
find. A series of shocks in the world oil market during the 1970's
 
made energy a public issue, especially in the industrialized
 
countries. A timely paper by Eckholm (1975) on fuelwood scarcity
 
in the Third World also had a profound impact. And with the
 
appearance of simple clay stoves in Asia and Central America, it
 
was apparent to development agencies that here was a project that
 
was inexpensive, simple, answering a critical need, and giving
 
rapid results. Most of the initial impetus for woodstove projects
 
in the Sahel came from European and American volunteers and
 
technicians with financial backing from their governments. African
 
elements are now becoming increasingly involved.
 

II. Project Shortcomings
 

Given the nature of the fuelwood scarcity, woodstoves can certainly
 
not be considered a passing fad. But despite their apparent
 
success, woodstove projects in the Sahel face a number of problems
 
which must be seriously addressed if the current momentum is to be
 
sustained.
 

Problem 1. The selection of stove models is limited. One might
 
expect that in this pioneering phase of woodstove development it
 
would be prudent to experiment with as many different stove models
 
as possible. De Lepeleire et. al., (1981) has described and
 
illustrated over 90 varieties of wood-burning stoves suitable for
 
the Third World. But in the Sahel, only half a dozen different
 
stove models are currently being promoted. These models were not
 
selected from among many promising candidates. Rather, their
 

Technical Coordinator, Improved Woodstoves Project, Permanent
 
Interstate Committee for Drought Control in the Sahel
 
(CILSS), Ouagadougou, Upper Volta.
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adoption has come about mostly by historical accident or on the
 
advice of a single short-term consultant.
 

Problem 2. Materials and construction techniques are seldom
 
questioned. Not only have many stove designs been accepted

uncritically, but in most cases they are seldom re-evaluated. An
 
example: In 1979 
in Kaya, Upper Volta, a Peace Corps volunteer
 
worked on the problem of mass-producing efficient woodstoves.
 
Originally, his cement stove top was pre-cast a separate unit
as 

and thus required an internal reinforcing of steel rebar. Today,

Kaya stoves are being actively promoted in Mali, Niger, and Upper

Volta. The stove top is now cast in place, so rebar is not needed.
 
However, the expensive reintorcing is still used. Few people have
 
apparently thought to question the use of rebar "It's
- just the 
way we were shown to do it". 

Most stoves are made of cement or banco (sand-clay) or a
 
combination of the two. However, both of these 
materials lose
 
their strength when exposed to combustion temperatures. Cement
 
will crack and cannot be easily repaired. Sand-clay stoves do not
 
survive exposure to heavy Sahelian rains. In some projects, the
 
sand-clay mix is altered by the addition of fresh manure, wood
 
ashes, brick dust or 
small quantities of cement. But comparative
 
tests are seldom made, and the relative properties of these
 
mixtures remain essentially unknown.
 

Problem 3. We still do not know how much wood is saved by using

"improved woodstoves." Inmost cases it is assumed that the stoves
 
use about 50% less wood than the traditional open fire. However,
 
Prasad (1981) shows that wood savings depends largely on the nature
 
of the wood, the condition of the stove, and the way in which the
 
stove is used. One often hears about the total number of stoves
 
built by this or that project. It would be more useful to know how
 
much wood is actually being saved as a result of these stoves.
 
Surprisingly, most project managers do not know, and many do not
 
seem very interested.
 

Both in Senegal and Upper Volta, wood consumption has been measured
 
in families before and after they have received their new sto!es.
 
The results showed a fuel savings of up to 60% with the stoves
 
(Madon, 1981; Wood, 1981). These studies are only preliminary.

What is needed now is for similar surveys to be made six months or
 
a year after the stoves have been installed. Are the stoves still
 
being properly used? Are they in good condition? Have any epairs

been made? Is the wood savings still as good as originally?
 

There is a certain bias in surveys conducted when the stoves are
 
new and still in excellent condition. Using the stove is still a
 
novelty, the user gets daily attention and is motivated to conserve
 
wood. In Upper Volta, two weeks of daily measurements of wood
 
consumption in households without stoves 
was alone sufficient to
 
reduce consumption by 25% (Wood, 1981).
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III. A 	Needed Shift in Emphasis
 

One of 	the most serious problems facing the people of the Sahel is
 
the rapid rate of deforestation, with all ot its devastating
 
ecological consequences. lhe widespread use of efficient
 
woodburning stoves to replace the traditional open fire can
 
significantly alter this trend by reducing the per capita
 
consumption of firewooa. However, if this is the objective of most
 
woodstove projects in the Sahel, it will not be easily achieved
 
within 	the current scope of activity.
 

The criterion by which most stove projects measure their success is
 
the number of stoves built. Often these are criteria imposed by
 
financial backers. It is unfortunate, because at this stage, the
 
building ot imperfect stoves alone will have little effect on the
 
rate of deforestation. There are three additional aspects ot stove
 
development which, I believe, should have a higher immediate
 
priority:
 

A. Research and Development
 

Inexpensive, efficient stovebuilding is an infant technology.
 
It would be a mistake to delay dissemination until the
 
appearance of truly "perfected" stoves. But it seems equally
 
unwise for any stove program to ignore models. Research and
 
development should focus on:
 

* lowering the cost of materials and labor;
 
9 	 improving materials to increase durability or
 

facilitate repair;
 
* increasing stove efficiency;
 
0 making the stove easier to use and maintain.
 

B. Field Testing
 

Until a stove has been properly evaluated under actual cooking 
conditions it is not suitable for wide dissemination. This 
seemingly obvious axiom is often ignored. Among the 92 stoves 
described and illustrated by De Lepeleire, et al. (1981), only 
six are known to have been field tested. When women 
critically evaluate their own stoves, their ideas become the 
basis for changes in subsequent models. It is not unusual for 
stoves to perform flawlessly in controlled testing only to be 
rejected outright by women who try to cook on them. Perhaps 
the pots are not held securely, or the food tends to burn, or 
the fire requires too much attention. Long-term follow-up may 
reveal weak points in construction or special problems in use 
and maintenance. This information is essential for the 
improvement of stove models. 

C. Proper Training of Stove Builders
 

It is relatively easy to build a stove that looks like a
 
.stove, but to build one that is both effective and service~lble
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is a bit more difficult. In the widely built two-pot,

high-mass stove, conmnon 
bui lding mistakes include: 

* Fireboxes that are too larqe - they 11hould be no 
wider thin the, pot; 

• Pots that are too c,, (Jor too fir fromn the lire 
the correct (H-tnc i(sone-ha if the diameter 
of the fuel bed; 

* Insufficient pot %urface exposed to the 	 firebox 
due to 	potholes being too small or stovetops too 
thick;


I Potholes that are too far apart and flues that 
are
 
too long;
 

a Fuel and air entries that are too large or 
too
 
small, or incorrectly placed or shapod;


* 	 An interiol contormation that inhibits effective
 
heat exchange with the pots;


* Chimneys that create too much or too little draft;

• 	 Poorly prepared mixtures of sand and clay, or
 

improper curing of cement;
 
* Lack of appropriate reinforcing. 

These are all simple errors 
that can reduce substantially the

effectiveness of a stove. With proper training of stove 
builders, sucn mistakes can be 	avoided.
 

IV. Conclusion
 

The effort to reduce the rate of deforestation In the Sahel ay be
 
compared to making a large bonfire. building a lot of stoves is

like using kindling for the fire: it is a necessary first step
which quickly attracts attention and makes a small, local Impact
using little effort and few resources. But kindling alone doe% not
build a long-lasting fire; neither can pioneering %teve projects
have a 	long-term impact if building stoves is all they achieve. 

In the Sahel, most stove projects are still at th. "kndllng"
 stage. 
 I.t is now time to "apply logs to the borfire" with in
intensive program of research, evaluation, and traininij. When 
these areas are emphasized, the widespread (i ssemi nation of %tovO$
will follow naturally, and an effective long-term woodot(tuv effort 
will be more easily sustained. 

If this shameless analogy is crude, at least may it be apt.
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CHARCOAL STOVES, CHARCOAL CONVERSION AND BIOMASS
 

Keith Openshaw
 

I. Charcoal Stoves
 

In most developing countries domestic use of fuelwood accounts for 
about 85% of total wood energy use and cooking is the most 
important activity taking between 2/3 and 3/4 of this consumption. 
Therefore saving of energy in this activity can have a considerable 
impact on total energy requirements. Charcoal is principally an 
urban fuel and although the urban population using this fuel is 
generally not more than 10 to 15% of total population, because of 
the inefficient manufacturing process, charcoal could account for
 
up to 30% of the wood energy. Therefore the design and manufacture
 
of more efficient charcoal stoves should have a significant impact
 
on wood consumption.
 

In most African countries charcoal stoves are made of metal which 
is a suitable material for space heating but a very poor material 
for cooking stoves as it radiates too much heat. Burnt clay in 
mixture with other materials such as rice husk ash, - which gives
the mixture both lightness and strength, is ideal for it is a 
refractory material. Tests have been carried out both in the 
laboratory and in the field which show that a three-layered clay
 
stove - that is a burnt clay inner layer a cushioning middle ash 
layer and a protective outer tin shiely - can save up to 50% of 
charcoal when compared to a traditional metal stove. Further 
improvements in efficiency can be made by sinking the pot or pan 
inside the stove thus heating the sides as well as the base.
 
Traditional stoves cost about $4, whereas improved clay stoves
 
should sell for approximately $6. In Kenya charcoal costs US$4 per

40kg bag and a family of 6-7 uses about one bag per week, therefore
 
the additional cost of improved stove can be paid for out of 
charcoal savings within two weeks. Other related ways of saving
 
energy include using a lid on the pot/pan, soaking food such as
 
maize and beans overnight using an insulated hay box to 'cook' the
 
meal once 
importantly 

the pan has 
using ,ood in 

been 
place of 

brought 
charc

to 
oal, 

the 
but 

boil, 
in orde

and 
r to 

most 
make 

wood an economic tuel it must be grown in proximity to the user 
such as in urban forests. 

II. Charcoal Conversion
 

This discussion is limited to conversion into charcoal and
 
densified wood; methanol production is mentioned briefly in the
 
next section and 'oil' production has been omitted as it is still
 
in the pre-production phase. Charcoal can be made by a number of
 
processess in kilns made of earth, portable steel, brick, and steel
 

Beijer Institute, Nairobi
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retorts. The earth kiln is the least inefficient and the steel
 

retort the most efficient method. See Table I.
 

1ABLE I
 

Kiln Ions of Airdry Wood (15% moist.) Relative
 
Type to Produce 1 ton Charcoal Cost 

Earth 10 1 
Portable Steel 7 20 
Brick 5-6 140 
Retort 4 -5 1000 

Even though the earth kiln is the most inefficient conversion
 
method in many parts of Africa it is the most appropriate method
 
for many 'charcoal' trees are scattered and remote from consumption
 
centers and transport networks. Therefore the producer has to move 
to the fuelstock and not the reverse. Only if wood in sufficient 
quantities is in close proximity to the production and if the 
feedstock is remote from the kiln the total production costs are 
usually more than in an earth kiln. Therefore total manufacturing 
costs have to be considered when selecting kiln type, not just 
efficiency and actual kiln production costs. In developing 
countries production of charcoal in a retort is not economic unless 
there are markets for the by-products - acetone, acetic acid, 
gases, tars, etc. 

Production methods can be improved by better earth kiln management
 
controlling air intake and the earth seal, and for all kilns making
 
sure the wood is air dry.
 

Densified wood is made by compressing wood after it has been dried
 
down to about 15% moisture content. The wood is dried using a
 
woodfired boiler, compressed and then sliced into sma!l sizes. By
 
reducing bulk, transport containers are able to carry their full
 
weight and by slicing the wood into easily handled units the
 
industrial and household amrket becomes readily accessible.
 
However, like industrial charcoal production the wood resource must
 
be available in sufficient quantities within a small radius of the
 
manufacturing plant. Also, because the calorific value of
 
densified wood is the same as that of wood (at the same moisture 
content), the economical transport distance to the market is less 
than that of charcoal. It should be noted that any vegetable 
material, e.g. pineapple residue, may be densified. Where 
possible, densified wood (and fuelwood) should be encouraged in 
preference to charcoal. 

III. Biomass
 

Biomass includes a whole range of products but this discussion is
 
confined to biogas, methanol, ethanol, producer gas and acetylene.
 
For all of these products, the cost aspect must be considered, not
 
only the actual production cost, but the production cost of the
 
alternative fuels. However, technical aspects are central to many
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production processes. For biogas production there must be an
 
adequate, easily accessible and all year round supply of animal
 
(and crop) residues and water. Biogas production has been most
 
successful in areas where a main task was destroying pathogens in
 
human and animal excrement. 
 If Indian costs are used as a standard
 
for biogas production, alternative energy costs, particularly

fuelwood production, are cheaper in many areas. rhat is not to say

that biogas production does not have a place in Africa but at best
 
it will cnly marginally affect supply for at least two decades.
 
Ethanol production from sugar is a reality in 
at least two Africm
 
countries. This is a substitute fuel mainly for the light fuels,

namely gasoline (petrol). Before deciding whether land should be
 
set aside for sugar-ethanol production the demand/supply situation
 
for petroleum products should be examined. It there is a shortage

of heavy fuels such as diesel and/or an excess of gasoline, then
 
ethanol production should not be encouraged since the production
 
costs is likely to be at least as expensive as gasoline production.
 

If the production of alcohols are not only feasible but there is
a
 
demand for the product, then studies should be undertaken to see if
 
methanol or ethanol is the most economical fuel. It is assumed
 
that the new material for each fuel would be equally available.
 
Producer gas (and water gas) techniques are well known and units
 
are already in production. Such units may open up remote areas
 
such as remote forest areas where vehicles may go and collect
 
fuelwood/densified wood/charcoal and fill 
up with the wood energy

to drive the unit. Again the cost of such units, especially the
 
saving of foreign exchange, should be appraised.
 

Finally, acetylene paraffin (kerosene) substitute is considered 
although it is not, strictly speaking, a biomass fuel. Acetylene 
gas is produced by the action of water on calcium carbide. It was 
a major source of light in prewar Europe and America. Calcium 
carbide can be made by passing electricity through a mixture of
carbon (charcoal) and lime. If countries have an excess of cheap
'night' electricity, then 
 calcium carbide production may be
 
economical. Kerosene is the principal lighting fuel is in
but 

short supply in many developing countries and in some countries it
 
is diverted to the aviation gas market where it earns foreign

exchange. 
 Acetylene may be an economic fuel substitute for
 
kerosene and studies should be undertaken into the practicality of
 
manufacture, the production 
of the burners and the economic
 
teasibility of such production.
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I 

LESOTHO: RENEWABLE ENERGY TECHNOLOGY PROJECT (632-0206)
 

Jay Stryker
 

Background
 

The Lesotho Renewable Energy Technology (RET) Project Paper was
 
written in July/August, 1979. The Project went to bid in 1980, and
 
after several delays was awarded in February, 1981 to Associates in
 
Rural Development, Inc. The 3-year project commenced in March with
 
the arrival of the team leader. The project team is comprised of a
 
team leader, field supervisor, laboratory supervisor and four
 
volunteers. The purpose ot the project is to develop and
 
disseminate feasible technologies in the renewable energy areas on
 
a pilot basis in Lesotho. The project will also develop the
 
institutional basis for the development and dissemination of these
 
RETs nationwide, if proven in the pilot areas. The project will
 
try to minimize the growing demand for combustible fuels by the
 
introduction of village conservation measures such as fuel
 
efficient wood and dung-burning stoves, thatch insulation and
 
weatherization, pedal powered grain grinding and passive solar
 
greenhouses and growholes. In addition, two technologies have been
 
selected for research and development and possible implementation:
 
feedlots or large scale anerobic digestors for the production of
 
methane gas and fertilizers from the sludge; and small scale
 
hydroelectric installations. Solar cooking and solar water heating
 
are also to be considered.
 

The social component of the project is as large as the technical.
 
The project is to establish a process of identification and
 
implementation of technologies at the village level by the creation
 
of village energy technicians (VETs). These VETs will be selected
 
by their fellow villagers to receive training under the auspices of
 
the project, and to return to their villages to provide
 
installation and maintenance services of REIs. This requires the
 
RET Project to create a teaching capability within the Ministry of
 
Cooperatives and Rural Development (MINRUDEV) and its Appropriate
 
lechnology Unit (ATU). it is anticipated that the MINRUDEV
 
counterpart staff will, within the life of the project, be able to
 
assume and continue all project-related activities.
 

Along with the development of tne village organizations (such as
 
village energy committees and village demonstration programs),
 
there is the training of both VEls and the MINRUDEV staff.
 
Training is to be conducted at four levels:
 

the project staff and volunteers are trained in process
 
documentation and the actual construction of RET
 
equipment and its evaluation under field conditions,
 

Associates in Rural Development, Inc.; Team Leader, Lesotho
 
Renewable Energy Technology Project.
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*. 	training ot the Ministry staff in RET equipment and its
 
evaluation under both laboratory and field conditions,
 

0 
 both technical and social process training of VETs along
 
with a possible option of small business or
 
entrepreneurial skills, and
 

* 	 REr and ATU staff development for the logistic support of
 
VETs in their villages.
 

Training packages will be developed for each level and possibly
 
shared with similar projects worldwide.
 

The certification of VETs will include a proviso that she/he build
 
and operate (or maintain) a certain number of RET devices within
 
one year. This certification will lend credence and respect to the
 
VETs. The services of the VETs to vil lagers will be at a set fee.
 
The VETs are to maintain information links with the national ATU
 
laboratory to report local innovations (or problems) which require
 
attention at the laboratory.
 

A research and development laboratory (RDL) in the capital city of
 
Maseru is a major project output. This laboratory will have at
 
least three full-time professional or para-professional members.
 
The mandate of this laboratory is to 1) build and test prototype
 
RET units and to modify designs (when feasible) to optimize
 
performance; 2) to act as a technical liaison with all other
 
energy-related matters within the government and private sectors;
 
3) to act as a technology transfer agent within the areas of energy
 
and RET systems: 4) to evaluate the overall performance of RET
 
systems with an emphasis on village installations; 5) to
 
participate in the technical design and the construction of biogas
 
systems and micro-hydroelectric installations; and 6) to actively

participate in the design and modification of training materials
 
for the ATU staff and the VETs.
 

Since many persons will not have the opportunity to become VETs,
 
the project will produce a set of "how-to-do-it" fliers, pamphlets
 
and booklets in cooperation with various non-formal educational
 
organizations. A curriculum and training program will be developed
 
jointly in Sesotho and English, and will be modified or updated as
 
indicated by both field and laboratory findings.
 

Various media will be used in promotion and training. Brochures,
 
posters, photo-story books, slide shows and motion pictures will be
 
used along with simpler or more traditional methods such as story
 
telling, pantomime, puppets, or diorama displays.
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Ii. Project Funding
 

USAID Project Inputs: 	 fechnical Assistance $554,000
 
Commodities 583,000
 
Training Costs 101,000
 
Construction 64,000
 
Support Costs 65,000
 
Other.Costs 233,000
 

Sub-Total $ 1,60,0U 

Government of Lesotho Contribution Support Costs 77,000
 
(including eight permanent staff within ATU
 
and office, laboratory, and warehouse space)
 

U.S. Peace Corps: 	 Technical Assistance $168,000
 

TOTAL 	 $ 1,845,000
 

III. Implementation
 

Implementation of the project is through the combined efforts of
 
USAID/Lesotho, the prime contractor (Associates in Rural
 
Development, Inc.), the Government of Lesotho, and the U.S. Peace
 
Corps (and other participating agencies such as the Danish
 
Volunteer Servire). The project is to be jointly administered by

the contractor's team leader and the ATU Chief (under recruitment)

in the Ministry of Cooperatives and Rural Development. A Project

Advisory Committee, drawn from the host ministry and other
 
ministries, plus a USAID representative, -ends a balance which
 
provides a national viewpoint on RET issuers. Also, there is a
 
process evaluation group which is comprised of a cross-section of
 
persons impacted by the Project, including MINRUDEV personnel who
 
deal with villages, the VETs, and villagers. The process

evaluation group is the means by which the village needs are
 
identified and quantified, and technologies to met those needs are
 
selected. This group also liaises with individuals and
 
institutions in the villages who receive RETs and provides Fedback
 
information ot the research and development laboratory. The
 
project team's field supervisor, who is a social scientist, works
 
closely with this grouip in survey development and analysis of data.
 
Both qualitative an. quantitative information is .compiled and
 
merged with Lesotho national and regional data banks.
 

The training is jointly conducted by the RET-ATU staff and the
 
Ministry of Education's specialized services, such as the Lesotho
 
Distance Teaching Center. The Ministry of Agriculture is also
 
participating via its Farmer Training Centers and the Food and
 
Nutrition Unit. The Basotho Enterprises Development Corporation

(BEDCO) will participate in the development of commercially viable
 
kits or RET system subassemblies for construction in the village.

RET Project is also to work with the Ministry of Works to replace

diesel-electric or photovoltaic, and to assist in the design of
 
energy-efficient buildings.
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Each VET will be provided with a set of tools upon acceptance into
 
the training program. The types of tools will vary according to
 
the technologies VETs are trained for ranging from earth works and
 
masonry (for mud stoves, mud wall solar dryers and hydroelectric
 
impoundment dams) to plumbing and electrical tools (for solar water
 
heaters and hydroelectric installations). The VETs may receive
 
more than one training session if their abilities and the sales of
 
RET systems warrant it.
 

The research and development laboratory will examine the existing
 
energy using devices such as stoves, water heaters, space heaters,
 
electrical generating systems and water pumping systems to
 
determine if any of the REIs can make a favorable impact. Such an
 
impact must be determined in light of social acceptability as well
 
as economic analysis and availability of materials and skilled
 
personnel. The laboratory will build up a skills reservoir in the
 
ATU staff, such that ahen the project is terminated these persons
 
will carry on the work and perhaps develop better RET systems for
 
Lesotho.
 

Evaluation, both internal and external, is central to the
 
administration of the project by providing rapid and timely

feedback to help guide decisions. Frequent internal reviews and
 
evaluations underscore emerging problems.
 

The project formally started in February 1981. By April the
 
contractor's professional staff were in Lesotho and initial office
 
and laboratory space was obtained. Much time was spent on
 
obtaining support services and equipment, including vehicles,
 
additional office space, and work sites. One problem which emerged
 
early was that two of the Peace Corps Volunteers assigned to the
 
project had to await project start-up and spent time in other
 
energy-related areas. While they actively participated in the
 
initial stages of setting up the project, this was far from their
 
expectations of rather routine and structured jobs working with RET
 
systems and teaching VETs.
 

The eight host country counterpart staff positions have been found
 
difficult to fill because of a scarcity of qualified personnel and
 
a current freeze on filling vacant positions. There is presently
 
one counterpart staff member who is assigned to the project and
 
works closely with the REI Project staff and has constructed
 
several devices and pieces of shop equipment.
 

The initial laboratory space provided is inadequate. The problem

with the space for the laboratory and for a regional center remains
 
unresolved, in pait due to government administrative problems and
 
interministerial disagreements on implementation methods. The
 
project has moved along by utilizing an alternate regional worksite
 
and by finding other laboratory space on a short-term basis.
 

Cooperation with the established Ministry of Agriculture Home 
Economics Unit resulted in numerous opportunities for demonstration
 
and evaluation of RET equipment. That program, for example,
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already was teaching village women about mud stoves and solar
 
dryers. A most mutually beneficial collaboration has developed in
 
these areas. RET staff members have been invited to professional 
meetings to present the ideas of renewable energy technolgies.
 
These have resulted in many requests for information and
 
participation in other ministries' ongoing programs as consultants.
 
For example, new designs of solar houses, manufacturing of
 
energy-conserving equipment, and fuelwood conservation are
 
potential consequences of these interactions.
 

Close study of prevailing opinions and cooking practices provided
 
several surprises. For example, numerous solar water heaters have
 
been installed in Lesotho but there were few enthusiastic owners or
 
potential buyers. It was found that most of the heaters had been
 
improperly installed or fell into disl2pair by poor or no
 
maintenance. This resulted in opinions that "Solar heaters don't
 
work, I know somone who has one". The RET Project may develop a 
short course in solar water heater maintenance and repair to 
correct this situation. Part of a survey of water heaters showed 
that units which were properly installed and maintained had highly 
satisfied owners. Some of these units have been in service for 
over a decade.
 

The RET Project has spent a great deal of time examining the social
 
acceptability of many of the RET systems. For example, it is well
 
known that solar cooking is not easily introduced in a country 
where much cooking is done in the early morning or at dusk. 
Moreover, in Lesotho it was found that some of the more efticient 
portable stoves (which can bring water to a boll with less fuel 
than the traditional cooking which involves hours of simmering.
 
Also, these particular improved designs often do not allow the
 
glowing coals to radiate out from the stove. The traditional 
design is used both for space heating and to provide limited light
 
for conversations around the fire. This is not to say that the new
 
designs have no potential. The project has found some acceptance
 
for them, but changes in lifestyle and even recipes may follow in
 
their wake. Therefore, promotion of a new technology requires 
comprehensive social analysis which is being undertaken by the 
project. The renewable energy technologies, or conservation
 
strategies, are often totally new ideas to most people. As
 
firewood is depleted near a village, the people accept without 
reservation that someone (typically the women) will have to walk
 
farther to obtain wood. The concept that a stove could use less
 
wood, or a different technology could be substituted, is often
 
lacking. There is no consumer advertising, as such, for the
 
alternative technologies. The RET Project is investigating this
 
issue.
 

The project is also reviewing the energy needs in the urban and 
commercial sectors. Hotels, manutacturing concerns, and
 
institutions such as schools and hospitals require large energy
 
inputs. Part of that energy especially for hot water and food
 
cooking, can be supplied by renewable energy technologies. The 
implementation of RETs in the institutional sector can serve to
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help develop a local skills base while proving the larger-scale

feasibility on a daily basis. Students who wash with solar heated
 
water, or eat food cooked by solar or biogas, or who occupy solar
 
heated rooms, are given a most practical object lesson.
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I 

KENYA: RENEWABLE ENERGY DEVELOPMENT PROJECT (615-0205)
 

Joe Pastic
 

Need for an Energy Development Program:
 

Kenya faces three particularly serious energy-related problems.
 

A. Oil imports
 

The projected growth in Kenya's annual oil import will lead to 
ever-increasing balance of payments deficits unless corrective 
action is taken. Although consumption has been about level 
the past few years, costs continue to rise. The strain on the 
balance of payments due to oil costs are likely to be 
accompanied by weak development, country demand for Kenya's
primary exports, increased costs of imports of manufactured 
and intermediate goods, and high costs of international 
borrowing -- themselves attributable in part to higher oil 
prices.
 

B. Wood Supply-Demand Imbalance
 

Current wood consumption for firewood or conversion to
 
charcoal appears to exceed the rate of replenishment of
 
Kenya's forest resources by about fifteen to one. The
 
situation is likely to worsen very quickly as wood fuel
 
consumption increases and pressure to convert forests to
 
agricultural land intensities.
 

C. Impacts on the Poor
 

The rural and urban poor face particularly serious problems.

Increases in cost of wood and charcoal, and time required for
 
collection, will be borne primarily by the poor. Reduced
 
economic growth, and reduced availabilty of government

services, will affect all poor people. Problems of soil
 
erosion and river siltation will affect the poor by hastening

deterioration of their lands, by making potable water more
 
difficult to obtain and by making it more difficult to produce

basic foods.
 

The Government of Kenya has recognized the seriousness of the
 
energy situation. The National Council of Science and
 
Technology began formulating a workable approach to the
 
problems ca. 1974. In 1978 the Council sponsored a conference
 
on Kenya policy alternatives to the energy crisis, and in May

1979 the Council, with the assistance of the Swedish Academy

of Science Beijer Institute sponsored in Kenya the Conference
 
"Energy and Environment in East Africa." Although the
 
conference covered a wide range ot renewable energy
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technologies, considerable interest focussed on the problem of
 
tuelwood and forestry depletion.
 

After this conference, the Government of Kenya and the Beijer 
Institute began negotiations to undertake v fuelwood energy 
cycle study for Kenya. This study was to o2'v :lop an energy 
accounting system and a supply model, and was to be a basic 
planning tool for GOK. Several donors - Germany, Netherlands, 
Sweden, USAID - expressed interest in participating in this 
effort. 

Concurrent with the growing ihterest in the energy accounting
 
system/supply model, USAIU, encouraged by AID/Washington
 
energy policy guidance, held discussions with the National
 
Council of Science and Technology and the newly established
 
Ministry of Energy (established November 1979) to identify
 
Government's immediate requirements and to explore possible
 
USAID assistance.
 

Also, during this same period, several other donors were
 
actively exploring modes cf assistance in Kenya's energy
 
sector. In order to minimize confusion and conflicts among
 
donors, at least two joint donor meetings and several meetings
 
between USAID and individual donors were held throughout 1980.
 
These meetings were very useful in the planning of each
 
donor's contribution (although not all cases of redundant
 
efforts were re-directed.)
 

USAID negotiations with MOE began in late 1979, and the PID
 
was approved in early 1980. A consultant was selected to
 
prepare the Project Paper in June 1980. The project agreement
 
was signed in August 1980.
 

II. Proposed Project Goal, Purpose, Strategy and Constraints
 

A. Project Goal
 

The project's goal is to reduce the adverse impact of fossil 
fuel imports on Kenya's balance of payments and to make 
progress in achieving a balance in wood fuel supply and
 
demand. The project is intended to respond both to Kenyan
 
national energy-related problems and to the specific energy
 
needs of AID's target groups, the rural and urban poor. This
 
will be accomplished through energy conservation, expanded
 
afforestation and the increased use ot renewable energy 
technologies. 

The specific purpose of the project is to establish a 
capability in the Ministry of Energy to formulate policy and
 
to plan, oversee implementation of, provide technical
 
assistance on, and monitor and evaluate renewable energy
 
programs and energy conservation measures in all sectors of
 
the economy.
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B. Program Strategy 

The general strategy may be described as: 

* Helping the Ministry of Energy establish the 
necessary energy, information and analytical base 
and then devise appropriate national energy
policies and programs, with emphasis on measures 
to improve efficiency of use of petroleum fuels and 
measures to achieve wood supply-demand balance. 

* Developing -- together with other donors -
sufficient renewable energy and energy conservation 
technical, analytical and extension expertise in the 
Ministry of Energy to enable it to support other GOK 
ministries and non- overnmental organizations where 
they have related programs. 

* Establishing, wherever possible as an addition to 
existing GOK nurseries, a network of centers in 
various ecological zones to serve as regional 
sources of seeds and seedlings, species research 
centers, and bases for demonstrating and 
disseminating aftorestation, forest management, and 
agroforestry :-chniques appropriate to each 
ecological zone. 

* Establishing an Energy Development Fund within the 
Ministry of Energy to support either promising 
demonstration/extension programs of non-governmental 
groups or specific demonstration projects which 
promote afforestation, more efficient wood/charcoal 
cookstoves, more efficient charcoal kilns, use of 
wind or water power for community water supply 
systems, or other appropriate renewable energy
technologies focused primarily on the rural and 
urban poor. 

* Evaluation of technologies and extension approaches
supported, in order to provide a basis for expanded
afforestation, agroforestry, cookstove 
dissemindtion, charcoal production and other 
programs in future years. 

C. Constraints and Determinants 

This project attempts to both economize and assist in the 
development of scarce Ministry of Energy personnel resources. 
It relies on existing resources of other Ministries where 
possible. It is intended to complement and relate closely to 
the programs of other organizations, notably the Beijer
Institute Fuelwood Planning Project. Finally, it is designed 
to stimulate experimentation with many difterent demonstration 
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and extension approaches, using both governmental and
 
non-governmental organizations.
 

The Ministry of Energy is new, and will likely remain
 
understaffed. It has no extension staff of its own and must
 
rely on the other ministries with which it is in the process
 
of establishing relationships. Considerable assistance will
 
be needed in formulating energy policy, one of the Ministry's
 
mandates. The Energy Planning Branch ot the (then) Ministry
 
of Power and Communications initially had seven people on its
 
staff, five of whom were electrical distribution system
 
engineers on transfer from the national utility company
 
(EAPL). After reorganization in 19/9 the new Ministry of
 
Energy (MOE) assembled a staff of 100, very few of whom were
 
capable, either by formal training or practical experience, to
 
undertake national policy planning.
 

The GOK and Beijer Institute have already begun work on the
 
Fuelwood Cycle Study and USAID intends to complement this
 
effort in order to quickly provide MOE with a permanent
 
in-depth planning and anilytical capability.
 

GOK interest in ronewable energy on the part of some GOK
 
personnel was (and still is) overshadowed by general concern
 
with Kenya's rapidly increasing costs of oil imports and by
 
growing urban commercial energy needs. Mission strategy in
 
providing technical assistance is to have the team
 
knowledgeable of, and sensitive to, overall national energy
 
planning and energy conservation issues, besides having
 
expertise in renewable non-conventional energy technologies.
 
Renewable energy issues will therefore be addressed by the
 
team within the realistic context of Kenya's overall energy
 
situation.
 

Of the several renewable energy technologies, the one most
 
likely to have the greatest impact is fuelwood/agroforestry,
 
as has been frequently documented in technical articles and
 
AID poliy. Kenya has recognized this as a priority concern
 
as shown by support of the Beijer Institute Fuelwood Cycle
 
Study Project and by strong puDlic statements by President
 
Moi.
 

Within Kenya, various parties are interested in biogas, wind,
 
solar water heating (and to a lesser extent photovoltaics),
 
ethanol and minihydro applications. Also, there is interest
 
in improved cookstoves and in more efficient charcoal
 
production. Some of these technologies are being explored in
 
the commercial sector. Most efforts are spotty and
 
unorganized. A central problen is to select from the
 
technologies those most likely to bu adopted and disseminated.
 
Therefore, USAID decided to avoid direct endorsement of a
 
particular technology and to establish an Energy Development

lund (EDF). This EDF will support a broad range of government
 
and nongovernment organizations, both for
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fuelwood/agroforestry demonstrations and also for other
 
promising technologies.
 

Other Ministries have ongoing operations which relate directly
 
to the proposed programs. These Ministries include:
 
Environment and Natural Resources (Forest Department

nurseries, gazetted forests, and Rural Afforestation Extension
 
Officers); Agriculture (Nurseries, Agricultural Extension
 
Officers, Home Economics Centers, Small-Scale Irrigation

Program, and Farmers' Training Centers); Cultural and Social
 
Services (Community Development Officers and Assistances,
 
Women's Bureau, Village Polytechnics); Livestock Development

(field Water Engineers). The Renewable Energy Project must
 
complement these efforts.
 

D. Summary of Project Inputs
 

Total project inputs amount to $6,500,OUO brcken down as
 
follows: (See Appendix for Project Description.)
 

AID Input GOK Input TOTAL
 

Initial Planning and Surveys 780 169 949
 
Institutional Development 1,976 481 2,457
 
Applied Research and Demo. 1,944 1,025 2,969

Monitoring and Evaluation 100 25 125
 

TOTAL: 4T89_/6 

E. Implementation
 

The implementation schedule has been somewhat slower than
 
planned primarily because of the time required to negotiate

and sign the Host Country contract. Being a new ministry, MOE
 
required considerable time to evaluate proposals. Frequent
 
shifting of the MOE internal structure resulted in a change of
 
host-country spokesman midway through contract negotiations.

Many items had to be renegotiated. Furthermore, the GOK
 
Treasury and Attorney General offices require considerable
 
time for contract review, probably because the new MOE has yet
 
to command status with these reviewing agencies.
 

Soon after signing the Project Agreement, USAID received
 
notification of the AID-Peace Corps collaborative policy on
 
forestry. Peace Corps participation in the project in the
 
form of extension services was offered to MOE, was accepted,
 
and will be incorporated in project implementation. MOE is
 
presently looking for GOK funding of PCV living allowances and
 
provision of housing.
 

During project negotiations the issue of inter-ministerial
 
cooperation of the fuelwood/agroforestry centers was
 
recognized as critical. Because of cost and personnel
 
constraints, it was considered essential that the centers be
 
established at existing well-run nurseries. Itwas found that
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some nurseries are operated by the Ministry of Agriculture
 
(MOA) while others are operated by the Ministry of Environment
 
and Natural Resources, Forestry Department (MENR). Since
 
there was insufficient time for MOE, MOA, and MENR to work out
 
cooperative arrangement, a condition precedent was set which
 
requved that memorandums ot under-tanding be prepared prior
 
to the disbursement of funds for the centers.
 

The risk of inadequate cooperation was considerable at the
 
outset, because the MOE was only newly established and the MOE
 
and MENR were reluctant to yield up control to each other or
 
to MOE. Part of this risk has been reduced by placing an
 
assistant conservator of forests as MOE project coordinator.
 
This person brought the good will and cooperation of the MENR,
 
Forestry Department.
 

The initial computer analysis and training was originally to
 
be provided by the Institutc for Energy Research at SUNY/Stony
 
Brook. However, rapid progress in the Beijer study modeling
 
efforts together with procedural delays in acquiring SUNY
 
AL-EDIS services rendered the AL-EDIS services redundant. The
 
funds to provide these services are now being reprogrammed to
 
provide enhancements to the LEAP system.
 

Project implementation is chronically hindered by extended and
 
frequent periods of absence of GOK counterpart personnel who
 
frequently leave implementation actions unaccomplished and
 
with no one to take over in their absence. Many of the
 
absences are caused by training/orientation opportunities made
 
available by other donors to the few Kenyans available to take
 
advantage of the training.
 

F. Lessons Learned
 

Donor coordinatijn of training programs should have been
 
closely coordinated to avoid drawing down host-country
 
counterparts below a minimum level to insure continuity of
 
project implementation opportunities. Coordination of donor
 
areas of interest was successful, but failed to provide for
 
this continuity.
 

We should have anticipated more realistically the time MOE
 
would require for host-country contracting procedures, since
 
they are a new ministry and are very understaffed. The
 
prospects of continued delays in host-country contracting
 
remain bleak.
 

Establishing an Energy Development Fund appears to provide
 
considerable flexibility in supporting a variety of
 
technologies. Support can be channeled to those groups
 
showing the most outreach capability.
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APPENDIX
 

I Project Description
 

The project includes the following components, which had been
 
identified early iin the design process through USAID discussions
 
with the National Council of Science and Technology and the
 
Ministry of Energy:
 

A. 	 Initial Planning and Surveys
 

The project will continue support of the Ministry of
 
Energy/Beijer Institute Fuelwood Planning Project by funding
 
program enhancements to the basic system. Specifically, the
 
current modeling effort will be enhanced by including (1) a
 
section on foreign exchange costs of imported oil and other
 
fuels, (2)a linking of energy usage directly to the economic
 
sectors of Kenya, and (3) placing particular emphasis on
 
renewable sources of energy. Also, appropriate hardware and
 
in-country training will be provided.
 

The project will provide short-term assistance to establish an
 
Energy Data Bank and Library within the Ministry of Energy.
 

The Government of Kenya currently lacks the information
 
systems, or staff expertise necessary to permit detailed
 
assessment of energy use patterns or identification and
 
analysis of energy conservation opportunities and costs.
 
Without such information, the computer system will be of
 
limited benefit. Therefore, the following assistance will be
 
provided, in addition to that described above.
 

* 	 A long-term energy economist/planner with experience
 
in energy assessment information systems and energy
 
conservation analysis. He also will provida

economic analysis support to all other aspects of
 
this project, in particular the
 
fuelwood/agroforestry centers and the Energy
 
Development Fund, and will work with the Beijer
 
project team.
 

* 	 Short-term consultants as required. The specific
 
short-term consultant needs will be defined during

annual work plan preparation and review.
 

B. 	 Institutional Development
 

1. Technical Assistance and Training Forestry/Agroforestry
 

Afforestation is a pressing need within Kenya.
 
Aftorestation options include expansion of production

from GOK gazetted forests, expanded fuelwood/charcoal
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plantations, coiiiunity and individual woodlots, and
 
integration of multipurpose trees into food production
 
systems. Because of substantial existing World Bank
 
support, the project will not address the problem of
 
gazetted forests. For other types of afforestation, the
 
project will provide the following Institutional
 
Development support:
 

- A senior Forestry Extension Expert and a Senior 
Agroforestry Expert, with extensive African 
experience in nursery and woodlot development and 
integrated tree/crop farming. Thesu experts will 
be assigned to the Ministry of Energy for the full 
three years of the project and will work closely 
with the Ministry of Natural Resources (Forest 
Department), Ministry of Agriculture (Soil 
Conservation, Agr,,altural Extension, and Farmers' 
Training Centers), the Beijer Institute Fuelwood 
Cycle Planning Project team, and nongovernmental 
organizations. 

- Short-term assistaice to support the above experts 
in curriculum development, design of and 
participation in workshops for government or 
nongovernmental organizations, and development of 
informational materials. 

- Printing of materials for the above courses or for 
public education purposes. 

2. Technical Assistance and Iraining Other Renewable Energy
 

The project will support two resident experts assigned to 
the Ministry of Energy -. one expert in wood/charcoal 
production, utilization of agricultural residues, and 
other biomass systems and one water supply and renewable 
energy engineer with African extension experience in wind 
and hydram technologies. These experts will provide 
technical assistance and training/curriculum development 
support to the Ministry of Energy and to selected other 
government and nongovernment organizations involved in 
extension or technology adaptation. Areas of assistance 
will include cookstoves, charcoal, and community water 
supply and irrigation.
 

In addition to the above activities, the long-term
 
experts -- supported by short-term consultants as 
necessary -- will help promising national or local 
organizations prepare Energy Development Fund (EDF)
 
(described in following section 4) loan or grant
 
proposals, conduct technical and financial evaluations of
 
EDF loan or grant proposals and submit recommendations to
 
the MOE and to the appropriate District Development
 
Committee; monitor projects supported by the EDF; provide
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technical assistance to EDF or other projects; and
 
evaluate results learned from EDF projects.
 

Finally, before departing, the long-term experts will
 
provide written evaluation of the efficiency of the
 
extension and training approaches supported, including an
 
evaluation of each organization so supported.
 

AID will provide short-term consultants to assist the two
 
long-term renewable energy experts incurriculum
 
development, training or other extension-related areas.
 
Specific activities from the wide selection will be
 
chosen by the needs of the annual work plan and periodic
 
reviews.
 

3. U.S. or Kenyan Training of Ministry of Energy Personnel
 

The staff of the Ministry of Energy is scheduled to
 
increase from less than 100 persons in 1980 to an
 
approved level of 146, with further increases likely. At
 
the same time, recruiting difficulties have made staffing
 
grow more slowly. Because it will remain difficult for
 
the Ministry to spare any of its professional employees
 
for long periods ot time, the staff training budget will
 
be allocated to short-term training such as that provided
 
at Stony Brook or Gainesville, or to courses at the
 
University of Nairobi, or other Kenyan educational
 
institutions. The budget provides such training for 15
 
MOE staff members.
 

C. Applied Research and Demonstration
 

The project includes two components:
 

1. Fuelwood/Agroforestry Centers
 

The project will support the establishment of up to six 
agroforestry research, demonstration, and extension 
centers situated in various ecological zones. Each such 
center will include seed acquisition and species research 
appropriate to that region; distribution of seeds to 
other nurseries or, where direct sowing is feasible, to 
farmers or tree-planting orranizations and government 
extensiin agents; distributicn of seedlings of selected 
species and varieties for both extension and 
experimentation purposes; both conventional and 
agroforestry demonstration plots; and an 
extension/outreach staff to provide assistance 
directly and through government and nongovernmental 
extension groups -- in direct sowing techniques, nursery 
establishment and operations, post-planting maintenance, 
and use of trees mixed with crop or livestock production. 
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The extension staff will work particularly with local
 
Agricultural Extension Officers, Farmers' Training

Centers, and nongovernmental organizations (local church,
 
womenis, farmers' and other groups) to encourage

introduction of trees on farms. They will monitor both
 
progress in gaining acceptance for such introduction and
 
results on farms where trees are introduced.
 

Each center will be established at an existing GOK
 
nursery or one just being started up. The GOK
 
organization operating the nursery also will operate the
 
center, under contract to MOE. In general, GOK nurseries
 
in the highlands and other high productivity areas are
 
operated by the Forestry Department of the Ministry of
 
Environment and Natural Resources, while those in
 
marginal areas are operated by the Soil Convention
 
Division of the Ministry of Agriculture.
 

2. 	 Energy Development Fund
 

The project will provide consultant assistance and
 
initial funding necessary to establish within the
 
Ministry of Energy, an Energy Development Fund. The fund
 
will provide grants ot soft loans to organizations, on a
 
cost-sharing basis, to develop and demonstrate innovative
 
renewable energy technologies and extension approaches.
 
The main purpose of the fund (or, as other capital is
 
added, ot the AID share of the fund) will be to finance
 
demonstration or dessemination of those priority
 
technologies meeting basic needs ot AID's target
 
population groups.
 

The 	long-term experts provided tinder this project will
 
assist in preparation of promising project applications,

perform technical and economic reviews of grant proposals
 
received by the ministry, and provide technical
 
assistance and training to support in proposal reviews.
 

D. 	Monitoring an(: Evaluation
 

AID will undertake the following monitoring and evaluation of
 
this project:
 

* 	 Forestry/fuelwood: Evaluation of results of tree
 
species research, nurscry operations (including
 
costs, survival rates, ,istribution problems!,
 
effectiveness of alternaitive extension approaches

(both those through the AIli-findnced nursery 
complexes and others supjorted i idirectly), 
responses to aft oresation extonsion efforts, and 
response to and results of agroforestry

demonstration and extens ion efforts. 

I 	 Evaluation of costs, technical performance, and 
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suitability for large-scale adoption of 
wood/charcoal and other renewable energy systems 
supported undev the Renewable Energy Project. 

e Evaluation of alternative training, technical 
assistance, and extension approaches and of urban 
and rural responses to both those approaches and the 
technologies being disseminated. 

AID will provide a small team early in the project to prepare 
a detailed monitoring and evaluation plan. Annual project
 
monitoring reports will be submitted by the technical
 
assistance contractor to MOE and AID. Finally, midterm and
 
final project evaluations will be conducted by a team
 
acceptable to MOE and AID.
 

235
 



MALI: RENEWABLE ENERGY PROJECT
 

Jon Anderson
 

I. Introduction
 

USAID and the Government of the Republic of Mali (GRM) have been 
involved with the design and implementation of a 5-year, 4.1
 
million dollar Renewable Energy Project (REP) since early 1978.
 
The Grant Agreement was signed in August of 1978 but significant

implementation progress did not start until 
 the arrival of
 
full-time technical assistance in October of 1980. USAID feels
 
that certain lessons have been learned in the course of this
 
project's design and implementation and, while complete data is 
not available for judging some project components, the following
discussion may be useful to others working in the energy field. 

II. Project Background
 

The LDC "energy crisis" is analyzed and described in detail 
elsewhere. Briefly, this project as well others based upon
as are 

the link between energy and development and the fact that energy
 
sources traditionally available for development are becoming more 
expensive and scarcer. The oil price hikes and the diminishing
availability ot firewood and deforestation have led donors and LDCs
 
to design and implement energy projects,
 

The infrastructure available in Mali to deal with energy issues is
 
on the one hand wel I ahead of its time and on the other not very
we'il developed. Mali has had a Solar Energy Laboratory since 1964.
There is, however, no Energy Ministry or even national direction. 
lhe Solar Energy Laboratory is under the National Direction for 
Hydraulics and Energy which is under the Ministry of Industrial 
Development and Tourism. Hence, it is clear, that the immensities 
of Mali's energy problems have not yet been reflected in government

administrative structures.
 

III. Project Purpose 

The purposes of the REP are (a) to improve the quality of life in 
Mali, particularly in the rural areas, by energizing tasks that are 
now larjely accomplished by human muscle power, (b) to contribute 
to the alleviat ion of Malian dependence on in creasingly costly
fossil f sand its rieqatiwye e1cono1ic and ecologicalinel firewood with 
consequence's drld (c) to aloin ,a better urider"'tridirl( (f the social 
and economi consce'qu(enc(s of i ntroduc ing renewd)le energy
technologies in rural Mali. 

Project Manager, USAID/Bamako
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Four phases have been identitied as necessary to achieve these
 
goals. The first phase isbasically institutional support with the
 
major focus on material, technical and training inputs on the Solar
 
Energy Lab but with some support to other organizations as well.
 
This support is to enable the SEL to carry out research and
 
development activities on a range of renewable energy devices.
 
Another aspect of the first phase is the installation of four
 
photovoltaic solar pumps. The second phase is a rural energy
 
survey in four distinct grographical and ethnic zones. The survey
 
outputs will include (a)socio-economic baseline data, (b)data on
 
the availability of unergy sources, (c) village preferences on
 
tasks to be energized (rural needs) and (d) potential village

capacity to operate and maintain energy devices. The third phase,
 
a direct follow-on of the first two phases is the testing of the
 
devices developed under the R&D program in the survey villages.
 
The fourth phase is devoted to a Getailed analysis and evaluation
 
of the field experiments.
 

IV. Highlights
 

The following represents several project issues that USAID deems
 
significant:
 

A. Design
 

The traditional donor analysis focuses on two aspects of the
 
energy problem. The first aspect is the oil crisis in which
 
the rising costs of petroleum products negatively aftects 
LDCs' economies and development efforts. The second aspect is
 
fuelwood crisis where increasing population pressures,

droughts and other factors are leading toward deforestation 
and the related soil erosion and lack of firewood problems.
 

lhese are important aspects of the energy problem and reflect
 
national and donor concerns. What often follows from this
 
analysis is that alternate sources of energy to oil and
 
firewood must be found and technologies using these new
 
sources be put in place to replace thc old technologies.
 
Hence, on a national level the results are put in terms of
 
improved balance of payments, the protection of natural 
resources, etc.
 

If, however, projects are to be iml emewnted in the rural 
areas, this) perception of the energy problem might be 
misleading. Fo ! villagers Mali do not haveexamp'le, in now 
nor have they ever had significanL access to or reliance on 
petroleum products. lience, one could imagine a project 
succv ;%fully repllcing oil hy a renewable source of energy and 
also having little impact on the rural areas. 

If the "subs.titution mentality" is shi fted from oil to 
firewood, one cmn imagine suggestions of substituting biogas 
and solar energy for wood. This, however, is very unlikely to 
happen in rural areas of Mal l in the next 2o years. Wood is a 
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renewable source and the way to enlarge and protect this 
source is to use it more efficiently.
 

At the village 
 level, unlike at the national and
 
industrialized level, the overwhelming energy source is human.
 
Projects which are to be implemented in the rural areas should

look closely at both the present technological level and the 
possibility of introducing progressively more efficient
 
conversion technologies for human energy and the substitution
 
of renewable sources for human beings.
 

While the design of the Renewable Energy Project recognized
human energy as an important village energy source, it implied

the substitution of other energy sources for 
human muscle
 
power. This coupled with the confusion between national goals

and village level priorities has occasioned doubts to the
as 

appropriateness of the project's centralized 
research and
 
development activities.
 

B. Coordination
 

Energy's key role in development and the emphasis put on it at
 
the national level because of fossil fuel price hikes means
 
that many different organizations are dealing with energy

problems in Mali. Thus one of the major problems facing a 
comprehensive energy project is the attempt to coordinate and
 
collaborate 
energy activities to avoid duplication and to
 
assist targets of opportunity.
 

In Mali there are perhaps 15 different organizations working
 
on different aspects of the energy problem and doing work of 
direct concern for the USAID project. In the case of Mali,

there has been no organization charged with overall planning

and coordination of energy activities in general 
or renewable
 
energy activities in particular.
 

In an effort to assure minimum coordination, the design of the
 
REP stipulated that a committee be set up with participation
of the different organizations. This committee has never
 
functioned as planned and is now essentially defunct. As a
 
result, very little structured coordination takes place.
 

There appear to be three reasons why the committee failed in

its attempt to coordinate. One was the fact that it was an 
artificial creation 
 in order to meet certain financial
criteria and such did not reflect GRM conmiitment. Second,
neither the level of funding nor the structure of the project
were such that the differing organizations could be assured 
that their ideas would be realized nor could the functioning

of the committee be assured. Third, the committee was made ljp
of members or organizations ot approximately the same
hierarchical level. Thus decisions were hard achieveto or 
enforce. In addition, there was little show of support for 
the committee from the upper levels of the GRM.
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Since coordination of activities is essential to good project
 
implementation, a detailed analysis of the existing
 
coordination structures should probably be done before a
 
project is financed.
 

C. Planning
 

The REP implementation has been affected by planning or lack
 
thereof at two different levels. At the national level,
 
inadequate overall planning or assessment of the total energy
 
picture and the role of renewable energy has meant that the
 
implementing organizations are left without clear mandates and
 
sense of priorities or proportion. It is unclear, for
 
example, whether the project implementing agency has
 
responsibility for research on different technologies such as
 
biogas. In ths situation it becomes difficult to coordinate
 
activities and be selective about what areas are priorities.
 
The implications of this are such that perhaps renewable
 
energy projects should not be financed in the absence of such
 
planning or that such planning be financed before
 
implementation.
 

Without national level planning, of course, it is difficult to
 
expect realistic planning out of the implementing
 
organization. In Mali, the lack of planning ability has had a
 
negative effect on the project. There'seem to be two possible
 
ways of alleviating this problem. The first is to be certain
 
that the project design is detailed enough to be used as a
 
planning document. This may mean substantially lengthening
 
the design process. But unfortunately it does little to
 
strengthen host country capability. The second way, and one
 
that the REP has attempted, is bringing on board technical
 
assistance to aid in the project planning area.
 
Unfortunately, it sometimes appears that the T.A. 's planning
 
ability only marginally surpasses that of the host-country
 
organization.
 

D. Personnel
 

If AID is going to support research and development 
organizations, as is the case with the REP, careful matching 
of the number and qualifications of the personnel at the 
organization with the scope of work required of them is 
needed. The REP has discovered that both the number and 
qualifications of SEL personnel are lacking. 

The major skills that are lacking appear to be:
 

0 managerial and organizational capability
 
* financial management 
0 practical, hands-on engineering and 
• coordination skills.
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There appear to be three main approaches to obtaining these
 
skills:
 

0 training, 
0 technical assistance and
 
I hiring of people with these skills.
 

REP is looking for appropriate training programs in the
 
management area. As a 
stopgap measure, technical assistance 
although not originally indicated in this area - is being
diverted away from the technical project aspects to assist in
 
all levels of management. One additional person has been
 
hired to assist inthe administrative area.
 

Management continues to be a weakness and future project

designs should focus on this area. Management weakness was
 
considered during REP design and an attempt was made to
 
circumvent the problem by putting more responsibility at a
 
high bureaucratic level. This technique did not work because
 
lack of management skills exists at all levels and managers
 
are especially needed at the day-to-day operational level.
 

To overcome the lack of practical skills for the engineers,

two have been sent to the U.S. for short-term training. The
 
most effective way of dealing with this, however, seems to be
 
t '-cugh technical assistance. Through T.A. all the engineers

of a center can be reached as they work on concrete problems.

REP is also in the process of hiring an instrumentation
 
technician in order to help with the calibration, repair and
 
upkeep of scientitic equipment. A qualified technician to do
 
this is essential if significant quantities of scientific
 
equipment are to be procured.
 

Although the lack of coordination isprobably a result as much
 
of structural problems as lack of skills, much can be done to
 
encourage increased coordination. Often it appears that
 
technical assistance personnel are best at initiating the
 
first steps.
 

The shortage of personnel in this particular case includes
 
administrative, technical, and support personnel (drivers,

etc.). The major question is who will provide the additional
 
personnel. The Project Grant Agreement, of course, states
 
that the GRM is responsible for all resources needed above and
 
beyond the Grant. However, the GRM's budget is already

weighed down by civil servant salaries. lo encourage them to
 
add to the bloated government bureaucracy may mean that they

will not be able to support the center when donor funding

ends. A suggestion has been made to use project funding to
 
hire needed personnel on contract. This, of course, can
 
assure short-term goals, but is more an expression of donor
 
commitment than host-country commitment. Without good

planning and clear mandates, it is difficult for the research
 
center to put into perspective this role inthe overall energy
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and development picture and hence the numbers and
 
qualifications of personnel to which the government" is
 
committed.
 

It can be augued that hiring of personnel with project funds
 
on a short-term basis is preferable to encouraging the
 
government to take on people because (a) the project can
 
control the quality of the people hired, and (b) it in the
 
long run much of the research center's work is to be taken
 
over by the private sector, then their staff can more easily
 
be diminished by letting contracts expire, and (c) there is
 
more control over performance of contractors. This implies
 
that much of a center's work can be accomplished in the
 
short-run. There are, however, long-term projects which
 
require longer term government support.
 

Production
 

The REP aims for the day when a prototype has been perfected
 
and can be extended on a wide-spread scale throughout a
 
region. The question arises as to who shold do the production
 
of devices and what is the economic relationship between the
 
research organization and the producer (if they are
 
different).
 

It is, of course, easy to say that production should be turned 
over to the private sector. In most cases this is probably 
desirable provided that some concrete arrangement for 
royalties or other remuneration to the research organization 
is planned for. However, a REP cannot just dump a prototype 
in the private sector's lap. Much collaboration must be done 
before this stage is reached. To encourage such 
collaboration, the tollowing steps might be tried: (1) 
Open-house. The research organization in collaboration with 
the Commerce Department can organize "open-houses" at the 
research facility for private businessmen. Ihese 
manufacturers can perhaps produce part (glazings) or all 
(water heaters) of a particular device. If interest is 
expressed, then the modalities of collaboration can be worked 
out. (2) The workshop capacity of the research facility can 
be limited to force the organization to subcontract the 
fabrication of experimental prototypes. (3) Funding for the 
research organization could include amounts that are obliged 
to be spent in subcontracts with private sector companies 
(provided, ot course, that an analysis shows they exist).
 

Advantages in getting the private sector involved in a fairly
 
early stage include that it will probably give a better
 
indication trom an economic point of view of a technology's
 
viability and it may show areas in which costs can be cut and
 
more research is needed.
 

Too much focus on well-established enterprises needs to be
 
avoided. In Mali, a walk through the markets shows that metal
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workers at the artisanal level are capable of doing a lot and
 
probably represent more closely the decentralized production

capabilities in the rural 
areas. In the end, a certain amount
 
of decentralized production capability is desirable.
 

The Mali REP has included the ordering of a fair amount of
 
workshop and production equipment. It is not planned for the
 
SEL to do mass production but the fabrication of prototypes

will be possible. A danger exists that this machinery will be
 
underutilized. Forcing the lab to coordinate with 
existing

production facilities may have been a more economical approach
 
to production.
 

F. Extensinn
 

When dealing with national research centers one must ask the
 
question "Who will as link between the
serve the national
 
center and the village?" Obviously, in most LDCs, governments

cannot afford the creation of an energy extension service. In
 
any case, it would probably not be effective even if they

could afford it. This means that to a large extent the
 
national centers have to on
will rely existing extension
 
services. Hence the national research centers will have to
 
eventually focus on the development of technical packages and
 
learn to coordinate with differing organizations.
 

In Mali it has been suggested that brigades of woodstove
 
builders be set up in each of the regions equipped with their
 
own vehicles, tools, etc. It is clear that although this
 
approach might work given donor financing, it is not a
 
long-term solution 
to setting up the link described above.
 
Energy, not an in itself, be to
being end must linked the
 
ongoing integrated rural development extension work.
 

The research organizations must be able to respond to the 
priorities of the integrated rural development organizations
and supply them with a technical package that they can test 
and comment upon.
 

V. Survey
 

The REP survey has not been completed and thus definite statements
 
about its usefulness are not possible. However, the follwoing
 
comments may be warranted:
 

A. Design
 

The REP survey suftered from the lack of good quality

technical input during its conception. It was not until after
 
the start of the survey that important technical questions
 
were raised and it was difficult to integrate them into the
 
survey questionnaires.
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B. Analysis
 

The analytic techniques affect the way the survey is designed
 
and funded. [he REP survey is to be analyzed by computer. 
Initially, however, the forms were not amenable to computer 
analysis and no funding was planned for computer time.
 

C. Comprehensiveness
 

It is difficult to judge the level of information needed to 
guide R&D activities. The level of survey effort required is
 
correspondingly difficult to ascertain. There is much
 
information to be gathered from previous survey work and this
 
should be utilized to the fullest. There seems to be a 
tendency to start from zero with each survey.
 

D. Survey takers
 

Surveys must be designed with the capabilities of the takers 
in mind. In Mali the educational level of the survey takers 
is often fairly low. It the survey is too complicated, good 
data will be compromised by the fact that survey takers do not 
understand their jobs. Good simple data is preferable to 
complex data of questionable validity. 

E. Coordination
 

There should be feedback between the survey and the R&D 
activities. In Mali this has been difficult to achieve
 
especially since the R&D and survey activities are in
 
different ministries. The naming of liaison people has been
 
helpful but insufticient.
 

F. Size
 

The survey as designed in the PP quickly proved to be too 
large for the supervisors to cover in the careful, 
conscientious manner that is necessary. Once again, the 
temptation to touch all the bases must be subordinate *to the 
need for good data. Smaller zones also make the enormous 
logistical problems easier to deal with. The zones have been 
reduced and implementation appears to be better. 

G. Remuneration of villagers
 

The REP survey is of a one-year duration. In many cases, 
villagers have gone out ot their way to support the survey by
 
providing free housing to the survey takers and other benefits
 
in addition to providing information. They rightly expect
 
that certain concrete actions will be taken after the survey 
is completed. This expectation is compounded by the fact that
 
many surveys have been undertaken with no concrete results at
 
all for the villagers. It is hoped that the R&D activities 
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will develop prototypes that will benefit villagers. If it
 
appears that there will be no concrete action appropriate to
 
the village within the framework of the project, then serious
 
consideration should be given to other ways of remunerating

the villagers. Setting aside project funds for these villages

which could be used to subsidize prototypes or support other
 
development-related activities may be a solution.
 

VI. Incentives
 

In most cases USAID is opposed to the payment of bonuses or salary

supplements to civil servants who work on USAID-funded projects.

One of the major reasorns for this is because the present systems do
 
not reflect merit or outstanding achievement but are paid

across-the-board. True, merit pay systems such as the ones used by

the USG, however, can be effective. The situation at the Solar
 
Energy Laboratory presents an occasion to implement a true 
merit
 
system because the R&D activities lend themselves to regular review
 
where progress can be measured against planned objectives. Under
 
the REP, a realistic R&D program has been set up for all the
 
engineers. As 
the target deadlines are reached a disinterested
 
evaluation panel will review the work performed and judge its
 
merits and hence decide if an engineer will get bonus pay. This
 
system is being set up on a trial six month basis.
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SENEGAL: BAN AK SUUF COOKSTOVE PROGRAM
 

Carol Ulinski
 

I. Introduction
 

The Senegel cookstove program, popularly known as the "Ban Ak Suuf"
 
(2) is being financed under an AID grant to the Government of
 
Senegal (GOS)(3) and implemented by the Centre d'Etudes et de
 
Recherches sur les Energies Renouvelables (CERER). Its purpose is
 
to develop, test, and introduce wood and charcoal burning
 
cookstoves which meet the following criteria:
 

0 fuel efficient (vis-a-vis open fires)
 
* low cost
 
* made with local materials
 
0 simple to operate and maintain
 

Total AID funding for the first 2 year phase is $120,OUU. Planning
 
is now underway for Phase III.
 

As of July 1981, over 2000 stoves have been built throughout the
 
country, mostly in rural areas. Of this total, about 250 have been
 
constructed in urban and semi-urban areas.
 

II. Start-up
 

The program got off to a quick and enthusiastic beginning in
 
February 1980 with the arrival of a 3-person team from the
 
Aprovecho Institute (based in Eugene, Oregon). During thair 5-week
 
stay, they worked closely with CERER and villagers to 4,sign and 
build a range of prototypes. The future direction of the project
 
was established at this early stage with an emphasis on extension,
 
and with activities moving from the laboratory to the field as
 
quickly as possible. After building 12 Lorena type stoves at the
 
CERER headquarters in Dakar, the team moved to the field where they
 
worked with villagers to develop models responding to local needs
 
and cooking practices. Ever since, the primary locus of activity
 
has been the rural and urban household, although design and testing
 
continue to be carries out by CERER in Dakar.
 

III. Stove Design
 

Most of the stoves built to date are designed to burn firewood, 
although some charcoal models have recently been constructed, 
primarily for urban areas. One of the most popular is the "Louga" 
model, a single burner, chimneyless stove which is easy to 
construct and most closely resembles the traditional method of 
cooking over an open fire. It is well adapted to the specific 
conditions of the region after which it is named, where fuelwood is
 
scarce and cooking is normaliy done outdoors using a singlr pot. 
Hundreds of these stoves have already been built, mostly by women.
 

Project Manager, USAID/Dakar
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In other parts of the country, chimneyed varieties with one or two

burners are preferred. These 
are generally more complicated to
 
build, and the work is usually done by village masons.
 

IV. Outreach
 

Since its inception, stove demonstration and training in

construction techniques have 
been major elements ot the project.

Currently CERER has three official 
training teams: two are mobile

and travel throughout the country, while the third 
is permanently

stationed in Dakar. With one exception, tl.e teams are comprised of
 
masons and headed up by a technician. The excepLion is the 
two
 
women team from the village of Ndieye Sefour near Kebemer. One of

the women, Coumba Gueye, who is 
a potter by trade, participated in
 
a Peace Corps training session during the summer of 1980. When she
returned home, she made stoves for herself and everyone else in the

village, and then 
 proceeded to build stoves in neighboring

villages. Since November 1980, 
she and a companion have trained
 
women in over 20 villages on how to construct the Louga model.
 

While CERER has primary responsibility for training, governmental

and non-governmental rural development agencies 
were invited and

encouraged at an early stage in the program to integrate cookstoves
 
into their respective programs. 
 CERLR has trained extension agents
from the Secretariat d'Etat a la Promotion Humaine, Maisons

Familiales Rurales, SODEVA, Eaux et Forets, ENDA, YMCA, CARITAS and
 
Cathwell to name a few. These organizations in turn organize and
 
orchestrate training sessions throughout the country.
 

From the beginning, Peace Corps has played a major role 
in the
promotion and introduction of cookstoves in Senegal. 
 Karen Nelson,
 
a volunteer, coordinates outreach activities. Many of the first
 
stoves were built in Peace Corps villages, and volunteers have

organized 
 and r'in numerous training sessions throughout the
 
country. Two volunteers 
residing in the Louga region p-ovided

continuing support, encouragement and assistance to Coumba Gueye

and the women's program. And as 
indicator of Peace Corps/Senegal's

commitment to cookstoves, all Senegal volunteers are now 
being

trained in construction techniques and are encouraged to undertake
 
this as a secondary activity. When Phase II begins, five

volunteers will be assigned full time to work on 
 outreach
 
activities.
 

V. Fuel Efficiency
 

Owners and users of cookstoves insist that the stoves 
 save

tuelwood. 
 They claim that the wood they collect lasts longer than
before; that they use fewer sticks per meal; and that they 
now make
 
fewer trips to gather wood. One woman in Tivaouane exclaimed that

fuel sevings from the stoves 
 is at least 66%. Using the
 
traditional method she fed the fire from three sides; 
now she only
feeds 
it from one side. Although riot scientifically accurate,

thcse observations do indicate that fuel 
is being saved.
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Results trom surveys taken during the spring and summer of 1981 
support the women's claims. Two women extension workers, seconded
 
to CERER by Promotion Humaine, measured fuel consumption in 100
 
households throughout the country. Arriving at a village or town 
just after stoves were built, they took measurements over a 2 week
 
period for each household. During the first week, traditional
 
cooking methods were used (open fire, fourneau malgache); the
 
"BAS". iaving dried in the meantime, was used during the second 
week. Analysis of the results indicate that in 60% of the cases,
 
fuel 	 savings averaged 41%. Use of smaller cooking pots than the 
stove was designed to accomodate largely explains why in 2U% of the
 
households surveyed fuel savings were negligible (4).
 

Fuel Etticiency of Improved Stove Compared to Traditionil Hearth
 

% of 	Households Avg. % of Fuel Savings
 

60 41
 
20 10
 
20 negligible
 

The technical team based at CERER isalso evaluating the impact of
 
various design parameters on stove performance. These parameters
 
include: height of the chimney; interior design of the tunneis;
 
use of dampers; and the utility of the arch over the firebox mouth.
 

VI. 	 Publicity
 

CERER has undertaken a series of actions to publicize the program:
 

0 	 Distribution of 2500 wall posters on the "BAS";
 

* 	 Participation in the Energy Conservation Campaign
 
organized by the Ministry of Industrial and Artisanal
 
Development;
 

* 	 Radio spots;
 

* 	 Publication and distri'ution of a "how-to" construction
 
manual;
 

6 	 Preparation of a half-hour videotape on how to construct 
a "BAS", which has ber b,'oadcast on national television; 

* 	 Stove display an(J cooking demonstraLion at the Dakar 
International Fair in December 1980; 

0 	 Meetings with high level government officials. 

In addition, articles on thc2 cookstove program are published 
regularly in the national newspaper, Le Sole1. 
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VII. Problems
 

A. 	 Improper clay/sand mixes. Ideally, a variety of mixtures
 
should be tested at eTah site before any stoves are built.
 
Due to time constraints, this step is often eliminated. The
 
result is early cracking; or, in cases where the mixture is
 
too sandy, crumbling begins almost immediately, considerably
 
shortening the lire of the stove. Senegal's :c-'.s are
 
characteristically sandy and suitable sand-fr.e clay may not
 
be locilly available.
 

B. 	Maintenance, Almost all the stoves observed showed some
 
evidence of cracking. In the Louga model, cracks almost
 
inevitably appear over the fire door, and in many instances
 
the arch over the door falls in. In some cases the women
 
continue to use them whatever 
the state of the stove; in
 
others, the stoves are abandoned the moment a crack appears.

Greater emphasis needs to be given to training women in stove
 
maintenance and repair.
 

C. 	 I-ollow-up. lo d3te, the ehphasis has been on spreading the
 
word, training people in construction techniques, and building
 
stoves. Vollow-up, (i.e. checking on the condition of stoves,
 
determining if they are being used, identification of problems
 
encountered) is being done by Karen Nelson, who visits
 
traininq sites following a stove workshop. This job is
 
already too much for one person, gven the number of stoves
 
already built and the large geographical area covered by the
 
program. Tile stoves should be regularly monitored over a 
period of a year or two (e.g. site visits 1-3 months, b 
months, and 12 months after the stoves are built). 

D. 	Training. While tle CERER masons are expert stove builders, 
their teaching skills arc w-ak, and they often build stoves 
rather than tra in others to build them. CERER is now making

arrangements to train its masons to be more effective 
teachers. 

L. 	Testjrg. To date, little testing ha s been undertaken. CERER 
is now in the process of develop ing a tevsting program. 

F. 	 Urban Projrani. To date, the stove program has concentrated 
its e(-eforts -nilrural oreas . Consumption of chircoal , ,ind to a 
lesser extent firewood in Da kar and otherii urban areas, is 
significant. Althojugh several tra ining progir,uins have been 
held in lMk(ar, Rufisque and St. louis, resulti in tile 
construction of about ?50 stoves, the procjrain h,,s not caught 
on as it has in rura l areas. lo,'; iible expllaia, orini) Include 
the difficulty of obta inini the noces,ary raw m~iterid1s, as 
welI as the sinfe re t of unempl oyed urhban youth iapparent (Ii 

unremunerated manual work. Cons tru,"tion of urban stoves would 
probably be best undertaken by the private sector. 
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VIII.The Future
 

The goal of the project is to build 5UO,00 stoves over the next 3
 
years. As the first phase of the program nears the end, CERER is
 
evaluating its efforts to date. Over the next 6 months a strategy
 
for large-scale diffusion will be developed, building ul -n the
 
lessons of the past and the needs of the future.
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NOTES
 

1. Additional information on the 
program can be obtained by

directly contacting Gerard Madon or Lamine Diop, Co-directors of the program; CERER, University of Dakar, B.P. 476, Dakar.
 

2. "Ban Ak Suuf" translates "clay and sand" in the Wolof
 
language.
 

3. The stove prograw is one of three components of a renewable 
energy accelerated impact project. 
 Also included are: promotion of an
improved method of charcoal Iroduction; and the design, testing andintroduction of simple, inexpen'ive solar fish dryers and storage tents. 

4. Test results to be published by CERER inearly 1982.
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BURUNDI: PEAT PRODUCTION PROJECT
 
.
 

Abbe Fessenden
 

I The Availability and Suitability of Peat
 

As mentioned in the Energy Sector Summary, Burundi must import all

her petroleum products. Although the country has considerable
 
hydroelectric potential, 
its development and distribution are so

expensive that the rural population will continue to rely on wood
 
for cooking and heating for many years to come.
 

Tree cover in most parts of Burundi is steadily decreasing, with

attendant negative effects on the rovironment. The seriousness of
 
this issue it highlighted in the 1979 forestry project analysis.
 

"Burundi's forestry resources are dwindling rapidly. 
 Both
 
natural and man-made forests 
are being cut down faster than
 
they are being replaced and production is far below the
 
population's minimal requirements for fuel 
wood and building

timber. The urban population is directly affected by the wood
 
shortage, as prices of charcoal increase rapidly and periodic

shortages occur. fhe prognosis for the future is a speedy

aggravation of these problems compounded 
by increases in
 
population and reductions in total forested areas. This is
 
likely to lead to a severe energy crisis, and, unless remedial
 
action is taken rapidly, charcoal and wood would simply no
 
longer be available".
 

Fortunately, Burundi does have substantial peat 
reserves,

although not as large or as accessible as some reports might

indicate. The Grand Marais in the Akagera Basin, along the
 
Rwandan border, has at least 100 million MT, perhaps 200
 
million MT.
 

In the Buyongwe valley of the Grand Marais, a detailed survey

contained calculations of reserves amounting to 20 million
 
tons. However, there are considerable technical difficulties
 
in mining peat submerged in an undrainable swamp. Intensive
 
exploitation of Marais raises
Grand sites serious
 
environmental questions since the swamp contains large
a 

volume of water which affects both the stability of the system

downstream and the climate ot the region.
 

Both the Peat 
I and Peat II projects have concentrated on the
 
smaller bogs of the Zaire Nile crest. The report of W.E. 
Ruston (a UIDP advisor who worked in Burundi from 1974 to 
1979) estimated from very fragmentary evidence that there was 
28 million MT of peat in the highland bogs. An Irish Survey

(August - December 1979) estimated over 700,000 MT proven from 
samples taken in five easily accessible sites. Extrapolating
tor highly similar area ot same bogs, Peat I approval was 

Project Manager, USAID/Bujumbura.
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based on total accessible reserves of one million tons. Under
 
the DANIDA-financed grant, surveys were conducted on the
 
sizable Nyamaswaga swamp east of Ngozi, which has an estimated
 
4 million tons of peat. Although prospecting has been going
 
on at Gusanza and Gashayra bogs, it is probable that Peat II
 
will concentrate on the three bogs already begun (Kashiro,
 
near Ijenda; Kuriyange, near Kisozi and Kishubi, near Matana),
 
and Myamaswaga.
 

Burundi peat is quite different from European peat and varies
 
greatly from site to site and area to area of the same bog.
 
It is characterized by high ash content, low density,
 
friability and tendency to contain undecomposed vegetable
 
matter.
 

Catholic Relief Services financed a small project (less than
 
$5,000) in 19/5 to test peat as fuel in rural areas. CRS
 
recruited an experienced Irish peat cutter and supervisor as a
 
volunteer in February 1977.
 

In that same year, the GRB created a peat management body,
 
Office National de la Tourbe (ONATOUR).
 

During 1978-1980, the European Development Fund (FED)
 
developed the bog near Kisozi, with the objective of providing
 
an energy source for the Tora and Ijenda tea factories
 
financed under the FED's tea cultivation program. The EEC
 
developed the bog and turned it over to ONATOUR in December
 
1980.
 

II. 	Peat I
 

A. 	The Project
 

In August 1978, AID and the GRB signed the Grant Agreement for
 
$490,000 under the Accelerated Impact Program. Catholic
 
Relief Services implemented the Alternative Energy Peat I
 
project. The project purposes were:
 

* 	 To assist ONATOUR to develop Burundi's peat reserves
 
for non-industrial thermal energy requirements; and
 

0 	 To develop and design alternative approaches to
 
encourage rural household consumption of peat as a
 
thermal energy source.
 

The project's outputs included:
 

0 	 Establishment of efficient management, personnel
 
recruitment and financial control systems at
 
ONATOUR;
 

* 	 Production and marketing of 30,000 MT of peat during
 
the two year life of the project;
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* 	 Availability of peat to rural consumers at low
 
selling prices; and
 

* 	 Availability of appropriate research and technology
 
data and analysis.
 

To 	 meet these objectives, CRS installed a project

manager/advisor in ONATOUR and recruited two Irish bog foremen
 
to develop the two project bogs. Several studies have been
 
completed on marketing, economic feasibility and organization,
 
as well as a sociological survey analyzing cooking habits and
 
preferences. Work began on developing a low cost
 
stove/cooker.
 

B. 	 Lessons Learned from Peat I
 

From the January 1980 evaluation and later analyses, it is
 
apparent that some of the Peat I project objectives were
 
probably overambitious, in particular the institution building
 
aspects and production technology development. Harvesting

0,000 MT of peat fuel by the end of the project and building
 

up to the management structure were much more formidable tasks
 
than originally foreseen in a two-year AID project.
 

Considerable steps were taken to strengthen ONArOUR's
 
management capabilities during Peat I, but further assistance
 
was needed (particularly in financing and marketing) for
 
longer periods of time. The technical problems encountered in
 
peat handling (crumbling and non-uniform productl were not
 
fully resolved. Experiments without any maceration , with
 
hand maceration, and with bicycle powered maceration have
 
shown that some form of mechanization is necessary. This is
 
due to the lower quality, more fibrous nature of Burundian
 
peat.
 

Peat I project implementation was also adjusted because two
 
major assumptions in the original PP were incorrect.
 

1. 	The target group of this activity is 98 percent of
 
Burundi's population -- "the rural poor". The rural
 
majority do not have the income to buy peat, and do
 
not yet have so limited a supply of wood, dung, and
 
agricultural residue as to force them into
 
purchasing a new and strange source of energy. They
 
are more likely to invest in growing their own
 
trees. Outside of very limited and special
 
circumstances, rural household consumption of peat
 
as fuel is unlikely in the near to medium term.
 

the process of mixing and compacting raw peat
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Therefore, without long term subsidies the rural poor
 
cannot be considered a large market for peat within the
 
time span of Peat II. The rural poor did benefit from
 
the employment of several hundred day-laborers on the
 
worksites and the marginal increase in their supply of
 
fuelwood.
 

2 
 The studies on which demand was based were theoretical
 
and assumed 100 percent conversion from other fuels to
 
peat. Ian Pattinson's marketing study was the first
 
real market reseratch done in Burundi. The major
 
consumers were institutional. Although some effort was
 
made to interest commercial artisanal users (with some
 
success), the urban domestic market had not been a
 
focused target. (It should be noted that the "great
 
electrical blackout" of October 1980 resulted in an
 
upsurge of peat demand). The 1981 peat harvest of about
 
6,000 MT will be completely sold off by March-April 1982,
 
before the major production season hegins.
 

We did learn very valuable lessons from Peat I, and these
 

were 	incorporated into the design of Peat II.
 

III. 	Peat II
 

A. 	 Project Description
 

1. 	Goal, Purpose and End of Project Status
 

The goal of the Peat II project is to maximize the
 
effective utilization of Burundi's limited energy
 
resources. The project contributes toward realization of
 
this objective by helping to develop peat.
 

The purposes of Peat II are:
 

0 	 To conserve Burundi's forestry reserves by
 
increasing the availability and acceptability of
 
peat as an alternative energy source.
 

• 	 To strengthen the institutional capacity of ONATOUR
 
to carry out present and planned operations on an
 
ef icient basis and without need for significant
 
future financial or technical support.
 

The end of project status indicators are:
 

* 	 Net drawdown of Burundi forestry reserves will have
 
been significantly slowed.
 

* 	 ONATOUR will have greatly strengthened its internal
 
operations, will possess a trained staff, and be in
 
a financially sound position and able to cover its
 
operating costs.
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 Annual peat production will increase to 47,500 MT by

the project's completion, at which time about 60
 
percent of Bujumbura's urban domestic market will be
 
using peat.
 

2. 	Beneficiaries arJ Rationale for Selection of Target

Groups
 

During the process of project design, it became apparent

that 	the substitution of peat for charcoal is clearly the
preferred usage. In Burundi charcoal making is

inefficient, about seven unit; of wood to one of

charcoal, so that the loss of energy 
in conversion is
 
very significant, Peat's kilocalorie 
output is at a

slight disadvantage vis-a-vis both wood and charcoal, but

it is an underutilized resource that can compete with
 
both of these solid fuels.
 

Consequently, the urban domestic market, which is heavily

concentrated in Bujumbura, 
is the logical primary target

group. The primary beneficiaries of the project will be

about 14,000 urban households, about 25 small
 
commercial/ai'tisanai operations, two tea factories, and

perhaps a dozen institutions. Assuming that the real and

perceived obstacles to large scale conversion to peat can

be overcome, the project should reach its objective of 60
 
percent of the Bujumbura domestic market by the end of

the project. Given the rapidly escalating costs of

charcoal and decreasing forest cover, the options 
are
 
very 	limited for the rural poor. 
The expense of shifting

to gas or kerosene appears prohibitive; this leaves wood

and peat as the logical choices. The 1981 market price

for peat was 
set at 10 perce't lower than the equivalent

cost of charcoal, and we expect the price differential to
 
widen.
 

During the early part of the project, other markets will
 
account for the bulk of peat sales, including:
 

* 	 artisanal/commerial (bakeries, brick
 
manufacture, lime kilns);
 

• 	 institutional (armed forces, hospitals,
 

missions); and
 

* 	 industrial.
 

Guaranteed marl'ets are the Burundi Army and the two

FED-financed tea factories. The projected 1985 markets
 
may 	be as high as 52,100 MT, assuming institutional

requirements of 7,000 MT, industrial 
needs of 5,300 MT,

commercial artisanal 
use of 12,800 MT and urban domestic
 
consumption of 27,000 MT.
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3. Project Outputs
 

a. Trained ONATOUR Staff
 

During the early years of the project major efforts
 
will be made to develop a minimum core of trained
 
Barundi fur ONATOUR's staff. Most training will be
 
done on-the-job under the guidance of long-and
 
short-term advisors. St.-e specialized technical,

financial and marketing training will be taking

place in the U.S., Ireland and elsewhere. PP states
 
the following staff will receive training:
 

- bog managers (6)
 
- mechanics (at least 4)
 
- field surveyors (at least 4)
 
- laboratory technicians (2)
 
- accountants (2)
 
- general engineer (1)
 

ONATOUR will recruit division chiefs for production,

marketing, finance and administration. Their skills
 
will be upgraded by working closely with the project
 
advisors.
 

b. Improved ONATOUR Management Capability
 

Although successful ,- ng of Barundi is the key

to upgrading ONATOUR's management capability, during

the first two or three years of project

implementation, the experts will assume direct line
 
responsibility for certain key positions. They will
 
then revert to advisory roles and work with their
 
counterparts. Major areas where ONATOUR 
 needs
 
significant strengthening are: financial
 
management, marketing, bog site production,

laboratory control, prospecting and equipment
 
maintenance.
 

c. Resolution of Technical Questions
 

(1) Macerating Machinery
 

Peat I made it clear that some form of
 
mechanization was needed to reach planned

production levels, the question was which
 
technology works in Burundi that 
 is also
 
economically and sociologically acceptable
 
(employment generation must be considered).
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(2) Selecting
 

Selecting the appropriate type of stove will
 
require two or three years for design,
 
construction and experimentation in Burundian
 
households of efficient and inexpvnsive stoves
 
manufactured locally.
 

d. Development of Commercial Bogs
 

The PP planned development of six bogs by 1983 to
 
produce peat for commercial markets. Starting in
 
1986, the annual production rate bhould reach 47,500
 
MT and 59,000 MT when all of Burundi's commercially
 
exploitable bogs are in full production.
 

4. Project Inputs
 

The total financial requirements for the five year life
 
of the project is about $10,549,000, including AID, GRB
 
and other donor contributions.
 

AID inputs total $8.0 million. By far the largest
portion represents long- and short-term technical 
assistance ($4,602,000). The PP envisioned a 
headquarters team of three professionals: a financial 
expert, P marketing expert and a general engineer. The 
PP also proposed a field production/maintenance staff. 
This includes four bog site supervisors and two 
mechanics. Up to 36 months of short-term assistance were 
planned in fields such as industrial engineering, 
mechanical engineering, comsumer marketing, social 
analysis, stove design and construction.
 

Equipment and vehicles account for another $1,662,000,
 
including macerating machines, trucks, utility vehicles,
 
initial tools and equipment for outfitting bog laborers
 
(ONATOUR will replace these from their operating budget),
 
modest amounts of office and laboratory equipment, plus

office and residential furniture for AID-financed
 
technicians.
 

Demonstration and publicity account for $100,000 to be
 
spent in extension activities to stimulate the demand for
 
peat smong urban domestic consumers. It will finance,
 
inter alia, construction of up to 1,000 low cost, locally
 
designed and manufactured peat burning stoves for
 
demonstrations, and radio and poster advertising.
 

The project finances up to $110,000 for short-and
 
long-term training. The PP included $260,000 for
 
construction of new offices (in the Project Grant
 
Agreement this was increased to $306,000 and may

subsequently be increased to nearly $500,000). The
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$453,000 of other costs includes rental of technicians'
 
houses, office rental for ONATOUR, and POL costs of
 
project financed pickups used primarily by project
 
technicians, and testing the macerators.
 

The Government of Burundi's project contribution is the
 
local currency equivalent of $1,089,000 (11 percent of
 
total costs). It consists of an equity contribution to
 
help recapitalize support for ONATOUR's anticipated
 
operating shortfall for the 1980 to 284 period and the
 
purchase of land for ONATOUR's offices. The operating
 
shortfall, estimated at $1,011,000 includes added costs
 
of staff increases, running costs of macerating machines,
 
provision of housing of field technicians, depreciation
 
and equipment replacement costs, increased utility and
 
maintenance costs, and higher office operating costs.
 

Other donor inputs are estimated at about $1,460,000 over
 
the life of the project. The largest of these is the
 
Government of the Republic of Ireland. During 1979-1982
 
the GRB includes training ONATOUR and Ministry of Energy
 
and Mines staff in management, prospecting and peat
 
analysis techniques, additional surveys of Burundi's
 
highland peat bol reserves; and technical services to
 
study the feasibility of developing a peat briquetting
 
factory. Other elements under consideration were the
 
provisions of additional technical assistance and
 
training. The GRI may be interested in testing the
 
production potential of the Grand Marais.
 

The IDA urban development program has a small component
 
to develop and test a more efficient, low cost wood
 
burning stove. It may include a peat component.
 

Finland began work early in 1980 with Energy and Mines
 
personnel on an initial exploration and test sampling in
 
the Grand Marais. The IDA loan to study nickel mining
 
included a component to study the possibility of the
 
Grand Marais providing fuel for the project's energy
 
requirements.
 

B. Project Implementation
 

The Grant Agreement for Peat IIwas signed on August 29, 1980.
 
The project itself has gotten under way rather slowly, for
 
several reasons.
 

ONATOUR has recruited additional staff and is using temporary

office space. The transfer of title for the land on which the
 
permanent offices will be built has been a complex
 
undertaking, and is now in its final stage. ONATOUR has also
 
adjusted its selling prices to cover amount of transport costs
 
subsidy. Kisozi bog management was transferred from the
 
European Development Fund to ONATOUR. About 6,000 tons of
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peat 	was produced in the 1981 production season, and the new
 
bog near Matana is developing nicely. As noted in the Energy
 
paper, we anticipate that only one more bog will be developed

under this project, the very large Nyamaswaga bog with
 
4,000,000 MT of reserves.
 

The serious delays have occurred in two areas: recruitment of
 
project personnel, and procurement and testing of appropriate

machinery. A contributing factor was a delay of several
 
months in obtaining approval of waivers (submitted with the
 
PP) for contracting with a 935 source/origin institution for
 
peat production personnel and procurement of peat macerating
 
machinery.
 

The result was that the host country contract with Bord na
 
Mona (Irish peat board) was not signed until 21 August 1981.
 
Justin McCarthy, a senior bog manager arrived in Bujumbura on
 
30 September, just as peat production was closing down for the
 
rainy season. There have also been major delays in recruiting

senior financial advisor with fluent French and African
 
experience who is a U.S. citizen.
 

Regarding tes ' g of appropriate machinery, there have been 
serious delays Jespite the efforts of the manufacturer to make 
the machines as fast as possible. The machines arrives here 
by air freight on August 20, 1981, were immediately taken up 
country and tested for a month. The manufacturer's son and 
ONATOUR ran the production tests of the semi-automatics on all 
three bogs until the beginning of the rainy season forced a
 
halt. It is clear that the semi-automatic machines will
 
require modifications to cope with local conditions. The
 
delays meant that the 
1981 season did not perform sufficient
 
tests to permit a final chooce on technology. It is proposed

that three different types of machines ae tried during the
 
1982 	production season beginning in May. These are:
 

0 	 The three automatics;
 

* 	 Lilliput machine purchased by the European

Development Fund (which macerates and bags the
 
peat);
 

* 	 A newly developed machine, the tractor-drawn Diffco
 
turf cutter, which appears to have advantages from
 
energy point of view: production, quality,
 
drainage, ecology and rehabilitation.
 

With these machines, production should be between two and 
three times that of 1981, and a decision can be made on the 
technology. 

In late October/carly November REDS0 personnel and Bord na
 
Mona/GRI Ministry of External Foreign Affairs personnel

conducted an interim evaluation in Burundi aimed primarily at
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reviewing progress towards meeting the conditions on
 
technolog and ONATOUR institutional development. This report
 
should be available in January.
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COST/BENEFIT ANALYSIS: TOOL OR WEAPON?
 
*
 

Asif M. Shaikh
 

I. 	Good Development vs. Good Analysis
 

No amount of cost benefit analysis no matter how sophisticated 

can assure that the development policies underlying project design 
are sound. The ultimate value of cost/benefit analysis is limited 
by the appropriateness of the criteria on which it is based. 

II. 	Approach to Project Economic Analysis
 

The first issue in project design in whether or not the project
 
should exist. The economic evaluation tool serves to determine if
 
their is sufficient econolnic basis for a project to exist.
 

Cost/benefit analysis should tell us tne following things about any
 
energy solution we seek to introduce or spread in Africa:
 

0 	 Is it in the economic interest of the intended 
beneficiaries? 

0 	 Is it in the interest of whoever is going to pay for it? 

* 	 Will it spread?
 

This 	last question in turn relates to three subquestions: 

* Does anyone want what is beirig offered in the first 
pl ace?
 

* low do we expect the spread to occur? 

9 	 Are we being reasonable in our expectations? 

The 	 output of any approach to economic feasibility evaluation 
should not be a simple positive or negative judgement. It should 
instead be f eedb!,c k as ta tchriology' s feasibility, including 
information on pe ic f iC: characterisL ic or constraints which 
influcnce that fe(aihility. A technology is not simply a fixed 
entit,, but. rather ai bnurd]e of characteristics, ,,lary of which can 
and ust hbe adapted in r()pon e to eedba(:k on local needs 
particularly in the conteoxt of sma I-scale technologies 1,or African 
needs.
 

Chief Economist, Erergy/Development International, Washington,
 
D.C.
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Most AID energy projects in Africa are pilot projects. They must 
be replicable or they are irrelevant, except as learning 
experiences (sometimes very costly ones). The economic analysis of 
pilot projects requires a different "mind-set" than that of 
seff-standing projects. The tool of cost/benefit analysis is best 
suited to analyse the financial and economic returns on a specific 
investment. Yet we routinely use it as the only economic criterion 
in judging pilot projects which should be subject to a broader 
analysis of project design and conception. 

In order to properly evaluate pilot technology projects, we need
 
more analytical tools than have traditionally been available. An
 
appropriate set of tools would:
 

* 	 be simple and usable in field situations
 

* 	 make serious economic use of qualitative information,
 
because there is little quantitative data to work in many
 
rural project settings
 

* 	 be able to process and present conflicting feedback on
 
project viability
 

* 	 be versatile, and not lend itself to guide-fix
 
trigger-mechanism analysis. 

The 	 last point requires some explanation. A rate of return 
analysis is an example of a potential trigger mechanism: "The 
internal rate of return is 25%, so the project is economically 
sound". It is almost always true for pilot projects that no single 
criterion is sufficient to judge economic soundness, An economic 
evaluation methodology which boils all information down to a single
 
rate of return probably hides more useful information than it
 
shows.
 

A proposed approach to the economic evaluation of pilot energy
 
projects is contained in my paper "A Framework for the Economic 
Evaluation of Renewable Energy Technologies". The principal
 
components of that approach are briefly summarized in Section III, 
which follows.
 

III. 	 Methodology for Cost Benefit Aalysis 

The three levels of feasibil iy analysis, and their most important 
subcomponents, are as follows: 

* 	 private investor/consumer pcrspective (financial/demand 
analysis) 

e 	 society's economic perspective
 

* 	 dissemination efficiency perspective
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The level of analysis which is the most important in evaluating a
 
particular technology will depend, to a large extent, on who the
 
actual purchaser (investor) is, and on the nature of that
 
purchaser's motivation. Some technologies may be acquired by
 
individual households as a "consumer durable" (mud stoves). Others
 
may be purchased by households or entrepreneurs for income
 
generation (solar mud ovens). Still others may be purchased by
 
central, district or local government in order to create, a new
 
social ser'vice (solar electrified rural clinics) or as a more
 
economical means of providing existing services (windmills instead
 
of diesel to pump village water supplies). Numerous examples could
 
be cited. The central point is that purchaser motivation has a 
great deal to do with what levels of ,nalysis will be stressed, 
discounted or ignored altogether in the actual decision-making 
process. The following ordering principles are suggested:
 

* 	 If a technology is significantly unattractive from the
 
purchaser's standpoint, it should be considered
 
impractical, short of some overriding social concern
 
coupled with an explicit readiness to impose the
 
technology, directly or indirectly.
 

a 	 A technology to he acquired privately should be analyzed
 
at both the private and social levels.
 

* 	 Within the private level perspective, either investment 
or demand analysis, or both, can be used. Some 
technologies are clearly acquired more for investment
 
than for consumption purposes, and vice versa. However,
 
itwould be rare to have a village level, small-scale,
 
private technology choice be either purely an investment
 
or purely a consumption decision.
 

I 	 A technolo gy acquired by a government need rot hc 
analyzed Irom the private investor's standpoint. This 
does rot mean that a government may not be interested by 
some of the saime factors as private investors, such as, 
for example, cash--flow analysis. Such factors can, 
however, he addres ,ed within the framework of the social 
level arialysis. 

I 	 All technologies should he evaluated from the 
dissemination ef ficie(cy perspective. 

A. 	Investor/Consumer Prspective
 

Undertaking a g iyen inves tment or adoption of a given 
technology rego iren that those who would pay for it be willing 
to commit ,aporti on of their resou rces for the purpose. The 
likelihood that. they will do so is a basic criterion of 
"economic feasibility". Two major issues are involved:
 

I 
 Is the expenditure economically advantageous to the
 
purchaser?
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0 
 On what basis will the investor or buyer decide?
 

The latter evaluation is not only a means of judging if a
 
project technology responds to peoples' needs in the first
 
place; -it also serves to break out the specific
 
characteristics which are more or less desirable to
 
purchasers. This, in turn, is an important guide to what
 
cosmetic or design adaptations are needed in a given setting.
 
There are four steps to the economic evaluation at this level:
 

1. 	Financial analysis, which relies on the traditional
 
financial tools: projections of revenue, costs, project
 
life, and discount rates. Where appropriate, labor saved
 
can be quantified using an estimate of opportunity cost
 
as perceived by the individual.
 

2. Sensitivity analysE;, which determine now sensitive the
 
results of the financial analysis are to key assumptions.
 
For example, an expenditure which saves villagers two
 
hours a day in wood gathering time may be judged very

profitable if the time saved is valued highly, or quite

unprofitable if it is not.
 

3. 	Scarce resource analysis, which examines the likelihood
 
that specific resource limitations may prevent the
 
adoption of a technology, regardless of its overall
 
attractiveness. For example, are villagers likely to
 
have enough discretionary cash for the purchase? If not,
 
is credit available? At what terms? Does the investment
 
yield net benefits in cash (which is scarce), rather than
 
just in time or resources (which may be more abundant)?
 

4. 	 Demand analysis, which does no more than identify and
 
categorize the principal factors which appear to
 
influence the non-financial elements of the desire to
 
make a given expenditure. It draws heavily on the
 
sociological understanding on which the project is based.
 
Attempts to artificially quantify demand factors are
 
counterproductive here, since they reduce rather than
 
enhance the informational content of the output.
 

B. 	Society's Economic Perspective
 

The steps in the economic evaluation at the social level are 
as follows: 

1. 	 Economic analysis, using the same techniques as the
 
financial analysis at the investor level, but with
 
several input substitutions:
 

a. 	Labor time is valued at shadow wages, which equal
 
the social opportunity cost of time.
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b. 	Shadow discount rates are used to reflect social,
 
rather than individual, preferences as to the future
 
growth vs. immediate benefits.
 

c. 	The analysis incorporates social costs, which take
 
account of cost or benefits which may accrue to
 
society, but which are not realized by the
 
individual investor. These include such things as
 
environmental benefits, costs of extension and so
 
forth.
 

2. 	 Sensitivity analysis, which, as in the invstor level
 
analysis above, determines how stable the economic
 
results are in response to changes in key assumptions.
 

3. 	Scarce resource analysis, which, at the social level,
 
becomes a measure of how practical a technology is within
 
the specific constraints of LDC rural areas. For
 
example, windmills require trained mechanics for
 
maintenance and repair. Are those human resources
 
available? At what cost?
 

4. 	 Evaluation of national policy objectives, which may
 
affect a technology's economic value to society.
 

C. 	Dissemination Efficiency
 

From the standpoint of a project's effectiveness in achieving
 
its objectives (such as, for example, reaching the rural
 
poor), it is not sufficient that a given technology be cost
 
effective from the investor and social perspectives. It
 
should also be a more efficient vehicle for achieviny project
 
goals than alternatives which are equally feasible at
 
social/investor levels. Even where no clear-cut alternative
 
technolQgy exists, project design requires some judgment of
 
whether it makes economic sense to spend program funds to
 
introduce and disseminate a technology.
 

The commercial analog to "dissemination" is "sales". It would
 
be absurd for an entrepreneur to introduce a new good without
 
some indication that it will sell. Similarly, it makes little
 
sense to introduce a technology intended to improve living
 
conditions for a population without some indication that it is
 
capable of reaching a significant portion of that population.
 

There are several dissemination mechanisms through which this
 
can occur. These include, among others:
 

6 	 extension/training
 
* informal social process,
 
e commercialization, and
 
I direct government implementation.
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Generally, two or more mechanisms operate at once. There is
 
often a time pattern to how different mechanisms come into
 
play, with training/extension ideally giving way over time to
 
dissemination 
processes generated within the socioeconomic
 
system.
 

For purposes of judging project effectiveness, two aspects of
 
dissemination are of particular interest:
 

What is the likelihood that a technology will spread
 
and actually reach those it is intended to help?
 

* 	 What are the costs of dissemination, both absolutely
 
and in comparison to the alternatives?
 

Each 	dissemination mechanism brought into play introduces a
 
new set of actors and incentives, and thereby influences both
 
of the above questions. Neither question can be answered with
 
precision, particularly when speaking over a medium- to
 
long-run 
time frame. However, useful information can be
 
derived from analyzing the characteristics of the technology

in question and of the economic environment of rural areas. A
 
threefold approach is proposed:
 

1. 	Dissemination Cost Ratio
 

A measure of the cost of dissemination can be defined by

the following ratio:
 

incremental budgetary cost of transferring
 
a technology to one new user
 

incremental benefit to society of
 
transferring a technology to one 
new user
 

In practice, the denominator can be measured by the Net
 
Present Value of the technology when evaluated from the
 
social perspective. While this 
is a crude measure, it
 
does address the key criterion for a pifot implementation

project: is it economically practicdl to spread the
 
technology to larger audience should
a much the pilot

succeed? Moreover, when this ratio is used to compare

technologies, it becomes a more 
refined measure of the
 
relative merits of two or more program alternatives.
 

2. 	Changes in Dissemination Costs Over Time
 

Changes in the 	 cost should
dissemination ratio 
 be
 
examined over time. That is, some technologies may have
 
dissemination costs per unit which are 
high at the
 
outset, but which decrease after an introductory period.

This may occur because of demonstration effects, greater

public familiarity, field-proven effectiveness or,
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simply, because new dissemination mechanisms have come
 
into play. An appropriate time frame within which to
 
project these changes would be in order of 15 to 20
 
years.
 

3. Overa'l Dissemination Effort
 

The above indicators of dissemination costs should not be
 
applied mechanically. Together, they only provide inputs
 
into a judgment of how likely it is that a technology 
will actually take hold and have a meaningful impact on 
some target population. For example, if tne
 
dissemination cost ratio is fairly high and remains high
 
over time, reaching fifty percent of rural households
 
over fifteen years may require a major national
 
commitment of resources. In this case, such costs should
 
be estimated and explicitly accepted as being both
 
worthwhile and likel before project resources are
 
committed to the initial effort. It should be emphasized
 
that the dissemination cost ratio alone merely indicates
 
whether spreading a technology generates net benefits
 
(i.e., that dissemination costs are less than benefits).
 
Only by combining this information with that on changes
 
in dissemination costs over time and evaluating overall
 
dissemination effort to reach a target population can a
 
judgment be made as to whether a given technology merits
 
priority consideration. This latter judgment, in turn,
 
depends on the social opportunity cost of the budgetary
 
and other resources required.
 

IV. Technology, Economic History and Clint Eastwood
 

Economic analysis has played an increasingly important and
 
diversified role in the analysis of AID energy projects in Africa.
 
Several years ago the focus was on assessing how beneficial various
 
energy technologies would be if introduced. That criterion was
 
refined as we looked more closely at project (or technology)
 
financial viability from the user'F perspective. The next step was
 
to examine the prospects for widespread project replication and for
 
the dissemination of useful energy technologies. Finally, more
 
recent work has emphasized the value of technologies which will
 
catch on largely on their own.
 

It seems to me we have come full circle in this process:
 
Initially, we introduced technologies more because they were "good"
 
than because they were economic. Now we may be seeking to deal
 
only in those technologies which are so good that we almost don't
 
need to introduce them at all: They will simply catch on by
 
themselves.
 

We are at a decision point: how far should we go in emphasizing
 
self-spreadi:ig technologies? How much shoiild we expect from the
 
"marketplace" in project design and conception? Is there 
any
 
simple solution?
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We in the development community often find ourselves trying to

non-disruptively introduce technologies in the Third World, as
 
though there was no such thing as historical process or social
 
upheaval. Yet technological :hanqe has historically been a major

vehicle for socioeconomic transfcrmation. We know next to nothing

about how that process occurs. If we did, I suspect we would know
 
that there is no simple model. 
 The simple fact of our having been
 
wrong so often in the past should temper our certainty about a

simple new solution, whether it be government extension or markets
 
or anything else.
 

When we look at how large-scale technologies change has occurred
 
through history, we find an enormous diversity. Compare the Meiji

Transformation in Japan, the decline of the textile industry 
in

Bengal, the enclosure movement in England, reforestation efforts in
 
China or the spread of cash crops, transistor radios or Nestle's

baby formula in Africa, and you will find differences, good and
 
bad. Did the entrepreneurs of Ethiopia bet on the firancial
 
returns of Eucalyptus or on the historical struggle to capture the

technologies of conquering foreigner? least,
the I, at 
 am not
 
sure.
 

Markets have spread a number of technologies in Africa, and they

have not spread others. So have governments (pre- and
 
post-colonial). 
 When markets play a massive role in the diffusion
 
of small-scale energy technologies in Africa, social transformation
 
of historic proportions will have occurred. This is not
 
non-disruptive Appropriate Technology. We may 
 propose energy

technologies to the marketplace (where it exists), but the market
 
will spread only those which meet its needs. 
 Nestle's has been
 
more successful 
in Africa than mud stoves. So has Clint Eastwood.
 

With some exceptions, on any large scale, marKets are as likely to
 
supplant out technologies as to implement them even if
our solution
 
seem market-oriented to us. The need to address the energy needs
 
of Africa is critical. We know there are 
no quick solutions. We
 
should also recognize that there is no single solution; if
even 

there were one today, it may not be valid tommorrow. There are
several million Africans 'nthe throes of starvation. Perhaps 200
 
hundred mill on whose lot is getting worse. There is a lot of
 
upheaval to occur before we get from here to there.
 

V. Conclusion
 

The principal contribution of economic methodologies for pilot

project analysis will be to shift our 
focus from precise answers
 
(based on 
questionable data) towards an understanding of the
 
process we are trying to initiate. The principal danger is that we

will slip into a well-established tradition of the economics
 
profession by defining ideal solutions 
rather then analysing real
 
problems.
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TECHNICAL SOUNDNESS
 

C.F. Kooi
 

The anelytical tools used are essentially (1) the laws of nature
 
(physical, chemical, 
 biological) (2) the methods of engineering,

including cost estimations.
 

We will show by ai example how these tools are used. The example will

be water pumping, the objective being to determine the quantity and cost
 
of water pumped by various techniques. We will choose to consider
 
pumping by: (1) a single person with a rope and bucket, (2) a single
 
person with a hand pump, (3) a wind purip, (4) a photovoltaic pump, and

(5)a diesel pump. Water will be pumped from a well, a total lift of 30
 
meters, in a climate such as that of Niamey.
 

The principal laws of nature that we will apply are the first and second
 
laws of thermodynamics which state that the energy gained by the pumped

water cannot be more than the energy put into the pumping operation.

This is a simple principle but often ignored. One knows immediately

that a person whose food intake is 2000 kcal per day cannot lift more
 
than 28,000 liters of water per day from a 30 meter deep well. 
 In fact,

since most of the 2000 kcal of food energy is needed to sustain his
 
vital functions he can, in fact, lift less than 1/10 
of this.
 
Similarly, when measurements indicate the amount of wind energy

available at a particular site and the charactfristics of a particular

wind pump, we can determine the amount of water it can lift.
 

In the following calculation it will be assumed that the persons and
 
diesel will pump water 8 hours 
per day, 300 days per year. In
 
calculation of the present value of all operating costs, 
the discount
 
rate is taken to be 10%, all cost escalation rates are tiken to be 10%
 
per year, except for the price 
of diesel fuel which is assumed to
 
escalate at 13% per year. The duration of the pumping project 
is
 
assumed to be 15 years. 
All other parameter values and performance data
 
is taken from measured data, manufacturers technical literature,

engineering handbooks, and other sources of information.
 

DATA: Five Pumping Techniques
 

I. Diesel Pump
 

Four horsepower diesel; pump and transmission efficiency: 50%
 
Installed cost: $3000.
 
Five year life. Replace every five years.

Maintenance and operation cost: $800 per year.
 
Fuel consumption: 3000 liters per year.
 
Cost of diesel fuel in 1981: $0.70 per liter (as in Abidjan
 

Energy Advisor, REDSO/WA, Abidjan
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II. Wind Pump
 

Six meter diameter, multi-vane, designed for low wind speeds.
 
Installed cost: $15,000.
 
Fifteen year life.
 
Maintenance and operation cost: $400 per year.

Manufacturer's curves specify quantity of water pumped as function
 
of average wind speed. Average wind speed: 2.8m/s.
 

III. Photovoltaic Pump
 

One kilowatt (peak), no battery storage, pump efficiency: 50%.
 
Installed cost: $40,000
 
Fifteen year life.
 
Maintenance and operation cost: $400 per year.
 
Insolation: 6 kWh/m 2/day.
 

IV. One Person with Rope and Bucket
 

One person; work output of 50 watts over 8 hours per day.
 
Cost of equipment: $20.
 
Life of equipment: 1 year.

Efficiency of operation over complete cycle: 40%.
 
Wages: $2 per day
 

V. One Person with Hand Pump
 

One person; work output of 50 watts over 8 hour day.

Pump: High quality, long life. Installed cost: $1000.
 
Life of pump: 15 years.
 
Pump efficiency over cycle: 50%.
 
Maintenance of pump: $50 per year.
 
Wages: $2 per day.
 

The amount of water raised by each Lechnique is calculated using the 
first law of thermodynamics (energy input = energy output) and the 
second law of thermodynamics as embodied in the efficiency parameters.
Then the present value of all costs, including purchase of new diesels 
every five years and ropes and buckets every year, is calculated using
standard methods as outlined in engineering economy textbooks. Finally
the levelized cost of pumping a cubic meter of water is calculated by
dividing the present value of all costs by the number of cubic meters of
 
water pumped during the 15 year period. The results are shown in Table
 
I.
 

Hand pumped water is the most expensive because a person can produce
 
very little mechanical power (the 50 watts over 8 hours per day that we
 
have assumed is optimistic). In fact, an internal combustion engine

consuming less than 15 gallons of fuel (one gas tank full) produces as
 
much mechanical work as an adult person working for a full year. In
 
order to compete with a diesel the worker's wage would have to be
 
lowered to about 20¢ per day.
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Itwas assumed that the efficiency of a hand pump operotion was greater
 
than that of a rope and bucket operation. However, the author is not
 
aware of any measurements to justify this assumption.
 

The wind speeds in Niamey are low. In a region with higher wind speeds,
 
such as the Cape Verde Islands, the wind pump would be the least 
expensive option. Photovoltaic cell costs are only 25% of the total 
system cost used here. The cost of the balance of the system (BOS 
costs) can be reduced drastically. If that is done and if diesel fuel
 
pices were to again escalate as they did in the last decade (average of
 
25% per year) photovoltaic pumping would be less expensive than diesel.
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TABLE I
 

Amount and costs 
of water pumped by five different techniques; for a thirty meter

well in an environment similar to that of Niamey.
 

Diesel Wind Photovoltaic Hand pump Rope & Bucket 

Present value of 
all costs ($), 60,300 21,000 46,000 10,750 9,300 

Quantity of water 
pumped (cubic meters 
per day) 150 30 35 2.4 1.9 

Levelized cost of 
pumping the water 
(dollars per cubic 
meter). 0.09 0.16 0.29 1.00 1.09 
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ENVIRONMENTAL SOUNDNESS
 

Vernita Fort
 

The Need for Environmental Soundn'ss
 

Concern for ecological stability and environmental soundness is
 
occasionally viewed as obstructionism generated by sentimental
 
enthusiasts. However, ecological integrity translates into a
 
fundamental issue of survival and development for a large
 
percentage of Africa's population.
 

Ecological stability is not a luxury. It is essential for
 
sustained productivity of the same resources depended upon for
 
sustenance, livelihood and income and foreign exchange. It is
 
essential to adequately support human populations on a sustained
 
basis. It is essential for sustained development. In these
 
conclusions the value and need for environmental soundness in
 
project and economic development more than clearly assert
 
themselves.
 

Without concretely considering the possible environmental
 
consequences that could result from specific development
 
interventions, projects intended to solve one set of problems could
 
create another. The new set of problems could even be more severe
 
than the first set tnat the project addressed. Also real economic
 
costs accompany environmental degradation. Such costs result, for
 
example, from decreased productivity of certain resources (lost
 
opportunities for returns) or damaged health that requires capital
 
resources to correct or removes human beings from productive labor.
 
Finally and most fundamentally, human well-being potentially
 
suffers. The new problems can show up in the same place and as an
 
immediate response to the project action. Often, however, the new
 
problems show up at a different location, in a different form or
 
sector, at a different location, in a different form or sector, at
 
a different time and affecting diffe'ent groups of people than
 
those for, or by whom, the unsound project was implemented to
 
benefit. In the latter case, though the new problems may be less
 
readily discernible, implications for resource productivity,
 
overall and long term economic costs and human well-being are no 
less severe.
 

The following examples of two projects illustrates thp problem 
which were encountered due to no attention being paid to
 
environmental soundness and the operative ecological context.
 
These accounts are generalized, but stem from actual cases.
 

Project No 1: A dam was built across a major river in Africa for
 
the purpose of generating hydroelectric power. No attention was
 
given to the associated environmental parameters and the problems
 

Natural Resources Advisor, REDSO/WA, Abidjan.
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which resulted were more significant than the problem solved. For
 
example, schistosomiasis and malaria were augmented, and thus the
 
status of human health declined. Forests and valuable arable land
 
were flooded and thus were removed from producing necessary food,

fiber and surplus products for consumption and income. Certain
 
fish species that provided an important source of protein were
 
diminished or completely depleted due to grossly changed habitats.
 
Water availability at critical points along the river that served
 
critical needs were restricted. A host of additional secondary and
 
tertiary negative effects emerged. Thus a well intentioned
 
project, focussing on solving an energy problem, was more
 
destructuve than helpful.
 

With an additional small investment, the multiple problems and
 
opportunities associated with dam construction for hydropower could
 
be addressed with complementary solutions rather than conflicting
 
ones. This is a situation where a certain level of investrent is
 
necessary before a net level of viable returns can emerge. The
 
solution is not to necessarily refraim from building the dam,
 
unless all social, technical, economic and environmental costs so
 
dictate. Rather, it is to assess and "design-out" the potential

environmental problems as discussed in detail later in the paper.
 
This means that the project should attempt to prevent, minimize,
 
mitigate, rmnitor or beneficially harness and convert potential

environmental problems. This means that the scope of this
 
particular project would need to be broader, with a focus on the

"system" or total river basin 
or watershed in which the hydropower
 
would function, rather than just hydropower in and of itself.
 

Project No. 2: A second example is actually the scenario of a
 
proposal made to design a woodlot project focused on addressing a
 
problem defined as 'deforestation". Without understanding and
 
addressing the larger ecological context and the reasons why

deforestation was occuring, the proposal only addressed the
 
symptoms. The problem was improperly or incompletely define2d.
 
Without understanding how and why the inhabitants exploited their
 
environment as they did to support themselves, the proposed

project, if implemented, could in fact have further facilitated the
 
deterioration of their capabilities to produce food. This would
 
have been the direct result of putting trees on the land that had
 
been cleared for food production.
 

An investment may have been made in the name of fuelwood production
 
and environmental enhancement, which may have in fact encouraged

the contrary. Costs in human well-being and optimum resource
 
prcductivity would have also accrued. The proposal was not pursued
 
ano the potential problems and uncompensated costs were avoided.
 
Wich the same level of funding and the appropriate consideration of
 
the ecological and land use context, a project with net benefits
 
could be desicined and implemented. As it turned out, an
 
agro-sylvo-pastoral approach that served food, fuel, fodder and
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fiber needs at once, was determined to be a more viable solution
 
based on ecological and land use analysis. It promises to be more
 
responsive to the existing system of problems and opportunities in
 
the country of concern.
 

II. Before Project Design, There is Project Identification
 

Environmental problems are often fundamentally the result of
 
ad-hoc, piecemeal and laissez faire project identification. Many
 
environmental problems can be avoided, and overall benefits from
 
the environment and natural resources can be increased through
 
planning and through a systems approach to project identification.
 
This is particularly true in the arena of energy and natural
 
resources which in fact constitutes a large percentage share for
 
energy and natural resources, has its own logic, and is easily
 
explained. Food, energy, water, fiber, materials and surplus for
 
income, which are essential requirements for sustenance, livelihood
 
and development, are all generated from the natural resource base.
 

Most AID projects associated with energy and natural resources are
 
identified vertically, one resource sub-area in isolation of the
 
next, where often opportunities are lost and problems created.
 
However, rather than focusing on energy, forestry, and water
 
separately, it is much more efficient, productive and increasingly
 
necessary to identify projects horizontally, or in the context of
 
the ecosystem in which they would function. The goal would be to
 
develop a given energy-natural resource system or ecosystem where
 
the possible components of agriculture, energy, forestry, range and
 
livestock, fisheries, mining and industry would function in a
 
reinforcing rather than competitive manner, and that optimally
 
meets the multiple needs and objectives of the human population
 
depending on the system. Optimum and sustained productivity of the
 
system would be an inherent goal.
 

Once the resource capabilities of a given area or region are
 
assessed and measured, and the current and projected human demands
 
are assessed and measured, a preferrpd land use and resource
 
management system can be articulated with the inhabitants. It is
 
in this context that specific projects are best.
 

The methodologies of land use planning and watershed management
 
provide examples of how a larger or preferred system is designed
 
based on res-urce capability and human demand, and then how
 
specific actions or "projects" are identified for coherently
 
realizing the preferred system. These methodologies, or principles
 
from them, could be beneficially used in AID's project
 
identification process.
 

The strategy that the specific projects constitute would need to
 
have a much longer view or time frame than the average five year
 
project period. This is necessary, as experience is beginning to
 
show, so that the technologies, institutions, practices or trained
 
expertise initiated by a project, could have a sustained context
 
for becoming strong and well integrated into the larger development
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process. Commitment from all participating organizations and

institutions, including AID, would need to be firm for such longer

term support. The result would be greater 
benefits to the
 
beneficiary and a more effective investment.
 

Currently the Country Development Strategy Statement (CDSS) is

employed by AID to 
provide guidance in program development. Its

utility as a guide or tool for coherent project identification
 
could be improved if it included an appraisal of the natural
 
resource base, its productive capability, current land and
 
resources use 
and current and projected human demand on the
 
resource base.
 

Some missions are beginning to include this type of information and

appropriate maps 
in their CDSSs. They are beginning to use the
 
information in the program and strategy development and project

identification. I would 
 strongly encourage furthering this

practice and recommend that AID seek to provide the missions with
 
assistance to improve their effectiveness in these areas along the
 
general guidelines discussed above.
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SOCIOLOGICAL PERSPECTIVE OF THE ENERGY PROBLEM
 

Dr. Carolyn Barnes
 

The analytical tool presented here can be used for more than project

design. Often we have focused in a piecemeal fashion upon a solution
 
after a simplistic identification of an energy problem. The solution
 
has frequently involved the introduction of energy-related technologies
 
or new energy forms, but our knowledge about these greatly exceeds our
 
knowledge about the contextual situation of the problem we are trying to
 
solve. This is particularly the case when it somes to household energy
 
use. Too often analyses of energy use or demand by households has
 
focused on wood supply and an estimation of households' requirements as
 
based on the assumption that distribution and quantity used takes place
 
according to the needs of all the people. This approach neglects

ecological, cultural and economic variations. Most energy consumed in
 
the household and informal sectors in African countries does not pass

through the market economy. In order to obtain energy-related data on
 
these sectors, surveys and qualitative studies are usually required to
 
supplement exis:.ing information. These studies need not be extremely
 
time consuming and costly.
 

In setting forth an analytical framework, this effort tries to identify 
some key elements related to energy use among households and operators
in the informal sector. The - formal sector is included since by
definition it is largely dependent upon the household resource base. 
The aim of the framework is to articulate interrelationships. Thus,

when considering projects, one can better predict how actions in one
 
sphere may influence or be influenced by activities in another. Energy

problems are inextricably linked with the wider social, political and
 
economic system. When energy problems are viewed as part of a wider
 
system, it is easier to recognize the way the effective actions in other
 
parts of the system can positively or negatively lead to changes in the
 
energy sphere. For example, as was mentioned yesterday, increased
 
agricultural production through expansion of agricultural land can
 
contribute to deforestation and thus negatively effect the availability
 
of firewood.
 

The analytical framework which 1 wish to present assumes that either 
households or operators in the informal sector are the unit of analysis. 
To obtain a national profile, sampling should be conducted to take into 
account differences such as population densities, ecological zones,
rural and urban areas, and for household dietary differences since 
cooking is the activity in most African households which requires the 
largest amount of inanimate energy: to cook maize meal takes less fuel
 
than to cook maize and beans.
 

Social Analyst, REDSO/EA, Nairobi
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Before going through the analytical framework 1/, I wish to state that
 
this is presented as a tool to stimulate thought about key
 
interrelationships. There are many ways of presenting this or similar
 
conceptual frameworks. Also, I use the term energy to refer ';o
 
inanimate forms.
 

End Use of Energy: Enprgy use by households covers a wide range of
 
possibilities such as cooking; lighting, space heating, agricultural
 
production and drying of crops. Among the numerous possibilities of
 
energy use in the informal sect~r are preparation of food and beverages
 
for sale, welding-related activities and brickmaking.
 

Type: The type of energy used may vary according to its end use.
 

Amount: Information on the amount of a particular type of energy used
 
helps to provide a picture of the demand for particular energy types.
 

Variations in Type and Amount of Energy Used: Variations may occur
 
according to physical place (e.g. cattle posts vs. village) time (i.e.

daily, seasonally and annually), number of end users or consumers of the
 
output, and the technology. These are influenced by the demands on the
 
resources of the user.
 

Demands on Resources to Meet Basic Needs: The extent to which a
 
household or informal sector operator can satisfy basic needs (food,
 
clothing, shelter, health and education) relates to the degree to which
 
there is competition for use of its resources i.e. land, labor and
 
capital. Policy, such as on services, pricing and credit, also
 
influences the degree to which the needs can be met. It is in this
 
sphere that one needs to assess constraints and incentives.
 

Socioeconomir Group: The socioeconomic status of a household or owner
 
of an informai sector enterprise influence his or her ability to meet
 
basic needs and access to energy supply since it relates to access to
 
property, income generating activities and investment capital.
 

Access: The extent to which one has access to energy supply is
 
influenced by his or her socioeconomic situation. But access is also
 
influenced by social relations and regulations and policy. For example,
 
private ownership of land signifies lack of access to outsiders for
 
collection of wood, but the owner might permit neighbors to collect wood
 
free of charge because of a societal ideal which emphasizes sharing with
 
the less fortunate. The higher a household's socioeconomic status the
 
greater access to different types of energy, especially commercial
 
energy, and the provision of appliances to use these commercial fuels.
 

Supply: The absolute amount of an energy form available is affected by
 
the biophysical environment and market, both of which are influenced by
 

1/ This is a modified and simplified version of one developed by the
 
Beijer Institute Project in Kenya. See attached diagram.
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policy, such as on soil conservation, water management and pricing. The 
methods of exploiting and conserving the natural resource base also 
affect supply. 

Competition with Non-Energy Uses: This category is relevant to some 
traditional energy types, particularly fuelwood and dung. For example,
 
there is demand for wood for building and construction materials.
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THE PURPOSE OF MONITORING AND EVALUATION FOR ENERGY PROJECTS
 

George Burrill 

. Background 

Information is needed at all stages of project design and
 
implementation. Good information is essential to a good
 
decision-making p.ocess, from conceptualization of a project
 
through to a final evaluation. Ideally, a project should have a
 
coherent information system that generates appropriate data, at the
 
right times, to support all key decisions at the time they need to
 
be made. Methods for collEion and analysis of data during
 
project design phases should be as compatible as possible with
 
methods to be used during monitoring and evaluation. Ideally, the
 
system should provide neither too much nor too little information.
 

Project monitoring and evaluation for energy projects should:
 

* 	 track project activities, inputs and outputs, for ie,,el
 
of achievement;
 

e 	 identify present problems and possible future problems;
 

* 	 provide mechanisms for analyzing problems and identifying
 
possible solutions;
 

* 	 measure project impacts;
 

* 	 provide the correct information to the correct
 
individuals, agencies, villages, etc., at the correct
 
times to support good decision making related to the
 
above items;
 

* 	 answer all key questions about technology performance and
 
transferability.
 

In designing or using a successful monitoring and evaluation
 
system, experience has taught us that several key problems must be
 
overcome:
 

* 	 Project managers are often threatened V, information
 
systems because (1)they do not really want to be held
 
accountable in situations they feel are very difficult;
 
or (2) they do not want to discover problems or change
 
anything. 

President, Associates in Rural Development, Burlington, VT.
 

285
 



* 	 Project managers do not understand or believe in
 
information systems because (1) they believe it takes too
 
much 	money and time away from the "real" part of the
 
project; (2) they believe the cost is not the
worth 

benefits of the system; or (3)they do not understand how
 
they can use the information for their needs.
 

* 	 Often, the only experience project managers have had is
 
with systems designed for someone else's needs and goals

rather than their own.
 

Therefore, in order to address these problems and have a good

monitoring and evaluation system, it is highly impo. tant that:
 

* the system be designed for each specific project, and
 
fulfill the decision making requirements of the various
 
groups and individuals associated with the project;
 

* the project managers and field staff understand the
 
importance and potential of the information system, and
 
that the system is built into the project to coincide as
 
much as possible with other ongoing project activities.
 

II. 	The Project Design Process
 

I assume that a key goal is to 
develop energy strategies or
 
technologies t'-t are appealing from economic, social and technical
 
viewpcints, anu which will 
not require large amounts of government

support, except perhaps initially. Therefore, in the initial
 
stages of developing energy projects, we neeu to generate adequate

data and information 
 so that we can then put forth solid,

quantifiable estimates, rooted in empirical data, of the potential

cost-benefit impact of widespread use of energy concepts. 
 What 	are
 
the 	 questions we need 
to address in order to generate this
 
information?
 

There are five basic question areas. Projects must be designed to
 
answer these questions, which means that the monitoring and
 
evaluation designi must allow for both generation of the correct
 
data and methods of analyzing it.
 

a 
 How well does a given device or strategy perform

technically within the physical conditions of the 
area
 
where it is being tested or used?
 

* 
 What 	costs are associated with the installation and
 
operation of the technology/strategy, and how do these
 
cost. compare to the benefits received and to traditional
 
and other means of accomplishing the same work?
 

* 	 How does the techriology/strategy interact with the local
 
culture, and with the social organization of the village
 
and family?
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* 	 How appropriate is the technology/strategy for the
 
village institutions or individuals who could own,
 
operate, and maintain it?
 

* 	 What can be learned about the best ways of transferring
 
or adapting the technology/strategy iioo the village?
 

The information necessary to assess the institutional strategies
 
and the technological intervention of an energy project does not 
come 	 easily. Therefore2, the project paper design should actually
describe the analytical framework for monitoring and evaluation. 
It should be a rigorous analytical guide which poses all the key 
questions and indicates what data must be gathered. These
 
questions and data should be categorized and listed within the
 
outline of the analytical framework. The project paper should also
 
indicate who in the project will be responsible for gathering
 
particular types of information. Finally, the design should
 
provide guidance on data analysis methods.
 

Therefore, in a broad sense, any monitoring and evaluation plan
 
must 	include the categories of:
 

* 	 techiological performance,
 

* 	 economic performance,
 

* 	 social/cultural adaptiveness, and
 

a 	 organizational structure or organizational development
 
requirements.
 

When completed, the monitoring and evaluation plan should be
 
examined in light of the output and purpose levels of the project's
 
logframe t. make surre that the main thrust of the project is always
 
being addressed. It should aleo be checked against the six points
 
listed on the first page of this paper.
 

Development projects usually have strategies for putting the
 
project into place thaL are quite clearly discussed and often
 
monitored. Sadly, the hypotheses and assumptions that these
 
stratenies rest on are rarely tested systematically or empirically
 
validated so that there is some clear logic for their choice. This
 
is now the case with energy projects, and this issue should be
 
addressed. Projects often fail or do not reach their objectives
 
because project hypotheses were invalid.
 

Moreover, as we all know, energy use is a means to an end, and
 
energy projects are a means to other development aims. As such,
 
there are implicit assumptions in any energy project that a
 
successful project will result in achievement of some type of
 
development aim. These assumptions also need to be constantly
 
tested as they provide the larger framework and rationale for our
 
development efforts.
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SECTION VIII
 

IBRD AND OTHER DONOR ENERGY ASSISTANCE PROGRAMS IN AFRICA
 



IBRD AND OTHER DONOR ENERGY ASSESTANCE PROGRAMS IN AFRICA
 

Frances A. Gulick
 

I. 	Introduction
 

A brief review of The energy activities of donors (other than AID)

in sub-Sahara Africa, reveals the following facts:
 

e 
 a large number of donors are providing a substantial
 
amount of assistance in the energy sector;
 

* 	 a large proportion of such assistance is being directed
 
toward hydroelectric and urban power distribution
 
projects;
 

* 
 led by the World Bank and other donors, increased
 
emphasis is being placed on locating and developing

indigenous sources of hydrocarbon energy sources (coal,

lignite, oil and gas) as well as renewables, including
 
fuelwood;
 

* 
 led by the World Bank and other donors, including AID.
 
increased emphasis is being placed on energy planning and
 
assisting countries in identifying their priority energy
 
problems and policy issues;
 

* 	 adequate coordination among donors in providing energy
 
assistance appears to be weak.
 

A special feature of the expanding donor interest in energy is the
 
developr it of a more inclusive and broadly based strategy for
 
longer -.rm aid in this sector which is being formulated by the
 
World Bank, based on its August 1980 study "Energy in the
 
Developing Countries". It suggests an approach which should make
 
coordination, among donors and with African governments at the
 
individual country level, easier and more effective.
 

II. 	Energy Aid by Other Donors
 

A very large number of donors are providing assistance in the field
 
of energy to Sub-Saharan African countries. 
 One 	recent tabulation
 
identifies 14 donors who are engaged in energy 
aid in Africa.
 
Projects financed by these donors represented, by 1980, cumulative
 
investments totalling some $940 million 
in West Africa and about
 
$1.4 billion in East and Southern Africa. Annex A provides country
 

Consultant to USAID, Bureau for Africa, Washington, D.C.
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by country details. (1)
 

The following list gives a general indication of the magnitude of
 
energy aid by seven of these donors.
 

Country $ Millions (2)
 

Canada 47
 
France 245
 
Germany 413
 
Netherlands 20
 
Sweden 108
 
United Kingdom 70
 
African Development Bank 89
 
IRRD/IDA 196
 

III. Sub-Sector Orientation
 

The primary orientation of aid by the largest donors has been a
 
continuation of traditional energy lending, particularly for
 
hydroelectric projects underway in 22 countries. To the extent
 
that hydro projects provide an alternative to thermal-fueled power

plants, they help to relieve the present oil-import dependence
 
which is charactaristic virtually all Sub-Saharan countries.(3) In
 
addition, however, other forms of power generation and transmission
 
are also being supported. Energy assistance allocations were as
 
follows for France, the UK, Germany, and Canada. (4)
 

Table A Cerman Energy Aid by Region (1970-present) 

No. of Projects/ (No. of Projects/ Amount (Amount Sectoral Energy AidPrograms Programs Committed Planned- as 9oof Regional
Committed Planned)c (US Millions) SUS MIillions)b Total (Committed onLy) 

A frica 
Power generation


(including studies)

lydroelectric 10 (3) 252.590 (51.950) 61.2

Other (including fuel 
provision) 6 (1) 8.870 (1.300) 2.1 

Transmission. distribution, 
and pLant rehabilitation 
(including studies)

Rural eletrificasion 2 (2) 11.800 (8.000) 2.9
Other 20 (11) 104.,1,0ti (66.450) 25.3
 
Fossil fuels recovery

(including studies) 1 2.300 0.6(1) (2.220)
Tech. assis./Energy pianning 12 (2) 10.285 (1.745) 2.5
Renewable energy

(including studies) 10 5.670(7) (8.780) 1.4
Forestry (GTZ)c 11 18.870 4.0 

Regional total 72 (27) 412.991 (140.535) 100.0 
(19.7% of total 

German energy aid) 

SOURCES:

German data submitted to IBRD meeting on Assistance to the Energy Sector in Developing Countries, Paris, June 25-26, 1979.
Annex to Report by the Working Party of the OECD Council to Develop a CoordinatedEffort to Help Developing Countries

Bring into Use Technologies Related to Renewable Energy.

Interviews with German government officialL
 
"Numbera in parentheses indicate the number of additional projects planned (funds for thea not yet committed) In earh sector,

based on BMZ projections in November 1979.

b.Numbem in parentheses indicate the amount o additional expenditures planned (but not yet committed) in each sector, based
 
on BMZ projections in November 1979.
 
'No information available to indicate what ptrcentage of forestry projects are meant primarily for fuelwood production.
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Table B CIDA's Energy Aid by Region (1978/79 and 1979/80) 

No. ofProjects/ Amount Sectoral Energy Aid as 
Programs ($US Milone) %of Regional Total 

Common.:ealth Af a 
Power generation

Hydroelectric 	 1 16.40 	 69.3
Other 0 0 0
 

Transmission & distribution
 
Rural electrification 
 3 2.30 	 9.7Other 	 10 3.09 	 13.1

Power s*tor studies 	 2 0.39 1.6Fossil fueLs recovery 0 0 0
Tech. assis./Enerly planning 2 0.26 1.1
Renewable energy 2 
 0.21 	 0.9Fualwood 7 1.02 4.3
 
Regional Total 
 27 23.67 100.0 	 (25.9% of total 

CIDA Energy aid) 
Francophone Africa 
Power generation

Hydroelectric 1 1.770 	 7.7
Other 0 0 0
 

Transmaission & distribution
 
Rural elecrification 1 0.026 	 0.1
Otherb 10 20.520 	 89.0Power sector studies 	 1 0.170 	 0.7

Fossil fuels recovery 	 0 0 0
Tech.asais./Eneray planning 1 0.034 	 0.1
Renewable energy' 	 0 0 0Fuelwoodc 4 0.520 	 2.3 

Regional 	Total 18 23.040 100.0 (25.2% of total 
CIDA Energy aid) 

SOURCES:
CIDA data submitted to IBRD meeting on Assistance to the Energy Sector In Developing Countries, Paris, June 25-26, 1979.Annex to Report by the Working Party of the OECD 	Council to Develop a Coordinated Effort to Help Developing Countries
Bring into Use Technologies Related to Renewable Energy. 

bIncludes $13 million loan to CIMAO (Togo).
 
"'Renewable enerr" and "Fuelwood" 
 include noiects of Canadian Internatior al Development Resea"-h Cei re i!'RC). 

Table C French Energy Aid by Region (1976-1979) 

No. of Proj(.,ts/ Amount Sectoral Energy Aid as
Programs (SUS Milllonn) %of Regional Total 

Francophone Aftica 
Power generation

(including ctudies)
Hydroelectric 6 149.00 	 61.9
Other 4 26.20 	 10.9 

Transmission 	& distribution 
(including studies)

Rural alectrii3cation 0 0 0

Other 
 7 34.40 	 14.3Fossil fuels recovery 	 0 0 0

Tech. a.saiEnergy planning 2 4.90 2.0 
Renewable energy

ResearchlDevelopment" 23 5.83 	 2.4ApplicationProduction 	 46 17.00 	 7.1Fuelwood 1 3.40 	 1.4 
Regional 	torXh 89 240.73 100.0 (86%of total French 

energy aid) 

Commonwealth Africa 
and Other Afr.ca 

Power generation 
(including studies)

Hydroelectric 0 0 0

Other 0 
 0 0 

Transmission & distribution 
(including studies).

Rural electriication 0 0 0

Other 1 
 2.9 	 74.4 

Fossil fuels recovery 0 0 	 0Tech. auiL/Enargy planning 	 0 0 	 0 
Renewable energy

Resiarch/Developmenta 4 0.2 	 5.1
Apilicsaion/Production 	 5 0.8 	 20.5

Fuelwood 0 0 	 0 
Regional total 10 	 3.9 100.0 (1.4% of total FreL. 

energy aid) 

SOURCES:
 
French data submitted to IBRD meeting on Assistance to the Energy Sector in Developing Countries, Paris, June 25-26, 1979.
Annual reports, Caisse Centrale de Coopration Economique, 1976, 1977, 1978.

Interviews with Mlnistere de Is Coopdration and the Commissariat i l'tnergle Solaire (COMES).
 
'Includes technical assistance and studies for renewable energy.
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Table D U.K. ODA Energy Aid' by Region (1973-prnent) 

No. of Projects/ Amount Sectoral Energy Aid as 
Programs (SUS Millions) % of Regional Total 

Africa 

Poweer gaeraLion.traasmision,
 
and distribution
 
(including studies)


Hydroelectric 4 65.73 93.6 
Other 1 4.20 6.0
 

Fossil fuels recovery 0 0 0
 
Tech. a.sa.inergy planning 0 0 0
 
Renewabie ,nergy


ResearchlDevelopmentb 4 0.28 0.4
 
AppilirioniProduction 0 0 0
 

Fuelwood 0 0 0
 

Regional total 9 70.21 100.0 (47% of total 
U.K. energy aid) 

SOURCES: 
Interviews at Overseas Development Administration Science t "dTechnology Department.
U.K. data submitted to IBRD meeting on Auistance to the Energy Sector in Dreloping Countries, Paris, June 25-26, 1979.
5lncludes projects financed from ODA funds and administered by other agencies (ITDG, etc.).
 
blncludes technical assistance and studies for renewable tnergy. 

IV. Developing African Hydrocarbons
 

Little attention had been given by donors to the dev<'Iopment in
 
indigenous hydrocarbons in Sub-Saharan Africa before the '.('en oil
 
price increases of the 1970's. It was taken for grante; t!at the
 
pattern of substituting kerosene and/or cheap hydropower for
 
traditional fuels, particularly fuelwood, would be followed in
 
Africa as it had been hitorically in the industrialized countries.
 
In any event, it was assumed that exploration and development could
 
be expected to be conducted by the private oil companies and
 
therefore official concessional aid would r.t be required.
 

This outlook has now drastically changed. Both the need for and
 
the desirabi'ity of locating and developing indigenous hydrocarbons
 
resources in Sub-Saharan countries has become an objective of
 
economic development concern and priority.
 

Among the donors, the World Bank has moved the fastest and furthest 
to initiate programs to identify th2 potential of existing 
resourcas and has already launched substantial exploratory 
activities in Africa. 

Studies and field surveys carried out by or for the Bank have
 
identified 15 Sub-Saharan countries with a potential for natural 
gas production and 39 with ultimate recoverable oil reserves, as 
well as 38 with hydro potential and 10 with some supplies of coal.
 

In 1980/81, the IBRD financed $69 million in seven hydrocarbon 
projects in Africa. The countries involved were Guinea-Bi-sau, 
Liberia, Mali, Madagascar, Somalia, Tanzania and Congo. For 1982, 
12 lending operations, totalling $230 million are in preparation 
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for Africa, 11 of them for exploration. The projects are located
 
in Kenya, Madagascar, Sudan, Tanzania '2), Benin, Chad (in

abeyance), Equatorial Guinea, Mauritania
Ghana, Ivory Coast, and
 
Senegal.
 

In addition to these hydrocaibon projects, the Bank has under
 
preparation other energy projects, including fuelwood, involving

$516 million in Bank funding for Africa.
 

V. Developing Fuelwood and Other Renewables
 

Dependence on imported oil poses serious and
economic financial
 
problems for the modern commercial and industrialized sectors of
 
most Sub-Saharan countries.
 

Equally, and perhaps 
even more serious is the growing scarcity of

fuelwood. It has only recently been recognized that for virtually

all of oil-importing Africa, fuelwood remains the primary source of
 
all energy consumed -- rural and urban, commercial and

non-commercial combined. In 19 countries with combined
a 

population of 212 million, it makes up more than 
four-fifths of
 
total energy used. In rural areas it is virtually the only cookiig

fuel for 80% or more of the urban populations as well.
 

Already demand vastly exceeds annual replenishment rates. FAO and

IBRD studies estimate that for most Sub-Saharan countries annual
 
planting for the next 20 years will have to be 10 to 15 t-iTmes
 
current levels. This means almost one million hectares of new
 
planting a year, through the year 2000, 
even if very substantial
 
savings - up to 50% - are made in greater efficiencies of use and 
in substituting alternate fuels. The assumed andsavings

substitute fuels will also require substantial resources.
 

Recogniion of 
 the growing seriousness of Africa's
 
fuelwoo.,'forestry problem has been increasing among both African
 
governments and the donor community. 
Such recognition has led to a
 
growth of effort and action along two lines. The first has been a
 
marked increase in reforestation and fuelwood programs, emphasizing

not only government-managed plantations but local
also community

and family level social reforestation activities. The' second
 
approach has been to identify, test and replicate appropriate

technologies that will 
either increase the efficiency of fuelwood 
use -- e.g. improved wood burning stoves and charcoal kilns -- or 
will serve as substitutes for fuelwood, e.g. solar ovens, biogas 
digesters. 

A. Reforestation and Fuelwood Supply
 

Although at the present time the combined African and donor
 
efforl-s fall 
far short of the pace needed to achieve adequate

fuelwood production goals, many of the elements 
 of a
 
potentially successful program are present.
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Combined donor assistance for conventional forestry programs
 
is quite substantial, cumulatively amounting to about $1.5
 
billion as of the beginning of 1980. Much of this is directed
 
toward strengthening African forestry departments'
 
infrastructure and land use management capabilities
 
prerequisite to larger and stronger domestic fuelwood
 
production programs. Only a few fuelwood planting projects
 
are underway but several donors have had extensive experience
 
in Africa with large-scale commercial forestry plantations,
 
primarily in extraction for export, and this experience is at
 
least partially transferable.
 

In addition to small scale village level projects by some
 
dozen donors, Germany and the U.S. are engaged in a 1,300
 
hectare fuelwood plantation project in Gambia. France and the
 
IBRD are cooperating in plantations to supply Niamey with
 
fuelwood and in a proposed program of 2,000 hectares in
 
Burundi. Germany, France and the IBRD are engaged in a
 
project to supple fuelwood and lumber around urban areas in
 
Upper Volta. Belgium has a five-year pilot plantation program
 
of 1,000 hectares in Rwanda and has a smaller fuelwood program
 
in Cape Verde. United States and Senegal are cooperating in a
 
3,000 hectare plantation designed to supply part of Dakar's
 
future fuelwood needs. The United Kingdom has an ongoing
 
woodlot project in Lesotho, which has resulted in the planting
 
of 2,170 heLtares in five years, and a fifteen year project in
 
Malawi has produced a matured stand of 54,000 hectares in pine
 
and eucalyptus. Originally intended for pulpwood,
 
consideration is now being given to its use for alternate
 
fuels.
 

Since 1977, the IBRD has funded fuelwood plantations for the
 
following countries as part of wider forestry loans or as a
 
component of agriculture or rural development sector projects,
 
at costs estimated in the neighborhood of $76 million.
 

Hectares of Fuelwood
 
Plantations to be
 

Country Planted 

Niger 1,600 
Mali 3,520 
Malawi 12,000 
Senegal 5,000 
Nigeria 24,000 
Burundi 2,000 
Upper Volta 1,925 
Tanzania 5,435 

TOTAL 5--8-

Based on calculations by the Bank's Renewable Energy Task
 
Force, a possible five-year (1981-85) fuelwood plantation (and
 
related wood energy project components) has been suggested for
 
39 African countries which, if fully funded, would finance
 

296
 



440,000 hecatares of new fuelwood planting- The Task Force
 
estimated total costs at about $680 million over the five
 
years, suggesting that external financing might be required
 
for about half of the total amount, or $350 million.
 

Fuelwood planting even on this increased scale falls well
 
short of the Bank's own estimate of African requirements.
 
Nevertheless, for the selected countries it would represent a
 
very substantial increase in annual fuelwood planting, as
 
compared with current levels, and could serve to galvanize and
 
enlist African government commitment of resources for expanded
 
manpower, training and related forestry infrastructure as well
 
as for fuelwood planting and production programs on a much
 
larger scale.
 

B. Solar and Other Renewable Energy Sources
 

Eleven bilateral donors and eight multilateral donors have
 
solar research, development and/or demonstration programs
 
underway or planned in 28 African nations. France, for
 
example, has been fielding and testing SOFRETES and other
 
solar-powered thermal and photovoltaic installations for
 
drinking water, cattle watering, irrigation systems and
 
electrification in Africa for more than ten years, with more
 
than 15 using photovoltaic energy and 123 using thermodynamic
 
energy; has tested and installed 22 photovoltaic powered
 
educational television systems for remote rural areas in
 
Niger, and has collaborated with the UNDP and the U.S. in
 
supporting the Organization Nigerienne de l'Energie Solaire
 
(ONERSOL), a regional solar energy research and solar
 
equipment fabrication center in Niamey.
 

Biogas projects are being donor-supported or planned in
 
Rwanda, Senegal, Sudan, Tanzania, Upper Volta and Zaire and
 
wind-powered projects are underway in Benin, Ethiopia, Cape
 
Verde, Kenya, Senegal and Upper Volta. Plans for developing
 
geothermal resources are being assisted by Sweden in Tanzania;
 
by Switzerland (with UNDP) in Cape Verde; by thf: World Bank,
 
the African Development Fund, the United Kingdom in Kenya; and
 
by Italy in Djibouti and Ethiopia. CNRET is also assisting in
 
geothermal exploration in Kenya and Madagascar.
 

VI. Examples of Donor Energy Assistance Policies
 

All donors are giving greater attention to energy projects in their
 
overall aid programs and a few have begun to formulate more
 
comprehensive aid policies and strategies in this field.
 

Among those of special interest are France, Germany, Canada, the
 
Netherlands, and the World Bank.
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A. 	 France
 

France, which is one of the largest single donors in the field
 
of energy in Africa, has articulated an energy aid policy as:
 

"an integral part of a global development strategy which
 
is defined in the light of existing constraints and
 
specific local conditions. The French program for
 
energy development rests on three principles:
 

* 	 Energy coopeidaion must cover a~i stages of the
 
energy chain, i.e. in addition to energy
 
production also the essential emphasis of
 
energy planning and distribut4on.
 

* 	 The choices of energy sources must be adapted
 
to both local conditions and needs; there is no
 
generally applicable solution, and all energy
 
sources have a role to play.
 

* 	 The solutions found must be able to be
 
implemented by the recipient countries
 
themselves; this requires an adaptation of the
 
technologies to local users as well as an
 
important training effort (5).
 

In addition to substantial aid in conventional energy, France
 
has sponsored an active research and development program in
 
renewable energies, dating from the early 197C's.
 

Even before 1975, the French government sponsored an active
 
solar research program. In that year, the Delegue aux
 
Energies Nouvelles was established within the Ministry of
 
Industry. At roughly the same time, the drought crisis in the
 
Sahel prompted -talks with Senegal, Mali, and Upper Volta,
 
which led the Ministry of Cooperation (or FAC, for Fonds
 
d'Assistance et de la Cooperation) to set up a special program
 
to Jtilize renewable energy sources in Africa concentrated
 
heavily but not exclusively in Francophone Africa. More
 
recently, all solar-related renewable energy research and
 
development in France has been brought under a new agency, the
 
Commissariat a l'Energie Solaire (COMES), which also seeks out
 
international cooperative ventures for the French solar
 
industry (6).
 

B. 	Germany
 

Following the Bonn Economic Summit in July 1978, the German
 
government decided to expand the scale of its energy
 
:ooperation with the developing countries. Measures focus on
 
three sectors in accordance with the new policy guidelines of
 
1980: (1) promotion of conventional energy sources to reduce
 
the dependence of developing countries on oil imports (this
 
sector includes hydropower production and distribution); (2)
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support for afforestation programs; (3) promotion of new
 
technologies in the field of new energy sources, particularly
 
solar, wind and biomass.
 

A special feature of the German renewable energy program has
 
been a deliberate policy of research and development of
 
products including development of local manufacturing
 
facilities, jointly with host country scientific agencies
 
and/or private companies. Among African countries involved in
 
these joint programs are Kenya, Mali, Niger, Senegal, Sudan,
 
Tanzania and Upper Volta.
 

Funding in 1980 under the special renewable program totalled
 
$34.8 million, as compared with $40 million for the previous 
five years (7).
 

C. Netherlands
 

Although the Dutch Directorate General for International
 
Cooperation (DGIC) has limited project experience compared to
 
the U.S. or the French, its concern with renewable energy
 
sources dates from 1977. In November, 1979 the Dutch became
 
the first agency to announce a radical redirection for energy
 
lending to renewables. At the same time, the Dutch Foreign
 
Ministry called for a boost of its development cooperation
 
budget to 1 percent of net national income annually.
 

The Dutch have promised to expand their renewable aid for
 
developing countries by two principal measures. First the
 
Dutch will increase the funding of their renewable program.
 
They promised to provide over $13 million in the period
 
1980-1982 for financing research into the application of
 
renewable sources of energy for developing countries. Also
 
included is a pledge of $40 million annually to afforestation
 
programs and desseminatiun of more efficient means of wood
 
use, especially in the Sahelian region of Africa. The
 
Netherlands also continues to augment its training programs,
 
particularly by increasing emphasis on the energy planning
 
capacities of aid-receiving countries.
 

D. Canada
 

Canada's policy of cooperation with developing countries in 
the energy sector is based essentially on the major principles 
outlined in e 1975-1980 strategy statement which stipulates 
that "the Canadian International Development Agency (CIDA) 
will focus its assistance to a greater extent on the most 
crucial aspects or problems of development - (particularly) 
..... energy". Canadian strategy emphasizes the production of 
new energy supplies. The three major areas of Canada's 
bilateral aid program in the energy sector are (a) resource 
evaluation, (b) energy policy and sector management, (c) 
energy production (mainly hydroelectric generation) and 
transmission. Apart from hydroelectric projects, CIDA also 
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supports a number of small-scale projects, e.g. for
 
windpower/waterpump research in Botswana and Ethiopia, and
 
research into afforestation and production of firewood in
 
several African countries.
 

As is the case with German eriergy policy, the Canadian
 
government is supporting joint industriai cooperation, in this
 
case enlisting private Canadian firms as partners with the
 
developing countries.
 

In addition, the International Development Research Centre
 
(IRDC) has financed, since its incepti6n in 1970, 39 energy
 
research projects totalling some $5 million. The projects
 
currently under consideration include: crop, fish and meat
 
drying; afforestation; firewood stove improvement; energy from
 
aquatic biomass; rural energy/biogas production; solar
 
energy/water distillation; rural; energy policy studies; and
 
renewale energy information (9).
 

E. 	World Bank
 

The IBRD's expanded hydrocarbon development program is itself
 
part of a broader, more inclusive energy assistance strategy
 
which has emerged in recent years (10). It is the Bank's
 
official view that responsibility for developing adequate
 
energy policies and programs rests on the develnpiny countries
 
themselves. For any given country, the key elements of an
 
adequate adjustment to the new energy era will nep to
 
include:
 

* 	 a strategy for energy use integrated into a
 
country's overall planning framework and development
 
objectives;
 

0 	 a vigorous program to substitute indigenous energy,
 
including hydroelectric power, coal, fuelwood and
 
domestic oil and gas, for imported oil, (the IBRD
 
believes that domestic production of energy in the
 
oil-importing developing countries can and should be
 
doubled between 1980 and 1990);
 

0 	 mobilization of the resources to carry out this vast
 
program of domestic energy production;
 

* 	 a major conservation effort, employing both price
 
and nonprice policies; and
 

* 	 formulation of appropriate domestic policies and
 
investment strategies which will attract the
 
necessary foreign private and public capital to
 
supplement domestic resources.
 

For each of these components, the Bank believes that
 
multilateral and bilateral assistance will be needed and can
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materially accelerate the rate by which additional energy
 
supplies are developed and more efficiently used.
 

Although the IBRD is taking a leading role in terms of total
 
financing, it sees its role as a catalytic one, stimulating a
 
major growth and redirection of investment resources in which
 
ultimately the Bank's share would be 5 to 10% of the total. A
 
midterm program covering 19"I-85 identifies $25 billion in
 
global energy investment in "desirable" projects, in which the
 
Bank's share is likely to be closer to 30%. This is because a
 
large volume of concessional aid is needed for preinvestment
 
exploration to confirm prospects and to attract private and
 
other investment for production.
 

An example of how Bank investment strategy may work can be
 
found in a recent experience in Mali. A $1,000,000 project
 
preparation advance by IDA in 1979 has led to the
 
participation by two large oil companies in financing 100% of
 
the $20 million costs of an exploration well in the north.
 

Foreign aid programs will be important for both their
 
financial contributions and their technical advisory roles.
 
Most important, however, in '.he Bank's view is the fact that
 
to succeed, these efforts must be far more collaborative both
 
among donors and between them and their Africar clients.
 

VI. Coordination and Collatoration
 

From a plethora of projects, and a collection of emerging donor
 
policy concepts and ideas, it seems that one aspect of the rcoblem
 
has become clear: if energy problems and their solutions are
 
country-specific, then coordinating efforts will need tu be
 
country-specific as well.
 

This is not to say that greater exchange of information and plans
 
among donors at any level is not useful. A great deal of useful
 
work along this line is being pursued within the framework of the
 
Organization for Economic Cooperation and DevelopmEnt (OECD),

particularly its Development Assistance Committee (DAC).
 

The CILSS and Club du Sahel have also contributed to an improvement

in regioirl African/donor discussion and planning, particularly in
 
the forestry/ecology and agricultural production sectors.
 

However, if energy aid is to be integrated with and contribute to
 
more effective economic development programs, that integration
 
should take place where development is taking place: within
 
specific countries and through specific investments and activities
 
in pursuit of national development goals.
 

The energy policies of the IBRD and other donors cited above
 
suggest that country oriented, rather than sector oriented, energy
 
strategies may be evolving in which African economic development
 
plans and planning must play a larger role.
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The heightened concern over energy-related constraints on African
 
development provides additional incentives for USAID missions to
 
encourage host African governments to initiate more effective
 
arrangements for coordination among dunors in the energy sector as
 
a part of their efforts to increase their capacity to plan and
 
manage their own energy programs.
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PREFACE
 

"Table 5 lists bilateral and multilateral energy assistance according to
recipient country and region. It includes all of the projects of the
 
followivin agencies for the periods as given:
 

Multilateral Aid
 

World Bank (1972 - December 1978)
 

OPEC'Special Fund (1977 - current)

United Nations Development Programme (to Jan. 1979)

United Nations Centre for Natural Resources, Energy


and Transport (to Jan. 1979)

European Development Fund (to May 1978)
 

Bilateral Aid
 

Canada (1978/79, 1979/80)
 
France (1976-1979)

Federal Republic of Germany (1970-present)
 
Kuwait (FY 1973-FY1978)
 
Netherlands (1970 - present)

United Kingdom (1973 - present)

United States (1978-1980)
 

"...... This table also includes all energy projects of the U.N. system,
and available 
data on projects of some other major donors (including

Japan, New Zealand, Sweden, Switzerland).... Table 5 is not, therefore,

meant to present a total picture of world energy aid, since for reasons

of time and available resources, certain bilateral and OPEC aid programs

(as well as smaller multilateral banks) were not included in this study.

The comprehensiveness and accuracy of Table be
5 may limited by
data-reporting systems of aid donors, but we believe that it provides a

good general pict: of comparative order of magnitude among countries
 
and regions for energy aid projects after 1972.
 

"It must be emphasized that Table 5 takes a picture of a moving target:
It does not cover one consistent chronological period for all agencies

represented. Multilateral agencies compile statistical 
data on a fiscal
 
year basis whereas the U.N. 
system present information on a "current

project" basis. Bilateral agencies use both systems: 
 It is possible to

examine budget projections for many bilateral agencies on 
a fiscal year

basis, but project disbursements are more often characterized the
on
"current project" 
basis. Finally, the information 
on multilateral
agencies and 
the U.N. system is publicly available and comprehensive.

Bilateral aid statistics are harder to obtain (although this is 
not true

of renewable energy 
aid, which is well publicized), and as the

Development Assistance Committee of 
the OECD points out, difficult to
 
portray on a comparative basis. For these reasons, Table 5 tends to be
biased in favor of renewable energy projects and in favor of recent 
projects."
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ANNEX A
 

INTERNATIONAL ENERGY AID BY RECIPIENT COUNTRY AND DONOR
 

This compilation was originally prepared by the
 
staff of the International Institute for Environment
 
and Development (TIED), Washington Office, as Table
 
5 for the report by Thomas Hoffman and Brian
 
Johnson, The Energy Triangle: A Strategy for
 
Cuoperation, 1981. It covers current and planned
 
projects of most major donors, approximately as of
 
mid-1980.
 

Itwas updated by staff members of the International
 
Science and Technology Institute (ISTI) as Annex B-1
 
of the Draft Project Paper: Energy Initiatives for
 
Africa.
 

The following explanation is excerpted from the
 
preface to Table 5, the original IIED compilation.
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International Energy Aid by Recipient Country and Region
 

EAST AFRICA
 

BOTSWANA
 
RuraO electrification 


Fossil fuel-exploration
 
and recovery 


National energy plan
ning/Tech.Assistance 


Renewable energy 


Forestry/fuelwood 


BURUNDI
 
Power generation, trans
mission & distribution 


Rural electrification 


Energy planning/TA 


Renewable energy 


Donor 


SIDA 


UK 


WB 


Neth. 

USAID 


USAID 

Canada 

USAID 


USAID 


EDF 

EDF 


Belgium 

Belgium 

UNDP 

Germany 

Germany 

Germany 

Germany 

Germany 


EDF 

Germany 


Germany 

Germany 


Germany 


UN 

France 


Year 


1977 


1974 


1975-79 

1982 


1979-80 

1978-80 

1980-83 


1980-82 


pre-1975 

1978 


1978 

1979 

1974-77 


1978 


1979 

1977 


Amount

Project 
 sUSmil
 

Rural electrification 
 1.12
 

Coal deposit study 0.039
 

Loan for Francistown deve
lopment 
 3.0
 

National Resources Study 0.092
 
Resource Planning & Mgmt. .600
 

Small scale R & D 
 1.08
 
Wind/water project 
 0.035
 
Technology 
 2.304
 

Rural Sector Grant 
 3.780
 

Energy Infra/Production 0.574
 
Ruzizi Dam study (w/Rwanda
 
& Zaire, t = $1.62) 0.540
 

Hydro project 0.79
 
Hydro project 0.592
 
Hydro potential studies 0.42
 
Distribution-Mramuya 
 1.7
 
Distrlbution-Ngozi/Kaganza 
 7.2
 
Distribution-Bujumbura 
 2.2
 
Distribution-Gitega 
 2.6
 
Distribution-Nugyenga 
 2.5
 

Rural electrification 
 1.4175
 
General Plan for Rural Elec. 
 0.78
 

T.A.-- Advisor to REGIDESO 2.7
 
T.A.-- Electric Provision
 
Bujumbura 
 0.1
 

T.A.-- Rural Electrification 0.44
 

Solar advisory missions -

Solar dryer 
 0.024
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Forestry/fuelwood Ireland 
USAID 

1978-79 
1978-80 

Peat 
Peat 

0.008 
2.995 

WB 1979 Village afforestation 4.4 
USAID 1980-83 Peat 8.000 
USAID 1980-82 Bururi Forest 1.366 

COMOROS
 
Power generation 


Renewable energy 


DJIBOUTI
 
Power generation 


Geothermal 


Renewable energy 

Energy planning 

ETHIOPIA
 
Power generation, trans
mission, distribution 


Geothermal 


Energy planning/TA 


Renewable energy 


France 


EDF 


France 


Italy 

UN/UNDP 


UN 

France 


USAID 


Germany 


EDF 

Italy 

UN/UNDP 

UNDP 

UNDP 

IDRC 


CIDA 


France 

IDRC 

Canada 


1977 


1979 


1976 


1978-79 


1978 


1981-82 


1978 


1979 

1976 

1977 

1972 


1978-80 


1979 

1976-79 

1978-80 
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Vardjou Thermal 1.07
 

Energy for Microwave Relay 0.270
 

Distribution 2.85
 

Geothermal -

Geothermal fluid test 0.471
 

Short term solar advisory -

Solar pump 0.12 

Energy Initiatives 4.000
 

Transmission Consortia 10.7
 

Geothermal 5.535
 
Geothermal -

Geothermal investigation 0.52
 
Geothermal exploration 0.206
 
Geothermal exploration 0.08
 
Awash valley geothermal
 

studies 1.9
 

Power training 0.043
 

Solar equipment 0.049
 
Windmill studies 0.13
 
Wind/water 0.087
 



Forestrfdfuelwood WFP 1978-33 
 Terracing and reforestation 3.20
 
Sweden 19 .79 Forestry 11.50
 

KENYA
 
P r generation, trans
mission & distribution 


Rural electrification 


Fossil fuels 


Geothermal 


Energy planning/TA 


Renewable energy 


Forestry/fuelwood 


WB 

EDF 

EIB 

Denmark 

UK 

SIDA 

SIDA 

UK 

tIDA 

FGR 

WB 


SIDA 


CIDA 

SIDA 


WB 


UN/UNDP 

WB 

UNDP 

UNDP 

AFDB 

WB 


UNDP 

CIDA 


Germany 

UNIDO 

Germany 

Germany 


USAID 

Germany 

France 

UK 

UK 

Neth. 


WB 

Canada 

USAID 


1976 

1978 

1978 


1978-80 

1975-

1974 


1979-82 

1978 

1981-


1973 


1979-82 

1977 


1975 


1979 

1978 

1976 

1970-75 

1979 

1979 


1979 

1979-82 


1981-83 

1981 

1977 

1973-77 


1977 


1975 

1975-79 

1979-83 


Gitaru hydroelectric 63.0
 
Upper Tana Dam 35.555
 
Upper Tana Dam 16.2
 
Hydro 0.05
 
Tana Hydro 14.87
 
Kambura hydro 0.02
 
Kambura hydro 6.0
 
Tana River Kyow 11.6
 
LOC electrification 3.48
 
Upper Tana Dam 49.6
 
Geothermal 40.000
 

Study for rural electri
fication 0.700
 

Rural electrification 0.565
 
Rural electrification 0.312
 

0il products pipeline 20.0
 

Geothermal exploration 0.073
 
Dev.of geothermal resources 35.0
 
Geothermal expl. and study 0.090
 
Geothermal expl. and dev. 1.151
 
Geo. dev. at Olkaria 9.71
 
Olkaria geothermal 9.00
 

Energy planning 0.413
 
Planning engineers 2.48
 

Solar pump 0.73
 
Dev. of solar salt prod. 0.013
 
Baking and cooling apparatus G.28
 
Subsidation of renewable
 

research project 0.08
 
TA 4.800
 
Rural Renewable
 
Solar pump 0.49
 
Geothermal Research 0.59
 
Micro hydro feasibility 0.126
 
Wind Research 0.012
 

2nd forestry plantation 20.0
 
Forestry/fuelwood 0.148
 
Arid & Semi-arid lands dev. 13.000
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KENYA - Cont'd. 
Miscellaneous CIDA 1979-80 Acres mobilization 0.043 

WB 1978 Bura irrigation 5.4 

LESOTHO 
Power generation Canada (CIDA) Hydro 0.73 

Energy planning/TA UNDP 
CIDA 
Neth. 

1976 
1978-79 
1975-79 

Oxbow Complex feas. study 
Thaba Tseka Mt. (TA) 
National Research survey 

1.864 
0.26 
0.092 

Renewable energy Holland 
CIDA 
USAID 
USAID 

1978-82 
1979 
1979-

Solar 
Renewable dev. project 
Small scale hydro R & D 
Technology 

-

4.0 
0.574 
1.600 

MADAGASCAR 

Fossil fuels UNDP 1978-79 Petrol & mineral 
study 

resource 
0.238 

Geothermal UN/UNDP 1979 Geothermal development 0.069 

Renewable energy France 
France 
Swttz. 
France 

1976-79 
1979 
1978-79 
1979 

Technical assistance 
Solar pumps 
Solar 
Mlcrohydro 

1.02 
0.49 
0.03 
0.6 

MALAWI 
Power Generation WB 

WB 
EF 
Canada 
UK 
WB 
AFDB 
EEC 
FGR 
UK 

73 
1977 
1978 
1979 
1979 
1977 
1975 
1977 
1978 

-

2nd power: hydro 
3rd power: hydro 
Nkula Falls Dam II 
Hydro 
Tadzani Falls 
Hydropower House 
Nkula Lilongire powerline 
Hydro power production 
Nkula Falls Hydro 
Nkula Falls Hydro 

7.5 
8.0 

11.475 
5.348 
8.61 

17.0 
6.25 
9.7 
6.66 

20.79 

Renewable energy EDF 1978 Solar H20 heating--Mangocho 0.135 

Forestry/fuelwood AFDB 
WB 

1979 
1981-

Kasungu fuelwood plant 
Wood energy 

7.28 
13.8 

309 



MAURITIUS
 
Power generation 


Renewable energy 


Forestry/fuelwood 


MOZAMBIQUE
 
Power generation/trans
mission/distribution 


Energy planning/TA 


RWANDA
 
Power generation 


WB 

EIB 

France 

UNDP 

UNDP 

AFDB 

France 


UK 

France 


WB 


UNDP 

UK 

Neth. 

Neth. 

Neth. 


UN 


EDF 

EDF 


EDF 

EDF 


.OPEC 

EDF 


Germany 


1978 

1978 

1976 

1976-79 

1973 

1975 

1977 


1978-79 

1979 


1973 


1976 

1978 

1978-79 

1977 

1978 


1979 


pre-1975 

1978 


1978 

1978 


1962 


Power transmission 
Thermal power station 
Thermal 
Cascade Diamamoure, Hydro 
Quatre Soeurs Hydro 
5aptiste Dam 
Transmission 

15.0 
2.7 
5.37 
0.250 
0.354 
5.0 
7.32 

Seawave energy 
Heliostats 

0.084 
0.024 

Rural dev. of fuelwood 2.7 

Elec. generation plant 
Quelnine oil thermal 
City diesel generator 
Diesel generator repair 
Elec.Material-Electricidad 
do Macambigou 

0.122 
4.2 
8.25 
0.25 

1.0 

Technical assistance to 
Elec. Commission 0.178 

Energy Infra/Production 
Ruzizi Dam stLdy (w/Burundi, 
Zaire, $t = 1.62) 

Mukungwa Dam 
Kigoma Mururu power line 
Mukungwa hydro 
Electric distribution 

(national grid) 
Giserieje Hydro 
Kigali Oil Thermal 
Study-Thermal Power 
Study-Ruhengeri/Gi £enye 

Thermal 
Electric distribution 
Transmission Materials 

Kigali 
H.V. Distribution Line-

Rulindo-Molendi 
Gisenye Electrical Materials 

20.7 

0.54 
27.0 
5.26 
2.35 

20.79 
1.2 
2.1 
0.28 

0.19 
6.4 

0.67 

0.42 
1.2 
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RWANDA - Cont'd.
 
Rural electrification 


Fossil fuels 


Renewable energy 


Energy planning 


Forestry/fuelwood 


SOMALIA
 
Power generation 


Renewable energy 


Forestry/fuelwood 


Energy planning 


SUDAN
 
Power generation 


Energy planning/TA 


Rural electrification 


Renewable energy 


Switz. 


UNIDO 


UNIDO 


UNDP/UNIDO 


France 

Belgium 

France 

Belgium 

USAID 


USAID 


WB 

WB 


Kuwait
 
Fund 


EDF 


UNIDO 


WB 


WB 

OPEC 

Germany 


Germany 

Germany 


WB 

WFP 


Denmark 

France 

France 

Germany 

EDF 

Germany 


1979 


1978 


1979 


1971-77 


1977 

1978-79 

1979 

1978-79 

1979 


1982 


1979 

1981 


1975 


1978 


1979 


1981-


1975 


1973 

1973 


1979 

1976-78 

1979 

1979 

1978 
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Electrification 7.94 

Rehabilitation of Lake Kivu 
gas 0.06 

Rehabilitation equipment 
inspection 0.046 

Exploration of Lake Kivu gas 0.184 

Solar dryer 0.024 
Solar 0.251 
Biomass 0.049 
Biogas 0.269 
TA .488 

Rural works .250 

Village afforestation 3.0 
Forestry Development 4.000 

Expand Mogadiscio 21.7
 

Utilization of molasses 0.155
 

Dev. of charcoal plant 0.026
 

TA 5.000
 

Transmission and generation 23.0
 
Hydropower II 9.5
 
Roseires Dam 40.8
 

T.A.-Hydro Engineering 0.075
 
T.A.-Central Electric & Water 0.56
 

Irrigation and rural elec. 42.0
 
Comodities for above 2.3
 

Solar 0.04
 
Solar pumps 0.459
 
Experts 0.105
 
Water Hyacinth Biomass 1.890
 
Utilization of Molasses 0.155
 
Um Safari Oases-Solar Proj. 0.56
 



SUDAN - Cont'd.
 
Renewable energy 


Forestry/fuelwood 


Energy planning 


SWAZILAND
 
Renewable energy 


Energy planning/TA 


TANZANIA
 
Power generation 


Fossil fuels 


Geothermal 


Energy planning/TA 


Germany 


USAD 

Germany 


Canada 


USAID 

USAID 


US 


Neth. 


WB 

WB 

Belgium 

Canada 

Norway 

UNDP 

CIDA 

CIDA 

SIDA 

CIDA 

CIDA 

CIDA 

CIDA 

SIDA 

Germany 
Neth 

UNDP 

Norway 


Neth. 


SIDA 


CIDA 


CIDA 

CIDA 

CIDA 


1981-82 

1981 


1975-80 


1980-91 

1981-82 


1979 


1975-79 


1974 

1976 

1977-79 

1979 

1979 

1979 

1976 

1975 

1974 

1971-75 

1971-75 

1978-80 

1979-82 

1977 


1979 


1978 

1977 


1976 


1976 


1975 


1971-75 

1979-80 

1978-80 
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Exploration of Renewable
 
Energy 0.83
 

Rural 4.588
 
Rural renewable
 

0.122
 

Training .200
 
TA
 

Alternate energy resources 0.45
 

National Resources Survey 0.092
 

Kidatu supplementary 5.0
 
Kidatu 2nd stage 30,0
 
Hydro 0,725
 
Hydro 8.18
 
Hydro 6.0
 
Strengthening electric distr. 0.143
 
Hale Moshi Transmission line 6.52
 
Great Ruaha Power Project 15.0
 
Kidatu Hydro 4.0
 
Hale-Moshi Line 0.031
 
Hale-Moshi transline 7.26
 
Great Ruaha 0.165
 
Mwanza-Musoma 8.873
 
Hydro 14.99
 
Kidatu Hydro 38.8
 
Mbeya R.P. 4.75
 

Dev.of coal production 0.52
 
Gas/oil field feasibility
 

study 0.075
 
Mineral exploration 1.225
 

Geothermal potential study 0.02
 

Study for primary elec.
 
resources 0.600
 

Tanesco-for dev.of resources 2.550
 
Tanesco-equipment 0.039
 
Power study 0.215
 



TANZANIA - Cont'd.
 
Renewable energy 


Rural electrification 


Forestry 


Energy planning 


UGANDA
 
Energy planning/TA 


ZAIRE
 
Power generation 


Fossil fuel 


Fnergy planning/TA 


Renewable energy 


Denmark 

Swttz. 


UNIDO/UNDP 

Neth 

Ireland 

Neth. 

Neth, 


UNIDO/UNIDF 


Germany 


Germany 


WB 

Sweden 

W8 


USAID 

WB 


UNDP 


Kuwait
 
Fund 


EDF 

EDF 


EDF 

EDF 

USAID 


WB 


EDF 


Belgium 

Belgium 

France 


1978 

1979-80 

1972 

1979 


1977 

1979 


1981 


1976 

1979-80 

1978 


1981-82 

1981 


1978-79 


1975 


pre-1975 

1978 


1978 

1975 

1983 


1979 


HEP 


1978 


Solar 0.035
 
Solar/wind 0.020
 
Dev.of solar salt prod. 0.140
 
Wind research 0.01
 
Peat 0.001
 
Gasification (SIDO/77U) 0.937
 
Wind Mill Research 0.91
 
Biogas technology demons

tration
 
Rural Dev. -


Rural Elec. Transmission
 
Distribution 11.1
 

Sao Hill Forestry 7.0
 
Forestry 21.08
 
Mwanza-Shinyanga 2.0
 

TA 1.500
 
TA 1.000
 

Energy dev. overall assess
ment 0.121
 

Hydro feasibility study,
 
increased sugar production 0.800
 

Energy Infra/Production 26.19
 
Ruzizi Dam study (w. Rwanda,
 

Burundi $t = 1.62) 0.540
 
Butule power station 2.235
 
400 Km network feeding power 26.19
 
Rural Hydro 2.000
 

Enhanced oil recovery 4.100
 

Tea processing study 0.209
 

Solar power -

Biogas
 
Telecommunications by solar 0.049
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ZAMBIA 
Power generation WB 

WB 
Sweden 
Neth. 

1973 
1974 
1977 
1977 

Rafue Hydro 
Kariba Hydro 
Kydro dam 
Mongu Kalabu Line 

115.00 
42.10 
1.14 
2.05 

Fossil fuels AFDB 
Neth. 1974 

MAMBA Colleries-coal mining. 
Mine technology 

6.07 
0.318 

Energy planning/TA UNDP 
France 

1969-76 
1979 

Senior electr. engineer 
Experts 

0.181 
0.002 

Forestry WB 1977 Industrial forestry 16.8 
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WEST AF~rCA
 

BENIN 
Power generation UNDP 

CIDA 
CIDA 

1979 
1974-75 
1978-82 

Hydro feasibility study 
Ghana-Togo-Benin line 
Ghana-Togo-Benin line 

0.310 
0.400 
1.320 

Energy planning/TA UNDP 1964-77 Energy supply and demand 
forecast 0.100 

Renewable energy UNIDO 1979 Solar/salt production 0.270 

Forestry USAID 
USAID 
USAID 

1978 
1979 
1979 

Charcoal production 
Charcoal production 
Wood charcoal 

0.350 
0.560 
0.060 

CAMEROON 
Power generation EDF 

EIB 
EDF/EIB 
Kuwait 
Fund 
Germany 

France 
France 

pre-1975 
1978 

1979 

1976-79 
1978 

Energy Infrastructure/Prod. 
Songloulou dam 
Dam schemes 

Songloulou power 
Distribution/transmission 
Electric Network Southwest 

Songloulou Hydro 
Songloulou Transmission 

0.977 
18.225 
10.125 

16.020 

1.700 
45.030 
4.880 

Nuclear UNDP/UN 1971-76 Nuclear materials pros. 0.165 

Energy planning/TA CIDA' 
Germany 
Germany 

1977 Energy study 
Power CAM Advisor 
West Cameroon Energy Plan 

(Study) 

0.020 
1.700 

0.940 

Renewable energy EDF 
France 
France 
France 
France 
France 
EDF 
WB 
Germany 

1978 
1976 
1976-79 
1976-78 
1979 
1979 
1979 
1977 

5KW solar pump 
Solar pump 
Technical assistance 
Scholarships 
Solar refrigeration 
Solar pumps 
5KW solar irrigation pumps 
Rice husk biomass 
Biogas 

0.259 
0.170 
0.268 
0.070 
0.049 
0.146 
0.419 
16.020 
0.360 

CAPE VERDE 
Power generation EDF 

Holland 
USAID 

1978 
1978 
1978-81 

Distribution network 
Electric supply-Porto Novo 
Solar desalination 

0.473 
0.510 
3.595 
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CAPE VERDE - Cont'd. 
Renewable energy USAID 

Switz. 
France 
France 
France 

1978-79 
1975 
1978 
1979 
1979 

Renewable 
Solar 
Air generators 
Wind generators & dryers 
Solar pumps 

2.85 
0.05 
0.159 
0.12 
0.073 

France 
Switz. 
France 
Neth. 
USAID 

1979 
1975 
1978 
1975 
1980 

Electricity production 
Wind 
Heliostat and wind generators 
Wind research 
TA, training 

0.29 
0.05 
0.16 
0.013 
.500 

Fossil fuels-Exploration 
and Development Germany Butane Bottling Plant 2.3 

Geothermal Switz. 1975 Geothermal 0.070 

CHAD 
Power generation Kuwait 

Fund 
France 

1975 
1978 

N'Djamena power expansion 
N'Djarana/Sack generator 

and study 

0.805 

2.684 

Fossil fuel UN/UNDP 
UN 
OPEC 

1979 
1979 
1979 

Petrol exploration 
Petrol advisory mission 
Oil refinery project 

0.312 
-

4.500 

Renewable energy' France 
France 
France 
France 
France 

1976 
1976 
1977-78 
1976-78 
1976-78 

Solar pumps 
Heliostat pumps 
Solar station 
Technical assistance 
Scholarships 

0.24 
0.024 
0.46 
0.195 
0.07 

Forestry/fuelwood WB 
WB 
Germany 

1978 
1977 

Savannah woodlands management 
Sahelian reforestation 
Reed and charcoal study 

0.400 
0.400 
0.06 

CONGO 
Renewable energy France 

France 
1976-79 
1979 

Technical assistance 
Methane fermentation 

0.7 
0.024 
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GABON
 
Power generation, trans
mission & distribution 


Energy Planning/TA 


GAMBIA
 
Power generation 


Energy Planning/TA 


Renewable energy 


Forestry/fuelwood 


GHANA
 
Power generation 


Germany 


France 

France 


France 


UNDP 

AFDB 

CIDA 

Germany 


Germany 


UNIDO 

WB 


US 

USAID 

USAID 


WB 

WB 

EDF 

EIB 

EIB 


CIDA 

CIDA 

CIDA 


OPEC 

OPEC 

Kuwait 

CIDA 

CIDA 

Austrl. 
Germany 

Germany 


1976 

1978 


1977 


1978-79 

1975 

1978-80 


1979 

1976 


1979 

1980 

1979
 

1977 

1977 

1978 

1978 

1978 


1978-82 

1979-81 


1979 

1979 

1979 

1977 

1977 

1977 
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Study of water & electric
 
provision 0.31
 

Ichembele Hydro 24.39
 
Assegue Transmission 4.88
 

Quining Center Orlando 2.44
 

Assistance to power generation 0.645
 
Banjul diesel plant 2.5 
Hydro 0.33 
Banjul Power Plant 1.5 

T.A.-Gambia Utilities 1.11 

Solar salt works 0.027 
Biomass 

Fuelwood 0.15 
Fuelwood 1.188 

3rd Power distr. 18.0 
Kpong Hydro 39.0 
Kpong Dam 12.01 
Kpong Dam 13.5 
Interconnection of networks 
w/Ivory Coast (t = 14.85) 7.425 

Hydro 29.9 
Kpong Hydro 23.65 
Ghana/Togo/Benin trans
mission line 0.065 

Bui Hydro 1.63 
Kpong Hydro 3.7 
Pong Power station 31.93 
Hydro study 0.131 
Hydro 28.62 
Hydro 2.22 
Distribution-Electric 

Network, Accra 15.2 
Distribution-Trans

mission Volta Reju 15.6 



GHANA - Cont'd.
 
Energy planning/TA 


Renewable energy 


Forestry 


GUINEA
 
Power generation 


Fossil fuels 


Renewable energy 


Forestry/fuel 


GUINEA-BISSAU
 
Energy planning/TA 


Forestry/fuelwood 


IVORY COAST
 
Power generation 


Germany 

Germainy 

USAID 


Germany 

USAID 

USAID 

*USAID 


Canada 

UNIDO/UNDP 

WFP 


UNDP/UN 

France 


UNDP 


France 


*USAID 


UN/UNDP 

UN/UNDP 

Sweden 

Germany 


USAID 

*USAID 


EIB 

EIB 

CIDA 

CIDA 

CIDA 

France 

France 


1978 


1978 

1979 


1977-80 

1979 

1975-83 


1969-77 

1978 


1979 


1978-79 


1091-82 


1979-81 

1975-78 

1977 


1980 

1982 


1978 

1978 

1978-80 

1978-82 

1977 

1977 

1978 
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T.A.-ECG Advisor 0.72
 
T.A.-Electrification Plan 1.0
 

0.2
 

Solar House Cooling 0.54
 
Pyrolitic converter 0.083
 
Pyrolitic converter 0.83
 
TA 3.500
 

Forestry/firewood 0.13
 
Charcoal production 0.019
 
Forestry, wood and charcoal 1.35
 

Electric power 0.216
 
Study-Grandes Chutes Hydro 0.316
 

Petrol production, distr. -

Solar program 0.212
 

Nursery .500
 

Dev. of electrical energy 0.248
 
Management electric supply 0.113
 
Energy project 0.736
 
T.A.-Electric Provision
 

(Bissau) 0.89
 

Forestry management 0.05
 
Management 1.000
 

Distribution network 14.85
 
interconnection of network 7.425
 
Credit Bidi powerline 1.567
 
Kassou Daloa line 3.03
 
Electr. distribution 2.86
 
Hydro Buyo 51.22
 
Korbugo Feinkessdogou 3.9
 



IVORY COAST  Cont'd. 
Rural electrification CIDA 1978-80 Rural electrification 0.022 

Forestry WB 1979 Dev. of forest resources 18.0 

LIBERIA 
Power generation WB 1973 Power supplementary 2.9 

WB 1975 3rd Power 1.8 
WB 1978 4th Power 10.0 
EDF 1978 Mano river dam study 3.2 
EIB 1978 Bushrod power station 6.615 
Germany Electric Dist.-Monrovia 11.0 
USAID 1978-81 Mini Hydro .070 

Fossil fuels UN 1979 Petrol legislative advice 

MALI 
Power generation EDF pre-1975 Energy Infra/Production 0.032 

EDF 1978 Selingue dam 25.86 
Belgium 1978 Hydro -

CIDA Selingue dam line 8.399 
France 1978 Basundo Trans/Distr. 6.15 
France 1976 Selingue Hydro 8.54 
CIDA 1973-82 Selingue trans. line 8.545 
CIDA 1978-80 Plan director for trans

mission project G.053 
Kuwait 
Fund Selingue dam 17.8 
Germany 1977 Hydro-Selingue dam 19.4 
CIDA 1977 Transmission line 7.52 

Energy Planning/TA US 1978-79 General 0.03 

Renewable energy EDF 1978 Solar irrigation pumps 0.077 
EDF 1978 Yangasso solar 0.11 
EDF 1978 Tombouctou solar pump 0.09 
France Mali/Senegal solar 2.9 

UNIDO/UNESCO 1978-79 Solar lab assistance 0.068 
CEAO 1979 Regional solar center 0.180 
France 1976-78 Technical assistance 0.16 
France Scholarships 0.07 
France 1979 Terh. Asst. & Scholarships 0.24 
USAID 1978-80 Renawable R & D 2.7 
USAID 1978-82 4.100 
USAID 1978 Photovoltaic .220 
USAID 1978 Photovoltaic .220 
Germany 1981 Rural Renewable 
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MALI - Cont'd. 
Forestry/fuelwood Canada 1974-79 Forestry/firewood 0.139 

WB 1975 Fuelwood 0.10 
WB 1979 Forestry 2.60 
USAID 1980 Village Reforest .495 

MAURITANIA 
Power generation UNDP 1979 Champagne hydro 0.19 

FGR Nouakschott Diesel Power 0.9 

Renewable energy EDF 1978 Solar pump (10 KW) 0.041 
France 1977 Heliostat generators 0.049 
France 
France 

1978 
1977 

Solar generator 
Solar village pump 

0.37 
0.049 

France 1978 Solar distillery 0.146 
France 1978 Solar irrigation pump 0.12 
France 1976-78 Technical assistance 0.07 
France 1976 Missions 0.07 
USAID 1980 0.480 
France 1979 Solar pump 0.24 
France 1976-78 Solar center 2.07 
France 1976-77 Solar pump 0.15 
USAID 1981-83 1.070 

Forestry/fuelwood US 1978 Fuelwood 0.25 
USAID 1980 Village fuelwoodlots 0.209 
USAID 1978-83 Renewable Resource Mgmt. 2.000 

NIGER 
Power generation EDF pre-1975 Energy Infra/Production 0.537 

EDF 1978 Kandadji dam study 2.6 
Canada Hydro 0.84 
CIDA 1974-75 Kainji-Niamey line 1.4 
France Coal generation 17.07 
CIDA 1978-80 Poste Dosso 0.298 
CIDA 
CIDA 

1980-82 
1978-80 

Barrage West Hydro study 
Kainji-Niamey Line 

0.852 
0.54 

Germany Dev.of fre.on 113 steam engine 0.159 
CIDA 1977 Elec. distribution 0.029 
AFDB 1977 Sonichar thermal 6.3410 
Germany Transmission-Niamey-Tillabery 4.3 

Fossil fuels UNDP 1979 Petrol. expert 0.03 
UN 1979 Petrol. legislative advice -
AFDB 1979 Sonichar coal mine 12.4 
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NIGER - Cont'd. 
Nuclear Japan 1977 Uranium prospecting 12.74 

Energy planning/TA Germany 
USAI 

1979 
1979-80 

R & D 0.138 
0.149 

Renewable energy EDF 
EDF 
EDF 
EDF 
Germany 
US 
France 
France 
France 
France 
France 

1978 
1978 
1978 
1978 
1978-79 
1978 
1976 
1977 
1978 
1976-78 
1976-79 

2 Solar pumps 
2 Solar motots 
Solar H20 heater 
Dev. of clean H20 dept. 
ONERSOL 
Solar 
Solar pumps 
Heliostat-generators 
Central electro-solar 
Solar power/education TV 
Renewable tech, assistance 

0.743 
0.743 
0.006 
0.006 
0.33 
0.5 
0.012 
0.037 
0.488 
0.12 
0.19 

France 
France 
France 
France 
Germany 

1976-78 
1979 
1979 
1979 
1981 

Mission 
ONERSOL 
Solar pump 
Scolaire television 
Rural Renewable 

0.16 
0.12 
0.488 
0.73 

Forestry/fuelwood WB 
WB 
Canada 
WB 
WB 
USAID 

1978 
1978-79 
1974-79 
1975 
1978 
1980-82 

Forestry 
Forestry 
Forestry 
Maradi fuelwood component 
Forestry 
TA 

4.50 
3.40 
0.104 
0.20 
1.00 
1.151 

NIGERIA 
Power generation CIDA 

Germany 
Germany 
Germany 

1978-80 Kainji-Niamey line 
Transmission-Enlarge Network 
Transmission East 
Near East Electricity study 

0.104 
17.3 
11.1 
0.09 

Forestry Canada 
Canada 
WB 
WB 

1975-79 
1977-80 
1977 
1977 

Forestry 
Forestry 
Ayangha rural dev.-firewood 
Lafia rural dev.-fircwood 

0.20 
0.20 
1.20 
0.90 

SENEGAL 
Power generation Germany 

CIDA 
France 1976 

Mantall dam 
30KW line 
Deshi 

92.2 
-

2.68 
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SENEGAL - Cont'd.
 
Energy planning/TA USAID 


UN/UNEP 

CIDA 

France 

WB 


Renewable energy 	 EDF 

EDF 

Germany 

France 

France 

France 


USAID 

USAID 

USAID 

Germany 


Forestry/fuelwood 	 Canada 

USAID 

AID 

AID 

WB 

WB 


SIERRA LEONE
 
Energy planning/TA Germany 


Renewable Energy 	 U.K. 


TOGO
 
Power generation 	 CIDA 


CIDA 

CIDA 

Germany 


Energy planning/TA 	 UNDP 


1979 General 0.500 
1978-80 Experimental energy center 0.268 
1978-81 Electrical sector study 0.396 

Electrical training center 2.44 
1981 TA 3.3 

1978 Kanel solar pump 0.098 
1978 Theis solar pump 0.33 

Solar 3.4 
1976 5 solar pumps 0.34 
1977 Pastureland irrigation pumps 0.37 
1977 Thermodynaic solar irrig. 0.73 
1976-78 Technical assistance 1.34 
1976-78 Scholarships 0.22 
1976-78 Missions 0.049 
1978 Solar electric station 0.24 
1978 Heliosolar station 0.12 
1978 Heliosolar pumps 0.098 
1978 Aerogenerators 0.17 
1979 Aerogenerators 0.73 
1977 Dakhar solar generator 3.66 
1979 Solar demonstration 0.5 
1979 Bakel solar pump 0.5 
1980 .300 
1981 Rural Renewable 

1974-78 Forestry/firewood 0.14 
1979-80 Village woodlots 1.0 
1979-81 Fuelwood Production 3.133 
1980 Africare Reforestation .126 
1980 Village woodlots .211 
1981 9.3 

T.A.-Electrical experts 0.06
 

1975-80 Solar water heater research 0.0072
 

1974-75 Ghana-Togo-Benin line 2.00
 
1975-76 Lome powerline and substation 5.28
 
1978-80 CIAMO poer 11.30
 

Free Lines Electric Study 0.016
 

1964-77 w/Benin-supply forecast and
 
demand 0.1
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TOGO  Cont'd. 
Renewable energy EDF 1978 2 Solar pumps 0.108 

USAID 1980 Rural Solar .050 

UPPER VOLTA 
Power generation EDF pre-1975 Energy Infra/Production 1.85 

EDF 1978 Electr. of secondary centers 1.418 
France 1977 Distribution 4.55 
France 1976 Noumbiel study 1.162 

Renewable energy Austria 1978 Solar 0.054 
Austria 1978 Solar 0.02 
US 1978 Solar 0.08 
EDF 1979 Solar station at Dori 1.35 
UN 1979 Solar advisory mission -
France 1976 17 solar pumps 1.83 
France 1979 Solar pumps 0.24 
USAID 1979 PV pump demonstration 0.150 
EDF 1978 Utilization of molasses 0.135 

UNIDO/UNIDF 1979 Biogas technology demonstr. .56 
France 1977-79 Biomass 0.195 
France Scholarships 0.07 
France Missions 0.049 
France 1976-79 Technical assistance 0.54 
Neth. Rural Telephone-solar power 0.55 
Germany 1981 Rural Renewable 

Forestry/fuelwood SWitz. 1977-80 Forestry 0.790 
USAID 1979-80 Village woodlots 0.700 
WB 1979 Forestry 1.90 
France 1976 Reforestation 3.41 
USAID 1979-82 For. Educ. & Dev. 4.468 
USAID "980- Village For. .056 
USAID 1980 Agri. For. .056 
WB 1980 TA 14.5 
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AFRICA REGIONAL
 

Rural electrification ECA 1979 Small scale electr. pro
duction for rural use .022
 

ECA 1979 Symposia on dev.of rural elec. .012
 
ECA 1979 Study of factors affecting
 

rural energy development .012
 

Nuclear energy ECA 1979 Est. of Afr. Inst. of
 
Nuclear Physics -


ECA 1979 Study on est. ef African
 
Petrol. Inst. 

ETA,UN
 
ATCD Forecasting demand inAfrica .022
 
ECA, UN 1979 Training inst. for electr.
 

engineers .022
 
ECA, UN 1979 Feasibility studies .068
 
ECA, UN 1979 Assistance in connecting
 

African electr. system .044
 
UNEP 1979 Workshops on energy options
 

in Africa .015
 
ECA, UN 1979 Dev. of energy resources .150
 

Fuelwood USAID 1979 Firewood 1.607
 

Renewable energy ECA 1979 Small scale elec. prod.
 
advisory .022
 

ECA 1979 Seminar on small scale ele.
 
generator .012
 

ECA/
 
France 197S' Dev. of non-conventional
 

energy .042
 
ECA 1979J Dev. of non-conventional
 

sources .035
 
France 1976-78 Renewable Exports .73
 
UNEP 1979 Solar energy workshops .015
 
UNESCO 1979 Coord. of regional solar
 

research .024
 
Germany Club du Sahel Solar baking
 

and cooking .19
 

Energy Planning/TA Germwiy Club du Sahel - T.A. .056
 
Germany Club du Sahel - Energy Experts .175
 
USAID 1978-80 General 4.452
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INTRODUCTION
 

The Workshop on Energy, Forestry and Environment was held in Nairobi,
 
Kenya during December 6-11, 1981. In order to encourage the
 
participants to look objectively at the energy situation in their
 
respective countries, each Mission was asked to prepare a "mini" energy
 
assessment. A comprehensive outline of what to look for was cabled to
 
all African AID missions by AFR/DR. In effect, the participants were
 
being asked to think the through the entire energy assessment process.
 

The outline called for a review of the existing energy sources, in
 
conventional and traditional terms. It then asked what the
 
possibilities were for augmenting these energy sources with resources
 
(both conventional and renewable) from within the country. Inaddition,
 
energy consumption patterns, government energy policy and the
 
involvement of the private sector were addressed.
 

At the Workshop, the participants were organized into four discussion
 
groups based on regional and ecological similarities. Each participant
 
was given the energy papers of his/her colleagues within the group. A
 
leader helped each of the four groups focus on key energy, resource
 
management and forestry issues. Consensus statements were drafted by
 
each group which were incorporated into a Workshop Report (see Volume I,
 
pagc 39).
 

This volume includes the country energy papers which were prepared for
 
the Workshop by 21 USAID Missions. The quality and comprehensiveness of
 
these papers vary from country to country depending on the energy data
 
and information available to the Mission personnel.
 



BOTSWANA
 

I. Introduction
 

Botswana is a landlocked, semi-arid country with an area of 582,000
 
square kilometers and a population estimated at 800,000. Much of
 
the country is relatively featureless with gentle undulations,
 
occasional rocky outcrops and a mean altitude above sea level of
 
1,000 meters. Eighty percent of the land is covered with Kgalagadi
 
sand, supporting savannah-type thorn bush vegetation. Rainfall is
 
erratik, averaging 700 millimeters in the extreme north to 200
 
millineters in the extreme southwest. In the Northwest the
 
Okavango River drains inland from Angola to form an extensive
 
swamp, while in the central Northeast lies a large area of calcrete
 
plains bordering the Makgadikgadi Pans. The eastern margin of the
 
country, adjacent to the Limpopo drainage system, has a somewhat
 
less harsh climate and more fertile soils than elsewhere and it is
 
here that the bulk of Botswana's population is concentrated.
 

Energy resources used in Bocswana reflect the economic and social
 
structure of the country with 80% of the people living in rural
 
areas and an average rural income of approximately $388 per year.

The majority of the people use wood for heating and cooking and
 
cither candles or kerosene for lighting. It was estimated that
 
half of the energy consumed in Botswana in 1975 came from wood
 
collected in the vicinity of major villages.
 

Most electricity consumption is by towns and mining operations.
 
The Botswana Power Corporation (BPC) is the major supplier using

both oil and coal-fired generators. The BPC's total generating
 
capacity cf some 80 megawatts reflects the small size of the
 
economy.
 

Exclusive of electricity generation, oil is used by' the railway, by
 
some 5,000 water boreholes and by vehicles. Botswana produces no
 
pertroleum or natural gas and has virtually no potential for
 
hydroelectric power. National supplies of firewood are under heavy
 
pressure around all sizeable villages, with demand increasing as
 
these villages continue to grow. On the other hand, the country
 
has vast supplies of coal and the climate is ideally suited to the
 
use of solar energy.
 

II. Source of Energy
 

A. Conventional Energy
 

The main sources of conventional energy in Botswana are coal
 
and petroleum products. There are almost unlimited reserves
 
of coal (estimated at 17 billion tons) but for various reasons
 
(i.e. Development, Transportation/Distribution) the country
 
cannot rely on this reserve tc meet all the present

requirements for energy. Nevertheless, the production of coal
 
is on the increase and does provide a very significant
 
proportion of total domestic energy consumption, both through

the generation of electricity and in some industrial p.'ocesses
 



associated with the mines. Total 
primary scurces of energy

produced or imported into the country ir,1980 had an energy

equivalent of 4055 million kilowatt hours. 
 Almost 60% of this
 
was domestic coal production with the remaining 40% coming

from imports of petroleum products.
 

Petroleum products are wholly imported in refined form,

largely from the 
Republic of South Africa and any disruption

of imports through either political or economic means would
 
have a drastic 
effect on the economy. Since 1974-1975,

Botswana's imports of petroleum products have grown at 
an
 
average annual rate of 16% while the annual growth rate of the
 
gross domestic product for 1979-1985 is forecast at 10%. The
 
percentage of total 
imports. of petro7-fuels increased from
 
4.6% of the import budget 
in 1972 to 11.32% in 1978 and is
 
considerably higher today despite a greater 
 domestic
 
electricity production from coal. 
 Table I illustrates total
 
petroleum and coal imports.
 

TABLE I
 

Imported Sources 
 Quantity
 

Liquid Petroleum 
 2,267 Tons

Petrol and aviation fuel 
 48,783,000 Liters
 
Diesel and gas oil 
 94,704,000 Liters
 
Kerosene 
 5,620,000 Liters
 
Fuel oil 
 1,094,000 Liters
 
Coal 
 14,1,8 Tons
 

SOURCES: MMRWA Planning unit, 1981
 

B. Traditional/Renewable Energy
 

The basic fuel of the majority of the people is wood which is

primarily used for cooking and heating. 
 In some areas people

have to travel considerable distances to collect 
wood, as
 
firewood is fast becoming a scarce commodity. In towns and

villages wood is brought 
in from the countryside and sold at
 
markedly high prices. The data on 
firewood consumption are
 
incomplete, but estimates indicate that each person in the 
rural areas uses an average of about 1/2 to 3/4 ton of wood 
per year -- one of Africa's highest wood consumption rates. 
Deforestation 
is clearly a prime factor contributing to the
 
increasing threat of desertification in Botswana's 
 more
 
populated areas, which are 
located just short distances from
 
the Kalahari Desert.
 

Other forms of renewable energy include solar-powered water
 
heating, water pumping by windmills and solar electricity

generation for small loads in rural 
areas. The total number

of kilowatt hours supplied is extremely low but further
 
development is steadilyaadvancing.
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III. 	Energy Consumption
 

Data on energy consumption by both the industrial and agricultural
 
sectors is extremely sketchy. It is known, however, tiat the
 
majority of electricity produced in the country is consumed by the
 
mining sect .r and by the towns. In the gricultural sector, most
 
energy consumption is through traditionai means such as animal
 
draught power but tractor power has been increasing steadily over
 
the past five years.
 

IV. 	Energy Resources
 

Large deposits of low-grade coal have been discovered in Botswana,
 
estimated at approximately 17 billion tons. In order to minimize
 
dependence on imported oil, the Government has initiated plans to
 
substitute domestically produced coal for imported oil in the
 
generation of electricity. An expanded power station is in the
 
planning stage and it is anticipated that Botswana will eventually
 
generate nearly 100% of its growing demand for electric power using
 
local coal.
 

As stated earlier, the principdl source of energy for the majority
 
of the people is wood. It may be possible to substitute for wood
 
in some situations, either by cheap solar devices or local cJal.
 
However, there are potential difficulties of cost, air pollution
 
and acceptability. Mure promising is the development of efficient
 
stoves for burning wood and the establishment of woodlots outside
 
villages.
 

In response to the above situation, USAID and the Government of
 
Botswana, have embarked on a Renewable Energy Technology Project to
 
introduce renewable energy technologies (RET's) at the village
 
level. The $4.7 million project will research, develop and put
 
into use RET's which can reduce Botswana's dependence on vulnerable
 
supplies of increasingly expensive fossil fuels. Village-level
 
RET's will focus primarily on the improved use of wood or its
 
substitution. (e.g. solar ovens, wood stoves, windmills, solar
 
earthen batch water heaters, thatch insulation). In addition,
 
RET's will encourage reforestation through other USAID/B activities
 
such as the Rural Sector Grant which is providing funds to the
 
Brigades to promote reforestation. As wood continues to become an
 
increasingly scarce resource, it is evident'that there is an urgent
 
need to reduce wood use and increase wood production if severe
 
environmental degradation is to be avoided.
 

V. 	Government Energy Policy
 

The Government of Botswana's objectives for the energy sector are:
 

s 	 To minimize dependence on imported oil, due to the
 
unreliability of supply and rising price. This will be done by
 
substituting domestic coal for oil in electricity genera-tion
 
and industrial use, by substituting wind or solar power for
 
diesel in water pumping, and by encouraging conservation
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in the use of petroleum products.
 

* 
 To safeguard essential oil supplies by maintaining adequate
 
reserves and developing contingency plans to cope with any

interruption to normal supplies.
 

* 	 To provide electricity to meet the demands of the new mines
 
and industries needed to fulfill major production and
 
employment goals. 
 This will be done through the completion of
 
existing projects and by adopting a long term programto

provide a flexible abundant power supply for the late 1980s
 
and beyond.
 

* 	 To minimize the costs of electricity to industrial and private
 
users. This implies both minimizing the production of
costs 

electricity and ensuring that the conditions of its supply are
 
not onerous.
 

* 	 To avoid subsidizing private urban electricity consumers. 
 The
 
present element of intra-urban cross-subsidy will be retained
 
because it favors low-income consumers who use electricity
 
mainly for lighting.
 

* 	 To increase the energy available to the majority of rural
 
people, and to reduce the time and ecological damage involved
 
in firewood collection. This will involve support for
 
organizations which can implement programs of extension and
 
marketing of solar energy and of more efficient wood and coal
 
stoves, as well as woodlot programs.
 

* 	 To minimize fossil energy consumption by designing buildings

that require less heating and cooling, by substituting solar
 
energy for electricity in water heating where this is
 
economical and by investigating heating and cooling systems,

using coal, for government buildings.
 

Oil import policy is the responsibility of the Ministry of Commerce
 
and Industry, while electricity and other energy matters are
 
generally the responsibility of the Ministry of Mineral Resources
 
and Water Affairs (MMRWA). The Botswana Renewable Energy

Coordination Committee has recently been organized, by
chaired 

MRWA, to bring together different governmental and parastatal units
 
to discuss energy policy.
 

Major efforts will be required to safeguard and develop supplies of
 
firewood, 
to develop the national coal resources and to introduce
 
the more extensive use 
of solar and wind power. Government and
 
parastatal development expenditure on energy is expected to total
 
P123.6 million ($139.6) over the next five years. These
 
expenditures are summarized below:
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Parastatal (BPC) P Million 
Generation and transmission 108.4 
Other BPC capital expenditure 4.2 

Government 

Rural Power supplies 1.3
 
Utilization of solar energy 1.0
 
Expansion of electrical department 2.4
 
Oil Storage 6.3
 

123.6
 

This picture is not complete, as it excludes projects for woodlots
 
and windmills. It also ignores expenditure by non-governmental
 
organizations which are important for development of rural energy
 
sources. Recently, a new petroleur idexploration law was enected and
 
ESSO is now in final negotiations for exploratory rights in large area
 
of the Kalahari desert.
 

VI. Private Sector Involvement
 

Private sector and Non-Government Organizations (NGO's) are very
 
active in the energy field. There are several small sources of
 
solar water heaters within the country. Small solar businesses,
 
are manufacturing batch and thermosyphon types of active and
 
passive solar water heaters. Commercial solar water heating
 
systems are in evidence in Gaborones, on Botswana Housing
 
Corporation (BHC)-owned houses, on private residences and
 
institutions (a convent) and prominently atop dormitories of the
 
national university.
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BURUNDI
 

I. The Impact of Geography, Economics and Demography
 

Bu 'undi is a relatively least developed country with roughly the
 
same size and population as Maryland. It is overwhelmingly rural
 
(less than 5 percent of the population of 4,0222000 people lived in

agglomeration of village size 
or larger in 1979), with nationwide
 
average population density of 161 
people per square kilometer in

1979. Ngozi, Muramvya and the rural portion of Bujumbura provinces
 
average densities between 246 and 286 people per square kilometer.
 
Burundi has a per capita income of 180 dollars in current prices.

Inflation has reduced average per capita consumption of kerosene
 
for lamps from one liter a year per person in 1972 to half that
 
level in 1980. The World Bank statistics indicate that Burundi has
 
the 2nd lowest per capita consumption of energy measured in
 
kilograms of coal equivalent.
 

Burundi is more than 1,400 kilometers from Dar es Salaam and 2,000

kilometers by road through Uganda 
to the port of Mombasa. Much of

Burundi is a shield-shaped plateau gradually rising to the Zaire
 
Nile divide and then dropping sharply down to the escarpment of the
 
Western rift to Lake Tanganyika. The average daytime temperature
 
on the crest is 17 to 19C with nights often below 110C and
 
occasionally dropping to near zero. 
 It is wetter on the crest
 
with 1,600 mm rainfall a year compared to 800 to 1,000 mm in the
 
Ruzizi plains near Bujumhura.
 

The heavy population density has resulted in marginal lands, some
 
sloping 
more than 450, coming under permanent cultivation thus
 
encouraging erosion. Interplanting of small fields, harvested over
 
time, reduces the period during which the soil is bare.
 
Cultivation and clean weeding with 
hoes can cause devastating
 
erosion problems.
 

II. The Modern Sector
 

A. Petroleum, Oil and Lubricants
 

Burundi imports all its petroleum and must continue to do so.
 
Imports are mostly 
 diesel fuel and gasoline for
 
transportation, thus limiting the chances of substituting

other forms of energy. Diesel and gasoline accounted for 62
 
percent of petroleum imports for 1973 and 77 percent in 1979.
 
Diesel fuel imports increased 223 percent between 1973 and
 
1979. The results are summarized below:
 

1973 1976 1978 1979 1980
 

Total Petroleum Imports (MT) 
 22,144 24,180 27,300 30,385 35,501
 

Francs Bu(million) 
 176.9 442.7 644.3 1,287.8 2,294
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Although Burundi had only 1.3 vehicles per thousand people in
 
1979, the GRB assumes that growth petroleum requirements will
 
increase about 8 percent a year.
 

Burundi can store about four months' supply of petroleum
 
products. Supplies may be interrupted by transportation
 
bottlenecks at the port of Dar es Salaam or civil unrest
 
problems in Uganda.
 

In 1979, petroleum imports amounted to $14.4 million, or
 
nearly 14 percent of export earnings, and accounted for about
 
half of the price increase in imported goods. In 1980, the
 
value of petroleum imports was $25.6 million, and 39.1 percent
 
of export earnings (Burundi's exports fluctuate widely from
 
year to year depending on the coffee crop and prices). The
 
impact of petroleum price increases has been disastrous upon
 
rural development programs and sustained growth in Burundi is
 
dependent on improving productivity of food and export crops
 
(56 percent of GDP at factor cost). It is clear that the
 
rising fuel and transportation costs involved in improved
 
distribution of agricultural inputs and collection and
 
marketing of crops has resulted in a far lower internal rate
 
of return to development projects than when they were planned.
 
The cost of fuel is a major reason behind smallholder tea
 
projects becoming uneconomical as well as soaring recurrent
 
costs of future agricultural production programs.
 

B. Electricity
 

Bujumbura accounts for 95 percent of Burundi's electricity
 
consumption. Gitega and Bururi towns consume most of the
 
remainder of electricity. During the past five years
 
electricity usage has grown by 9 percent and a growth rate of
 
8 percent a year is projected for the next decade.
 

The Ruzizi hydroelectric station in Zaire supplies Bujumbura 
with peak power of 8.5 megawatts via a 115 kilometer high 
tension line The city has a backup diesel generator dating 
from the 1950s which can only supply peak power of 2 
megawatts. dijumbura suffers from periodic brownouts and 
breakdowns of electricity. It will continue to do so until 
the Chinese-built Mugere hydroelectric station coiiits fully on 
stream in 1982 (total power at 2 megawatts, with a guarantee 
of 2.3 megawatts in the dry season). Gitega has an old diesel 
generator which was used until the West German built 
hydroelectric station (1.3 megawitts peak production) came on 
stream in 1980. Bururi Town has a 100 kilowatt diesel 
generator which will soon be replaced by a hydroelectric 
generator. 

Because of Burundi's geography and climate, -L'e GRB has 
deliberately launched a program to use hydroelectric plants 
within Burundi to supply te country's electricity needs for 
urban areas. Work must begin on a network of hydro generators 
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producing peaks of 6.0 to 18 megawatts. Consequently the GRB
 
has proposed the Rwegura project 
(18 megawatts guaranteed

power) in northwestern Burundi to supply Bujumbura, Ngozi and
 
Kayanza using a 700 kilometer long high tension line. Ruzizi
 
II in Zaire will also supply hydroelectric power. Neither
 
project will be completed before 1987 and the regional Akagera

dam will be later still.
 

The GRB has a program to install micro-hydroelectric plants

with power of less of 100 kilowatts which supply water as well
 
as electricity. These will be financed by private funds (i.e.

the missions) or the Government, at an estimated cost of
 
$110,000 to $168,000 each, and will supply local Government
 
centers, schools and clinics. Another program for plants of
 
250 to 300 kilowatts peak load is planned for Muyinga, Kirundo
 
and Bururi.
 

C. Other Urban Fuel Requirements: Peat
 

Artisanal industries, commercial enterpris(s and institutions
 
have traditionally relied on charcoal. Charcoal meets 
most

urban daily fuel requirements. Estimated total wood/charcoal
 
usage in Burundi vary considerably, but the GRB estimates
 
consumption at one 
stere* per person per year or roughly four
 
million steres annually (estimates vary considerably according

to source). 'f we assume that rural fuel consumption is 0.5
 
steres of woU( per person per year, then all urban usage

including light industry institutions and households require

about 2,000,000 steres a year. (Burundi charcoal 
 making

methods require 7 kilos of wood to wike one of charcoal). The

price of charcoal increased sevenfold between 1970 and 1980
 
and threefold from about 8 FBu/kg retail price in 1976 to 23
 
FBu/kg today.
 

Burundi has substantial peat reserves. The urban domestic
 
market should 
be the major target group for conversion to
 
peat. In the GRB's view substituting peat for charcoal will
 
give time for plantations to mature. Peat is an incomplete

solution and temporary palliative to the overall energy
 
problem.
 

Beginning in 1978 with the AID project, Alternative Energy:
Peat I ($490,000). All) has financed experimentation with peat
production and usage. A European Development Fund activity
opened up the Kisozi bog soon the CRS royramafter began.
Production reached 4,000 tons in 1980 and about 6,000 tons in
1981. Primary uses for peat include bakeries, light industry,
institLions and the Iurond i army. We estimate that the peat
produced during the 1981 season will be completely used by 

* A cubic meter of stacked logs. 
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March/April 1982 (well before production starts in May)
 
because its price is attractive compared to charcoal. In the
 
Peat II Project Paper, it was assumed that about 136,400 MT of
 
peat would be produced between 1980 and 1985. The quantity of
 
peat will be the energy equivalent of clean cutting 9,500
 
hectares of forest, or cropping 45,700 hectares. Projected
 
demand may be as much as 52,100 MT in the last year of the
 
project, assuming the requirements of 7,000 MT for
 
institutions, 5,300 MT for. industries, 12,800 MT for
 
commercial/artisanal use and 27,000 MT for urban domestic
 
needs (or 60 percent of the urban household market). The
 
project evaluation now under way will probably indicate that
 
urban domestic usage was over estimated while
 
institutional/industrial/commercial requirements were under
 
estimated.
 

III. Rural Fuel Requirements
 

The dominant fuel of rural Burundi is wood. It is used inside the
 
house for cooking and for heating at higher altitudes where it has
 
the additional benefit of driving insects away and preserving food
 
such as maize hung from the roof. Women in Burundi are responsible
 
for gathering fuel and preparing food, in addition to food crop
 
production. Men make charcoal and work on peat bogs, in nurseries
 
and on afforestation programs. In the most densely populated parts
 
of Burundi, wood is no longer regarded as a "free good". In the
 
lightly populated province of Bururi, field interviews indicate
 
that women, as well as men, are interested in planting their own
 
seedlings to produce firewood (and poles for construction).
 

While usage estimates vary considerably, rural fuel usage is
 
probably half a stere per person per year. Burundi will need about
 
200,000 cubic meters of saw wood by 1990 and about 1,230.000 cubic
 
meters for firewood.
 

Although Burundi was almost entirely covered in forest during the
 
17th century, in late January 1981 the GRB estimated that total
 
forest cover had been reduced to 88,000 hectares. The IBRD
 
estimated the total forest cover at 90,000 hectares in 1978/1979 or
 
3 percent of Burundi's total area. There was then about 40,000
 
hectares of tropical highland forest, 20,000 hectares of savannah
 
woodlands, 25,000 hectares of existing forest plantations and the
 
remaining 5,000 hectares was in new plantation. Even with current
 
reforestation programs, it is estimated that tree cover will be 
reduced to about 40 percent of present area by 1986.
 

Even if the lowe ;t wood consumption estimates are used, the 
ecologists are greatly concur ed about its i mpl i cation. If 
corrective action is not take, Burundi 's remaining forests will 
disappear entirely in another decade or less. This will not only 
be disastrous for the rural population who depend on wood for fuel, 
but also for the ecology of the land itself. Without the 
protection supplied by forests and woodlands in the form of ground 
cover, scil erosion and run off will accelerate as well as the 
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degeneration of watersheds. Erosion 
also causes silt fill and
 
other problems with hydroelectric installations, thus necessitating

actions to maintain cover in order to 
reap full benefit from the
 
capital investment.
 

The GRB has long recognized the seriousness of its forestry
 
resource problems. Thus the Second (1973-1977) and Third
 
(1978-1982) Five Year Plans list an improved forestry sector as one
 
of their goals, along with 
improved soil and water conservation.
 
In an extensive publicity campaign, 1979 was the "Year of the Tree"
 
and 1980 was the "Year of Soil Conservation". The most urgent

priority is stopping the degradation of the natural forest and its
 
eventual disappearance. The next priority is producing 
wood,

predominantly firewood. The third priority is tree planting for
 
erosion control and watershed protection along the crest.
 

The GRB 
 should reach its goal of 240,000 hectares of new
 
plantations of 
quick growing species in 25 to 30 years, if its
 
current annual planting rate by donors and by the Ministry of
 
Agriculture's Department of Water and Forests are 
sustained. Since
 
trees require 5 to 8 years to .each exploitable size, it probably

will not meet fuel requirements unless, peat is substituted promptly

for charcoal in a substantial portion of the "modern sector" and in
 
urban areas. Most of the donor supported programs are for
 
increasing saw timber production rather than firewood
improving

availability. This has 
 left the GRB to use its own scarce
 
development resources for fuelwood development programs for the
 
most part, especially the seedling distribution and extension
 
programs which farmers to 
plant trees on their homesteads as well
 
as to develop community plantations.
 

Forestry research programs have concentrated almost entirely on
 
timber production rather than fuelwood. Although the forestry

programs use mostly exotic species, growth trials have been
 
conducted on indigenous trees regarding saw wood potential. It

should be noted that most Leucacena species do not grow well at 
altitudes 
over 800 meters and are therefore not successful in most
 
of Burundi. Callitris, the old standby for high altitudes (above
1,800 meters and steep, rocky slopes) is excellent for crosion 
control but is slow growing. Currently, the standby for individual
 
woodlots and small communal plantations are Eucalyptus species.
 

The most iambitious donor project, and the only existing one with a
 
fuel component, is the $8.8 million IBRD-led forestry program that

began in May 1979. It includes support from an IDA loan, French
 
technical assistance, UNDP training grant and additional funds from
 
the European Economic Community (Special Action Account). It

includes establishing two plantations (5,000 hectares of pine in
the south and 2,000 hectares of eucalyptus in the north); 30
communal seedling nurseries; technical assistance to the Department
of Water arid Forests; and financing research and study on energy
needs and sources including new techniques for charcoal production

and cooking stoves. Additional donor projects include:
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# 	 The European Development Fund's 3,200 hectares
 
plantation for saw timber, begun in 1978;
 

* 	 The Belgian-implemented, Saudi financed 12,000 hectare
 
plantation of pine, eucalyptus and Callitris in southern
 
Burundi;
 

* 	 A three year UNDP/FAO forestry training program for eight
 
team foresters and 85 forestry technicians.
 

The forthcoming IDA-led Ngozi III rural development project

includes $2.4 million for forestry and erosion control. It will
 
have 4,300 hectares of plantation for firewood, coal, communal
 
plantations and planting of private and individual woodlots for
 
farmers. The proposed Kirimiro project has $1.5 million for
 
forestry and erosion control (1,200 hectares of protection

plantation, 600 hectares fuelwood and pole plantation, 200 hectares
 
of saw timber, 400 hectares for rehabilitation of communal
 
plantations, 300 hectares of new communal woodlots and 250 hectares
 
of project woodlots).
 

Another planned firewood project is AID's proposed Bururi Forest
 
Project (see below).
 

IV. 	GRB Strategy and Program Implementation
 

Energy and fuelwood have been a major concern of the GRB for some
 
time. Part of this is because of the seriousness of the
 
forestry/erosion/fuelwood conundrum, and the remainder caused by

being landlocked, totally without petrocarbons, and dependent on
 
external hydroelectric sources. Energy problems and requirements
 
are discussed as a whole from petroleum products hydroelectricity,
 
peat and wood. The GRB realizes that solar, wind, and biogas
 
resources will be unable to meet substantial requirements for some
 
time to come, although a small appropriate technology energy
 
research unit has been set up in the University of Burundi's
 
Faculty of Science. Peat is, at present, a temporary aid (it is
 
not renewable), and, if used properly, will give fuelwood programs
 
the necessary lead time.
 

Petroleum products will be used primarily for transportation, while
 
hydroelectric installations of all sizes and types must be relied
 
upon for electricity generation. Widespread rural electrification
 
is out of the question, due to cost, but small to micro-scale
 
hydroelectric turbines must be increasingly relied upon to supply

provincial and communal centers, hospitals, clinics and other
 
services, even agricultural research stations (where possible).
 
Public works programs are evaluated in terms of their energy
 
requirements.
 

Energy programs are implemented by several GRB agencies.
 
Hydroelectricity and diesel generators fall under the General
 
Directorate of Energy (Ministry of Public Works, Energy and Mines).
 
The trinational Energy Commission of the Great Lakes (now part of
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CEPGL) handles regional programs and installations such as Ruzizi I
 
and II. Peat, as a non-renewable resource, has its development

agencies report to the General Directorate of Mines. Firewood and
 
forestry are the responsibility of the Ministry of Agriculture's
 
Department of Water and Forests, except for the large rural
 
development projects which come under regional development
 
societies (the forthcoming Kirimiro and Ngozi III projects). Some
 
timber production programs have been spun off into a National Wood
 
Office. The new Director General of conservation of natural
 
resources in the Presidency is the former Director of the
 
Department of Water and Forests. He still maintains a major

interest in the Bururi Forest project along with other energy and
 
conservation policies.
 

V. 	AID Strategy
 

AID's strategy in Burundi, as presented in the FY 1983 CDSS, is to
 
help solve the land/food/population dilemma faced by the rural poor

possessing a small resource base. The U.S. is a relatively minor
 
donor of economic assistance, and has a few carefully selected
 
projects within three strategy objectives:
 

a 	 Increasing food availability to the rural poor, particularly

densely populated areas;
 

* 	 Reducing the rate of loss of arable land to soil erosion
 
and increasing the availability of alternative energy sources
 
to the rural and ruban poor; and
 

* 	 Improving the delivery of health and family planning
 
services.
 

Withii the soil conservation/afforestation and energy strategy
 
objective, AID has the following bilateral projects:
 

e 	 Alternative Energy: Peat II (695-0103) (1980) is the
 
second phase of long term program to increase Burundi's
.
 

use of peat as fuel and reduce the strain on dwindling
 
forest resources (LOP $8.0 million).
 

e 	 Bururi Forest (proposed for FY 1982) combines preserving
 
one of two high altitude antural forests with fire and
 
construction wood production (LOP $1,144,000).
 

Regional programs include various regionally financed energy sector
 
training programs and proposed forestry/natural resources training
 
programs; participation in CDA (ex. CADA) programs, particularly
 
for forestry extension training.
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CAMEROON
 

I. Background
 

Cameroon has often been described as a microcosm of Africa. Within
 
its 475,000 square kilometers (about the size of France) can be
 
found tropical rainforests, coastal mangrove swamps, mountainous
 
highlands, savannah grasslands and Sahelian regions. Its
 
population of approximately 8,600,000 is ethnically diverse with
 
more than 200 different tribes speaking 24 major African languages.
 
As a confederation of previous French and English dependencies,

Cameroon is officially a bilingual country. The French language

and influence predominate, however. The major religious groups are
 
Muslims, Christians and Animist. Although primarily agricultural,
 
Cameroon is also developing coastal port facilities, minerals,
 
natural gas, oil and hydroelectric power.
 

II. Energy Resources
 

A. Petroleum
 

Recent discoveries and development of off-shore oil resources
 
are presently providing great impetus to the growth and
 
development of Cameroon's economy. As late as 1977/78 the
 
mining and petroleum sector accounted for less than one
 
percent of the GDP. With an estimated production of three
 
million tons in 1980/81, the sector now accounts for slightly
 
more than nine percent. Nor is the end in sight. The most
 
conservative estimates for petroleum production for 1985 place
 
the level at five million tons.
 

The implications for Cameroons's future development are, of
 
course, profound. At present prices and with the most
 
conservative of production estimates, the revenues accruing to
 
the GURC from its 40 percent share in oil operations should be
 
approaching 500 million dollars annually by the end of 1984.
 
This figure represents more than one-half of the GURC;s total
 
revenues for the fiscal year just completed. A refinery has
 
been built to supply domestic requirements of approximately
 
700,000 tons of refined petroleum products per year. The
 
refinery's eventual total capacity is 2 million tons which
 
will allow Cameroon to export refined petroleum products to
 
neighboring West African nations.
 

PROVEN RESERVES OF OIL AND OIL PRODUCTION
 

Proven reserges as of Estimated oil production

1/1/81 in10 barrels (000 barrels/day)
 

200 1977 1978 1979 1980 
- R 4 57 

B. Natural Gas
 

In order to exploit Cameroon's 150 billion cubic meters of
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known natural gas reserves, a study is currently underway to
 
determine the feasibility of building a plant which could
 
begin liquifying natural gas, mostly for export, by 1987. If
 
expectations are realized, liquified natural gas exports could
 
make a significant contribution to the GDP b, the end of the
 
decade.
 

C. Electricity
 

Electrical energy accounts for less than two percent of the
 
GDP. Capacity has grown slowly for years owing to the large

initial output of the dam at Edea on the Sanaga. That
 
structure was completed inthe mid 1950s. Its capacity was so
 
large that it continues to supply well over half the nation's
 
total demand for electricity. The situation -isin the midst
 
of change, however. The dam at Edea expanded its production

from 240 to 260 megawatts between 1977 and 1980. The newly

completed dam at Song-Loulou, also on the Sanaga, will
 
initially generate an additional 192 megawatts. This figure

will be doubled to 384 megawatts after 1983. The Lagdo dam,

situated on the Benue close to Garoua in the North Province,

will add an additional 72 megawatts of generating capacity

when completed in 1983.
 

ELECTRIC POWER CAPACITY (MW)
 

1980 1981 1982 1983 1984
 
Hydroelectric power
 

stations 265 457 553 625 721
 

Thermal (diesel) power

stations 54 72 92 102 114
 

TOTAL 319 529 645 727 835
 

Overall, a total of 83 percent of Cameroon's electric power is

generated from hydroelectric sources. Both the remaining

potential ;nd requirements for the future are vast. At 115

billion kilowatt hours, only one percent of which is presently

in use, the country's estimated potential for hydroelectric
 
power is second only to that of Zaire on the African
 
continenit. Systematic prospecting for sources and sites 
of
 
hydropower is underway and a completed study is expected in 
1983. Demand is certain to increase significantly in the 
future as well, as industry expands and rural communities 
only two percent of which presently receive electricity - are
 
added to the national grid.
 

D. Forestry
 

The Cameroonian forest covers between 15 and 20 million
 
hectares of land and is located, for the most part, in the
 
southern region of the country.
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EXPORTS OF WOOD ( IN 000 TONS)
 

1976 1977 1978 1979
 

551.1 578.1 564.5 564..0
 

According to Ministry of Mines and Energy officials, the major
 
source of energy for Cameroon is wood (70%), followed by oil
 
(20%) and hydroelectricity (10%). The exportation of wood
 
products from Cameroon in 1979 provided 11 percent of the
 
total value of exports. Although Cameroon's forestry
 
resources are significant, the arid Sahelian zone in the North
 
of Cameroon is beginning the early stages of the fuelwood
 
crisis that so many African countries have already
 
experienced. As a result of population growth, the need for
 
agricultural land and fuelwood is increasing. This has caused
 
shortages of fuelwood, especially in densely populated
 
settlements. Now people in rural areas of the North
 
Province's Sahelian region spend more time on fuel collection
 
at the cost of productive activities.
 

In recognition of the importance of forestry resources to
 
economic development, Cameroon has sought to assure continued
 
supplies of forestry products for industry and fuelwood. In
 
the North Province, reforestation activities are underway with
 
assistance from the regional Sahel Vert program. A major

project to expand the contribution of the forestry sector to
 
the national economy through the establishment of plantations
 
and the strengthening of the government agencies responsible
 
for forestry regeneration is being developed with the IBRD.
 
This proposed project will include up to 20 pilot village wood
 
lots for the production of fuelwood and building poles.
 
Private voluntary organizations have also undertaken 
development of projects to 
problem in the North Province. 

address the fuelwood shortage 

The Ministry of Mines and Energy is responsible for
 
identifying activities to be undertaken and formulating energy

plans-and policies. Other institutions such as the University

of Yaounde (National Superior Polytechnical School), General
 
Delegation for Scientific and Technical Research (Institutc

for Geological and Mineral Research) and the National Center
 
for Studies and Experimentation of Agricultural Machinery are
 
responsible for research and field testing of new energy
 
sources such as biomass, micro-hydropower, wind and solar
 
energy. Of the aforementioned, micro-hydropower and solar
 
energy are being given the greatest attention as potential
 
power sources for isolated users of electrical enetyy. A
 
recently completed AID-assisted report on household consumer
 
energy in the North Province confirmed that kerosene is the
 
fuel of choice among the urban population. It is expected

that the percent of Cameroon's energy coming from wood will
 
continue to decline as the proportion of the population living
 
in urban centers increases.
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On balance, then, it would appear that energy availability,

both at present and within the foreseeable future, will not be
 
a constraint to the country's development objectives.
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GAMBIA
 

I. Background
 

The Gambia is a country of 600,000 people and is the smallest
 
independent state in Africa. It has a land mass of 4,300 square
 
miles (11,000 square kilometers) making the density of population
 
the fourth highest in Africa. The Gambia is part of the Sahel zone
 
with over 70% of the population living in the rural areas. Its
 
conventional energy is derived primarily from fuelwood and
 
groundnut hulls.. The country has no fossil fuel deposits, and all
 
oil and gas are imported. Most of the commercial energy is
 
utilized in the urban areas for the production of electricity and
 
the operation of vehicles and machinery. Present electrical power
 
generation capacity is 12.6 megawatts.
 

II. Fuelwood and Reforestation
 

Fuelwood: Recent statistics show that fuelwood accounts for 84% of
 
the total primary energy consumption of the country (i.e., 320,000
 
tons of oil equivalent). Average per capita consumption of this
 

3
energy source is 1.5 m per year. The cost of fuelwood per
 
kilogram is 0.003 dalasis (0.0150 US$)*. This is the opportunity
 
cost on collecting fuelwood in the rural areas. The market price
 
is 0.05 D/kg ($0.025) in the provinces and 0.1 D/kg ($0.05) in the
 
urban area. This makes the total value of fuelwood production of
 
27 million dalasis ($13.5m) or 7% of the total GDP.
 

Over 50% of the total fuelwood was consumed in the form of charcoal
 
(production of charcoal is now banned in The Gambia). Charcoal was
 
produced mainly for urban consumption -- cooking, ironing, gold and
 
silver smithing. The charcoal consumed in the rural area, mainly
 
for silver smithing, was minimal. Traditionally, energy for
 
cooking in the rural areas has always been in the form of firewood.
 
Price of charcoal also limits its use in the rural area. A bag of
 
50 kg costs D5.00 ($2.50). This is beyond the earning capacity of
 
the rural populace.
 

The method of charcoal production (open kiln) in The Gambia was
 
proven very inefficient. Not only was the energy loss in the
 
conversion process from wood to charcoal, but environmental
 
degradation and deforestation was accelerated by the felling of
 
trees. This prompted the Government of The Gambia to take
 
measures in order to reduce the per-capita wood consumption. The
 
charcoal ban and the introduction of more efficient stoves were
 
among the measures taken.
 

Gambia's extensive reliance on wood, coupled with drought prior to 
1981 and an increasing population. caused some concern. A 
reforestation program was initiated it, the Banjul Declaration of 
1977. The present estimates indicate that by the year 2000 the 
demand for wood cannot be met by replanting trees. 

1 dalasis = US $.50
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A search for alternative sources of energy must be initiated.
 

Reforestation: The Forestry Department had embarked on schemes to
 
increase the supply of fuelwood by reforestation through

large-scale plantations, village woodlots and the National 
Tree
 
Planting Festival.
 

Plantations: The main species used in plantations in the Gambia is
 
Gmelina arborea which was introduced in the early 1950's when the
 
first seed was brought from Sierra Leone. At the end of 1980,

there were 1204 hectares of established plantations mostly
 
consisting of Gmelina arborea.
 

Wood Lots: A pilot village wood lot project started in 1980 with
 
the establishment of two one-hectare wood lots of Gmelina by each
 
of two villages, Kembuji in the Western Division and Illiasa 
in
 
North Bank Division. It is planned to extend the number 
of
 
villages by two each year over the five year life of the
 
USAID-funded Forestry Project. The Forestry Department provides

advice and guidance, fence posts, barbed wire, staples and the
 
necessary planting stock. The villagers provide the necessary

labor inputs. Control of the management of the wood lot and
 
ultimate disposal of the products lies entirely in the hands of the
 
villagers.
 

National Tree Planting Festival: This festival, which takes place

annually during the second week of July, was started in July 1978.
 
There have been three festivals "to foster a national consciousness
 
of the value and importance of forest cover, to maintain and
 
improve the environment; both rurrl and urban, by a tree-plp _ing

campaign carried out by the people of The Gambia."
 

The main species provided are: e.g. Gmelina arborea; Azadirachta
 
indica and Anacardium occidentale. Tree seeds and seedlings for
 
iW irst three campaigns have had to be supplied without the use
 

of nurseries, as there are presently no tree nurseries in The
 
Gambia. Thus Gmelina arborea root/shoot cuttings were taken from
 
the plantations, Azadirachta indica were obtained up where
 
available and cashew nuts were provided for direct seeding.
 

III. Alternative Sources of Energy
 

Gambia has shown a great effort to create alternative energy
 
sources particularly from groundnut shells. This energy source
 
accounts for 3.7% of the total energy balance (i.e., 14,000 tons of
 
oil equivalent). It is primarily used in the industrial power

supply G.P.M.B. oil mill) as well as in the household. The pilot

plant has a capacity of 6 tons/h. The shells make up 30% of the
 
groundnut weight. The calorific value is approximately 4000 k
 
cal/kg compared to fresh wood of 2000 k cal/kg. The results of
 
this project have been very promising and can give a substantial
 
input to solve the fuelwood problem.
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Biogas production from cow dung has potential in The Gambia. 
 It is.
 
estimated that there are 293,000 
head of cattle head in the
 
country. One cow gives an average of 10 kg of dung a day.

Approximately 20 kgs of dung prcduce 2m3 a day. so
of gas With 

many cattle in the Gambia biogas ir both a short term and long term
 
solution to the fuelwood problem.
 

Solar energy utilization has hardly been investigated. However,
 
some measurements pertinent to solar energy potential have 
been
 
carried out by the Department of Hydrometeorological Services. The
 
Gambia receives over 3,000 hours of sunsh;ne per year, mostly via
 
direct radiation, except in August when the radiation flux is less
 
than 400 Langleys per day. A significant use is already made of
 
solar energy in the production and processing of agricultural

products. For example, over 130,000 MT of 
groundnuts and over
 
70,000 tons of cereal, mainly millet, sorghum and rice are dried
 
yearly by stacking or spreading them in the sun before thrashing;

and up to 20,000 tons of marine products caught locally, of which
 
50 percent are exported, are usually sun-dried. Plans for economic
 
and social development call for increased output of smoked or dried
 
fish.
 

IV. Oil Imports
 

The Government of The Gambia imports 100% of its petroleum needs,

primarily from Venezuela. Oil exploration attempts to produce oil
 
domestically have met with little success.
 

Importation of petroleum products is left to the sector
private

with the government providing foreign exchange and price control.
 
There is !1o subsidy in the price of petrol, however, LPG is duty
 
free.
 

Shell Corporation has been the dominant importer and distributor of

all petroleum products. However, in October 1981, Gambia Utility

Corporation imported 7,500 MT of gas oil. The storage facility

provided by Shell is the only fuel installation in The Gambia.
 

The petrol retail trading is predominately in the hands of service
 
station dealers who work on a commission set up by the Ministry of
 
Finance and Trade. 
 It is expected that the private ownership may

phase out fuel importation due mainly to government price control.
 
It is likely that future role of distributors (service stations)

will remain in the private sector.
 

V. Energy Policy
 

The Ertergy situation in the country has necessitated The Gambia to
 
formulate an Energy Master Plan as a guideline for the efficient
 
development and management of its energy resources. The Plan
 
defines an investment program for resource development and energy

conservation, energy pricing, taxation and other related policies.
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A Objectives of the Plan
 

1. 	To make projections of a supply/demand energy balance for
 
the periods 1981-90 and, tentatively, 1990-2000, in order
 
to evaluate:
 

a. 	future energy availabilities and needs of the
 

economy;
 

b. 	options for reconciling the two; and
 

c. 	the budgetary and balance of payments impact of
 
the energy sector under the projected conditions.
 

2. To formulate energy pricing policies aimed at:
 

a. 	stimulating more efficient energy use, using
 
conservation and substitution of domestically
 
produced energy for imported energy;
 

b. 	stimulating the production aid use of indigenous
 
energy resources;
 

c. 	strengthening the Financial structure of energy
 
enterprises inthe public sector; and
 

d. 	ensuring that the basic energy needs of the poor
 
are affordable.
 

3. To evaluate development options and define investment
 
priorities for the energy sector for the period 1981
1990.
 

4. 	To analyze alternative sources of energy in connection
 
with the Plan of Action to combat desertification with
 
emphasis being placed on rural energy,
 

5. 	To analyze and make recommenda Ions on the institutional,
 
administrative and managerial issues related to energy
 
planning.
 

6. 	To analyze and make recommendaions regarding contin
gency planning for petroleum and other fuel shortfalls.
 

7. 	To review, analyze and make recommendations on health
 
and safety factors relating to existing and planned
 
petroleum product usage and storage; and
 

8. 	To train qualified Gambian nationals inenergy planning
 
and analysis.
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GUINEA
 

I. Introduction
 

Guinea, with an area of almost 246,000 ki 2 , is well endowed with 
arable land, water and mineral resources. Its terrain is varied, 
and its broad range of eco-climatic zones permits diversified
 
farming in addition to livestock raising, forestry and fishing (see
 
figures 1 and 2).
 

Before independence in 1958, the country'was a mijor exporter of 
bananas, coffee, pineapples and palm oil and was practically
 
self-sufficient in basic foodstuffs. Since then, Guinea's choice
 
of agricultural development strategy has not sustained these
 
production levels. Consequently, despite vast potential,
 
agricultural exports have all but vanished and Guinea is a net 
importer of its own food -- rice.
 

With respect to mineral resources, bauxite reserves are estimated
 
at 29 percent of known world reserves. Bauxite and aluminum
 
exports are Guinea's major source of foreign exchange.

Considerable high-grade iron ore deposits have been identified and 
geological propects for uranium and offshore oil are good.
 

The three major rivers in West Africa originate in Guinea: the 
Gambia, the Senegal, and the Niger. These and numerous other 
sources provide significant potential for hydroelectric power.
 

Guinea's ample endowment of natural r-sources nothwithstanding, 
overall economic performance has been disappointing. Real growth
of GNP from 1958-1973 was estimated at 2.5 percent. Guinea has a 
population of more than 5.5 million, of which 85 percent is rural. 
Domestic food production is not keeping pace with population, which 
is growing at an annual rate of 2.9 percent. Despite revenues from 
mineral exports, food and energy importation is placing a large and 
growing burden on the struggling economy: oil imports almost 
tripled between 1976 'and 1979 (See Table 1). Increased use of 
marginal lands (and reduced fallow periods) is leading to serious
 
deforestation, soil erosion, and silting of major tribdtaries.
 

TABLE I
 

Fuel Imports ($ millions)
 

1976 1977 1978 1979 1980 1981
 

13.1 17.9 26.0 36 N/A N/A
 

Source: World Bank Study, 1980, and unpublished sources.
 

II. Conventional Energy and Power Resources 

A. Statistical Overview
 

Although data for the energy sector are incomplete, it is 
estimated that firewood and charcoal provide 65 percent of the
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approximately one rillion tons of crude oil equivalent (TOE) 
energy consumed as primary energy by households, transport and
 
state-run industry. Increased use of firewood, the most
 
important fuel source for most of the Guinean population 
including urban households, is 4 leading to significant 
depletion of forests, particularly in the savannah region of 
the north. Total power generation inGuinea in 1978 was ab A 
150 GWh 1/; approximately 88 percent was hydrogenerated and 
the balan-ce was thermic (diesel) generated. In 1979, Guinean
 
imports of petroleum products (40% o, total imports from all 
sectors) reached $36 million. 2/ From 1979 to 1985, it is
 
anticipated that elinctrical consumption will grow by 12
 
percent per annum. (See figure 3.)
 

B. Hydroelectric
 

Guinea's most abundant energy resource with potential for 
substituting for imported fuels is hydroelectric power. Power 
potential of these resources is estimated to amount to at 
least 6000 NW with an average output of about 35,000 GWh (3
million TOE). Not all of this potential may be economic to 
realize. Forty (40) MW of hydro-potential have so far been 
developed with average energy production of about 245 GWh 
(21,000 TOE). Feasibility studies have bee'n financed and the 
GOG has approached foreign aid donors for the financing of the 
750 MW Konkoure hydroelectric project. Funding requirements
for this undertaking are estimated at close to 2 billion 
dollars.
 

C. Mini-Micro Hydro Generators 

There are 65 sites in Middle Guinea alone that are suitable 
for the installation of mini or micro hydro-generators. With 
only 3 to 4 percent of Guinea's rural population served by 
electricity, it is easy to see why the GOG is extremely 
interested in developing this potential. Cost per installed
 
kilowatt at 1980 prices was estimated at $3,000. Many studies
 
have been conducted or are planned. A ten volume study of 
hydroelectric sites in the Fouta Djallon was completed by a 
Czechoslovakian study team. The World Bank has sent and VITA
 
will be sending experts to plan additional feasibility
 
studies.
 

D. Thermal
 

Thermal electric production in the public sector is estimated
 

_/ GWh: gigawatt, one million kilowatt hours (KWh).
 

2/ An additional $35 million was imported directly by two (2)
 
mixed enterprises.
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at 25 MW with 10 MW supplementing Conakry's grid and the
 
balance spread among seven urban centers up-country. Mixed
 
enterprises generate approximately 70 MW at three bauxite
 
mining sites.
 

III. Non-Conventional Energy
 

A. Windpower
 

Wind speeds in Guinea have been measured at 11 locations in
 
Guinea. Wind speeds are low; analysis of these data indicate
 
wind energy potential is very small. Nonetheless, a Savonius
 
wind machine has been irstalled and two wind-powered water
 
pumps are slated for installation.
 

B. Solar
 

Sunshine duration is measured at 12 stations; four stations
 
are equipped to measure total insolation. Complete data are
 
lacking, but preliminary analysis indicate this resource as
 
considerably less than neighboring Senegal and Mali.
 

C. Biogas
 

Biogas is being tested at the Foulaya National Research
 
Institute and there is considerable interest in biogas

experimentation at state collective farms. Funding and
 
technical problems do not dampen Guinean enthusiasm for
 
biogas, but replicability is questionable.
 

D. Ethanol
 

Good supplies of starch and/or sugar wastes exist (oranges,
 
mangos, and pineapples). It is estimated that 400,000 liters
 
of ethanol could be produced from orange wastes alone. (ihere

is a 20% waste factor at the orange peel oil refinery plant).
 
However, use of land for energy farming will compete with land
 
use for essential food crops, limiting larger scale ethanol
 
production.
 

E. AgriculturJ]/Forestry Wastes
 

Coconut shells, sawdust, rice hulls and rice straw are being

used in a limited manner in lower Guinea. Briquetting or
 
other processing may be feasible and is under study.
 

F. Geothermal
 

Two (2) geothermal sources exist in Northern Guinea with
 
temperatures at about 60 degrees centigrade. The GOG is
 
seeking financing for the visit of a geothermal expert in
 
order to determine potential of these two sources.
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G. Ocean Thermal
 

The GOG is interested in exploiting this resource along its
 
three hundred kilometers of Atlantic coastline. Three
 
monitoring stations have been installed; two more are plained.
 
The Oceanographic Institute in Conakry which is responsible
 
for such studies was financed and built by the Soviet Union.
 

H. Animal Power
 

Guinea has emphasized farm mechanization in order to achieve 
rapid agricultural progress. Draft animals are not numerous.
 
Increased use of animal power has economic benefits for small
 
farmers and will be systematically explored by USAID and other
 
donors.
 

IV. Forestry and the Environment 

A. Background
 

The Fouta Djallon plateau is the source of the three great 
West African rivers. A deteriorating ecological balance could
 
have disastrous implications for the ten African nations whose
 
agriculture depends on their flow. Given low agricultural
 
yields and high population growth, more and more marginal land
 
is being put into production. Arable land is becoming less
 
available and there has been a corresponding decrease in the 
traditional fallow period. Brush-burning for livestock
 
grazing is widespread. Soil erosion and silting in most of
 
the tributaries inMiddle Guinea iswidely evident.
 

Between 1960 and 1977, approximately 30 percent of the Guinean
 
forest cover was destroyed principally as a result of
 
slash-and-burn agriculture. It is estimated that more than 
1000 hectares of trees must be planted annually in a typical 
500 km2 area in order to offset the 6000 tons of wood
 
harvested annually from a site of identical size.
 

Fuelwood costs between $.05 and $.75 per kilogram; annual 
consumption is put at 1,100,000 tons. Charcoal costs $.06 per
 
kilogram. Fuelwood costs alone can consume as much as 20% of 
a Conakry family's income. Rural families pay less but spend 
much time and energy gathering increasingly scarce firewood, 
particularly in Middle Guinea. 

While at present only one institution is experimenting with 
improved woodstoves, government interest is high. The GOG is 
seeking assistance from UNICEF and the FAO for a 21-month 
improved woodstove project. A VITA proposal recommends the 
introduction of adaptation and testing of improved stoves in 
Middle Guinea.
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B. GOG Policy
 

The GOG clearly recognizes its major, international role in
 
protecting its forest resources. (The Five-Year Plan
 
earmarked the largest share of the national budget, 21
 
percent, for investment in Agriculture, Water and Forestry).

Numerous decrees and proclamations have been issued: tree
 
planting is required at births and weddings; five hectares of
 
trees must be planted before permission is granted for visits
 
to Mecca; only deadwood can be harvested; charcoal is produced
 
only under license; brush-burning is punishable by death.
 
Despite these decrees, enforcement is lax; the deforestation
 
problem grows.
 

V. Donor Assistance
 

Table II shows donor assistance to the development of Guinea's
 
energy sector:
 

TABLE II
 

Donors 	 Amount ($ MM) Project
 

(i) IDA 
 $ 28.5 	 To improve electrical
 
distribution in Conakry.
 

(ii) African Development 	 Pre-investment study

Fund 	 2.3 for elec./water supply
 

to eight towns.
 

(iii) W. Germany 	 14.4 
 Rehab. of Conakry's
 
elec/prod dist.
 

(iv) Caisse Centrale de 	 Feasibility study of
 
Cooperation Economique Konkoure Dam.
 
(CCCE), France 4.5
 

(v) 	 Various Approx. 1.0 Mini hydroelectric
 
power studies.
 

Donor assistance includes the FAO':, five-year, $5 million Watershed
 
Management Project which covers a 500 km2 
area of the Kokoulo River
 
Basin which trave-ses the Pita/Labe region in Middle Guinea. The
 
USAID Community Frestry AIP, signed August 1981 for $460,000 will
 
coordinate with 
FAO and work with two arrondissements in the Pita
 
region as well.
 

VI. Summary
 

Guinea does not have the financial resources to exploit the
 
potential of its sizeable hydroelectric and forestry resources.
 
Moreover, it faces increasingly large Foreign exchange costs for
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fuel importation. Further neglect of the deforestation could
 
threaten not only Guinea, but its many neighbors.
 

Donor assistance and GOG effort are increasing as are the number of
 
projects aimed at increasing farm yields, developing small
 
hydropower plants, increasing reforestation and improving
 
environmental education.
 

Although increasing in magnitude, the Guinean energy development
 
program remains inadequate to meet even short-term needs. Much
 
work remains; larger (and costlier) programs must be mounted and
 
donor coordination must improve to avoid costly overlap and ensure
 
efficient implementation.
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KENYA
 

I. Background
 

Kenya is suffering both from rapidly increasing prices for imported
 
oil on which it is heavily dependent, and from increasingly severe
 
pressures on its biomass resources. The country has one of the
 
fastest growing populations in the world, the overall growth rate
 
of about 4% being even higher in two of its most populous and
 
largely rural provinces. With over 13% of the country's land area
 
being arid or only marginally proauctive, the land frontier is
 
rapidly closing in. The energy crisis affects both urban dwellers
 
in term of higher prices and occasional fuel shortages, and has far
 
reaching effects in rural areas through loss of arable land and
 
;onsequently decreasing food production.
 

'his paper summarizes the issues, problems, and potential of Kenya
 
to face and resolve its energy crisis, and the current status of
 
GOK and donor efforts. Summary statements are supplemented with
 
references to more complete studies and reports.
 

II. Sources of Energy
 

A. Conventional Energy
 

Sources of conventional energy used in various sectors are
 
petroleum (imported), coal and coke (imported), and hydropower
 
(imported and domestic). Of the total amount of 3,561,100
 
tons of oil equivalent produced in or imported to Kenya in
 
1980, 41% consisted of hydropower generated in Kenya, 8.7% was
 
imported hydropower from Uganda, 0.5% from imported coke and
 
coal, and the balance of 49.8% was imported petroleum. Table
 
I shows relative amounts of these sources for 1976 thru 1980.
 

B. Traditional/Renewable Energy
 

Fuelwood and charcoal are the primary sources of energy for
 
the population living in rural areas (total rural population
 
is estimated at 13 million) and more than 50% of the
 
population living in urban areas (population approximately 4
 
million).
 

Estimates of charcoal production range from 170,000 - 310,000 
tons in 1975 to 1,100,000 tons in 1981. Most charcoal is 
produced in primitive earth kilns by people living in rural 
areas who either scavenge or bootleg the wood supply, with 
little effort at replenishment.
 

III. Energy Consumption
 

A. Sectoral Patterns in Use of Commercial Energy
 

Table II shows conventional energy demand by sectors.
 
Transportation alone consumes 53% of fuel used in Kenya,
 
one-half by private autos and one-third by air travel.
 
Industries use 21% of the fuel, 11% is used in thermal
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generation of electricity, 9% in agriculture, and the
 
remainder of 6% is used in buildings, residences, and for
 
construction.
 

Forty-five percent of electrical power is used by industry,

and 48% isused in buildings and residences. The remaining 7%
 
isused for energy prdduction, agriculture and construction.
 

Conventional energy provides approximately 20 to 30% of all
 
energy consumed inKenya. Conventional energy from petroleum,

coal and electricity increased by 2% in 1979 and by 4% in
 
1980. Petroleum product consumption increased by 5.6% in 1980
 
-- faster than the increase in the Gross Domestic Product. 

B. Balance of Payments
 

The new oil bill for commercial energy consumption rose from
 
Kenya Pounds 33.9 million in 1976 to Kenya Pounds 68.8 million
 
in 1979 to over Kenya Pounds 116 million in 1980. As of 1979,
 
the cost of oil amounted to 18.1% of the value of total
 
exports, rising from 1.1% in1972.*
 

C. Biomass Resources
 

The population of Kenya consumes a great deal of fuelwood for
 
its domestic needs. Fuelwood provides, directly or indirectly

(through charcoal), approximately 80 to 90% of all the
 
domestic energy consumed in the country but the average
 
consumption per head of fuelwood (including charcoal) is not
 
known with any degree of reliability. Estimates of average
 
per capita consumption range from 0.8 m3 to 1.5 M3 . Even if
 
the lower estimate is used it would represent an annual
 
consumption of at least 13 million M3 for fuelwood and
 
charcoal. It is not clear where all this fuelwood is coming

from, but a substantial amount must come from forest land,
 
whether gazetted or not; the rest must come from scrubland,

farmland, scattered trees and shrubs. Since annual
 
consumption far outstrips wood regeneration, fuelwood
 
consumption is clearly leading to significant deforestation.
 
The dimensions of the phenomenon, however, are only dimly

known, The Ministry of Environment and Natural Resources
 
(MENR) survey of 1979/1980 found acute scarcity in Kitui,
 
Turkana, Machako , and parts of Kakamega Districts and inmuch
 
of Nyanza Province. Crop residues and manure are widely used
 
in these areas to substitute for fuelwood; richer families are
 
able to afford kerosene. Rapid loss of forest cover is
 
noticeable in areas peripheral to Nairobi which furnishes the
 
capital with charcoal.
 

* One Kenya Pound = U.S. $2.00 
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IV. Energy Resources
 

A. Potential of Conventional Energy Resources
 

1. Hydroelectric Power
 

The development of hydroelectric power is the
 
responsibility of the Ministry of Energy. The Tana
 
River Basin is the main source of hydroelectricity. At
 
present, five generating stations with installed capacity
 
of 335 MW are in operation and the construction of one
 
more (Kiambere Valley) generating station with a power
 
potential of 130 MW is expected to commence soon and come
 
into operation in 1987. The Master Water Plan estimates
 
the total potential at a little more than 3,000 MW 
sufficient to meet Kenya's requiremencs up to the year 
2000. The Tana River accounts for 1,230 MW and the 
Athi/Sabaki Rivers for 370 MW. 

Expansion of mini-hydropower potential is being conducted
 
in Western Kenya, supported by Finland. In total, this
 
potential is estimated at 1,200 MW of which 750 MW can be
 
economically harnessed at current market prices.
 

2. Fossil FuIels
 

The GOK is encouraging the exploration for oil believed
 
to exist off the coast and possibly in the Rift Valley
 
near the Sudan border. Kenya has no known coal deposits.
 

3. Nuclear
 

Although preliminary indications of finding uranium in
 
southeast Kenya are promising, development of nuclear
 
power is not being considered at present.
 

B. Potential of Alternative Energy Resources
 

1. Geotherma,
 

This is the most important new source of energy in Kenya
 
for the immediate future. The maximum and minimum
 
potential has been estimated at 1400 MW and 170 MW
 
respectively over a 25 year period for the Olkaria region
 
along, where one 15 MW plant is already in operation and 
another 15 MW plant is expected to be in operation in 
1982. Exploration on two other geothermal fields --
Eburru and Lake Bogoria -- will begin soon. 

2. Alcohol
 

Two plari-- are under construction. One at Kisumu will be
 
operational by mid-1982, the other at Muhoroni will be
 
operational by 1983/4. The design capacity of each of
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these molasses-based plants is 60,000 liters/day. The
 
proposed Riana Ethanol Project, which will use sugar cane
 
juice directly to produce 150,000 liters/day, is expected
 
on line by 1984/5. However, construction costs for the
 
two plants at Kisumu and Muhoroni are exceedingly high
 
and the economic viability of these plants has been
 
subject to considerable discussion.
 

3. Solar
 

Solar radiation data indicates average insolation rates
 
of up to 30 to 45 watts per square centimeter. Drying of
 
agricultural commodities and salt production are both
 
practiced. The second most widespread application is in
 
commercial water heating. Flat plate collectors of
 
varying sizes and qualities are being manufactured and/or
 
assembled locally and are priced approximately K.Shs.
 
2,000 per square meter. GOK is actively seeking to
 
install solar water heating in hospitals, schools,
 
clinics, etc., especially in isolated areas. There is
 
potential for solar water desalination units to provide
 
water for some areas. Also, GOK is interested in applied
 
photovoltaic devices when costs become competitive witn
 
alternative energy sources.
 

4. Wind
 

Used in Kenya for the past 100 years, wind power
 
technologies have met with litti, 3,Access because of (1)

data on prevailing winds are insufficient for design
 
purposes, (2) mill design and component materials have
 
not been adequately field tested and changed as required,

and (3) costs are prohibitively high. Government does
 
plan to gather more reliable data on prevailing winds and
 
to promote development of cheap but reliable local
 
hardware.
 

5. Biogas
 

Biogas technology was first used 30 years ago.
Manufacture of biogas digesters began in 1958; results 
have been disappointing. However, estimates of potential
for biogas range from (a)sufficient energy to16ompletely 
replace the use of firewood plus 5840 x 10 kcal to 
spare, t,) (b) sufficient energy to replace half the use 
of firewood.
 

6. Solid Wastes
 

Large quantities of waste materials are available for
 
conversion into usable sources of energy. Examples are
 
coffee husks, sugar bagasse, rice husks, sawdust, and
 
maize cobs. A new Kenya Planters Cooperative Union
 
annually converts 20,000 tons of coffee husks into 7,000
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tons of charcoal briquettes, but the selling price is
 
presently over twice that of wood charcoal. (KSh 2.75
 
vs. KSh 1.00 per kilo). Because of its greater

convenience in use, however, "Kahawa Coal" is popular
 
with the urban expatriate community.
 

7. Fuelwood Energy
 

Kenya's natural and man-made forests total 2.35 million
 
hectares. Gazetted forests (with officially marked
 
boundaries) total 1.57 million hectares, the remaining

0.78 million hectares are ungazetted. Indigenous forest
 
produces very little biomass for saV.mifliiy and pulpwood

production compared to exotic tree plantations.

(Industrial plantations produce up to 150 times more wood
 
than natural forests.)
 

Natural fores t areas are being depleted, first to make
 
more land available for agriculture, and second, because
 
inmany areas wood is being taken faster than new growth

is achieved. Numerous studies on fuelwood supply and
 
demand conclude that existing and planned production of
 
fuelwood from forests and woodlands is inadequate to meet
 
present demand on a sustained yield basis. Estimates of
 
the rate of depletion indicate that at least half of the
 
remaining "wood cover" would be stripped over the next
 
three decades, and possibly as early as the coming

decade. The need for fuelwood conservation has been
 
recognized and several groups and individuals are
 
beginning to develop, and trying to distribute the use of
 
improved cookstoves.
 

C. Monitoring Environmental Effects
 

AID assistance through the Environmental Training and
 
Management Project (a regional project) has enabled GOK to
 
produce a series of district environmental profiles which can
 
be used inmonitoring the environmental status, especially the
 
effects of deforestation. A siltation model is also being

developed under this project.
 

V. Private Sector Involvement
 

At present, importation, refining, and distribution activities
 
(except a pipeline) of petroleum products are owned and managed by

the multinational oil companies. However, the Government has
 
recently established the National Oil Corporation of Kenya which
 
will be responsible for procuring and refining 50% of the crude
 
oil. The government sets controlled prices.
 

Generally, the private sector operates production and distribution
 
of charcoal subject to government control of prices.
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In the private 'sector, relatively large businesses appear to have
 
an interest in conserving energy if it will save money. Firestone
 
has been instrumental in introducing energy-efficient measures at
 
its plant. Major hotels seem interested in using flow restrictors
 
to save hot water. A parastatal pyrethrum processing board in
 
Nakuru has added new steam valves, instrumentation, insulation on
 
steam pipes, and installed a sawdust burning boiler to complement
 
the existing oil boiler. Further initiatives to save energy in the
 
commercial sector are possible but management must deal with
 
tariffs and restrictions for imports of conservation and solar
 
water heating equipment, lack of expertise to recrofit existing
 
equipment, lack of trained staff (competent engineers are often
 
fully occupied -- and indeed overworked -- simply keeping the plant

functioning), and the demands of other parts of their operation.
 

Private Voluntary Organizations (PVOs) are very acLive in renewable
 
energy activities. Thirty-six PVOs are involved in the fuelwood
 
area. Most are doing tree planting; others are developing seedling

nurseries; some are involved in information dissemination.
 
Eighteen groups are working on solar, 21 on wind, and 14 on biogas.
 
These groups are also involved in other conservation such as
 
improving cookstove insulation and efficiency.
 

VI. Donor Involvement
 

Several donors are active in Kenya. Donor participation includes
 
assistance in power generation, transportation, distribution, rural
 
electrification, fossil fuels, geothermal, energy planning, and
 
renewable energy including forestry/fuelwood. Donors include World
 
Bank, EEC, Denmark, United Kingdom, Sweden, Canada, FRG, several UN
 
organizations, AFDB, France and USAID. Donor response is more than
 
adequate at present. GOK is constrained by a limited capability to
 
absorb the present assistance.
 

VII. GOK Strategy and Policies
 

Planning and Coordination: In 1979 Government established the
 
Ministry of Energy (MOE) charged with energy planning and providing
 
advice on energy policy. Besides policies on pricing, production,
 
and distribution of conventional fuels and electricity, MOE has the
 
task of developing consistent and workable strategies to increase
 
use of renewable sources of energy.
 

Petroleum: Government controls the prices charged by multinational
 
oil companies. Since June 198C, petroleum prices have been raised
 
four times. Motor fuel prices have increased approximately 50
 
percent. However, one-half of the increases merely reflect costs
 
that have been passed on to consumers. Kerosene prices, kept

relatively low for the benefit of the Kenyans, are subsidized by
 
petrol prices. Government also plans to increase the efficiency of
 
the Mombasa refinery in order to increase crude oil requirements.
 
Refined petroleum products are re-exported to neighboring countries
 
and Government plans to increase Kenya's role in this activity

which has been an important source of foreign exchange.
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Education: Government has also started a radio and television
 
campaign to educate the public on conservation measures such as
 
economical driving habits -- but the effort is spotty and eeds 
improvement by seeking a wider audience on issues relevant to their
 
daily lives ( such as improved cookstoves).
 

Government has considered but not implemented conservation measures
 
such as a ban on Sunday driving, and shortened lunch periods to
 
reduce lunchtime commuting.
 

Import tariffs on coal and coke are lower than that for petroleum.
 
Char-oal prices, also set by government, are lower than prices for
 
kerosene. Duties on larger luxury automobile have recently been
 
raised in further effort to discourage use of high fuel-consuming
 
vehicles.
 

Hydropower: Government intends to maximize the utilization of
 
Kenya's hydropower potential and has constructed, and plans to
 
construct several more, large hydroelectric generating plants.
 
Development of small scale hydropower sources is now under study.
 

Renewable Resources: Government has been changing its focus in
 
recent years from industrial plantations for sawmilling and pulp
 
production to fuelwood related projects. The Rural Afforestation
 
Extension Service of the Ministry of Environment and Natural
 
Resources (MENR) was established in 1971 to work in all forestry
 
activities outside gazetted fjrests. However, still over 70% of
 
the MENR budget is for maintenance and developmert of industrial
 
forest plantations.
 

The Ministry of Agriculture (MOA) offers extension services to the
 
division and location levels, to run nurseries and encourage tree
 
planting for erosion control, and for increasing wood production to
 
satisfy the needs of the tobacco and tea irdustries. This effort
 
is not well organized.
 

The Ministry of Energy (MOE) is attempting to establish policies
 
for promoting renewable energy use. Part of this task involves
 
coordinating the efforts of MENR and MOA. MOE has begun by trying
 
to coordinate the establishment of six fuelwood agroforestry
 
extension centers variously located in different climatic zones.
 
Much effort at coordination will be needed if these centers are to
 
be successful.
 

MOE also plans to encourage the use of more efficient cookstoves
 
and charcoal kilns, and to develop applications to utilize biogas,
 
solar, wind and solid wastes. Again, MOE has hardly begun and much
 
effort will be required before a workable coordination mechanism
 
for the many pilot projects becomes effective.
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VIII.USAID Activities
 

USAID, through the Renewable Energy Development Project, is

assisting the MOE by (1) conducting initial planning and surveys,
 
(2) providing staff support for institution-building and (3)
 
providing staff assistance and finances for an Energy Development
 
Fund. This assistance is to help MOE develop relevant policies in
 
conservation and renewable energies, and to promote demonstraticn
 
and extension programs.
 

Based on MOE's present and projected capabilities, the magnitude of
 
its responsibilities and on the need to establish in the field
 
viable renewable energy applications, Mission believes that future
 
involvement in energy assistance is possible. Many donors are
 
already involved in development of conventional energy resources.
 
With AID expertise in renewables and GOK's need for developing

renewable energy resources, it is possible that future assistance
 
would be in this area, in particular for fuelwood.
 

TABLE I
 

PRODUCTION AND CONSUMPTION
 

OF PRIMARY COMMERCIAL ENERGY IN KENYA
 

Source of Energy 1976 1977 1978 1979 1980 

Coal & Coke Imports 
('000 tons) oil 
equipment 

44.9 43.8 34.8 11.3 16.9 

Imported petroleum 
oil on '000 tons 

2446.7 2556.5 2369.2 2471.5 3075.5 

Consumption of
 
petroleum products
 
in Kenya in '000 1563.5 1607.8 1659.9 1669.3 1768.2
 
tons oil equivalent
 

Hydroelectricity 1080 1085 1357 1543 1461
 
(GWH) Domestic
 

Imported 242 272 217 160 315
 

Source: Economic Survey, 1981
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TABLE II
 

DEMAND FOR COMMERCIAL ENERGY BY SECTOR IN 1979
 

Fuels Electricity 

Transportation 53% -

Industry 21% 45% 

Energy Productio) 11% 4% 

Agriculture 9% 2% 

Buildings & 
Residences 5% 48% 

Construction 1% 1% 

TOTAL 100% 100% 

Source: Schipper et.al., Energy Conservation in Kenya: Progress,
 
Potentials, Problems.
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LESOTHO
 

I. Overview
 

Lesotho is a small landlocked enclave within the Republic of South
 
Africa with a total area of 30,350 km2 and 3,548 km2 of arable
 
land. The climate has a moderate to minimal rainfall. The country
 
has a strip of "lowlands" along the western border. These lowlands
 
are rolling hills, foothills and plateau upon which two-thirds of 
the country's 1.2 million live. The remaining one-third of the 
population live in the rugged Maluti, Central and Drakensberg

Mountains, and along the Senqu (Orange) River Valley. The terrain
 
in the mountain ismostly rangeland covered with grasses and scrub
 
brush except where over grazing has completely removed the
 
vegetation and erosion exposes bedrock. The lowland valleys

contain growths of trees and support farms with both fields and
 
pastures. In recent years, migration pressures and population
 
growth have resulted in heavy cutting of trees and small brush in
 
the lowlands which has increased erosion under the infrequent but
 
torrential rains. Lesotho has no known commercially viable sources
 
of conventional fossil fuels such as coal or oil. A very thin seam
 
of coal and low grade uranium ore depcsits have not been deemed
 
worth mining at present. Due to the terrain, small-scale
 
hydroelectric installations are a possibility. The Taiwanese
 
Government is building two small hydroelectric plants for Lesotho.
 

II. Sources of Energy
 

A. Conventional
 

As shown in Table I, the sources of energy imported into
 
Lesotho are shown to have increased three-fold in half a
 
decade.
 

TABLE I
 

C.I.F. Value of imports by Major Commodity for the Period
 
1974-1978: Mineral fuels, lubricants and related materials
 
(000's of Rands; R1=$l.30 in 1980)
 

1974 1975 1976 1977 1978
 

5,381 7,131 11,742 17,636 17,901
 

Listed by commodities, the pattern is shown in Table II:
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TABLE II

Consumption Consumption
 

1978 	C.I.F. Value 1978/79 1980/81
 
(000's) (liters)
 

Coal R 455 - -

Petrol 6,057 4,543,751 27,532,656
 
Aviation Petrol 216 56,724 1,191,213
 
Paraffin Oil 4,748 102,042 15,792,529
 
Diesel Oil 2,890 4,609,823 19,612,001
 

-
Lubricating Oils, 544 	 -

Greases
 
Petroleum Jelly 568
 
Other Coal Products 566 - -

Domestic Gas 383 82,373 216,629 kg
 
Electricity 1,474 84,000,000 99,000,000 KWHR
 

R17,901,O00
 

Firewood imports were listed as R266,000 in 1978 and
 
Rl,329,000 in 1979, although this rise may be due to
 
accounting procedure changes.
 

The rise in imported liquid fuels is shown as:
 

TABLE III
 

Annual Sales 1977 1979
 
(Million of Rands)
 

Petrol 4.7 6.0
 
Paraffin Oil 4.5 4.7
 
Diesel Oil 2.3 2.9
 

The rise in fuel costs is seen in the Retail Price Index as
 
exceeding any other category of purchases.
 

TABLE IV
 
Low Income Households
 

Retail Price Index & Percentage Changes, Oct. 1972=100%
 

Commodity Group 1975 1979
 

Food and Drink 156% 285%
 
Rent and Home 138% 188%
 
Fuel, Light & Heat 184% 506%
 
Clothing 127% 164%
 
Transport 112% 318%
 

The average all-electric household in the capital city,
 
Maseru, used about 27 kilowatt-hours per day 4 in 1978 or 97
 
megajoule (MJ) per day. This is 3.5 x 10 MJ/year. In
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contrast, an average Lesotho household uses about 90,000 BTU
 
per day for cooking, lightin% and heating which is equivalent
 
to 95 MJ per day or 3.5 x 10 MJ per year. Thus, based upon
 
the 1976 de facto number of household in Lesotho, 240,3089
 
total national household energy consumption is about 8.5 x 10
 
MJ. These numbers are subject to closer scrutiny in light of

"non-official" 
 informal economic activities such as beer
 
brewing. The traditional fuels, firewood, small shrubs,
 
grasses and field stubble, and dung are under pressure from
 
increasing population growth and increasing herd size. There
 
is no charcoal production.
 

B. Renewable
 

The Lesotho Woodlot Project data on tree planting show a total
 
of 2,976 hectares planted in 1981. The desired annual rate is
 
550 hectares, although that has not always ^ met. The
 
trees are valued at about 8,000 Rand per hectare )ut the wood
 
is used more for construction material than as fuelwood.
 
There are many trees planted by the public on Tree Planting
 
Day each year and other ongoing programs such as through the
 
soil conservation division of the Ministry of Agriculture. In
 
contrast, it is frequently noted that there are large numbers
 
of recently felled trees along river banks and public lands,
 
leading to the observation that the total tree population is
 
either steady or declining.
 

Since the terrain varies enormously from the lowlands to the
 
mountains, it is difficult to obtain meaningful figures for
 
the biomass potential of the country. Ranging from 50 kg/ha
 
on severely eroded land to a measured 546 kg/lO m x 10 m
 
woodlot in the mountdins 'Malefiloane region (54,000 kg/ha),
 
the average estimated biomass potential may be around 5,000
 
kg/ha in the mountain rangelands. The lowlands estimate is at
 
least three times that. Mr. Marc3 Best reports an annual
 
firewood consumption of 1.5 x 10 kg for househoids i
 
'Malefiloane. At a measured 23.26 MJ/kg, this is 3.5 x 10
 
MJ/year equivalent to the urban hou3sehold in Maseru. He also
 
reports the combustion of 1.35 x 10 kg of dung/household. At
 
an average calorific value of 13 MJ/kg, this represents 1.7 x
 
104 MJ/year/household. In the same area, a typical household
 
would also burn about 27 liters of paraffin oil per year. At
 
38 MJ/litre, this is an additional 1 x 104 Md4year, making the
 
household total energy consumption 5.3 x 10 MJ/year. Since
 
this village area is at an altitude of 2680 meters and ranges

from a June temperature of 50C to a December temperature of
 
170C, it represents the colder end of the climatic spectrum of
 
Lesotho. Mr. Best interviewed the villagers and found that
 
73% of the women reported that collecting wood is a problem
 
and 80% responded that the collection of wood has become
 
worse. The average walking distance from the village to the
 
wood collecting areas was found to be 3.5 km. Thirteen :iours
 
and 50 minutes was spent weekly in the collecting of wood
 
amounting to an average of 95.2 kg. Within these villages,
 

40
 



the collection of fuel follows a seasonal pattern. Much of 
the cooking isdone with three-legged cast iron pots above the 
fire. Little of the potential heat from the fuel heats the 
contents of the pot, but when cooking fire is indoors it 
contributes to space heating. The distribution of energy in 
this village is approximately 68% for cooking, 30% for heating 
and only 2% for lighting. The pe' capita annual fue 
consumptions were found to be 6.7 x 10 MJ of wood, 3.4 x 10 
MJ of dung and 0.2 MJ ?T paraffin. At 5.2 persons per 
household, this is 5.3 x 10 MJ/year. 

Although the prices of bundles of wood varies from 30 cents to
 
1 Rand, at an average of 50 cents per bundle of wood which has
 
a mass of 21 kg, this is about 500 MJ per bundlp or an energy
 
price of 1 Rand per 1000 MJ. People have expressed concern on
 
the reduction of wood supplies as they are either paying more 
for wood or are spendiig more time in fdelwood collection. 
The supply of dung has remained constant or has slightly 
increased with increasing herds, although families without
 
cattle are a severe disadvantage. Fuel efficient stoves and
 
village woodlots can play a large role in this area.
 

III. Energy Policies and Priorities
 

Energy is addressed in the Third Five-Year Development Plan, but no
 
sepdrate official Lesotho Energy Policy exists. The Ministry of
 
Water, Energy and Mining commissioned a German team to help
 
formulate policy two years ago, but this has not yet been
 
implemented. Policies are being created piecemeal by other
 
Ministries to deal with their internal decision making processes.
 
The Ministry of Cooperatives and Rural Development is participating
 
in the Renewable Energy Technology (RET) Project (USAID-funded) and
 
is drawing up a rudimentary energy policy.
 

Lesotho has an active program of economic development which
 
encourages all businesses, including the multinationals, to invest
 
in the country with tax reliefs. Many of the larger commercial
 
establishments account for the bulk of the formal sector energy
 
consumption. For example, out of the nominal 30 MW imported
 
electricity, three resort hotels use about 2 MW, or 7% of the
 
national total. Since many of the commerci3l establishments can
 
pass on the energy costs to consumers, they are not highly
 
motivated to initiate energy conservation or use alternative energy
 
sources unless pushed by outside forces. Because Lesotho is an
 
enclave within the Republic of South Africa and on the energy trade
 
routes for coal and liquid fuels, and is attached to the R.S.A.
 
electrical grid, the prices for these energy sources are among the
 
lowest on the African continent. For example, electricity is sold
 
at 4 to 5 U.S. cents per kilowatt hour, petrol is available for 63
 
U.S. cents per liter (U.S. $2.38 per gallon), and coal is U.S. $4
 
per kilogram bag (or U.S. $73 per ton). Thus, with ample and cheap
 
energy supplies, Lesotho has not perceived any major needs to
 
introduce energy conservation or energy alternatives until recent
 
years as R.S.A. prices rose.
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The energy priorities in the next five years are to encourage
 
large-scale hydroelectric with smaller installations. Taking a
 
demonstrated electrical demand growth rate of around 15% per year,

both large-scale and mini-hydro plants are planned.
 

Subsidies on energy appear only on paraffin and diesel for
 
agriculture. The "Common Fuel Fund", jointly administered by
 
Botswana, Lesotho and Swaziland, raises funds from taxes on petrol
 
and diesel sales.
 

At present, policies for conservation include restricted hours of
 
sale of petrol and diesel and a 90 Km/hr speed limit.
 

IV. The Role of the Private Sector
 

Several private companies were formed to deal with the
 
manufacturing and installation of solar water heaters. The
 
financial history of these has not been outstanding and problems
 
with installation and maintenance have increased. In certain
 
instances, people have remarked that "solar water heaters don't
 
work, because I know someone who has one on their house and it's
 
not in operation". A priority for the RET Project is to identify
 
these faulty units and train artisans or repair crews to perform

retrofit services. (Certain heaters properly installed and
 
maintained have given flawless service.)
 

Thce is a potential role for the cooperatives and credit unions to
 
help promote and finance energy systems and to encourage
 
small-scale entrepreneurial efforts. The RET Project is
 
collaborating with the cooperatives in this area as well as with
 
the Basotho Enterprises Development Corporation (BEDCO), a
 
parastatal which encourages medium-scale businesses.
 

BEDCO is examining the possible production of kits for solar
 
cookers and the possibilities of concentrating on solar collectors 
for commercial and institutional water heating in conjunction with 
the RET Project. One of the major constraints to implementing 
small businesses is the lack of entrepreneurial skills and the lack 
of start-up capital. Short-term loans to entrepreneurs closely 
coupled with business advice is desperately needed. 

V. The Role of New Technologies
 

The potential for several technologies such as producer gas and
 
small-scale Stirling engines and biogas need further evaluation,
 
especially in comparison to draft animal power. Price reductions
 
on producer gas and Stirling engines may help reduce the demand on
 
imported fuels for both stationary and mobile power sources. Since
 
the draft animal is part cf the Lesotho "cattle culture", its total
 
replacement by mechanized traction even at the small-scale levels
 
seems remute, although mechanical power sources introduced for
 
other purposes may be accepted.
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The use of small engines or other mechanical systems with renewable
 
fuel sources may appear attractive based upon capital costs and
 
overall efficiency numbers, compared to draft animals. However, it
 
must be stated that mechanical aptitude and the concept of routine
 
maintenance is sorely lacking, as demonstrated by about half of the
 
Lesotho tractor fleet being out of service at any one time. Still,
 
under an established repair and maintenance scheme, these small
 
power sources may have possibilities for Lesotho which should be
 
investigated further in concert with forestry biomass production.
 

TABLE V
 
Overall 1/ Scale 2/ End 3/
 

Technology Fuel $/kw Efficiency kw Use Status
 

Draft animal 	 cattle 240 3.5% 0.1-0.5 M,S Available
 
feed
 

Producer gas dry 200 12-21% 2 M,S Available
 
engines biomass
 

Stirling dry 350 4-4% 0.1-0.5 M,S Under
 
engines biomass Development
 

Biogas 	 animal 1504 7% 0.1-0.5 S Available
 
manure &
 
crop

residues
 

Photovoltaic sunlight 7K-50K 0.1 S 	Under
 
Development
 

Water Pump- wind 4K-IOK 0.2 S Available
 
windmills
 
1
2 raw material to mechanical output

2 practical minimum size

3 M=mobile, S=stationary


excludes digestor costs
 

Lesotho Government involvement with renewable energy planning
 
policy is mandated through the Mi-iistry of Water, Eoergy and Mining
 
and the Central Planning and Development Office. The Ministry of
 
Agriculture (MINAG) has a Home Economics Unit which has been
 
teaching the construction of mud stoves, solar dryers, and other
 
renewable energy systems. MINAG also is looking into a biogas
 
program. A Ministry official has returned from overseas training
 
program in biogas. The OPEC Fund has provided $250,000 for a
 
biogas and solar energy development scheme. The Anglo De Beers
 
Forest Services have been establishing woodlots since 1973, with
 
2000 hectares planted to date. The Ministry of Cooperatives and
 
Rural Development oversees the RET Project which has fuel efficient
 
stoves, solar heater building design, pedal power, solar green
houses and growholes, and building insulation and weatherization as
 
major components, with research and demonstration' in biogas and
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micro-hydroelectric. The RET Project is collaborating with the
 
Ministry of Works and with several 
private architectural firms in
 
providing design guidelines for solar heated buildings.
 

A possible role of USAID and other donors is 
to 1) assist in energy

conservation and building retrofit equipment; 2) help expand 
the
 
existing woodlots program and start village woodlots; 3) provide

photovoltaic purchase assistance for remote clinics and schools; 4)

assist in providing or purchasing small mechanical energy sources
 
such as producer gas and Stirling (both biomass and direct solar);

and 5) provide financial assistance as small business starter loans
 
coupled with expert business advice for construction and
 
maintenance of energy systems. The development of human 
resources
 
ranges from the needs of the village energy technician, through the
 
small-scale manufacturer, to the national 
energy policy planners.

This total energy related package mentioned above may require 3 to
 
5 million dollars per year for 10 
years to assist Lesotho in
 
becoming more energy independent. Another possible role is to
 
assist in the forestry program which could use 10 foresters, one in
 
each district, plus three assistants each. Gully and erosion
 
control plantings can provide local village energy sources. This
 
would cost about 2 million dollars 
 a 5 year period.over This 
should be looked at in terms of regional cooperative programs 
including SADCC. 
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LIBERIA
 

I Sources of Energy
 

Liberia imports all of its foss' 1 ful through five multinational
 
commercial distributors of oil and oil products. The
 
government-owned Liberia Petroleum Refining and Distributing

Company has the capacity of 15,000 Bhl/day; the refinery is now
 
working at full capacity. Plans are underway to expand capacity

and to develop contracts with other parties for refined products.

Fifty percent of the refinery's output is fuel oil, most of which
 
is used by the iron ore companies. Twenty-one percent is diesel
 
fuel, 14 percent is gasoline, eight percent is jet fuel, three
 
percent fuel gas, while less than one percent is produced in tl;!
 
form of asphalt and LPG. Less than half of one percent of its
 
product consists of intermediaries (kerosene and naptha).
 

Petroleum imports are becoming a major foreign exchange cost,

rising from $5.5 million and 6.3 percent of total imports in 1970
 
to $118 million, or 20 percent of imports in 1980. Liberia's 1981
 
oil bill is expected to exceed $130 million. Its monthly payment.s
 
to the oil financing facility average $11 million and this has
 
become a major forpign exchange problem.
 

The Liberian Electricity Corporation (LEC), a government-owned

corporation, generates and distributes electricity to several
 
communities in Liberia. The LEC operates a power grid within the
 
Monrovia area consisting of 11 MW diesel, 64 MW gas turbine and 64
 
MW hydro i-stallation (Mt. Coffee Hydroelectric Facility). In1980
 
it added a 26 MW warine diesel generator and added two 13-MW units
 
in 1981. The LEC also operates nine stations in towns in the
 
interior which are separate from the Monrovia system. The diesel
 
generators in these towns range in capacity between 300 KW and 2
 
MW. Smaller towns reportedly have small diesel set in the 10-1000
 
KW range, owned and operated by private entrepreneurs. Demand
 
strains supply at all facilities.
 

A major constraint to effective year-round use of hydropower isthe
 
lack of storage for the dry season (Mt. Coffee Facility has no
 
reservoir) which lasts six ronths of the year. Plans ire underway

for a major hydro project along the St. Paul River in Central 
Liberia, which will increase hydroelectric capacity by 414 MW by

1990, with storage. This isto 5e accomplished in several phases.
 

Liberia has a considerable supply of firewood for domestic
 
consumption. Approximately 43 percent (4.8 million hectares) of
 
the country is heavily forested. Although in areas near urban
 
centers firewood isa market commodity with availability relatively

unassured, wood is collected by family members and used for cooking
 
over open fires in rural areas. In urban areas, charcoal (made in
 
the interior and transported daily to urban markets by pickups and
 
trucks) is the favored residential fuel for cooking and water
 
heating.
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A German study indicates t'i-t Liberia's forest reserves can provide
 
up to 3.4 million cubic meters of wood annudlly; this is equivalent
 
to over 600 GWH of electricity annually. The country has ongoirg
 
reforestation programs and this theoretically assures the wcod
 
resource as an energy reserve.
 

II. Consumption of Energy
 

The consumer list for petroleum products is headed by the mining
 
concessions (mostly for electricity generation) which consume 62
 
percent of total in the form of fuel oil and diesel, followed by

land transport at 15 percent (gasoline), commercial electricity
 
generation of 11 percent (diesel and fuel oil), air transport at
 
nine percent (jet fuel), and the refinery itself uses three percent
 
in the form of fuel gas.
 

Monrovia's demand for electricity (both petro and hydrogenerated)
 
is such that installed capacity is becoming strained. Illegal
 
hookups and non-payment of electricity bills causes LEC to operate
 
at considerable annual loss.
 

As a result of escalating prices of petroleum products and 
electricity, there has been a shift to more traditional sources of 
energy (charcoal) in urban low-income households. In Monrovia, the 
average per capita use of wood is 0.4 m3/annum of which 48 percent 
is in the form of charcoal. In rural towns, up to 5.5 m3 of wood 
per year is used per capita. Of this figure only 0.15 percent is 
in the form of charcoal. The cost of firewood, charcoal and 
kerosene for a typical family of five is about $280 per annum, 
which means that 20 percent of a typical family's budget is spent
 
on energy.
 

III. Energy Resources
 

Apart from hydroelectric potential, of which Liberia has a
 
considerable amount, the country has no other conventional
 
resources; there are no known oil deposits or coal. Alternative
 
energy sources are being investigated (wind, solar, biomass) but
 
are not yet being developed.
 

The country's forest resources are approximately 4.8 million
 
hectares. From this, 3.4 million m3 of wood could be harvested.
 
Currently the annual use of wood is 236,000 M3 .
 

Liberia's forest reserves are ample and its offtake is currently

limited to logging concessions, shifting agriculture and firewood
 
cutting. Timber concessions operate under agreemeiL which require
 
them to replant logged-over areas. The Forestry Development
 
Authority (FDA) monitors offtake and reforestation. Under the
 
shifting agriculture system which prevails in Liberia, only two
 
percent of all arable land is under cultivation at any given time.
 
The rest lies fallow for up to 12 years in rotation cycle or is
 
virgin land. Fuelwood conservation therefcre has not yet become a
 
perceived need; nor is there a movement afoot to improve cook
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stoves to make them more fuel efficient. There is a potential
 
problem if wood is to be used in any major way for combustion or
 
lumber since much of the thin tropical soil's fertility is
 
incorporated in the standing crop. If This is not recycled, soil
 
fertility will decrease and deforestation could become a problem.
 

IV. Government Energy Policy
 

Liberia's new government is planning programs to benefit the rural
 
farming population and the urban poor. The most pressing immediate
 
issue is the financial stability of the Government. It is
 
concerned with large and rapid development projects. In the energy
 
sector, projects include offshore oil exploration (under IBRD
 
funding), major hydropower development on the St. Paul River and
 
additional studies on the Mano and Cavalla Rivers, and major wood
 
combustion for electricity generation. There are also attempts to
 
collect and analyze data on fossil resources and to develop fuel
 
storage and supply strategies.
 

In 1978 the Government created the National Energy Commission which
 
has as its operational base the Bureau of Hydrocarbons in the
 
Ministry of Lands, Mines dnd Energy (Natural Resources). With the
 
encouragement of this commission, government is becoming more
 
sensitized to renewable and alternative energy issues. The
 
Forestry Development Authority (FDA) is experimenting with
 
medium-scale technologies for charcoal product4on; the University
 
of Liberia's Engineering School is constructiiig simple flat-plate
 
solar collectors; the Chinese have displayed examples of their
 
micro-hydro technologies and the Germans are being encouraged to
 
participate in a demonstration of wood to wood-waste combustion for
 
electrification in one of their timber concessions.
 

The cost of the monthly oil import bill and the foreign exchange 
contortions through which government has to go each month to pay 
these bills are such that development of expanded hydroelectric 
generating capacity is one of the most urgent priorities of
 
government.
 

Unfortunately, there has been little energy planning in most
 
ministries of government. The previous tendency was for the
 
midterm plan to'be the sum of the major projects underway. The
 
Ministry of Planning is hoping to change that, but their first
 
priority is to get a second four-year plan financed and
 
implemented. Another institutional problem inherited from the past
 
is the lack of data; this is particularly critical in the energy
 
sector where there is very little information on many of the
 
country's renewable energy resources. This is coupled with a
 
shortage of Liberians trained in several of the fields necessary
 
for planning and implementing these plans.
 

The newly formed National Energy Commission has as its main task
 
the production of a National Energy Plan. In order to assist this
 
effort, USAID has recently signed a project agreement with the GOL
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to make a long term advisor available to work on a National Energy
 

Assessment and help prepare the National Energy Plan.
 

V. Private Sector Involvement
 

In the conventional energy sector, private oil companies handle the
 
commercial distribution of refined products from the
 
Government-owned refinery (Shell, Texaco, Mobil, BP and AGIP). The
 
refinery is managed on behalf of Government by a private (US)

refinery management company. Since the prices are officially fixed
 
-there is little competition among distributors/marketers. The
 
Government-owned LEC generates and distributes electric power

throughout the country, except in the three iron ore mining

concessions which generate their own electricity from fuel bought

from the Government Refinery. A private company (not US) is
 
carrying offshore oil explorations on the Liberian continental
 
shelf under the World Bank funded oil exploration loan.
 

In the traditional energy sector, private individuals, companies
 
and cooperatives are responsible for making and distributing

charcoal, while market women 
retail the coal in the traditional
 
markets. These are all small-scale undertakings. Firewood
 
production, distribution and marketing are also in private hands.
 
The world's largest rubber plantation (Firestone) is a major source
 
for Monrovia firewood, as they regularly cull old/diseased Hevea
 
trees which are then cut up and sold as cordwood to private

distributors and sales outlets. The traditional energy generation
 
process is about as efficient as it can be from a commercial point
 
of view.
 

Traditional energy use, however, is inefficient and there is
 
considerable scope for private entrepreneurs to develop and market
 
more fuel-efficient wood and charcoal stoves. There are no
 
political or institutional constraints.
 

VI. Donor Efforts
 

Germany Rural Electrification Study
 
Bomi Hills Ctr. (Forestry/Timber)
 
Demonstration Project on Wood
 

Combustion
 
Technical Assistance to Forestry
 

Development Authority
 
Monrovia Power Grid Extension
 

Netherlands Wood Processing Industry
 

European Development Fund Mano River Union
 
Hydroelectric study UPDEA
 

Electricity Production Training
 

European Investment Bank Power Loan to LEC to expand fuel
generated capacity
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USAID LOFA County Mini-Hydro Pilot Project
 
Energy Assessment and Planning
 
Advisor
 

IBRD Fourth power loan (LEC-expand fuel
 
generated capacity)
 

Forestry Loan (IDA-Forest Development
 
Authority)
 

Petroleum Development Study
 

African Development Bank Feasibility Study fo," St. Paul
 
Hydroelectric Projects Reforesta
tion Loan
 

Saudi Fund Power Loan (LEC-Expand fuel generated
 
capacity)
 

Badea Power Loan (LEC-Expand fuel generated
 
capacity)
 

UNDP 	 Water Resources Policy, Management,
 

Legislation (TA)
 

VII. 	Conclusion
 

In view of the rising cost of imported oil to meet Liberia's energy

needs, and the consequent drain of the nation's foreign exchange,
 
Liberia should place major emphasis on the development of
 
hydroelectric power and on new and renewable energy technologies as
 
part of its rural and urban development programs. A quick review
 
of the energy sector reveals the following:
 

A. 	 There is no integration of Liberian energy activities into
 
the overall national development planning efforts. This
 
means that non-industrial (rural) areas remain comparatively
 
disadvantaged in energy development.
 

B. 	There has. never been a complete inventory of Liberia's energy
 
resources, taking into account their potentials, possible

development and utilization, as well as the needed manpower
 
in the energy sector. Liberia is largely unaware of the
 
country's energy resource potentials. Therefore alternative
 
energy resource use is low and the necessary technology has
 
nt been developed.
 

C. 	Liberia relies heavily on imported crude oil ( and some
 
refined product) for its energy needs. This constitutes a
 
heavy drain on scarce foreign exchange and affects domestic
 
savings.
 

D. 	Liberia has considerable scope for introducing conservation
 
activities, but the population remains unsensitized.
 

E. 	Liberia has considerable hydroelectric energy generating
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potential, but the public investment cost of major schemes
 
are unaffordably high. Mini-hydro technology is now being
 
tested and many prove cost effective and replicable elsewhere.
 
Wood, charcoal, wind, solar and biomass all present potential
 
sources of additional energy. Their technologies must be
 
developed and utilized.
 

TABLE I
 
LIBERIA'S OIL IMPORTS
 

TOTAL CRUDE PERCENT COST IN PERCENT
 
YEAR IN BARRELS INCREASE US $M INCREASE
 

1975 1,498,712 48.3 
1976 1,559,850 4.6 59.5 18.8 
1977* - - 68.8 15.6 
1978 2,904,808 46.6 84.6 29.7 
1979 3,807,558 23.7 116.0 37.1 
1980 4,927,500 22.7 118.0 1.7 

* Refinery not operating because of breakdown/repairs. 

TABLE II 

LIBERIA'S PETROLEUM IMPORTS FOR 1979 

PRODUCT IMPORT (BARRELS) 

Premium Gasoline 159,680 
Regular Gasoline 
Gas Oil 704,101 
Jet Fuel 73,331 
Asphalt 2,424 
Fuel Oil 115,818 
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TABLE III
 
ENERGY DEMAND
 

(000 of Bbl of Crude Oil Equivalent) Annual
 

DEMAND CATEGORY TOTAL ENERGY PERCENT
 

Direct Heat
 
-Industrial 1,905.0* 28.81
 
-Domestic 2,139.0 32.4
 

Transport
 
-Road 541.4 8.2
 
-Ship 31.0 .5
 
-Air 319.7 4.8
 

Electricity Gen.
 
-LEC-Petro 382.8 5.8
 
-LEC-Hydro 705.5 10.7
 
-Private 452.0 6.8
 

Other 
-Naptha 16.4 .2 
-Asphalt 19.1 .3 

Refinery 95.4 1.4
 

TOTAL 6,607.3 100.0
 

* 	 Data on industrial wood use not available; this figure should be 
larger. 

51
 



MALI
 

I. Sources of Energy
 

A. Conventional Energy
 

Mali's modern sector is fueled mainly by imported petroleum.

No coal is imported and no electricity generated elsewhere is
 
imported. The hydraulic generating capacity at three
 
locations amounts to 50 Kw.
 

B. Traditional/Renewable Energy
 

The main sources of traditional energy other than human is
 
biomass in the form of fuelwood and charcoal. The sun has
 
been a renewable energy resource which will probably grow in
 
importance if proper technologies are introduced in the
 
future.
 

There has been little attempt to produce fuelwood in
 
plantations. Most fuelwood is gathered or cut in the natural
 
forests by either women or by professional cutters. There
 
also exists a small class of professionals who process wood
 
into charcoal. The production of biomass in plantations
 
centers mainly on industrial scale activfties using exotic
 
species in the vicinity of Bamako. The total area planted

probably does not exceed 2000 ha.
 

II. Energy Consumption
 

All petroleum products are imported. For 1979, 182,765 metric tons
 
were consumed (See Table I). Almost all petroleum products are
 
consumed in the 
urban areas. (See Table II for a breakdown of
 
ene'gy consumption in Bamako). Greatest use of petroleum products

is in the transport sector, 69% for 1979. It should be noted also
 
that very little of imported petroleum goes for agricultural

activities. 
 The main source of energy for agriculture remains
 
human. The impact of oil imports can be seen i- Table III. It has
 
of course, a devastating effect on the balance of payments.
 

TABLE I
 
Consumption of Petroleum
 

Year MT 
 % Increase
 
197I3 18,533 .
 
1974 121,848 2.8
 
1975 130,085 6.7
 
1976 140,394 7.9
 
1977 150,549 7.2
 
1978 167,980 11.6
 
1979, 182,765 8.8
 
1980 189,410 3.6
 

projection
 
Source: Ministry of Industrial Development
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TABLE II
 

Energy Consumption by Sector in Bamako
 

Wood Electricity Petroleum Products
 

Domestic 89% 36.6% 8%
 
Artisanal 5% N/A N/A

Industry 5% 63.4% 21%
 
Collectivities 1% N/A N/A

Transport N/A N/A 71%
 

TABLE III
 

Volume and Cost of Imported Petroleum Products by Year
 

Year Volume M3 Cost (billions MF) % of total imports
 

1974 N/A 7.6 8.8%
 
1975 147,765 8.6 11.5%
 
1976 160,614 10.5 14.3%
 
1977 173,684 14.0 17.9%
 
1978 187,665 17.0 N/A

1979, 211,760 23.0 N/A

1980 224,480 35.0 N/A
 

* estimates
 
Source: Ministry of Industrial Development
 

Energy consumption varies from urban to rural environments in Mali.
 
However in both cases domestic energy (for cooking) is supplied

overwhelmingly by wood. More-wood is consumed by urban dwellers
 
per capita because they have less access to agricultural wastes.
 
Generally one can estimate per capita consumption at between 0.8
 

3
and 1.3 m per year. The Forestry Service estimates fuelwood
 
consumption for 1977 to be 539,818 steres. This is an increase of
 
nearly 150% over 1973 consumption.
 

The overwhelming usi of wood for cooking has been the major factor
 
leading to deforestation. The increased unavailability of wood in
 
some areas has lead to fewer cooked meals and the use of dung as
 
fuel. Available data is insufficieit to calculate the rate of
 
deforestation, but it is considerable.
 

III. 	Energy Resources
 

A. 	 Conventional Energy
 

Mali has very little in terms of indigenous conventional
 
energy resources although there is some hydroelectric
 
potential and oil exploration is continuing.
 

1. 	Hydroelectric. Present generating capacity amounts to 50
 
Kw with plans for an additional 250-325 Kw and potential
 
for another 145 Kw. Unfortunately the potential sites,
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although they may be technically good sites, are
 
generally far from population centers and industries. In
 
addition some of the sites are on relatively flat land
 
which means that large areas must be flooded to provide
 
power. Althugn Mali is actively pursuing a
 
hydroelectric policy the future possibilities after the
 
Manantali dam is built are uncertain.
 

2. 	 Petroleum Products. French and American oil companies
 
are exploring for oil, especially in the northern areas
 
of Mali. Although Mali has not yet produced any oil,
 
rising oil prices and the continued interest of oil
 
companies may mean that some oil may be produced. To
 
date all petroleum products have been imported. Oil
 
shale resources have been known to exist in western Mali
 
since 1945 and in Nara since 1960. They have never been
 
exploited. An estimated 10 billion tons exist with a 10%
 
oil content.
 

3. 	Uranium. Good prospects for uranium discovery appear in
 
two sites in Mali and intensive research is being
 
undertaken by the Japanese and French. Uranium, however,
 
should probably not be considered an energy resource for
 
Mali in the short run [it as a source of export earnings.
 

4. 	 Coal. There do not appear to be any significant reserves
 

of coal in Mali.
 

B. 	Traditional/Renewable Energy
 

Mali's traditional n(,nhuman energy source is wood. Wood
 
accounts for approximately 90% of rural Mali's nonhuman energy
 
crnsumption. Although deforestation is a major problem the
 
biomass potential in Mali is fairly good. Solar and wind
 
energy are of some potential also.
 

1. 	Wind. Limited data exists on the wind regimes inMali.
 
The northern areas look the most promising but are also
 
the least populated except along the Niger river. In
 
these areas some potential for irrigation and perhaps the
 
production of electricity exists.
 

2. 	Solar. The solar energy resource in Mali appears to be
 
very large given the semiarid and arid conditions.
 
However reliable measurements of insolation are not
 
available. These measurements, when available, may show
 
that the percentage of diffuse radiation is relatively
 
high due to dust and other particles in the atmosphere.
 
If this is the case, the potential for using
 
concentrating solar energy systems, which only use direct
 
radiation, may be limited.
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3. 	Biomass. It is extremely difficult to estimate the
 
biomass resource of Mali. 
 The World Bank has estimated
 
that 43% or about 533,200 km2 of Mali is in rainfall
 
zones where natural forest productivity is estimated at
 
between 50 and 200 m2/km/year. Whatever the resource, it
 
is a clearly diminishing one by most accounts.
 

The major causes of deforestation seem to be herding,

clearing for agriculture and cutting to satisfy domestic
 
cooking needs. Of these three, the third has the largest
 
effect.
 

Natural regeneration cannot keep up with the
 
deforestation rates. Present planting rates do not make
 
up the difference. Hence there is a great awareness on
 
the part of both the GRM and villagers of the need to
 
address this situation. Programs involving improved

cookstoves and charcoal conversion processes are being
 
highly promoted and although fairly recent, seem to be
 
gathering momentum.
 

The investigation and development of alternative energy

technologies, although still in its infancy, is being

actively pursued by the GRM. After an unsuccessful
 
experiment with windpower in the late 1950s, several
 
organizatiuns are developing local wind machines 
and
 
about 50 have been installed. A program of solar water
 
heater production was started several years ago and
 
continues albeit cautiously. Research and development
 
have started on solar drying, solar distillation, biogas

and other alternative technologies. A significant number
 
of photovotaic solar pumps have been installed and
 
photovoltaics as a power source for hospitals has also
 
been 	promoted.
 

IV. 	Government Energy Policy
 

Unfortunately the GRM does not yet have a comprehensive energy

policy. Energy matters are being handled in a piecemeal fashion; a
 
parastatal handles electricity; the National Direction of Mines
 
handles oil, coal and gas; the National Direction of Hydraulics and
 
Energy handles hydropower and solar energy; and the Rural
 
Engineering Department handles biomass. 
 However, the new five-year

plan calls for the setting up of a National Direction for Energy

which would have the mandate for substantial energy planning and
 
coordination.
 

At this point most broad energy issues are dealt with by the
 
Ministry of Industrial Development. The priorities that they
 
express in conjunction with the Ministry of Plan include the
 
development of hydroelectric power, continued support for petroleum

research and the development of renewable energy resources;
 
especially solar. It must be stressed, however, that the 
GRM 	is
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int2rested in any kind of outside 
support for energy activities.
 
In this regard the GRM's relationship with the multinationals is
 
improving and will probably continue to do so.
 

GRM policy regarding fuelwood and reforestation has undergone a
 
major change in the last few years and appears to be more coherent
 
than the energy policy. In brief, the GRM is prepared to deviate
 
from its long-standing policy of the protection of the natural
 
resource 
base by the fining of people for illegal hunting, fishing

and cutting, and the controlling of thesp activities through

permits. The GRM has realized that in some instances this has been
 
counterproductive and now wishes to create one 
tree nursery within
 
every county in the country and implement village level forestation
 
activities. This coupled with industrial plantations around the
 
major urban centers is hoped to counteract the deforestation
 
process while the forestry service continues activities oriented
 
towards the preservation of the environment.
 

In addition, a Forestry Fund has been set up. This allows the
 
Forestry Service to keep its revenues from the sale of the wood and
 
charcoal produced under its auspices and revenues from the sale of
 
permits. Previously these funds were sent back to the National
 
Treasury but now can be used for reforestation efforts.
 

V. Private Sector Involvement
 

The involvement of the private sector in the energy sector is
 
extremely limited. In terms of conventional energy, the
 
involvement seems constrained to petroleum exploration by

multinationals and the presence of some oil distribution companies

who are constrained to sell at the government-set price. At the
 
other end of the scale, private sector artisanal entrepreneurs are
 
involved in the distribution of fuelwood and charcoal and the
 
fabrication of charcoal stoves.
 

Given Mali's financial constraints, lack of resources and weak
 
technological infrastructure, it is hard to say whether a larger

role for the private sector would contribute to a more effective
 
approach to energy problems. Certainly the electricity utility, a
 
parastatal, could be made more efficient and 
perhaps private

involvement could achieve it. If promising renewable
some energy

technologies are developed, the private 
sector should be involved
 
in their production. Private entrepreneurs have already expressed
 
a great interest in energy devices but practically no proven

devices capable of in-country manufacturers have been developed.
 

There are political and institutional constraints to private sector
 
involvement. After independence, Mali moved towards the public
 
sector and many state enterprises were created. Although the GRM
 
is moving away from dependence on state enterprises this shift
 
institutionally as well as politically is liable to be cautious.
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VI. Mali's Approach to the Energy Problem
 

The energy crisis in Mali is so severe and the financlal situation
 
such that the GRM is forced to continually look to the donors for
 
financing of a whole array of energy projects. The donor community

is helping the GRM address its energy problems at all levels. In
 
addition donors are involved heavily in conventional energy,

including petroleum exploration and hydroelectric power.
 

The GRM is making a step towards increasing the effectiveness of
 
its own response by the proposal to set up a new coordinating and
 
planning body. Although opinions vary about the adequacy of the
 
donor response in most energy areas, it meets the ability of the
 
GRM to absorb it. The forestry sector, however, stands out as one
 
area where the donor response has been timid and GRM capacity to
 
absorb assistance has not been reached.
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MAURITANIA
 

I. Background
 

Mauritania's energy position is weak because of a narrow energy
 
resource base with a heavy dependence on imported petroleum
 
products and rapidly depleting forestry reserves for meeting energy
 
demands. A long-range investment plan for the sector has yet to be
 
prepared and there remain some deficiencies in energy pricing.
 

Mauritania is the Sahel country most severely affected by drought
 
and environmental degradation. The 400,000 square miles of
 
territory and its 1.6 million pe-ple have suffered the effects of
 
diminishing rainfall, crop dessication, soil erosion, and the loss
 
of valuable pasture and agricultural land. Deforestation has been
 
particularly severe.
 

In times of drought, herders stripped trees for forage when nothing
 
else was available for their animals. An expanding urban
 
population is increasing demands for more fuel. Trees are. being
 
exploited for charcoal production without being replaced through
 
reforestation. As more around cover and protective tree species
 
disappear, soil erosion accelerates and resource productivity
 
declines dramatically. Many sand dunes, which less than a
 
generation ago were stabilized by growth of trees and other
 
vegetation, have been denuded of all protective covering and are
 
moving into agricdlturally productive zones.
 

II. Energy Resources
 

Forests covering 1,500 square kilometers in the south (or 1.3% of
 
the national territory) are the most important known domestic
 
energy source. Drought and growing over-exploitation have reduced
 
the area along the Senegal river formerly devoted to Gonakier
 
Acacia nilotica trees (ideal for producing charcoal) by almost a
 
third from 20,204 hectares before 1970. Protection and
 
reforestation activities will be needed to assure the adequacy and
 
durability of continued charcoal production.
 

The biomass potential is difficult to tap because of the wide
 
expanse of the country's territory. The total cultivated area is
 
about 140,000 hectares and the goats, sheep, cailels and other
 
animals number about 4.0 million UBT. Wind energy ,s potentially
 
significant since the wind velocity along the coast and in a few
 
interior regions often exceeds five meters per second, but a couple
 
of trials during the 1950's failed because of improper maintenance.
 
Three stations are now performing an evaluation of wind energy
 
potential in Aleg, Mederdra and Keur Massene in the southern part
 
of the country and an aerogenerator has been set up in the national
 
coastal park, with a rated power of one kilowatt. With 3,000 hours
 
of sunlight per year, the potential for solar energy is great and
 
is being tested in several sites. A one-kilowatt solar pump, a
 
'ankihe thermodynamic system with a capacity of 50 cubic meters per
 
day, has been installed at Chinguetti. A 12 kw pump, financed by a
 
grant of $500,000 from the European Development Fund, has also been
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ir,talled to provide irrigation for a rice field of 22 hectares,
 
1,cated along the Senegal river. This pump has a capacity of 200
 
cubic meters per day.
 

There has also been installed at N'Taket a one peak kilowatt
 
photovoltaic-powered pump with a capacity of 25-30 cubic meters per

day. During the early 1960's, a desalinization plant was installed
 
in Nouakchott, but the technology was not well adapted, and the
 
plant was abandoned when an abundant fresh water source was found
 
by Chinese experts in 1962, some 40 kilumeters east. A UNDP-funded
 
feasibility study is evaluating the prospects of small solar stills
 
to help solve the water supply problem for fishermen along the sea
 
coast.
 

Hydropower potential exists along the Senegal river, 500
some 

kilometers away from the major load center. Mauritania is
 
considering participating in the Manantali dam scheme - on the Mali
 
frontier - but serious questions need to be resolved about its
 
timing and economic viability. Minor hydrocarbon shows have been
 
encountered on- and offshore, but more exploration is needed to
 
assess the country's potential.
 

The World Bank is assist;ig the Mauritanian government's efforts to
 
induce multinational firms to participate in intensified
 
hydrocarbon exploration and such efforts have already led to a
 
couple of contract signings and other expressions of serious
 
interest on the tart of multinational firms. The other area where
 
private enterprise is significantly involved is in the production
 
and distribution of woid and charcoal with se'feral hundred private
 
entrepreneurs.
 

III. Energy Consumption
 

Overall energy consumption was estimated at 320,000 tons of oil
 
equivalent in 1979 or 207 kilograms per capita. Imported petroleum

products account for 40% of overall energy consumption and wood and
 
charcoal for 60%. Electricity use, some 106 kwh in 1979, is
 
equivalent to about 16% of final energy use. Generation is based
 
entirely on small diesel units with an instal',ed capacity totalling
 
about 60 Mw, of which about 25% is captive.
 

The domestic consumption of petroleum products was about 137,000
 
tons in 1980. Demand increased during the period 1971-1977 by
 
about 3.5% per annum. In 1978-1979, demand fell by nearli.' 15% per
 
annum because of the closure of a copper mine and Mauritania's
 
withdrawal from the Western Shara war, but in 1980, demand resumed
 
its growth at 5.6% per annum. Gas oil is by far the most important
 
product, accounting in 1979 for over 7G% of petroleum product

consumption. Among end-users of petroleum products, transportation
 
accounts for 48%, mining and industry 31%, power generation 19% and
 
resid-mtial/commercial use 2%. While the cost of petroleum product

imports ave-aged $20-25 million per year over the 1975-1978 period.

this cost jumped to $37 million in 1979 and perhaps $56 million in
 
1980 (or 25t of Mauritania's export earnings).
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The total removals of wood during 1980 for such uses as cooking
 
wood, charcoal, timber poles, housing, fencing and nets was about
 
730,000 tons. Some 700,000 tons was used for cooking purposes
 
alone, divided into 300,000 tons of firewood and 79,000 tons of
 
charcoal (the wood equivalent of 395,000 tons).
 

IV. Future Prospects and Governmental Policies
 

Energy-related investment for the 1981-85 period is expected to
 
amount to $75 million, mostly financed by foreign aid. About 80%
 
of the investments will be in the power sector where projects
 
underway include the installation of 32 MW of additional
 
diesel-based generating capacity (financed by Fre,nch assistance) in
 
Nouakchott and new units at the Guelbs iron mines (partially
 
financed by the World Bank). These investments together with other
 
increases in energy consumption could boost the cost of imported
 
petroleum to over $100 million annually by 1985. The main demand
 
stimulant is the new units at the Guelbs iron mines. Wnile the
 
purity of the iron in the prese-t mines is 65%, in the new mines it
 
is only 35%. The consumption of fuel at the mines will accordingly
 
more than triple from the present 37,000 tons annually to 124,000
 
tons. The ability of Mauritania to meet this much higher petroleum
 
imrnort bill is contingent upon a more favorable movement in iron
 
ore export prices than has occurred during the' last several years
 
and on such other developments as much more intensive exploitation
 
and local benefits from fisheries. The dilemma for Mauritania's
 
economy is that iron ore exploitation presently yields 85% of the
 
country'- foreign exchange export earnings and constitutes 13% of
 
the county's GDP; the loss of iron ore production would therefore
 
be serious for the economy.
 

The GIRM is acutely aware of the environmental anJ energy problems
 
facing the country. In August 1980, the GIRM Council of Ministers
 
approved and f-ly endorsed a national strategy for desertification
 
control which deals with three related sectors: forestry and
 
ecology, agriculture -nd water management, and livestock and
 
pastoralism. Actions to improve the efficiency of woodstoves and
 
charcoal production and the effective management of forest
 
resources are included in t,e proposed steps to implement this
 
strategy. The GIRM appeal for donor support has been particularIy
 
insistent on broad action programs consistent with an integrated

approach to questions of resource management which will affect
 
traditional fuel sources.
 

The prospects for meeting local cooking iieeds are brighter. The
 
consumption of wood for cooking purposes is calculated to rise to
 
1.35 million tons by 2,000. On the other hand, rational production
 
from Mauritania's forests could yield more than three million tons
 
of wood presently on a sustainable basis. If the planned measures
 
of protection and reforestation are implemented successfully,
 
exhaustion of Mauritania's forests will be prevented and sufficient
 
wood made available for all of Mauritania's cooking fuel and other
 
consumption needs for many years to come. A major corollary
 
benefit would be maintenance of a significant defensive barrier
 

60
 



against soil erosion and creeping sand encroachment. UNSO and
 
USAID are the lead donors in the on going efforts at forest
 
regeneration, costing several million dollars.
 

A principal feature of these activities is localized training

activities to promote local participation in resource management
 
and to involve lower-level personnel of the Environment Protection
 
Service to re-orient the staff from a repressive role to one of
 
outreach and extension.
 

A planning unit is to be established and energy studies launched so
 
that the government will be in a position to elaborate and
 
implement the national resource management strategy and to develop
 
appropriate energy policies.
 

The Directorate of Mines and Geology of the Ministry of Mines and
 
Energy is in charge of hydrocarbon exploration and supply while
 
that Ministry's Energy Unit is in charge of renewable energy and
 
energy planning. The Environment Protection Service of the
 
Ministry of Rural Development is responsible for forestry and
 
pasture management and the Ministry of Watcr and Housing supervises
 
the State Power and Water Utility Company, SONELEC, a parastatal

organization. Tie policy making process has been hampered by a
 
poor data base, insufficient staffing of the agencies in charge and
 
inadequate communication among concerned ministries.
 

Fuel prices in the aggregate reflect total costs, although there is
 
a proliferation of preferential prices for government entities,
 
fishing vessels and several other favored users. For example, the
 
retail prices of kerosene and gas oil are 30% and 17% less,
 
respectively, than the gasoline retail preice even though their CIF
 
import prices are higher than that of gasoline. Electricity

tariffs were raised in November to the equivalent of 22 to 26t per

kwh in a major step to stem the massive losses which had reached
 
$2.5 million in 1980. The costs of wood and charcoal (17¢ per
 
kilogram for the latter are also officially controlled at
 
artificially low levels.
 

When the GIRM completes its recently initiated comprehensive

studies complementing the national resource management strategy and
 
the formulation of energy policies and development priorities, 
a
 
long-range investment plan for the energy and forestry sectors 
can
 
be prepared. Environmental degradation has already proceeded so
 
far and the local energy deficit become so great that substantial
 
donor assistance will be needed to help Mauritania achieve the
 
goals of this long-range investment plan.
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NIGER
 

I. Energy Sources
 

In Niger, firewood accounts for 85% of the rural and urban energy
 
sources and is used mainly fr cooking and heating. Butane gas is
 
next; 250 tons of gas were imported in 1972 and 500 tons in 1979.
 
The total amount of gas -sed is relatively small and much of what
 
is used is for commercial and industrial purposes. Kerosene,
 
electricity and charcoal are also used in small quantities for
 
cooking.
 

Most of the firewood gatherers are individual merchants who buy
 
firewood from farmers and laborers. There are very few collective
 
activities in regards to firewood gathering. All of the commercial
 
firewood is transported by trucks, camels, and donkeys.
 

The GON Forest Service has very little control over the sale of
 
firewood. Merchants are supposed to buy permits at 35 FCFA/stere
 
which is way out of line with regards to what a stere sells for on
 
the open market (approximately 5,000 FCFA in Niamey). This price
 
is rising at approximately 6% per year.
 

II. Firewood Consumption and Deforestation
 

Total fuelwood consumption for 1980 was 3.9 million cubic meters
 
(1.8 million tons). This figure greatly exceeds the exploitable
 
average annual increment of exploitable natural forest which is 2.0
 
million Lubic meters per year (.4 m3/hectare/year x 5 million
 
hectares).
 

Estimates of between 60,000 (CILSS 1981) and 80,000 (Lanly 1980) 
hectares of firewood capital are lost each year through cutting. A 
combination ; overcutting, overgrazing, drought and other 
ecological .,sturbances (termites, rodents, etc.) have resulted in 
a severe decrease of the country's biomass in certain regions. The 
USAID Forestry Land Use and Planning Project (683-0230) is 
currently studying deforestation by comparing aerial photos from as 
early as 1955 with photos taken in 1979. Certain areas that show 
once to have been uniform areas of dense vegetation dnd trees are 
now severely degraded "brouse tigree", composed mainly of 
Combretum-type species. We feel that overgrazing is a more 
important factor in soil degradation than wood cutting. It is 
forbidden to cut live wood for selling purposes, and although this 
law is not strictly adhered to, there is not much evidence of live 
trees being cut in the particular forest that we studied. There 
was, however, much evidence of heavy grazing pressure and termite 
activity which seems to have "opeaied" the forest to the patchy 
vegetative type which is now present.
 

Very little study has been done in Niger with regards to biomass
 
loss or exact causes of this loss from an ecological standpoint.
 
The present weight of firewood (biomass forest resources) is 
estimated at approximately 3,024,000,000 kg. (average 1440 
kg/hectare x 2,100,000 natural forests). 
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Land clearance for agriculture can be a problem and is also a
 
function of the methods used to clear and plant. Much of the
 
agriculture carried out in the northern pastoral causes very
zone 

little physical-mechanical disturbance of the soil (little or no
 
tillage). This type of planting has little effect on the habitat
 
even in relatively dry years. More intensive cultivation on
 
marginal lands does, however, seem to reduce habitat potential and
 
increases the chances of desertification (especially if this is
 
done in a particularly dry year).
 

AgricuILure can in some cases be of benefit to the habitat it
as 

cuts down on overgrazinQ (dn effect that is evident in most of the
 
National Forests where agriculture is forbidden).
 

III. Natural Regeneration and Plantation Versus Utilization
 

According to a recenL CILSS report the total projected firewood
 
potential of Niger (plantations and natural) by the year 2,000 will
 
be approximately 5,802,500 steres/year, and the total firewood
 
needs will be 14,510,000 steres/year. These figures are
 
approximate however, and recent production-oriented sampling in
 
areas previously thought of as "useless brush" are showing a much
 
higher potential than the 0.5-1.5 steres/hectare/year generally

accepted for natural vegetation production. Example: The area
 
around Niamey has been cited as being "completely wiped out"
 
through overcutting, overgrazing, etc. Recent trials in a National
 
Forest only 22 kms from Niamey have shown as many as 30
 
steres/hectare of Combretum which is the main firewood species for
 
Niamey. A fenced plot of Combretum was cut in 1974 and grew to
 
maturity within 
4 years. These vast stands of "useless brush"
 
could provide alot more than 0.5-1.5 steres/ha/year if managed

properly on a selective coppice sustained-yield rotation with some
 
site improvement work done where the deterioration is worse. If
 
nothing is done with these forests they will continue to
 
deteriorate beyond the point of repair, but fenced-in plots

indicate that with proper protection they can still be salvaged.
 

Figures for production yields on dry and irrigated plantation 
are
 
not available. The irrigated plantation installed by the 1st Phase
 
of the World Bank Forestry Project are costing more' than
 
$6,000/hectare. Plantations ii, general do not seem to be
 
succeeding in Niger and have actually done more harm than good in
 
areas where National Forests have been bulldozed to plant fast
 
growing exotics.
 

IV. Fuelwood Conservation
 

Experiments are being carried out in Niger with solar cookers and
 
solar hot water heaters. The hot water heaters seem to be 
more
 
successful than the solar cookers which are clumsy and not adapted
 
to the Nigerien kitchen.
 

Woodstoves are being experimented with and have shown themselves to
 
work although certain technical, social, and economic problems
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still remain to be resolved. The Church World Service has been
 
working with the Women's Association of Niger to produce,
 
distribute, and evaluate the performance of several models of
 
woodstoves which have worked already in Niger and in Upper Volta.
 
The 	2nd Phase of the World Bank Forestry Project will also be
 
studying the social and economic factors relevant to woodstove
 
development.
 

V. 	 Role of GON Regarding Fuelwood and Reforestation
 

The GON's policy regarding fuelwood and reforestation is very loose
 
ended. The Director of the Nigerien Forest Service depends on
 
reports and advice from CILSS and other donors in formulating
 
policy. The USAID Forestry Land Use and Planning Project will
 
produce a 20 year plan for the Forest Service. In the meantime
 
however, the main objectives of the GON Forest Service are the
 
following:
 

A. 	 Increase fuelwood supply by managing natural forests,
 
planting irrigated plantations of fast growing exotics, and
 
planting rainfed plantations of fast growing exotics.
 

B. 	 Encourage the local populations to plant trees in village
 
woodlots and mini-nurseries run by family units or
 
individuals.
 

C. 	 Improve the quality of the Forest Servi .ewith more and
 
better personnel through long-term education, recycling
 
schools, seminars, etc.
 

The GON Forest Service has always been hampered by political and
 
institutional constraints. This situation is gradually changing
 
and 	the President recently delivered several major speeches on
 
desertification and deforestation.
 

VI. 	 Role of the Donor Community in Fuelwood and Reforestation
 

The following are a list of the ongoing forestry projects in Niger:
 

A. 	World Bank Forestry Project: 1st Phase, 1978-1981, $4.5
 
million; The 2nd Phase (1982, approximately $16 million). The
 
program consists of irrigated tree plantations, rainfed tree
 
plantations, education, research, extension work, fire and
 
erosion control.
 

B. 	USAID Forestry Land Use and Planning Project (683-0230),
 
1980-1984 for approximately $4 million. The program has tour
 
main sections of activity; model sites (research and applied
 
forestry techniques applicable to the rest of Niger), human
 
resources (education, recycling programs, extension, seminars,
 
etc.), resource inventory (aerial photography, mapping,
 
Landsat imagery), and the creation of a documentation center.
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C. 	 UNSO-Greenbelt, around Niamey, 1981-1983, $184,500.
 

D. 	 D.D.A. (Swiss) Management of ronier in the Dallol
 
Maouri - 1981-1983 for $900,000.
 

E. 	D.D.A. Management around wells in pastoral 
zone 
1981-1983 for $736-000.
 

F. 	 F.A.C. Acacia Albida Project in Dosso - 1981-1985
 
for $400,000.
 

G. 	 C.A.R.E. Reforestation in the arrondissement of Bouza 
1976-1981 for $725,000. Program is to stabilize sand dunes,
fix river banks in Bouza, and create Windbreaks in Majjia

Valley. (Note: The windbreak activity has been cited 
as one
 
of the most successful forestry projects in the Sahel. The
 
final analysis is that 6% of land was 
taken out of production

for the windbreaks and a net gain of 23% in the production of
 
millet was recorded on land between the windbreaks versus land
 
without windbreaks. See Report by Els-Bogneheau, 1980, Majjia
 
Valley Windbreak Study).
 

H. 	 C.R.D.I.: Village Woodlots in Zinder, - 1981-1983 for
 
$141,200.00.
 

I. 	F.E.D.: - 1973-1981, "3M" Development Project in Zind,,', for
 
$142,000. Program is village woodlots, live fenci ng,

windbreaks and rainfed plantations.
 

J. 	C.A.R.E. 
Small gardens and live fencing project at Balleyara

for $120,000.00. Proram is to diversify agriculture in small
 
gardens and protect gardens with the fencing.
 

The USAID Forestry Land Use and Planning Project is doing an
 
evaluation of all 
past 	and ongoing forestry related projects. The

results of this evaluation show very few projects have succeeded
 
due to lack of a-tention to socioeconomic factors and poor practice

of basic Sahelian forestry techniques. Village woodlots show
 
little promise in Niger, and work with faiilies and individuals has
 
proven to be Fetter suited to Nigerien ways. Irrigated plantations
 
are too costiy, and to take land out of agriculture for dryland

plantations or to plow up natural vegetation 
in favor of rainfed
 
plantations has failed more often than In general,
not. donors
 
seem to place too much emphasis on costly fast growing exotic
 
species plantations and too little emphasis on the potential that
 
exists in the natural forests.
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RWANDA
 

I. Introduction
 

The two major sources of energy currently supplying Rwanda's needs 
are hydroelectric power and fuelwood. The former supplies a very 
limited market, including industries, the administrative and 
service sector, and a relatively small number of urban consumers. 
The degree of market concentration for electricity is illustrated 
by the number subscribers - approximately 4,500 out of a total 
country population of 5 million. Although the distribution network 
has been considerably extended in the past 3 years, and further 
extensions are planned, the dispersed settlement pattern in 
conjunction with low rural incomes will prevent widespread domestic 
use of electric power for many years to come. 

Forecasts of electrical energy requirements indicate that there
 
will be an adequate margin between supply and demand if the new
 
power stations - Mukungwa, Ruzizi II and eventually, Rusumo, come 
into production as scheduled. The future supply and demand balance
 
could be upset by large-scale industrial development arising from
 
the exploitation of methane gas in Lake Kivu. According to present
 
Government policy, the proposed heavy industries will be obliged to
 
fulfill their energy requirements by the use of hydroelectric
 
power. If this policy is maintained and enforced, demand forecasts
 
will have to be revised and a strategy developed to satisfy the
 
increased requirements.
 

A far more widely used source of energy is fuelwood, which is
 
employed by over 90% of the population, mainly for cooking but also
 
for heating in high altitudes. According to recent surveys
 
supplies of fuelwood are rapidly diminishing, despite efforts by
 
the Government and agricultural projects to engage in
 
reforestation. While these efforts may prevent a deterioration in
 
the situation, it is not likely to undergo a dramatic improvement
 
since a irowing population is requiring more and more land to 
cultivate (ood crops.
 

Dwindling fuelwood supplies in Bugesera will have a particularly 
marked effect on the supply of charcoal, which is produced in that
 
region. It is planned to market peat as a substitute for charcoal,
 
which is presently used by approximately 95% of the population of
 
'Kigali, in addition to consumers in other urban areas.
 

Two potential new energy sources, methane gas and peat, are at
 
relatively early stages of development and many uncertainties exist
 
regarding their exploitation and use. Three peat marshes are
 
presently being exploited in Rwanda on a small scale. ,wo of these
 
marshes are drainable and the technology for extracting the peat is
 
fairly straightforward. The peat produced is used industrially for
 
pyrethrum drying and cement production. A third marsh, Busoro, in
 

Adapted from a paper prepared for AID/Rwanda by Mary Reintsma,
 
August 1981.
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southern Rwanda is not drainable and the Ministry of Natural
 
Resources is presently undertaking experiments to find the most
 
appropriate technology for extraction of the peat. The Ministry
 
intends to establish a Peat Office to administer the
 
commercialization of peat for domestic use and a consumer education
 
program is underway to facilitate this.
 

II. Imported Fuels
 

The economic viability of developing Rwanda's internal energy
 
resources depends partially on the availability and costs of
 
alternative imported fuels. The rapidly increasing bill for
 
imports, particularly gasoline, diesel and kerosene, is already
 
placing a considerable burden on the meager national budget, and
 
the situation threatens to deteriorate.
 

In absolute terms, the costs of imports of these fuels has risen
 
almost 300% in the past five years; 10 million in 1976 to $28 
million in 1980. The bill for gasoline and diesel imports alone 
has risen by 2,500% over the past ten years; $1 million in 1970, to
 
$25 million in 1980.
 

Of even more significance than the absolute increase in the cost of
 
fuel imports is the relative increase vis-a-vis export earnings.
 
For instance, in 1976, 12.0% of export earnings went to purchase
 
imported fuels, while in 1980 the corresponding figure was 37.5%.
 
The pertinent data is summarized in Table I.
 

TABLE ,
 
Imported Fuels
 

Total Value as % of Total Imports and Exports
 

Value % of Total % of Total
 
Year Tons (inilhon RWFI Imports Exports
 

1976 34,071 948.9 10.1 12.0
 
1977 32,585 947.9 8.9 9.4
 
1978 37,911 1,210.5 7.2 14.9
 
1979 38,323 1,705.6 9.4 15.3
 
1980 43,049 2,535.6 11.5 37.5
 

includes gasoline, diesel and kerosene; no aviation fuels
 
Sources: Ministry of Finance
 

Ministry of Plan, Statistics Bulletin No. 60.
 

III. Fuelwood and Charcoal
 

A. Introduction
 

In Rwanda, wood is the most widely used source of energy for
 
domestic purposes. Its primary use is for cooking, although
 
it is also used for heating in high altitudes.
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B. Supply and Demand
 

The supply of fuelwood in 1977 was estimated as between
 
100-130,000 hectares of natural forrst, and 25-26,000 hectares
 
of planted woodlots. 1/ The forested area is mainly comprised
 
of the Gishwati and Nyungwe natural forests which, according
 
to MINAGRI statistics, declined in area from 162,000 hectares
 
in 1957 to 130,000 hectares in 1977, i.e. 1600 hectares per
 
annum.
 

A third area of natural woodlarhd is located in Bugesera in
 
southern Rwanda. This has been a major charcoal producing
 
area, supplying Kigali and other urban markets. However, in
 
two of the three Bugesera communes the wooded area has been
 
almost completely destroyed and in the third it is rapidly
 
becoming depleted.
 

Of the planted woodlands, the vast majority, amounting to 60
 
to 70% of the total area, is owned by communes. A further 15
 
to 20% belongs to individuals or private groups, 10% is state
 
land, and 2% is roadside planting. The commune woodlands are
 
made up of approximately 5,000 lots, of which 2,300 are
 
smaller than two hectares and only about 500 are over 10
 
hectares.
 

The rapid diminution in the area of wooded land, particularly
 
in Bugesera and the Nyungwe and Gishwati forests indicates
 
that the demand for wood far exceeds the supply available
 
through natural regeneration. This contention is suppurted by
 
recent estimates that demand per person (1in3) is equal to the
 
natural regeneration rate of .1 hectare, while actual forested
 
area is .04 hectare per person. In other words, the fcrested
 
area is equal to only 40% of the area which would be required
 
to fulfill the demand by natural regeneration.
 

C. Charcoal
 

A relatively large component of the total demand for wood is
 
derived from the Kigali charcoal market. It has been
 
estimated that the annual consumption of charcoal in Kigali is
 
63,000 sacks (of approx. 50-60 kg.) for which 780 hectares
 
must be deforested. Most of this wood comes from the Bugesera
 
reserve. According to a recent survey, 95% of Kigali
 
households use charcoal for cooking. There is also a fairly
 
high industrial demand for charcoal to be used in processes

such as firing bricks and tiles and in traditional forges. It
 
is preferable to fuelwood because of its higher calorific
 
value and because it produces less smoke and cinders.
 

WB study - 100,000 ha forest and 26,000 planted woodlots. 

MINAGRI - 130,000 ha forest, 25,00C planted. 
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The deforestation of the Bugesera region to provide charcoal
 
for Kigali and other urban markets was exacerbated by

immigration into the region and consequent burning of large
 
tracts to clear land, eradicate tse-tse flies, and generate
 
new growth for livestock grazing. The rate of influx of
 
settlers into the region is reflected in the change of
 
population density from 20 persons per km2 in 1960 120
to 

persons per km2 in 1978.
 

D. GOR Policy
 

In recent years, the government has attempted to implement a
 
forestry management policy which takes into account the state,
 
communal and private woodlots, as well as the natural forests.
 
At the National level the administrative responsibility for
 
forestry devwlopment lies with the Department of Water and
 
Forests in the Ministry of Agriculture, while at the commune
 
,-vel agronomists are responsible for the technical aspects of
 
forestry resource development P'id the bourgmaster has
 
administrative authority over commune woodlots.
 

In the natural forests there has been a drive to replant areas
 
between the actual boundaries of the forested area and the
 
official boundaries. Both in the natural forests and in the
 
state woodlands, guards are employed by the government 
to
 
control cutting activities.
 

E. Contribution of Aid Agencies
 

Many of the organised forestry activities are being undertaken
 
by foreign aid projects. The first such project was the
 
Swiss-financed Pilot Forestry project in Kibuye. Started in
 
1967, this project incorporated training, research, extension
 
work and reforestation in Kibuye prefecture and on the borders
 
of the Nyungwe forest. By early 1980, 2,250 hectares had been
 
reforested.
 

The FAO Agricultural Intensification Project in Gikongoro aims
 
to replant 750 hectares per annum; 1268 were planted between
 
1977-1979.
 

A large reforestation program was implemented by the
 
Nyabisindu agro-pastoral project, financed by Germany.

Between 1975 and 1978 a total of 4,200 hectares were planted,
 
of which 145 were fruit trees.
 

The BGM project in Bugesera planted approximately 870 hectares
 
between 1977-1979.
 

Fui)re projects include: reforestation of the Gishwati forest
 
with 5,000 hectares of pine and 5,000 hectares of eucalyptus,

financed by the World Bank: reforestation of 5,000 hectares
 

69 1
 



in Kigali prefecture and 3,000 hectares in Butare, also
 
financed by the World Bank: reforestation of 1,000 hectares,
 
bordering on Nyungwe, financed by Belgium; and projects on the
 
Zaire-Nile crest financed by FED.
 

IV. Hydroelectric Power
 

f . Introduction
 

Hydroelectric power is the primary source of energy for 
Rwanda's industries, administrative sector and a shiall part of 
the urban population. Although hydropower nas been exploited 
since the 1950's, it is only recently that the network has 
been extended to include most of the major towns. Production 
is increasing at an average 10 to 13% per annum - a trend 
which is likely to continue for at least the next decade in 
view of the fact that imported substitutes (e.g. diesel) are 
extremely expensive, and local substitutes such as methane gas 
or solar energy are still at a very early stage of
 
development.
 

B. Production
 

The majority of Rwanda's hydroelectric power is presently
 
supplied by two main stations, with a third to open in late
 
1981. By far the largest supplier in 1980 was Ruzizi I,
 
jointly owned by Rwanda, Burundi and Zaire, (28.2 MW) which
 
satisfied 66.5% of Rwanda's total consumption. This plant is
 
located 5 km from Lake Kivu on the frontier with Zaire, and
 
supplies the Katana region of Zaire as well as Rwanda.
 

The second major supplier is the Ntaruka station (11.25 MW)

between Lake Ruhondo and Lake Bulera in Ruhengeri. In 1980,
 
30% of Rwanda's total consumption came from here. This
 
station reached maximum capacity in 1969 and due to a decline
 
in the level of Lake Bulera annual production has since
 
decreased. A twin station to Ntaruka, Mukungawa, which will
 
have an estimated annual out put of 48 GWH, over twice that of
 
Ntaruka, is almost completed on Lake Ruhondo and will open in
 
late 1981.
 

Several smaller stations complete the inventory. The Gisenyi

hydroelectric station which began production in 1958 was out
 
of operation during 1979 and a part of 1980 but reopened in
 
December 1980 and will produce about 6 GWH in 1981.
 

This station supplies the town of Gisenyi, the Nyundo mission
 
and Bralirwa, as well as part of the town of Goma in Zaire.
 
Two other plants, one near Ruhengeri and one near Gisenyi, are
 
privately owned and have very low production levels.
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C. Distribution
 

The present distribution system relies on two high-tension

lines; one (123 km) from Ntaruka to Kigali and into the mines
 
of Rutongo, Musha, Rwinkwavu and Bugarama, and the other, (185

km) linking Ruzizi with Kigali. Several medium-tension lines
 
extend this network to major urban centers. On the
 
Ruzizi-Kigali line there is a link from Kigoma to Butare and
 
Gikongoro, and another 
from Kigoma to Gitarama & Gatumba.
 
There are several shorter MT lines linking Ruhengeri, Kibuye,

Ngoma, Byumba & Mulindi with the HT network. Thus eight of
 
the 10 maj)r towns (prefectural centers) are supplied by this
 
system. J.senyi has its own station, and a MT line linking it
 
to Ruhengeri is planned. Kibungo is presently supplied by

diesel-generated power, but Belgian funding has been obtained
 
for a MT line linking it with the major HT network.
 

D. Present Supply and Demand
 

The potential and actual supply (in GWH) of hydropower

available to Rwanda in 1980 is shown in Table II:
 

TABLE II
 

Supply of Hydroelectric Power
 

Source Potential Supply Actual Supply 

Ruzizi I 531 44.8 
Ntaruka 22 20.52 
Gisenyi 5.4 17 

80. 66.0 

Notes: I Total production is 160; Rwanda, Burundi and Zaire
 
are each entitled to share equally.
 

2 Out of operation during part of 1980.
 
3 An additional 1.4 Kwh supplied by diesel brings
 

1980 total production to 67.4.
 

Source: Ministry of Natural Resources, Water and Energy
 
Section, 3rd 5-year Plan, June 1981.
 

Effective demand for electricity is heavily concentrated
 
geographically and sectorally. Major consumers include the 
mines and tea factories, the service sector (administration
buildings and hospitals) infrastructure (radio relay station, 
roads & airport) and private consumers in Kigali. , (Kigali
consumption is approximately 65% of total consumption in the 
country.) 

E. Future Suppiy and Demand
 

The production and annual rate of increase over the past 5
 
years is shown in Table III.
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TABLE III
 
PRODUCTION AND ANNUAL RATE OF INCREASE
 

IN HYDROPOWER 1976-1980
 

1976 1977 1978 1979 1980
 

Prod. (GWH) 40.4 45.7 48.4 53.3 59.6
 
Rata of Inc.
 

13% 5.8% 10.2% 11.7%
 

Assuming an annual increase in demand for energy of 11.7%, the
 

needs over the next year will be as follows:
 

1980 1981 1982 1983 1984 1985 1986
 

Demand (GWH) 59.6 66.6 74.4 83.1 92.2 103 115
 

The present supply of 80 GWH will be increased at the end of
 
1981 by the new station at Mukungwa (12 MW) which will have a
 
potential annual output of 45 GWH, thus increasing the total
 
supply to 125.4 GWH. Allowing for 10% loss in transmission
 
and distribution this will be insufficient by 1986.
 

Total supply will be further increased bV Ruzizi II, which
 
should be operational in 1985. Annual output is estimated at
 
140-200 GWH. This power station will supply Zaire as ttll as
 
Rwanda and will be managed along with Ruzizi I by a yet.to-be
 
formed power board consisting of representatives of the
 
countries concerned.
 

Also planned to start production in 1985 is the Gihira station
 
(Gisenyi II)with an estimated output of 15 GWH per year. The
 
other major new source of energy is Rusomo on the Tanzanian
 
border, planned to come into production in the 1990's with a
 
capacity of 100 MW.
 

F. Small Hydropower Schemes
 

The potential exists for the development of small hydropower
 
schemes. Four sites have been considered economically
 
feasible by the 1980 Klock report. All the sites are located
 
in western, or southwestern Rwanda in the Zaire-Nile crest
 
where rainfall is high and where suitable waterfalls exist.
 

The smallest, Nkora site (1.0 MW) has a hydropower station
 
which is at present in a state of disrepair, but which can be
 
made functional by a relatively minor investment
 
($10,000-$15,000). The construction costs of the other three
 
stations Akanyaru II (2.7 MW) Karundure (2.5 MW) and
 
Kamiranzovu (1.1 MW) are estimated at $3.7 million, $2.4
 
million, and $1.6 to 2.2 million respectively, including the
 
cost of transmission lines. A study presently being
 
undertaken by Swiss aid is examining the question of small
 
hydropower schemes should be available in April 1982.
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G.fl Donors 

FED has been the principal donor ($16 million) partially

financing the Mukungwa station and a number of HT & MT lines
 
and studies. The BADEA ($9 millior) has also financed
 
equipment for Mukungwa, Swiss, German and Belgian aid have
 
financed studies & extensions of the distribution network.
 

Other interested donors include the BAD, and French aid. A
 
meeting is scheduled for early 1982 at which it is hoped firm
 
commitment will be made by donors to finance the extension of
 
the present distribution network.
 

H. GOR Policy
 

The development of hydropower resources including planning,

.financing, and policy considerations is the responsibility of
the Ministry of Natural Resources. The actual management and
 
maintenence of installed stations is performed by the
 
-parastatal "electrogaz".
 

!.-The exploitation of hydroelectric power is strongly supported

by the Government. In the past, priority was given to the
 
construction of large power plants, but more recently the
 
Government has expressed a desire to develop smaller
 
hydropower plants serving local needs. As far as distribution
 
is concerned, proposals have been drawn up by the Government
 
for approximately 30 new MT extension lines for which
 
financing is being sought.
 

GOR policy regarding power to.be used for industries related
 
.to the methane gas in Lake Kivu, could have a profound effect
 
on the energy situation. Official policy is that the heavy

,industries envisioned, e.g. production of urea fertilizer or
 
methanol, which have high energy demands, must use
 
hydroelectric power for the transformation processes. If 
these industries are developed in the next 5 to 10 years there 
could be problems ensuring adequate energy supplies. 

V., Methane Gas
 

A. Introduction
 

Since the discovery of methanc gas in Lake Kivu in 1936, a
 
large number of scientific and technical studies have been
 
carried out with financing from Belgium, Germany, the U.N.
 
(UNIDO) and the U.S. (Woods Hole Oceanographic Institute).

These studies indicate the existence of 50 to 60,000 million
 
cubic meters of methane gas, at depths of approximately 300 to
 
500 meters, inwater which, though warmer than surface water,

is more dense due to a high level of salinity. There is no
 
conclusive evidence of the origin of the gas, though it is
 
generally believed to result from biological rather than
 
chemical activity, an to be renewable.
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B. Exploitation of the Resource
 

The only existing project is a small extraction plant, built 
by Belgium in 1962, at Cap Rubona, 8 km southeast of Gisenyi.
 
This das originally intended to be a 5-year pilot project, but
 
actually functioned for 10 years relatively efficiently and
 
for another 2 to 4 years intermittently. Since 1977 it has 
been under repair (with U.N. financing) and it is due to 
reopen in December 1981.
 

The degassed, but otherwise untreated saline waters are 
returned to the surface of the lake. Thu gas, which is then 
composed of 24.9% methane (CH ) and 73.5% carbon dioxide (CO ) 
as well as some inert gases, s purified, mainly by removal 9f 
the CO to a 70 to 80% methane content. Water used in this 
process and containing the excess CO flows onto the surface 
of the lake. The ecological effects 3f this are unknown.
 

C. Uses of the Resource
 

At present the methane gas is only used to provide power for 
the Bralirwa brewery in Gisenyi. The gas is compressed at Cap
 
Rubona and pumped through a 3-km pipeline to the brewery. Two
 
other potential users of methane gas are located in Zaire. 
The first is the Katana Cement factory which has not been
 
functioning since 1962, but if renovated and reopened could
 
absorb up to 16 million m3 of gas per year with 80% methane.
 
content. The second potential user is the Pharmakina (quinine
 
treatment) enterprise at Bukavu which would take 375 to
 
600,000 m3 per year.
 

D. Donor Agency Contributions
 

Several countries are presently interested in implementing
 
projects to extract and transform methane gas.
 

Belgium has completed a pre-feasibility study on a methanol 
plant and is planning to provide 25% financing for a
 
$50,000,000 plant to extract and transform methane gas into
 

3
methanol. The proposed capacity of this plant (30 million m

per year) will be 15 times greater than the existing Cap 
Rubona plant. It is estimated that the price of nethanol will
 
be competitive with that of peat.
 

The U.N., in addition to financing and supervising the
 
renovation of the Cap Rubona gas extraction plant, is
 
presently studying a project to dry the residue of malt and 
yeast from the Bralirwa brewery in order to produce animal 
feed. This project would be financed by UNCDF and supervised
by FAO technical assistance. The animal feed produced would
 
satisfy 80% of the total food needs of the FAO livestock 
breeding project at Kabuye. The major cost of this project is
 
derived from the high energy requirements to dry the brewery 
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wastes which have an initial 80% water content. AIDR is
 
studying the possibility of using methanol for this process.
 

The FED has also financed studies and plans a small project to
 
compress gas (for possible use on motor cars in the Giseny1
 
area) in 1982 and a urea factory in Gisenyi in 1986.
 

GOR Policy 

The Government of Rwanda and Zaire have 
Mixte" for the exploitation of methane gas. 
reached in 1978 that 47.2% of production 
Rwanda, and 52.8% to Zaire. 

VI. Peat 

A. Introduction 

formed a "S')ciete -
An agreement was 
would belong to 

It is estimated that peat reserves of from 5 to 50 million 
tons exist in Rwanda, of which 10% are believed to be of high 
quality. Peat was first used in Rwanda in the 1960's, when 
thn Gishoma marsh (located in the extreme south west of the 
c.. ntry) was exploited to provide peat for the Katana cement 
factory in Zaire. When the cement factory closed, peat 
extraction was terminated. Since 1974, peat from the 
Cyabaralika marsh in Ruhengeri has been used by OPYRWA for 
drying pyrethrum. Peat from Kiguhu marsh in Ruhengeri is 
presently used in the Belgian Project 
pouzzolanes-chaux-tourbe (PPCT), which will produce cement 
using volcanic material. The most recent peat bog to be 
exploited is that of Busoro in southern Rwanda, where a pilot 
extraction project is being undertaken. 

B. Formation
 

In Rwanda, the marshes inwhich the peat is found are located
 
in the bottom of river valleys at various altitudes and with
 
areas of from a few hectares to several dozen square
 
kilometers. Since these marshes are stream fed they contain
 
impurities and the peat isgenerally of low quality.
 

C. Exploitation
 

Peat is extracted manually, with drainage of the marshes in
 
Cyabaralika and Kiguhu, and without drainage in Busoro. Where
 
drainage is necessary main and lateral drains are first
 
excavated and peat is cut from the sides of the lateral drains
 
and deposited beside them for partial drying. It is then
 
transported to the drying area, dried, turned, and stacked in
 
piles. The excavation normally takes place at the time of
 
year when the water level is lowest. The rate of production

depends on the size of the drying area and the rate of drying,

which in turn depends on climatic conditions. A similar
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process is followed where dra>'age is not required or not
 
possible. The main difference is the absence of drainage
 
structures. In Busoro geological conditions do not permit

drainage of the marsh, making exploitation extremely

difficult.
 

The quality of peat extracted manually is inferior to that
 
which would be obtained by a mechanized or semi-mechanized
 
process. However, this must be weighed against the problems

inherent in importing, setting up and maintaining equipment.
 
Only where the peat is beneath several meters of water is
 
mechanization essential.
 

Peat of high quality (i.e. with low ash and i.ioisture content)
 
may be transformed into coke, which has a higher calorific
 
value. This product would be important primarily for
 
industrial uses, since dried peat as such is adequate for
 
domestic purposes.
 

D. Donor Involvment
 

Three donors have been involved in the development of this
 
resource: Ireland, Belgium and the UN (UNIDO).
 

Following two 1978 reports by a UNIDO consultant, an agreement
 
was reached in early 1980 between the Rwandan Ministry of
 
Natural Resources and the Irish Foreign Ministry to implement

the first phase of a peat exploitation project. This
 
consisted of investigating posible peat production areas,
 
evaluating the quality of the peat by laboratory analysis, and
 
implementing a pilot exploitation to test techniques and
 
produce a preliminary 1,000 tons of dry peat.
 

As a result of this agreement, a survey was undertaken,
 
starting in the environs of Kigali, particularly the
 
Nyabarongo and Akanyaru valleys. The nearest site to Kigali

suitable for exploitation was found to be Butaro marsh, on
 
which some trials had been made by the Ministry of Natural
 
Resources in 1979. During 1980, only 150 tons of sod peat
 
were obtained, due to technical difficultues in exploiting the
 
peat. The production cost of this peat was estimated as
 
1,050 Frw per dry ton, on the basis of labor costs of 100 Frw
 
per 8 hour day. In 1981 it was planned to produce 500 tons of
 
peat from Busoro between mid July and the end of October by

using a semi-automatic machine for macerating the peat. The
 
production target for 1982 is 1,000 tons.
 

Belgian aid produced a report on the exploitation of peat in 
1980 and is interested in contributing to the development of 
the resource at the preparatory stages, - identification of 
reserves and sampling and analysis of peat. They also intend 
to use the peat from Cyabaralika for the PPCT cement-making 
enterprises. 
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E. GOR Policy
 

The Ministry of Natural Resources is responsible for the
 
development of peat resources in Rwanda. They are presently
 
engaged in a comprehensive survey of the country's reserves.
 
Exploitation of the Busoro marsh is being accompanied by an
 
education campaign on the uses of peat as a preliminary
 
measure to its marketing as a replacement for charcoal in
 
Kigali and other urban areas. The main objective of
 
Government policy is the replacement of charcoal as far as
 
economically feasible in order to alleviate the fuelwood
 
problem.
 

VII. Non-Traditional Energies - Solar, Biogas, Geothermal and Wind
 

A. Introduction
 

In order to exploit the potential of the non-traditional
 
energy sources in Rwanda, the Government instituted in 1974,
 
the "Centre d'Etudes et d'Applications de l'Energie au Rwanda"
 
(CEAER) which is part of the National University of Rwanda.
 
This institution is responsible for studying potential new
 
small-scale energy sources and for designing and testing
 
appropriate technologies for its exploitation. The Center is
 
presently organized in four departments which specialize in
 
biomass, solar energy, meteorology and mini hydropower plants.
 

B. Solar Energy
 

The CEAER has been carrying out research on solar energy since
 
1874, and has collected meteorological data since 1977.
 
Statistics are collected from 30 stations covering all the
 
climatic zones of Rwanda. This information will provide the
 
basis for planning the future development of this resource.
 

In addition to research, the Center has developed solar
 
equipment including waterheaters, distillers, cookers and
 
dryers. So far 27 water heaters have been installed, two in
 
hotels (Guest House Gabiro and Hotel Akagera), one in Kigembe
 
Hospital, one family unit in Kigali, 11 in the SOS Village,

Kigali and 12 in the UNR houses. Two water distillers have
 
been installed, one in Kigembe Hospital and one in Gisagara
 
health center. Cookers and dryers are being tested at the
 
Center and initial results are positive. Refrigeration units
 
have also been tested and 10 are to be in place by 1982.
 

Because of its potential widespread use, most research is now
 
concentrated on the solar cooker. The major problems to be
 
solved relate to the fact that it does not operate at night

and that these isno temperature control. The former point is
 
particularly important since most Rwandan families have their
 
main (often only) meal in the early evening.
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Apart from the work being undertaken by the CEAER, two other 
projects are of interest. The first is a radio relay station 
on Mount Kinanira near Cyangugu for short wave transmission 
beyond the Zaire-Nile crest. This installation is powered by 
a solar generator and includes 52 m2 of photovoltaic pannels. 
It was constructed in early 1981 by a German company (AEG -
Telefunken).
 

Plans for the future development of solar energy are mainly

concentrated on increasing the number of solar generators in
 
rural health centers. The Government in the 1981 development
 
budget provided 50% finfncing for generators in two health
 
centers, and the FED will contribute the other 50%. The
 
energy produced will be used mainly for lighting and
 
refrigeration. The Government plans eventually to provide a
 
further 100 health centers with solar energy. There is also a
 
proposal to equip 100,000 households with solar power for
 
lighting; a project which would be spread over 8 years.
 

The first biogas digester was tested in late 1977 using cow
 
manure and papyrus wastes from the Zaza paper-making project.
 
Experiments using papyrus alone produced only half as much gas
 
as when combined with a small amount of manure. Animal wastes
 
alone produced the greatest amount of gas.
 

Three digesters are currently being used to produce gas as a
 
substitute for wood or charcoal. The CEAER, in collaboration
 
with the authorities of the Ecole Technique Agricole de Butare
 
(ETAB) designed and installed a 12 m3 digester which produces
 
most of the energy for cooking meals at this school. A second
 
digester is used in Butare prison, also to provide energy for
 
cooking, and a third, small (2m3), installation provides gas
 
for a house used by French volunteers.
 

Financing from several donors has been obtained for the
 
further development of this resource. Since 1979, USAID has
 
been providing funds for CEAER activities; a German society.

BORDA, is supporting a project for the installation of 210
 
household digesters; and the FED signed an agreement' in 1980
 
to aid experimental production of biogas.
 

;D. Geothermal
 

Geothermal energy is generally found in regions which
 
experience, or have in the past experienced, volcanic
 
activity. Several thermal springs are known to exist in
 
Rwanda in the area of Lake Kivu, in proximity to the
 
volcanoes, with temperatures in some cases in excess of 60°C.
 
No studies are known on this source of energy in Rwanda.
 

E. Wind
 

There does not seem to be much potential for the development
 
of this source of energy in Rwanda since the wind is irregular
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and generally not 'strong. Howver, in Kibungo Prefecture,.
 
Makarange Parish, a small installation is in place and
 
produces about 100 W. Wind speed here averages around 4m/sec,
 
slightly above the minimum required of 3m/sec.
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SENEGAL
 

I. 	National Energy Policy
 

One of the goals of Senegal's sixth four-year plan (1981-1985) is
 
to further develop and strengthen a national renewable energy
 
program as a response to rising oil prices and accelerating
 
deforestation. In the short-term, emphasis will be on exploiting

.iw and renewable energies which address the basic needs of rural
 
population. Five priority needs have been identified:
 

* 	 water pumping,
 
* 	 more efficient use of firewood/charcoal,
 
* 	 food preservation,

* 	 identification and exploitation of fuel substitutes,
 
* 	 production of electricty in secondary centers.
 

II. 	Institutional Framework
 

Organizational responsibilities for planning, coordination, R'&'D,
 
and commercialization are summarized below:
 

Function Organization 1/
 
Coordination of R & D SERST
 

Formulation of National 	 Centre National de
 
R & D Program 	 l'Energie (includes repre

sentatives from the following
 
Ministries: MDIA,SERST, E & F,
 
Hydraulique, Equipment,
 
Finances, Cooperation).
 

Research and Field 	 • CERER
 
Testing 	 * IUT
 

• 	 EPT
 
* 	 ISRA
 
* 	 Faculte des Sciences,
 

Universite de Dakar.
 

Installation and 	 SINAES
 
Commercialization
 

Exploitation of MDIA
 
Conventional Energy
 

1. 	Note key to acronyms in Appendix.
 

III. 	Energy Consumption
 

About 60% of total energy consumed in Senegal is derived from wood.
 
Petroleum accounts for the remaining 40% and is the major energy
 
source in urban and semi-urban areas. Currently Senegal imports

all its petroleum, although deposits have been discovered at Dome
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Flore in the Casamance. Senegal's petroleum bill has increased
 
tenfold in less than a decade; in 1980, Senegal paid 47 billion CFA
 
for imported oil, which represented 42% of the country's receipts.
 

La Societe Africaine de Raffinage (SAR) has a monopoly on all
 
imports and refining of petroleum and petroleum products. Refining
 
capacity, currently 900,000 tons/year, will be increased to
 
1,200,000 tons/year by 1983. In addition to supplying its own
 
needs, Senegal exports refined products to Mauritania and Mali.
 

Petroleum use by sector in 1980 is summarized below:
 

Electricity 24%
 
Transport 30%
 
Industry 20%
 
Other 26%
 

A. Electricity
 

In 1980, Senegal consumed 534 GWH of electrical energy.
 
Consumption is heavily concentrated in the west central
 
portion of the country with the main focus on Dakar.
 
Secondary centers consumed 6.2 GWH, or slightly more than 1%
 
of the national total.
 

Power plants on the Cap Vert peninsula supply Dakar, Thies,
 
St. Louis, Diourbel and Kaolack. Towns in the rest of the
 
country rely on individual power plants, of which there are
 
21. In most cases these stations use diesel generators. A
 
recent study concluded that there is no justification for
 
attaching the secondary centers to the Cap Vert grid, with one
 
possible exception, and recommended that Senegal continue to
 
decentralize its generating capacity. Electrical energy

production is subsidized by supplying fuel oil below cost.
 
The cost of production is 3C/kwh at Cap des Biches, 6C/kwh at
 
Bel Air, 19C/kwh at Matam and 52C/kwh at Dahra. These would
 
presumably be higher if fuel were not subsidized.
 

IV. Energy Resources
 

A. Conventional Energy
 

Natural Gas. Reserves are estimated at 70 million cubic
 
meters, sufficient to produce 90 million kwh. Produced at
 
Diam Niadio, it is piped 15 kilometers to the Cap des Biches
 
electric power plant. No other economically exploitable gas
 
deposit is known.
 

Peat. Concentrated in the Niayes, peat reserves are estimated
 
toTe 50 million M3 , or enough to fuel two 30 Mw thermal power
 
plants for 30 years. A company is being formed to exploit the
 
peat. Partners will include the GOS, Senelec, Caisse
 
Centrale, Canada, France and Germany. Feasibility studies and
 
further research will be undertaken before mining begins.
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Liqnite. Evidences of lignite resources in Senegal were
 
detected during a 25-year period of oil exploration by several
 
organizations, who identified organic mate;rials, identified as
 
lignite, in the cores of drill holes. A significant deposit
 
is thought to exist in the vicinity of M'Backe; the seam is 4
 
meters thick with an overburden of 50 meters and could be
 
exploited by conventional mining technology. The validity of
 
the available evidence needs to be confirmed by new drilling.
 

Petroleum. Petroleum deposits have been discovered at Dome
 
Flore off the coast of Senegal. Between 100 to 200 million
 
tons are thought to exist. Of this, about one million tons is
 
light crude.
 

B. Renewable Energy Resources
 

Hydropower. The potential of Senegal's hydropower resources
 
in the Senegal and Gambia river basins is considerable:
 

Senegal River and tributaries 550 Mw
 
Gambia River 140 Mw
 

This resource will be exploited in cooperation with Senegal's
 
neighbors within the context of regional development
 
organizations which are the OMVS (Organization pour la Mise en
 
Valeur du Fleuve Senegal) and the OMVG (Organisation pour la
 
Mise en Valeur du Fleuve Gambie). Given the remote location
 
of the proposed dams, long transmission lines will be
 
required.
 

Small hydropower sites are thought to be few.
 

Biomass from Agricultural Wastes. No exhaustive studies have
 
been undertaken of Senegal's biomass resources (rice hulls and
 
straw, peanut shells, bagasse). However, Molle 1/ makes the
 

following estimates of collectable agricultural wastes in
 
Senegal:
 

1979 12,300 TEP 2/
 
1984 22,000 TEP
 
1989 58,800 TEP
 

1 MOLLE, J.F. "Sur les potentialites de la Biomasse au
 

Senegal". Compte rendu de Mission au Senegal, du 7.8.79 au
 
25.8.79, GRET and CNEEMA.
 

2 Tonnes Equivalent of Petroleum (TEP) is calculated by
 

equating 2.5 kilograms of dry vegetable matter to 1 kilogram
 
of petroleum.
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By 1989 agricultural wastes could replace about 7% of
 
petroleum imports assuming this remains at the 1980 level of 
900,000 tons.
 

Solar Energ . The solar energy resource in Senegal is
 
reasonably arge. However, with the exception of Dakar,
 
accurate measurements of sunshine duration, intensity and
 
insolation, are non-existent. Dakar has an average of 3,066

sunshine hours per year, and an average insolation of 605
 
cal/cm2/day. In north-central Senegal, insolation probably

approaches 700 cal/cmn2/day, while southern Senegal could be
 
expected to receive approximately 13% less than Dakar.
 

Wind. Senegal's wind energy resource is limited to a narrow
 
coastal strip between Dakar and St. Louis. Strong winds occur
 
in this area during the spring when water pumping requirements
 
are at their highest. Measurements of wind speeds and wind
 
distributions are available for major cities. 

V. Renewable Energy Projects
 

Researchdevelopment and field testing of a range of renewable
 
energy technologies are well underway, and are summarized in Table
 
I.
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TABLE I: SUMMARY OF RENEWABLE ENERGY ACTIVITIES AND PROJECTS IN SENEGAL
 

TECHNOLOGY 


Passive Solar Heaters 


Photovolataics 


Thermovoltaic Pumps 


Bioconversion 

(Biogas Digestors) 


Windmills (Multipale, 

Savonius, Aerowatt) 


Woodburning Stoves 

(Ban-Ak-Suuf) 


Solar Dryers 


Meules Casamancaises 

(improved Charcoal 

Making) 


NUMBER OF 

PROJECTS 


14 


11 


7 


5 

(PrototyDes) 


30 

(that have 

been account-

ed for) 


2,000 


2 


LOCATION 	 AGENCY 

FINANCING 


10 Dakar
 
1 Somone Individuals 

1 St. Louis Fonds National
 
1 each, Thies, 	 de l'Energie
 

Nianing

Dakar/Baback/Bambey/Affiniam 

Samane/Ndioudiouf/Gourou/Aere/ 

Lao/Kanel/Montrolland 

Dakar-IPM/ONUDI/IUT/Medina 

Dakhar/Niakene/Meouane/Bondie 

Samb/Bakel 

Nianing/Ndiouk Fissel/Bambey/ 

Badiatte 

(17) Cap Vert Region/Diagle/ 

Saou Mbodienne/Keur Bacar/Louly 

Bentegne/Mboro/Peycouck/Dakar/ 

Mbaye/Fandene 


Fleuve/Sine Saloum/Casamance 


Dakar/St. Louis/Mbour/Joal 


Foret de Tobor/Casamance 


FAC
 
FED 

CARITAS 

FAC
 
FIRST 

USAID 

CATWELL 

FIRST 

FAC
 
FED 

CARITAS 

CEE 

FIRST
 
USAID/FNE 

CEAO/Pro-

motion 

Humaine/ 

SODEVA 


USAID/ 

FIRST/ 

CI DA
 
USAID 

MRD 


AGENCY
 
IMPLEMENTING
 

SINAES
 

SINAES
 
IUT
 

SINAES
 
IUT
 
CARITAS
 
ISRA
 

IUT
 
SINAES
 
LVIA
 

CERER/Peace
 
Corps/Promotion
 
Humain PVOs
 
(Private Vol
untary Organi
zations),
 
SODEVA
 
ITA
 
CERER
 

Ministry of
 
Rural Develop
ment
 

Source: Benjamin, Danielle: 
 Survey of Renewable Energy Activities and Programsin Senegal.

November 1981.
 



Table 

TECHNOLOGY 

PASSIVE SOLAR HEEATES 

PNGTOVOLTAICS 

THERMODYNAMC PUNPS 

co 

BIOCONMVRSION 

(BIGGAS DIGESTORS) 

WIDILLS 
(ultipale, Savonius, 
Arowatt) 

WOODBURNING STOVES 


SOLAR DRYES 


MEULES CASAMCAISES 
(Isproved Charcoal 

Make n)8 

I : 

I
I 

1 
I 

I 

L 

lAS
!! 


L 


Source; Bepjimid, Danielle: 


SUHMARY OF RE101ABLE EKE ACTIVITIES anD PROJECTS IN SENEGAL 

)UE OP 	 I
PROJECTS 
I I (10) Dakar
 

(1) Dakar
14 I 

! (1) St. Louis 
(i each) Thias, Nianing

I 

I Dakar/Baback/Bambey/Affiniasm/I Samane/Ndioudiouf/Courou/A~rg/ 

LaolKanel/Houtrol land 

Dakar-IP/O1NUDI/IUT/Medina
7 1 Dakhar/Niakane/Hfiouane/Bondje. 

~SawjIBakelUA3T 

5 1 Hiazing/Ndiouk Fissel/Bambey/
(Prototypes) 

30 
(that have 

I been accounted 


for) 
2,000 

1an-Ak-Suuf) 

I ,SODEVA 

I 2I 

(17) 
Cap Vert Region/Diagld/Saou 

Hbodienne/Keur Bacar/Louly 
BentfgnfiftoroIPeycouck/Dakar/ 

baye/Fand~ne 

FleuvelSine Saloum/Casamance 


Dakar/St.LouislIourlJoalS.ois~or~a 


Foret do Tobor/Casamance 

bEni 

I AGENCY. 
I FINANCING 

Individuals
N ationl!d 

!Fondiaioal
 
!'Ecergie

3 

FAC
F 

CARZAS 

FAC

FIST 

! USh.ID 

CATELL 
1adia-te FIRST 

FC
 

I CARITAS 
CEE 

FIRST 
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Table 2 

I I I (S 00o 1 
Project Title 

........ __ 
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I 
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I
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I
I1 13,000 
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Centralote 
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ISenegal Fuelwood produc-

I
'I .. . . 

1
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A (IAC I.Cmmunity voodlot deval
h Village Woodlot IUSA (USAID A ioPment in Diourbel and 
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wIithout Peace Corps for
ast technicians 
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! I I 
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I 1 IStabilization of coastal
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__ _,__ _... II .... ... . . .I Icantral Senegal 
7. Gandiolais Dune I UNDP I Conservation 4,435 objectives as above 

Fixation...... __,,__ ,_,, ,in north-western Senegal 
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APPENDIX
 

KEY TO ACRONYMS
 

SERST Secretariat d'Etat a la Recherche Scientifique et
 

Technique
 

MDIA Ministere du Developpement Industriel et de l'Artisanat
 

E & F Secretariat d'Etat aux Eaux et Forets
 

CERER 	 Centre d'Etudes et de Recherches sur les Energies
 
Renouvelables
 

IUT 	 Institut Universitaire de Technologie
 

EPT 	 Ecole Polytechnique de Thies
 

ISRA 	 Institut Senegalais de Recherches Agricoles
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S!ERRA LEONE
 

I. Introduction
 

Sierra Leone is a small country with a humid tropical climate.
 
Annual rainfall, almost all of it received in the period
 
May-October, can exceed 150 inches. The total area is 72,500 sq.
 
km; the population is roughly 3.3 million and growing at 2.3
 
percent per year. vGNP per capita, currently about $250, has not
 
experienced any real growth in recent years. Annual per capita
 
commercial energy consumption has been recently estimated at 89 kg.
 
of coal equivalent, and growing at 4.5 percent annually.
 

An upwardly spiraling oil import bill, a stagnant domestic economy
 
and reduced prices for its exports have recently brought the energy
 
crisis home to Sierra Leone and stimulated the Government's first
 
hard look at the country's energy situation and prospects. Results
 
include an attempt to institute a national energy plan and to
 
encourage increased energy-related research, both economic and
 
physical.
 

While most of the attention is focused on oil (imports, utilization
 
and production prospects) and hydroelectricity, biomass,
 
particularly fuelwood, is a major component of the total energy
 
picture. Over 80 percent of the population relies exclusively on
 
fuelwood for food preparation. Deforestation and consequent land
 
resource degradation, while not a major problem at present, could
 
easily become one over the next decade. Improved, small scale
 
fuelwood production and harvesting technologies, integrated with
 
improvements in the crop production system, are definitely needed.
 
It is in this area that AID may be able to make significant
 
contribution.
 

II. Energy Sources
 

The country's primary energy sources are petroleum (all imported at
 
present) and fuelwood. Hydropower, though largely unexploited at
 
present, appears to have considerable potential. Imports of crude
 
oil for local refining were roughly 240,000 and 250,000 metric tons
 
(MT) in 1979 and 1980 respectively; 20 to 30 percent of this was
 
subsequently reexported, mostly as bunker and jet fuels. Between
 
1978 and 1980 the country's oil import bill more than doubled; in
 
1980 $71 million (35 percent of total foreign exchange earnings)
 
was spent on oil. Offshore oil exploration is now underway;
 
promising geologic iormations have been located and the first test
 
well is now scheduled for early CY 1982. However, even if
 
exploitable reserves are located, commercial production -isstill
 
two to three years in the future.
 

In terms of fuelwood and timber resources, roughly 5 percent of the
 
land surface is "closed high forest", most of which is under
 
government protection/management in corstituted forest reserves.
 
The total volume of timber in these forests has been estimated at
 
3.7 million cubic meters, nearly all of which is natural growth;
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forest plantations are negligible. The variety of tree species
 
found in these primary forests (roughly 200) is greater than in any
 
other West African country. The offtake goes almost entirely into
 
sawn lumber and pole wood.
 

Another 50 percent of the land area at any one time is in various
 
stages of regrowth furest stemming from the prevailing bush fallow
 
cultivation system. It is from this regrowth that the bulk of the
 
country's fuelwood is supplied. The fact that fuelwood production
 
is basically a byproduct of the farming system means that this
 
important activity is almost exclusively in the hands of individual
 
small farmers. Most (perhaps 80 percent) of the total fuelwood
 
offtake is for subsistance use. However, where access to markets
 
exists this activity is commercialized (the value of fuelwood can
 
come close to the value of agricultural produce on some upland
 
farms), and it is, of course, in these areas that 1.he tendency
 
toward over exploitation of the regrowth forest resource is
 
encountered. Also, an increasing population with no corresponding
 
improvement in agricultural productivity is beginning to
 
necessitate shorter fallow periods and extension of cultivation to
 
marginal areas, e.g. steep hillsides, with serious long-term
 
implications for both agricultureand fuelwood production.
 

The most promising renewable energy resource for Sierra Leone is
 
undoubtedly hydropower. The theoretical hydroelectric potential is
 
estimated to be greater than 2000 MW, of which 1100 MW may be
 
technically/economical y realizeable. At present only 2.4 MW of
 
hydroelectric generating potential exists, with another 4 MW
 
facility under construction. Design work has been completed for
 
the proposed Bumbuna Hydroelectric Project (total installed
 
capacity of 305 MW), and funding is how being solicited. Phase I,
 
with an installed capacity of 70 MW, is targeted for- completion in
 
1987.* Design work for other projects, both large and small
 
scale, is underway.
 

Other energy sources are generally considered insignificant.
 
Lignite deposits do exist, but their extent and quality have not
 
been assessed. Biomass (other than timber) is negligible, as is
 
biogas, the latter largely because of the scarcity and low
 
concentration of livestock. Wind and solar energy may have some
 
potential. Direct solar energy is now used for drying most
 
agricultural produce. Limited research into improved solar
 
applications, particularly in drying, is underway. However, solar
 
energy is limited by the heavy cloud cover during much of the year.
 

III. Energy Consumption
 

As noted above, 80 percent of oil imports are for the domestic
 

The estimated cost, including distribution system, will be roughly
 
$3.5 million per MW of installed generating capacit), an extremely high
 
figure. GOSL officials, however, are of the opinion that there is no
 
alternative but to proceed.
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market. Of this, 60 percent is for the industrial sector,
 
primarily electricity generation, 22 percent for transport, and 18
 
percent kerosene and cooking gas for household use. Demand for
 
petroleum-derived energy is increasing at an annual rate of 4.5
 
percent, led by households and transport at 7 percent. Under even
 
conservative assumptions Sierra Leone's import bill for petroleum

could reach $150 to $170 million by 1986 which, if mining output

remains in its current depressed state, could claim 45 to 50
 
percent of projected export earnings, clearly a critical situation.
 

Sierra Leone is served by a total installed electricity generating
 
capacity of 95 MW, 93 of which is oil or diesel-powered. Of this,

38 MW (40 percent) are in "captive" plants directly serving the
 
mining operati)n. The balance is owned and operated by the Sierra
 
Leone Electricity Corporation (SLEC), 80 percent of which is
 
concentrated in the Western (Freetown) Area. For the year 1979/80

SLEC reported sales of 94.7 million KWH, roughly 25 percent of
 
which was for household use. A conservative projection for the
 
rate of annual growth in demand for electricity, not including

requirements of proposed mining operations or any increase in rural
 
electrification, is 5 percent. At this rate, the domestic demand
 
would more than double by 1994, and installed generating capacity
 
would be reached by 1984.
 

Energy for agricultural production in Sierra Leone is supplied

almost entirely by human labor. The number of working 
tractors
 
probably does not exceed 300 and draft animals are essentially
 
nonexistent. Use of chemical fertilizers is also very low; annual
 
imports over the past 10 years have averaged only 3,200 MT.
 

Fuelwood consumption is estimated at 2.5 million m3 per year, 95
 
percent of the total harvest. Approximately 80 percent of the
 
population relies exclusively on fuelwood for its household energy

needs (confined almost entirely to food preparation). Fuelwood
 
demand is expected to increase somewhat slower than the population

growth rate. perhaps in the range of 1.8 to 2.0 percent per year.
 
Charcoal is insignificant; total production in 1978 did not exceed
 
10,000 M3 . Consumption is mostly confined to Freetown.
 

IV. Energy Pricing
 

The retail pricing of petroleum products basically reflects their
 
real cost; there is no overt subsidy except for kerosene, which is
 
probably socially justifiable as it is used almost excluisively by

lower income families. Electricity pricing, however, is subsidized
 
at approximately 4 cents per KWH, a saving that accrues almost
 
exclusively to businesses and upper income families.
 

While accurate, detailed marketing and price data for fuelwood do
 
not exist, it appears that the fuelwood market is dominated by

small entrepreneurs, with prices determined solely on the basis of
 
supply and demand. A 1978 study found that prices received by

fuelwood producers varied between 6 and 12 dollars per cubic meter
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depending on quality and location, while end user prices in
 
Freetown ranged from 16 to as high as 40 dollars. 1/ The
 
substantial price spread (almost 200 percent) reflects tfie high
 
local costs of transport and an apparently inelastic demand; it
 
also seems to indicate the presence of gross market inefficiencies.
 
A major study into the fuelwood market now underway should clarify
 
the situation.
 

V. GOSL Energy Policy
 

A national energy committee, comprised of representatives of the
 
Ministeries of Energy and Power, Agriculture and Forestry,
 
Development and Economic Planning, Trade and Industry, the Sierra
 
Leone Electricity Corporation, and the University of Sierra Leone,
 
has recently been instituted. This committee is charged with
 
formulating a national energy policy and coordinating
 
energy-related activities; policy guidelines will be formulated in
 
such areas as conservation, control of energy resources, priorities
 
in energy use, investment, and regional cooperation. The committee
 
is now undertaking an assessment of the energy situation and is
 
also following-up on recommendations of the recent ECOWAS Energy

Symposium regarding development of short and medium term project
 
proposals.
 

Over the period of the next Five Year Plan (1982-1986), the largest
 
share of energy-related investment is programmed for hydroelectric
 
development, primarily the above-mentioned Bumbuna Project.
 
Development of fuelwood plantations and increased charcoal
 
production are also planned.
 

VI. Other Donor Activity
 

In hydroelectric power, financing for the Bumbuna Project is the
 
primary concern at this time. The GOSL is attempting to line up a
 
consortium of multilateral and bilateral donors; likely
 
participants include the World Bank, the Italian and West German
 
Governments, and the Kuwait Development Fund.
 

In forestry, the West German Government is involved in assistance 
to the timber industry; however, this does not yet extend to 
fuelwood production or marketing. A major sectoral study was 
recently funded by the EEC, which included pre-feasibility analysis
 
for fuelwood plantation. The EEC and West German Government are
 
reportedly considering further assistance along this line.
 

The Soil and Water Division of the Ministry of Agriculture and
 
Forestry (initiated and assisted by UNDP/FAO) is undertaking
 
research in integrated watershed management, attempting to analyze
 

1/ These figures appear overstated. Current fuelwood costs in
 
Vreetown are in the 15-25 dollar range.
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and improve agricultural production (including fuelwood) while
 

preserving the soil resource.
 

VII. Commercial Activity
 

Commercial activity in the energy field is presently limited to
 
offshore oil exploration by Mobil Oil Company. Mobil reportedly is
 
prepared to invest up to $14 million in this endeavor. Planning
 
for increased electricity generation for Freetown is underway,
 
including consideration of possible use of domestic lignite or
 
imported coal rather than oil.
 

VIII.AID Program
 

The AID program in Sierra Leone is quite small ($2-3 million
 
annually over the past few years), with one major project in
 
Adaptive Crop Research and Extension (ACRE) as its centerpiece.
 
ACRE attempts to take an integrated "farming system" approach 
rather than considering specific crops or inputs in isolation, with
 
particular emphasis on the upland farms that account for the bulk
 
(perhaps 80 percent) of Sierra Leonean agricultural output.
 
Because fuelwood production is an integral and often valuable
 
component of this upland farming system, and is carried out by the
 
small producers AID is directed to assist, it is logical to address
 
the issue within the context of ACRE. Specifically, ACRE can
 
investigate the potential for fast-growing, legumenous tree crops
 
(e.g. Leucaena sp.) to stabilize and enrich upland soils, both
 
under mixed cropping and modified bush fallow
 
(clear-burn-farm-fallow) regimens.
 

AID has also received requests for assistance in other
 
energy-related areas, especially rural micro-hydroelectric
 
generation. This is an area where we may be able to make real
 
contributions with relatively small inputs under regional or
 
centrally-funded projects, e.g. in inventory of possible sites and
 
support of pilot or demonstration activities, and which accords
 
well with our rural development focus.
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SOMALIA
 

I. Sources of Energy
 

A. Conventional Energy
 

The primary source of conventional energy in Somalia is 
imported petroleum. Fuel imports into Somalia in 1980 
consisted of 210,400 metric tons of petroleum and petroleum 
products. Diesel fuel (both locally refined and imported) 
comprised 56 percent of the total imports and was the largest 
single component. During the first half of 1981 (January -
June) a total of 116,000 metric tons of refined petroleum 
products was imported. The country's refinery was not in
 
operation during that period due to the unavailability of
 
Iraqi crude oil.
 

B. Traditional and Renewable Energy
 

The main sources of traditional and renewable energy in
 
Somalia are charcoal and firewood. The estimated consumption
 
of 5.6 million cubic meters of wood per annum represents in
 
the order of 86 percent of the total national energy
 
consumption. Annual consumption of charcoal is estimated at
 
about 80,000 tons. Fuelwood and charcoal represent 96 percent
 
of the country's total wood consumption. Charcoal producers
 
are organized into cooperativws by the government; there are
 
over 100 such businesses in the country. Licensed producers
 
account for about 80 percent of the country's production
 
according to the National Range Agency. Traditional charcoal
 
production methods in Somalia are estimated to be about 10
 
percent efficient. Other sources of renewable energy include
 
a hydroelectric facility in the Juba River which produces 5 MW
 
of power generation. A num~ber of windmills were introduced
 
into Somalia in the 1960's, but many of these are no longer
 
functional due to.la'k of maintenance, upkeep and spare parts.
 
Potential for wind power development is highest along the
 
coastal areas.
 

Some experimentation has been undertaken with photovoltaic
 
pumps for shallow wells. By the end of 1982 approximately 36
 
such pumps will be in place. The pumps are used primarily for
 
supplying water from rivers to the refugee camps. The initial
 
cost of the pumps is high and it is not known yet whether they
 
will prove to be economically feasible.
 

II. Energy Consumptin Patterns
 

Approximately 80 percent of the electrical power generated is
 
consumed in Mogadishu. Sixty percent of the public power
 
generation goes to state organizations, the other 40 percent is
 
provided to private customers. Energy consumption by industry
 
probably amounts to about 6 percent of the total produced. The
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total national consumption of energy is 15.6 x 1012 kilocalories
 
per annum.
 

Electrical energy sales increased at a rate of 10.2 percent from
 
1965 to 1978. The current overall growth rate is about 12 percent.

Fuel imports consume 56 percent of e.port foreign exchange earnings
 
and as such it is one of the main contributors to the persistent
 
balance of payment deficit.
 

III. Energy Resources
 

Although several oil companies have searched for both gas and oil
 
reserves in Somalia, no economically viable supply has been located
 
to date. The geology is encouraging, however, and several
 
companies are continuing to explore.
 

The Federal Republic uf Germany, after conducting a three-man fact
 
finding mission late 1979, is funding a one million dollar Phase I
 
prospecting program to determine the extent of coal and bituminous
 
shale in a region between Berbera and Alulu. This program is to
 
start in mid-1982 when field personnel are expected to arrive.
 
Initial estimates of reserves show resources cf sufficient quantity

(2.5 million tons) and quality (net calorific value greater than
 
3500 kilocalories/gram) to supply a 20 Mw power station for at
 
least 15 years. The resources in the area include Jurassic
 
bituminous shale, Cretaceous hard brown coal (subbituminous) and
 
Tertiary lignite.
 

Alternative energy technology development has not been explored to
 
any great extent in Somalia. This condition is changing as PVO's
 
and other international organizations introduce solar power, wind
 
power and hydroelectric schemes. However, these activities are on
 
a very smw1 scale in relation to the size of the problem.
 

The present annual consumption of wood in Somalia is 5.6 million m3
 
and total growing stock is estimated at 81 million M3 . With a
 
population growth rate of 2.8 to 3.1 percent and a
 
continually-growing refugee population, the demand on wood reserves
 
will triple by the year 2010. Land clearing and agricultural

techniques contribute to the reforestation proble2m, and this
 
coupled with overgrazing precludes regeneration of tne forest. It
 
has been estimated that the carrying capacity of the .ange is
 
exceeded by three times.
 

Fuelwood conservation is a perceived need in Somalia at the policy

making level. However, the lack of trained technicians and funding
 
has severely limited the Government's capability for initiating
 
conservation programs.
 

Proposals for improved cookstove projects have been submitted but
 
not funded. A pilot charcoal conversion project, funded by UNIDO
 
will explore kiln production methods.
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The environmental implications of the deforestation problem are
 
ominous. No formal Environmental Protection Agency exists in
 
Somalia, however the functions of such an agency are partially

performed by 
the Ministries of Agriculture (land allocation) the
 
Ministries of Livestock (National Range Agency land 
use planning)

and the Ministry of Planning (Energy Coordination.)
 

IV. Government Energy Policy
 

The Ministry of National Planning has recently been given authority

for coordinating all ministries with energy-related functions and
 
will undertake 
an EEC funded 2-3 person month study of manpower

requirements for an energy planning unit to 
be established within
 
the ministry. The Somalia Petroleum Agency (a public agency) 
is
 
responsible for the purchasing, 
 storage and distribution of
 
petroleum and petroleum products. Electrical power delivery is
 
managed by the National Agency for Electrical Energy (ENEE) which
 
is a parastatal agency under the Ministry of Public Works. 
 Energy
 
resource exploration and development is overseen by the Ministry of
 
Mineral and Water Resources.
 

Diesel fuel is subsidized by the Government in an effort to
 
encourage farmers to increase agricultural productions; gasoline is
 
not subsidized.
 

The Ministry of National Planning has compiled a Five Year
 
Development Plan (1982-1986) which proposes to combat
 
desertification through a program of research, training,

coordination of surveys and implementation of forestry projects.
 

Specific projects proposed 
for funding are strengthening the
 
Forestry Department, improvement of charcoal production methods,

village forestry lots, improvement of frankincense and myrrh

production and strengthening and intensification of sand dune
 
fixation. These projects will 
be added to an already established
 
National Range Agency program of nursery establishment, sand dune
 
stabilization and construction. National
shelter belt The 
 Range

Agency is a parastatal agency under the Ministry of Livestock,

Forestry and Range and overseas forest management and government
 
replanting schemes.
 

V. Private Sector Involvement
 

Multinational company involvement in the conventional energy field
 
is limited to oil exploration and a recent crude oil supply
 
contract. Cooperatives are involved in the production and
 
distribution of charcoal as described previously.
 

A larger role for the private sector would most likely contribute
 
to the efficiency of energy distribution and maintenance systems,

however, both the scarcity of foreign exchange for capital

investment and the dominance of earastatals in the economy preclude

such involvement at present. This may change in the near future as
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the Government has stated that the private sector will henceforth
 

assume a larger role in the country's economy.
 

VI. 	 The Government's Strategy
 

The Government of Somalia is in a difficult position in the energy 
section. Demand for electrical power and petroleum increases 
yearly, (average growth rates in sales of electricity for private 
lighting show a 12 percent increase) and the total supply is met 
with foreign exchange. Foreign exchange accumulation is based 
primarily on livestock sales which fluctuate with the drought 
cycle. The continual degradation of the range may limit exports in 
the future. The Government's activities ' in the Five Year Plan 
(1982-1986) are aimed at stabilizing the supply of petroleum 
through refinery reconstruction and retrofit of power generation 
equipment. In addition the country will attempt to increase 
hydroelectrical power generation on the Juba River, re-examine 
energy tariffs in an effort to promote regional development and 
initiate renewable energy utilization project. Donors are
 
assisting in both the forestry and energy sectors, however, the
 
thrust of their assistance is in the research and analysis areas in
 
an attempt to improve an extremely weak data base and allow for
 
long range planning.
 

Of primary interest in energy data collection is the World Bank's
 
National Energy Assessment and Planning Study ($261,000; commencing
 
November 1981).
 

The EEC has agreed to provide short term assistance to establish
 
the new Energy Planning Unit in the Ministry of Planning. By
 
mid-1983 enough data should be accumulated to enable the Government
 
to set long-range energy development goals.
 

Exploration will continue in groundwater development, geothermal
 
resources, oil field drilling, and lignite deposits.
 

The Somalia response is weakened by lack of technical specialists
 
in both the energy and forestry fields. It is doubtful that
 
current government staff will have the capability of implementing
 
the projects in the Five Year Plan without additional technical
 
assistance.
 

VII. 	USAID assistance in 1982 will include:
 

A. 	ETMA- sponsored 3 day awareness workshop on energy and
 
environment.
 

B. 	 IRT- windpower development ($100,000).
 

C. 	CDA Forestry Sector Grant (several million) to include a food
for-work program, institution building and training in range
 
and forestry.
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Even with a weak data base for analysis, it is evident that Somalia
 
is on the brink of an energy crisis. Current efforts to date in
 
this sector have been meager outside of the research area. The
 
recently launched CDA program is intended to accelerate donor
 
strategy development and permit a more extensive transfer of donor
 
funds.
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SUDAN
 

I. Introduction
 

Energy, in its various forms, is the backbone of the economy of any
 
country in the world. It reflects the state of health of the
 
economy. The consumption of energy is taken, in many cases, as a
 
measure of the development of human communities. In a recent
 
survey, the Western world and Japan produced about half the total
 
electrical energy of the world, while they comprised less than one
 
third of the world's population.
 

The Sudan is one of the 25 least developed nations of the world.
 
This is easily verified by the fact that the per capita average
 
consumption of electrical energy in the Sudan is 50TkWh, which is
 
far below the 2,500 kWh of the developed world. In 1979/80, 95
 
percent o4 the 
imports. 

Sudan's foreign exchange was absorbed by its oil 

II. Sources of Energy 

Regarding fossil 
metric tons of 

fuels, the Sudan annually 
petroleum products, which 

imports 1.2 
constitute 

mill
about 

ion 
98 

percent of the commercial energy used, or about 21.63 percent of
 
the total energy. The skyrocketing prices of petroleum products
 
prevent the adequate import of these products, with consequent
 
adverse effects on industry and agriculture and eventually on the
 
whole economy.
 

Hydropower, as a source of renewable energy, has been developed in
 
the Sudan to a considerable extent. It produces about 78 percent
 
of the total electrical power. The installed capacity of
 
hydropower is about 250 MW, while its estimated potential is over
 
3,370 MW.
 

Fuelwood is the major source of renewable energy used in the Sudan,
 
wither as direct firewood or as charcoal. In 1979/80, about 13
 
million metric tons of wood fuel was consumed, mainly as household
 
fuel in rural areas. This huge consumption, together with the low
 
rate of afforestation (7,000 hectares annually) would seriously
 
affect the balance of supply and demand of fuelwood, and if no
 
steps are taken to obviate this imbalance, then fuelwood will be
 
deficient by 1985.
 

Less than 4 percent of the 3 million metric tons of crop residues
 
now available is utilized. Ambitious plans to produce ethanol
 
from molasses for the purpose of blending with gasoline are under
 
serious consideration by the Government.
 

Solar energy has been used in the Sudan, in a primitive way, for
 
many decades in such applications as the drying of agricultural
 
products. In 1955, scientific research was begun at the University
 
of Khartoum on power generation and measurements of solar energy.
 
The National Council for Research, through its organ, the Institute
 
of Energy Research, has been involved in research and the
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development of solar energy technology 
 since 1970. The
 
geographical situation of the Sudan means that it is in a most
 
favorable condition for collecting and exploiting this boundless
 
source of energy. 
 Duration of sunshine is about 11 hours and the
 
solar flux amounts to 80 calories per hour per square centimeter.
 

Wind 	energy was introduced in the Sudan in 1950, when 250 windmills
 
were installed in Gezira Province to pump from
water artesian
 
wells. Unfortunately, the operation of these 
 windmills was
 
abandoned for a number 
of reasons. Improper repairing and bad
 
maintenance were some of the reasons.
 

The average wind speed in mosz areas of the Sudan is about 10 mph.

There is thus great hope that wind energy will meet part of the
 
increasing demand for energy in the Sudan.
 

III. 	Government Plans
 

Sudan has ambitious plans and projects 
to make the maximjm use of
 
these new and renewable energy sources and direct them into
 
commercial utilization, but there are 
a number of obstacles. The

production of alcohol from sugar residues, for example, needs
 
financing. The improvement of charcoal production needs advanced
 
technology. 
 Also, the field of research and training is still in
 
its infancy in the Sudan, which also presents an obstacle.
 

In order to overcome these difficulties and develop new and
 
renewable energy sources effectively, the Government is undertaking
 
a number of steps, namely:
 

* 	 Organization of the energy sector to enhance and
 
accelerate the effective implementation of new energy

technologies, and to avoid duplication of the efforts of
 
various organizations working in the energy sector;
 

* 	 Energy strategies and planning: the Sudan is embarking
 
on a project for the assessment of the energy situation
 
in the country; on the basis of the results of this
 
assessment, the country will formulate plans and
 
strategies that will focus on the development of the
 
energy sector;
 

* International cooperation and bilateral agreements: 
 the
 
Sudan needs the cooperation and help of developed

countries that have taken the lead in 
new and renewable
 
energy research. The field of cooperation may include
 
the financing of projects, the training of personnel, and
 
the donation of demonstrating equipment.
 

Bilateral cooperation between the Sudan and neighboring countries 
in research fields of common 
interest is also very important. The
 
following joint projects are good examples of such cooperation:
 

* Sudan/Uganda: improvement of charcoal kiln production;
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e Sudan/Kenya: development of biogas and geothermal
 

energy;
 

* Sudan/Ethiopia/Somalia: forest plantations.
 

It is a challenge not only for the Sudan but for the whole of 
Africa to devote every effort to acquiring the necessary technology
 
of new and renewable energy sources in the remaining part of the 
twentieth century in order that these sources may contribute to the
 
continent's energy needs in the twenty-first century.
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SWAZILAND
 

. Introduction
 

While Swaziland is more fortunate than many other countries in that
 
it has a number of alternative energy sources, it is not currently
 
energy indeje-'dent and there is little likel'ihood that it will 
ever
 
be a net energy exporter. However, it may be able to avoid
 
increasing external dependence.
 

A. Physical Setting
 

Swaziland is a small, landlocked country located in
 
south-southeastern Africa. It is bordered by the RSA except

for a small area on the east which joins Mozambique. The
 
country has a maximum north-south length of 193 km and a
 
maximum east-west width of 145 Km. Swaziland 
 covers
 
approximately 17,400 sq. km and is divided into four
 
geographic regions going frn; west to east: 
 Highveld,

Middleveld, Lowveld and Lebombo. The Highveld covers nearly
 
one third of the land area with elevations over 1000 meters,
 
and many steep slopes. The Middleveld covers nearly 30% of
 
the country and contains hilly country and well-watered
 
valleys with undulating grasslands on the eastern side. The
 
Lowveld is one third of the land area, between 182 and 364
 
meters above sea level, with very gentle slopes. The Lebombo
 
region covers less than 10% of the land area and is a plateau
 
over 600 meters above sea level.
 

The climate varies from the subtropical, near humid Lebombo
 
region, tc the dry, hot Lowveld to the humid, 
near temperate

Highveld. Rain varies with altitude and 
 is seriously
 
deficient in one year out of ten.
 

Swaziland forms part of the eastern watershed 
region of
 
southern Africa and has an extensive network of rivers. The
 
Lomati/Komati system drains the extreme northwest. They

originate in South Africa, flow through Swaziland and then
 
discharge back in South Africa. 
 The Mbuluzi river originates

in Swaziland and discharges in Mozambique. The four major

tributaries of the Great Usutu river originate in the RSA,

combine to form the Great Usutu in central Swaziland and
 
discharge into the RSA eventually flowing into Mozambique.

The Ngwavume river rises in souther Swaziland. It discharges
 
into the RSA.
 

B. Economy
 

The economy is agriculturally based and export oriented. It
 
iswell diversified but highly dualistic with a modern capital

intensive sector and a traditional sector engaged primarily in
 
subsistence agriculture. Approximately 70% of the population

is dependent upon traditional agriculture. Maize is their
 
principal crop, but increasingly this sector is growing some
 
cash crops. Modern agriculture involves primarily sugar,
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citrus, pineapples and cotton production. The manufacturing
 
sector includes the processing of agricultural commodities
 
plus a lumber and mining industry. Tourism is also a
 
significant sector in the economy. The lumber plantations are
 
primarily in the Highveld, with plantation type agriculture in
 
the Middle and Lowveld.
 

II. Current Energy Resources
 

A. Coal
 

Coal is the only fossil fuel source available in Swaziland.
 
The one producing coal mine is in the Lowveld at Mpaka. In
 
1980 it produced 180,000 tons, and has reserves to last 50
 
years at the current extraction rate. However, the entire
 
eastern fourth of the country is a coal seam covering about
 
2000 sq. km.
 

Current estimates of mineable coal resources in this area
 
total just over 100 million tons, with potential reserves of
 
550 million tons. In 1980 coal provided 28.3% of the energy
 
available for use in Swazi'and, however 87% of coal production
 
was exported, primarily to Kenya. Thus, Swazi coal
 
contribution to Swaziland's energy use was 'nly 3.7% of total
 
energy used.
 

B. Hydroelectric Power
 

The topographical structure of the country is characterized by
 
a progressive decrease in elevation from West to East and most
 
rivers follow the same west to east trend. Despite an average
 
level difference of about 1000 meters between the Western
 
mountainous valleys and the eastern plains, there. are only a
 
few sites combining significant discharge with concentrated
 
head. One generally optimistic report indicated 21 possible
 
sites for hydroelectric power plants. However, the increasing
 
number of dams in South Africa has already reduced the amount
 
of water available since many of the best sites use rivers
 
that originate in South Africa.
 

If the proposed dams in South Africa are constructed, this
 
would result in severe shortages of annual discharges of these
 
rivers at the Swazi border.
 

Currently there are two hydro plants, both operated by the
 
Swaziland Electricity Board (SEB). They presently generate.
 
130 GWh; 1/ or 2.1% of the energy used in Swa7iland in 1980.
 
There are many locations that could produce electricity with
 
micro-hyaro stations but generally the cost per kilowatt is
 
high.
 

Of the 21 proposed sites for hydro stations, 1? have been
 
eliminated because of high investment cost or unduly large
 
water abstractions upstream. Of the nine remaining, two are
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considered most promising and one is currently under
 
construction.
 

The Lupohlo/Ezulwini scheme, on the Little Usutu River, is
 
under construction and should be able to produce 93 GWh
 
annually; the "Lower Scheme" is on the Great Usutu and it is
 
hoped to have it commissioned in 1986. It is dowrstream from
 
one of the existing dams and should be capable of producing 53
 
GWh per year. These two dams will increase hyaroelectricity
 
production in country by over 100%; but they will still only
 
provide a small percentage of total energy needs within the
 
country.
 

C. Wood
 

One of the largest man-made forests (over 60,000 ha) in Africa
 
is to be found along the Usutu ri.er in the Highveld. Another
 
large forest area is in the northern Highveld at Pigg's Peak
 
(approximately 32,000 ha). In addition to these there are
 
approximately 8000 ha of man-made forests on Swazi Nation
 
Land.
 

The plantations along the Usutu River process wood mainly into
 
pulp for export. Those in the Pigg's Peak area process their
 
wood into lumber which is used for construction and the making
 
of small crates, both mainly for export.
 

Wood as an energy source, in the form of firewood, is only of
 
minor commercial importance. It accounts for 0.5% of total
 
commercial energy production. There are only a few small
 
dealers selling firewood for domestic consumption. Employees
 
at the wood factories are supplied with waste wood.
 

Most of the firewood for domestic purposes is put to use in
 
the rural areas and collected and/or cut there by the rural
 
population. This unregulated collecting of wood has increased
 
steadily with the growth in rural population and price
 
increases f(r alternative fuels. This has resulted in some
 
wood shortages so that people must travel greater distances to
 
gather wood. Wastewood resulting from felling and processing
 
can supply some of domestic fuelwood needs, but problems with
 
collection and distribution appear to make this economically
 
nonviable.
 

D. Bagasse and Sugar Cane By-Products
 

In 1980 approximately 2.8 million tons of sugar cane was
 
processed into sugar and molasses producing 840,000 tons of
 
bagasse. This was used by the sugar industry for generating
 
the steam necessary for processing the cane, and also to meet
 
their own electricity needs. While the efficiency can be
 
improved, there are technical difficulties in moving the
 
surplus amay from the sugar mills.
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Cane and molasses can be used indirectly as an energy source
 
via the manufacture of ethano'. Aside from economic
 
considerations, there are political questions about using

potential sugar cane areas with the necessary irrigation or 
produce an "energy crop".
 

E. Agricultural Wastes, Biogas
 

The use of organic wastes for the generation of gas and
 
fertilizers has a long tradition in some developing countries.
 
In Swaziland the production of biogas could be of interest not
 
only for small-holding farmers but also for major livestock
 
enterprises, slaughterhouses and food processing concerns. At
 
present there are only minor scattered examples of biogas
 
generation and detailed cost estiriates to determine economic
 
viability have not been undertaken.
 

F. Solar
 

Swaziland is located between the 25th and 28th parallel of
 
latitude in the Southern hemisphere, where insolation is
 
exceptionally high. Data accumulated by the Water Resources
 
Department for the average hours of sunshine per day reveal a
 
practically constant insolation when expressed in terms of
 
hours of sunshine per day. There is little seasonal variation
 
as monthly averages vary by no more than 13% from the yearly
 
average.
 

Solar panels have been installed in only a few places so far.
 
The largest, at Tambankulu Estates, is used to provide hot
 
water for showers. The performance is satisfactory and the
 
quantities of hot water produced are acceptable even in the
 
winter months without supplementary power.
 

G. Non-Sugar Company Sources
 

The Havelock Asbestos Mines at Bulembu in extreme northwestern
 
Swaziland generates 80% of its electrical energy itself,
 
purchasing the remaining from SEB. The electricity is used to
 
operate the caleway that transports the asbestos ore to
 
Barberton, South Africa, to dry the asbestos ore and for
 
underground and domestic use. The generators use South
 
African coal.
 

The Usutu Pulp Company's power plant produced 65% of the
 
mill's electrical requirements. It is the largest single
 
electrical self producer in the country. Ninety-six percent
 
of its power source is from waste by-products, and 4% comes
 
from heavy fuel oil. Peak Timbers, in the Pigg's Peak area
 
has four turbine generators with a 2500 kW capacity, using
 
waste wood. The company supplies free firewood for domestic
 
use to its employees. SEB supplies residual electrical needs.
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III. Energy Imports
 

A. Petroleum
 

As Swaziland does not possess oil or natural gas resources and
 
does not have its own oil refinery, the necessary liquid and
 
gaseous fuels are imported, almost without exception, from
 
South Africa. The oil refineries in Capetown and Durban ship

refines products to Maputo where they are transported by rail
 
to the main depot at Matsapa.
 

The importation and distribution is under the direct control
 
of the oil companies of South Africa. in 1980, imported oil
 
represented 22.3% of total energy used in Swaziland.
 

B. Coal
 

While Swaziland exports almost all of its coal, it still
 
imports 12.8% of its energy needs in the form of South African
 
coal. The imported coal is better suited for industrial
 
application such as firing in boilers.
 

C. Electricity
 

The domestic sources of supply for the Swaziland Electricity
 
Board have remained unchanged in the past few years. Thus the
 
proportion of total electricity use which is locally generated
 
has dropped to 39% in FY 79/80. The balance is purchased from
 
South Africa and comes througn two 87-km overland transmission
 
lines.
 

IV. Energy Consumption
 

A. Domestic and Commercial
 

This comprises all rural and urban energy consumption for
 
households, commercial users and government. It is estimated
 
that commercial users consumed 597 TJ of energy in 1980, 46%
 
of which was electricity and 44% coal, and 4% LPG. The
 
remaining amcunt of energy consumed for commercial purposes
 
was diesel, paraffin and heavy fuel oil.
 

In rural areas the main domestic source of energy is firewood
 
but coal is also important. Paraffin and LPG play a secondary
 
role. Access to electricity is limited.
 

In urban areas electricity and coal constitute the main
 
sources of energy, while the contribution made by wood, LPG
 
and paraffin are small. Coal is used to a considerable extent
 
only in company towns. The estimated energy breakdown in
 
rural and urban areas is shown below:
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Rural Consump- Urban Consump-

Source tion in TJ % of lotal tion in TJ % of Total
 

Firewood 944.00 60.5 24.67 5.5
 
Electricity 5.04 0.3 184.86 41.6
 
Coal 498.40 31.9 216.89 48.8
 
Paraffin 90.50 5.8 15.55 3.5
 
LPG 23.49 1.5 2.76 .6
 

TOTAL 1561.43 100.00 444.73 100.00
 

Subtracting out self-generation of electricity the total
 
energy consumption of the domestic sector (rural and urban) is
 
1,992 TJ.
 

B. Transportation
 

This is the most important oil consumer in Swaziland's energy
 
system. Almost 63% of all the petroleum products were used
 
for transport in 1980.
 

The energy consumed in the transport sector is split into
 
gasoline (40.4%), diesel (38.6%), coal (17.7%), aviation
 
gasoline (0.3%) and jet fuel (3.0%) with total energy
 
consumption in 1980 of 3,283 TJ. By making assumptions based
 
on the recistration of private vehicles and commercial
 
vehicles, stimates can be made of the use of transport
 
energy.
 

Thus, 57% of the gasoline is consumed by individual vehicles
 
and 26% is consumed by panel vans. Fifty-nine percent of the
 
diesel is consumed by small trucks.
 

C. Industry
 

The Swazi Chemical Industries consumed SEB electricity and
 
coal imported from RSA. The petrol and diesel consumed is
 
counted under the transport sector. Total energy consumption
 
in 1980 was 246 TJ.
 

Altogether the mining sector consumed 1,046 TJ of energy
 
almost all of which used by the Havelock Asbestos Mines.
 

In 1980, the Swazi mills consumed approximately 5,828 Tj of
 
energy with over 90% being bagasse. The balance is coal
 
(mainly imported) and SEB electricity.
 

The food and beverage industry consumed approximately 185 TJ
 
of energy, exclusive of transportation requirements. Over 84%
 
was in the form of codl, and over two thirds of this was
 
imported coal. Fourteen percent of energy needs came from SEB
 
electricity.
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The pulp industry was second only to the sugar industry in
 
energy consumption. Its total energy consumption was 4,801 TJ
 
with 77% being in the form of waste products. Just over 2% of
 
needs was provided by SEB. It was the only large consumer of
 
heavy fuel oil in the Kingdom.
 

The timber industry consumed approximately 776 TJ of energy in
 
1980, being 97% of which was wood waste and black liquor

solids. The balance was diesel and SEB electricity.
 

D. 	Agriculture
 

In agriculture two forms of energy predominate:
 

0 	 electrical energy is used mainly for driving
 
irrigation pumps;
 

0 	 diesel fuel is used primarily for tractors and harvesters
 
primarily.
 

Sugar cane is the main irrigated crop but some irrigation is
 
used in cotton, vegetable and citrus farms. Around 650 TJ of
 
energy is used in this sector split about equally between
 
electricity and diesel.
 

E. 	Power
 

The electric utility sector is represented solely by SEB. It
 
used 26 TJ of energy in the form of diesel to operate the
 
Edwaleni generating station.
 

V. 	The Energy Balance for 1980
 

A. 	 Domestic Production
 

Energy Input 	 TJ % of Total
 

Mpaka coal 5,501 32.7
 
SEB hydro electricity 412 2.4
 
Bagasse 5,545 33.0
 
Black liquor solids 3,120 18.5
 
Waste wood, firewood 2,244 13.3
 

TOTAL 16,822
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B. Energy Imports
 

Eergy Import Source TJ % of Total
 

ESCOM electricity RSA 677 9.0
 
Petroleum Products RSA 4,329 57.7
 
Coal RSA 2,494 33.3
 

TOTAL 7,500
 

C. Energy Exports and Losses
 

The only energy export was Mpaka coal and it amounted to 4,788
 
TJ.
 

One hundred and five tera jouies of energy were lost in
 
electrical transmission and distribution.
 

Thus the total energy available for use in Swaziland is equal
 
to domestic production plus imports, minus exports and net
 
losses. This totals 19,429 of which 38.6% was imported for
 
RSA.
 

D. Energy Consumption
 

As discussed earlier the energy is consumed in the following
 
sectors.
 

Sector TJ % of Total
 

Domestic 1,992 10.2
 
Commercial 597 3.1
 
Transportation 3,283 16.9
 
Chemical 246 1.3
 
Mining 1,046 5.4
 
Sugar 5,828 30.0
 
Food & Beverage 185 1.0
 
Pulp 4,801 24.7
 
Timber 776 4.0
 
Agriculture 650 3.3
 
SEB 26 0.1
 

TOTAL 19,430
 

VI. Energy Comparisons
 

A. Energy and GDP
 

Detailed G)P estimates have not been done on the Swazi economy
since 1975/16. However, the Swazi Central Statistical Office 
is currently attempting to estimate GDP for the intervening 
years. A preliminary estimate is that GDP at factor costs was 
E249.7 million or U.S. $345.1 million in 1980. Pricing the 
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energy used, without excise tax, gives an estimate of the
 
value of energy used of E55.3 million or U.S. $66.9 million.
 
The non-commercial energy sources such as firewood, bagasse
 
and black liquor were not taken into account since they are
 
waste products from industrial processes. Since the value of
 
the wastE, products is already incorporated in GDP at market
 
prices we do not need to increase GDP when we value the waste
 
products. However, if we place a value on the firewood
 
collected we must also increase the value of GDP by the same
 
amount. The result is that the value of energy used,
 
includinc firewood and waste products is E69.1 million or U.S.
 
$83.6 million, and GDP is raised to E252.8 million or U.S.
 
$305.8 million. Twenty seven percent of GDP at factor costs
 
went to energy costs.
 

In 1980 82% of all energy expenditures were for petroleum
 
products; including the value of waste products and firewood
 
reduces this to 65%.
 

B. Energy Consumed Per Capita
 

The World Bank's World Development Report for 1981 reports
 
energy consumption per capita in kg of coal equivalent per
 
capita. Converting tera joules to of coal equivalent per
 
capita in 1980 yields 1,228 kg per capita.
 

In 1970 other southern African countries consumed:
 

Kg. of Coal Equivalent
 
Country Consumed Per Capita
 

Malawi 70
 
Mozambique 139
 
Angola 208
 
Zimbabwe 791 (was 1,346 kg per capita in 1960)
 
Zambia 858
 
South Africa 3,479
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The World Bank lists Swaziland's income per capita as U.S.
 
$650. The comparable kg of coal equivalent consumed by

countries with roughly comparable income per capita is:
 

Income Per Kg of Coal Equivalent

Country Capita Per Capita
 

Bolivia 550 470
 
Cameroon 560 148
 
Thailand 590 376
 
Philippines 600 356
 
Congo 630 213
 
Swaziland ' 650 
 1228
 
Nicaragua 660 455
 
Papua New Guinea 660 299
 
El Salvador 670 351
 
Nigeria 670 83
 
Peru 730 737
 
Morocco 740 315
 

Swaziland consumes considerably more energy than other
 
southern African countries, with the exception of South
 
Africa, and also consumes considerably more energy than
 
countries with comparable income levels.
 

C. Ability to Pay for Energy Inputs
 

The other comparable figures that the World Bank reports are
 
for energy imports as a percent of merchandise exports (both

figures for 1978). In 1978 Swaziland imported E25.8 million
 
(U.S. $29.6 million) worth of minerals, fuels and lubricants,
 
and its merchandise exports were E170.6 million (U.S. $196.2
 
million). Thus the ration of energy import to merchandise
 
exports is 15.1%.
 

Only Malawi and Zambia report comparable figures among the 
southern African countries and they are 22% and 11% 
respectively. Thus while Swaziland uses much more energy per
capita than these countries it is less dependent on imported 
energy than Malawi, although more dependent than Zambia.
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Among the countries with comparable income levels the results
 
are:
 

Energy Imports as % of
 
Country Merchandise Exports
 

Bolivia 1%
 
Cameroon 9%
 
Thailand 28%
 
Philippines 32%
 
Congo 1%
 
Swaziland 15%
 
Nicaragua 14%
 
El Salvador 13%
 
Nigeria 2%
 
Peru 20%
 
Morocco 	 28%
 

The 	spread among the numbers is great, but once again,

Swaziland's ability to pay for imported energy out of
 
merchandise exports is roughly average.
 

VII. 	Government Energy Plans and Objectives
 

The objectives of the third five year plan (ending 1982/83) 
are
 
economic growth, self-reliance and social justice with stability.

Energy is specifically mentioned under the first two objectives.

That is,"Steps will be taken to ensure as far as possible that no
irrigation, hydroelectric, or industrial projects are held up or 
restricted in scope because of inadequate water supply; inaddition 
to the dams and storage schemes. planned for these five years, the 
feasibility of longer range water development schemes is to be
 
investigated." And for self-reliance, "Under study is the
 
possibility of establishing a thermal power station fueled by

Swaziland's coal reserves; this would end dependence on a foreign
 
source of electricity."
 

The objectives of the power sector for the third plan are:
 

* 	 To continue to expand and reinforce electricity supply to
 
meet the growing demand throughout the country.
 

0 	 To make the base use of Swaziland's coal and water
 
resources for power generation.
 

* 	 To achieve independence of electricity supply as quickly
 
as iseconomically feasible.
 

In 1978 when the Third Plan began the total amount of gigawatt

hours generated or purchased came to 224.0 GWh; of which 102.1 GWh
 
was purchased from RSA, or 45.5%. For 1980, 305.2 GWh was

generated or purchased with 187.87 GWh coming from RSA, or 61.5%.
 
While the new hydroelectric plant at Lupohlo/Ezulwini will probably

only be able to take care of the planned increases in energy uses
 

113
 



and it is not expected that the dependence on foreign electricity

will be reduced. However, it is hoped that this new plant will
 
preclude any increase in the dependency on RSA.
 

While domestic production of energy by SEB has not been increasing
 
over the plan period, it has been able to meet the increased demand
 
through expansions in the capacity of the ESCOM link and through

purchases from them. Thus the amount of electricity sold has grown
 
by 10-15% each year during the plan period.
 

Other hydroelectric stations are being discussed, as are possible

expansions of coal production. The government has recently

commissioned an energy sector review that will lay the groundwork

for a master plan in the energy field. This is to be tied in with
 
work being done by the U.S. Army Corps of Engineers, to advise the
 
Swazi government on the impact on planned and proposed new dams by

South Africa on rivers that flow through Swaziland. It is hoped

that within a year there will be an energy master plan for
 
increasing domestic production which will not result in unnecessary
 
increases in the cost of energy.
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TANZANIA
 

I. Introduction
 

The Republic of Tanzania has a land area of about 365,000 square
 
miles (945,000 square kilometers) and a population of nearly 18
 
million people, with a growth rate of approximately 3.4% per annum.
 
The country currently imports all of its petroleum products.

Tanzania's current economic crisis is, in part, due to the
 
country's extreme dependence upon imported crude oil as an energy
 
source. It is estimated that over 50% of the country's export
 
earnings in 1981 will be devoted to purchases of crude oil and its
 
refined products.
 

II. Sources of Energy
 

A. Petroleum
 

In 1979, Tanzania spent U.S. $149,700,500 (T.Shs. 1,250
 
million) for importation of 570,652 MT of crude oil. In1980,
 
the country spent U.S. $180,500,000 (T.Shs. 1.48 billion) for
 
importaion of 756,930 MT of crude oil and another U.S.
 
$90,371,257 (T.Shs. 754.6 million) to import 225,204 MT of
 
refined petroleum fuel products. In addition to crude oil
 
imports in 1980, the country also imported 36,184 MT of other
 
petroleum products (i.e. bitumen, lubricants, greases, etc.,)
 
at a cost of U.S. $1,904,191 (T.Shs. 15.9 million). Tanzania
 
did however re-export to Rwanda, Burundi and Eastern Zaire a 
totdl of 12,043 MT of various petroleum products valued at 
U.S. $6,395,209 (T.Shs. 53.4 million). The country also
 
exported 92,740 MT of residue fuel oil valued at U.S.
 
$12,718,562 (T.Shs. 106.2 million). Residue fuel oil exports
 
in 1981 are projected to be minimal due to substantial
 
increases in the consumption of fuel oil in the country as a
 
result of the commissioning of two new cement factories.
 
Tanzania also sold 45,333 MT of fuel oil to foreign ships in
 
1980 earning the country U.S. $6,227,544 (T.Shs. 52.0 million)

in foreign exchange. However, the country's projected
 
petroleum import needs in 1981 are estimated at U.S.
 
$359,281,437 (T.Shs. 3,000 million). - over 50% of the
 
country's export earnings.
 

B. Natural Gas
 

Tanzania has embarked upon an ambitious energy program to
 
reduce its dependence upon imported fossil fuels. Field
 
explorations and drilling activities are underway at various
 
locations in the country, as well as, offshore to ascertain
 
the country's potential hydrocarbon reserves (gas and oil).
 
One test well drilled offshore has shown some promising signs
 
of potential large natural gas deposits. The government is in
 
the process of negotiating with several oil companies for
 
further exploration activities in the prospective areas.
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C. Coal
 

Tanzania has some fairly rich known coal reserves in the
southwestern and southern areas of the country. The major
coal fields are Ketewaka-Mchuchuma, Songwe-Kiwira, and Ngaka.

Exploitation investigations have begun at the Songwe-Kiwira

and Ketewaka-Mchuchuma fields. It is estimated that these
 
fields have an estimated total geological reserve of 1.24
 
million tons of coal with a BTU value equivalent to most good

African coals. At present, only one (1lim Colliery) of
 
Tanzania's known nine coal fields is in production. The Ilima
 
colliery produces about 7,000 metric tons of coal per year.

The national demand for coal is expected to rise to 150,000

tons per year by 1982 due to energy requirements of new
 
industries, such as the Mufindi Pulp and Paper factory, Mbeya

cement plant, and the proposed iron and steel factory expected
 
to be developed near the Ketewaka-Mchuchuma fields.
 

D. Fuelwood
 

Approximately 90% of Tanzania's population live in rural
 
areas. In rural Tanzania, fuelwood is the dominant source of
 
energy utilized in the domestic households for cooking and
 
heating. Wood isalso utilized inthe rural' industrial sector
 
for brick kilning, baking, tobacco and tea drying. The demand.
 

3
for fuelwood is estimated to range from 1 m to 3 m3 per

capita per year. In areas where trees are scarce, wood is
 
supplemented by cattle or sheep dung, grass, sorghum, and corn
 
stalks. The extensive use of firewood and charcoal for energy

in the rural areas of Tanzania has started to show serious
 
environmental degradation. Tanzania has approximately 8,000

villages each requiring an average of 3,000 m3 of fuelwood per

year. The growth increment of 40 m3 per hectare would require

75 hectares of consolidated forest per village per year.

Although Tanzania has some 11.2 million hectares of woodlands,

the country has an estimated afforestation deficit of 18
3
million m per year. It is predicted that large parts of
 
Tanzania will be desert in 60 years if urgent afforestation
 
and forest control measures are not taken soon. The

indigenous forests are shrinking quickly and most villagers

get their firewood outside the boundary of the village. It
 
has been reported that in areas of East Africa and Tanzania
 
fuelwood gathering round trips of up to 100 kilometers are not
 
uncommon. The traditional practices of utilizing wood fuel to
 
cure tobacco and drying tea take a tremendous toll on the
 
country's woodlands. It takes one hectare of savanna wodland
 
to cure one hectare of tobacco. Tobacco growing in Tanzania
 
is expanding at the rate of 20% annually, and the savanna is

disappearing at that rate. Urgent conservation 
measures are
 
needed to control this degradation process.
 

E. New and Renewable Energy Sources
 

Tanzania has made some significant progress in its
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investigations on the use of other indigenous energy resources
 
which are renewable and abundant in the country, such as
 
biomass, sunshine, wind and small streams. Solar dryers,
 
stills, water heaters and photovoltaic prototype devices are
 
being developed and field-tested at various locations
 
throughout the country. To date only solar water heaters are
 
under commercial production on a very limited basis.
 

Biogas units for cooking, and some lighting, are being
 
introduced in several regions in Tanzania. The Arusha
 
Appropriate Technology Project (AATP), supported by the Small
 
Industries Developent Organization (SIDO) has started
 
production of a 2 m3 nithane generator system using oil drums
 
which currently cost U.S. $90 (T.Shs. 700). A larger biogas

plant is planned for a residential area of the Dodoma city as
 
a solution to refuse collection and as a measure to help meet
 
domestic energy requirements.
 

F. Hydroelectric Power
 

Tanzania's hydroelectric potential is estimated to be between
 
3,000 MW and a potential firm yield of about 20,000 Gwh.
 
Presently, only 246 MW of Tanzania's potential hydroelectric
 
power has been developed and provides power to the country's
 
existing electricity grid system. Tanzania's hydroelectric
 
potential is found mainly in the Kagern River Basin in
 
northwest Tanzania and in the major rivers draining into the
 
Indian Ocean. Tanzania's largest individual potential
 
hydroelectric site exists in the Rufiji River basin area at
 
Stiegler's Gorge. It is estimated that this station would be
 
capable of producing between 300 MW to 3,000 MW of
 
electricity.
 

The government has estimated that approximately 10% of the
 
country's oil import requirements can be replaced by
 
hydroelectric energy. This reduced oil requirement will occur
 
mostly in area where diesel driven electric generators would
 
be replaced by hydroelectric networks.
 

G. Geothermal
 

Studies are underway to investigate Tanzania's known
 
geothermal resources. Over seventy thermal springs have been
 
located in the Ngorongoro, Mbeya, Dodoma and Rufiji River
 
basin areas in the country. Most of the thermal springs are
 
found in the vicinity of the Rift Valley and along the known
 
fauit zones in the country. Further exploration is needed to
 
estimate and prove the country's geothermal resources.
 

III. Government Energy Policy
 

Realizing that there are no immediate solutions to the country's
 
current economic and energy problems, Government of Tanzania has
 
introduced energy curtailment policies of fuel rationing, pricing,
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and other conservation measures. Although the program appeared to
 
be technically sound, lack of policy coordination between the
 
government's energy producing and consuming agencies have offset
 
the expected achievements of the energy conservation program. For
 
example, while one agency of the government was trying to promote
 
fuelwood conservation measures to check the environmental
 
degradation of the country's woodlands, another agency of the 
government was encouraging rural as well as urban communities to 
use burnt bricks rather than cement blocks in building - since 
cement factories utilize fuel oil for operation purposes. The 
government has, however, launched many campaigns to educate the 
people about the necessity of protecting the natural forests and 
replacing the dwindling forest resource. The government is 
mounting a special country-wide campaign on village afforestation. 
The Government has also commissioned the International Institute 
for Environment and Development from London, England with 
assistance from the Middletown Associates, Toronto, Canada, to 
review the existing energy situation in Tanzania and assist the 
government in the formulation of national energy policies. 

IV. Private Sector Involvement
 

The Government of Tanzania is currently negotiating with two oil
 
companies, AGIP and Amoco to further investigate the country's oil
 
and gas potential. Tanzania has also signed a participation
 
agreement with an American firm, Agrico, for the construction of an
 
ammonia/urea plant to produce 345,000 MT per year of ammonia and
 
520,000 MT per year of urea, mainly for export. The American
 
company will acquire 26% shares i;i the venture and the remaining
 
74% will be owned by the Gove-rnment of Tanzania throur' the
 
Tanzania Petroleum Development Corporation (TPDC).
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UPPER VOLTA
 

I. Introduction
 

Upper Volta is an arid, landlocked country of some 274,000 square
 
kilometers. Rainfall varies from more than 1,000 mm per annum in
 
the southwest to less than 600 mn, per annum in the Northest.
 
Vegetation ranges from Sudano-Guinean open forests and bushland in
 
the southwest to Sahelian grasslands in the northeast. The
 
resident population is estimated to be 6.2 million. The vast
 
majority of the population live in rural areas and there is
 
considerable population pressure on the central (Mossi) plateau.
 

II. Sources of Energy
 

The only source of conventional energy in Upper Volta is imported
 
petroleum. Imports of petroleum products into Upper Volta doubled
 
over the last five years for which statistics are available. The
 
total imports were 145,673 MT in 1979. (Table I gives quantities
 
and value, 1975-79). There is no coal, nuclear or hydroelectric
 
energy either produced in or imported into Upper Volta.
 

Traditional energy sources are fuelwood, charcoal, crop residues
 
and animal wastes. Fuelwood is by far the largest source of energy
 
in Upper Volta. Production is almost entirely by regeneration of
 
natural forests. Harvesting is done by final users in rural areas
 
and by small-scale entrepreneurs near urban areas.
 

III. Consumption of Energy
 

In spi~e of a doubling of retail petroelum prices in the last three
 
years (Table II), consumption of petroleum products has continued
 
to rise shdrply (more than 10% per annum) in recent years (Table
 
III). Principal uses of petroleum products are for transportation,
 
electricity (all of which is generated by oil), and light industry.
 
Agricultural uses are- minimal.
 

In 1979 petroleum imports of more than 7 billion FCFA accounted for
 
about 11% of all imports and represented 45% of the value of Upper
 
Volta's exports. The cost of petroleum imports represented half of
 
Upper Volta's current account deficit in 1979.
 

Approximately 94% of all energy consumed in Upper Volta comes from
 
a traditional source - fuelwood the bulk of which is used for 
cooking. Annual per capita consumption of fuelwood is estimated to
 
be 1.0 m3/year in rural areas and 1.3 m3/year in urban areas. This
 
translates into about 6.8 million m3/year nationwide. As the
 
estimated annual natural regeneration of the nation's forests is
 
about 5,4 million m3, there is an annual shortfall of 1.4 million
 
3
M .
 

The impact of this shortfall on the nation's biomass is devasting,
 
partictilarly on the Mossi plateau. Although the rate of
 
deforestation is not readily measurable, the magnitude and
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seriousness of the problem is evident even to the most casual 
observer. 

Beyond the physical impact of deforestation, the process has 
substantial social and economic consequences. Other important uses
 
of forest products such as foodstuffs, medicinal ingredients,

shade, construction materials, forage and fencing are necessarily

diminished as forest resources dwindle. 
Families, and particularly
 
women, must spend an ever increasing proportion of their time
 
gathering firewood. What ismore, to the extent that deforestation
 
contributes to declining soil fertility, food production suffers.
 

In the urban setting the need to buy firewood for cooking is
becoming a crushing burden on poorer families who spend 20 to 30% 
of their incomes on firewood. One donkey cart, which may last 2 
months, costs from 4,500-6,000 FCFA. The impact this cost has on
 
resources available to the family. for food, health, education 
or
 
small investments is clearly major and negative.
 

IV. Energy Resources
 

Upper Volta has no known oil, gas, or coal potential. There is a
 
modest potential for development of hydroelectric power, although
 
this has yet to be realized.
 

A number of alternative energy schemes have been investigated

including improved woodstoves, biogas, windmills, solar cookers,

and a variety of other solar energy activities. None of these
 
alternative technologies has been disseminated on a wide scale.
 

The country has an estimated 246 million m3 of forest resources on
 
13 million hectares of forest area, exclusive of wildlife reserves
 
and farmers' fields. As noted above, replanting and natural
 
regeneration fall substantially short of utilization.
 

There are three principal sources of pressure on the country's

forest resources: land clearing for agricultural production;

fuelwood cutting; and animal browsing. All contribute to the
 
deforestation problem. While there i, widespread recognition in
 
heavily populated areas that the disappearance of the forests is a
 
major problem, there is no consensus among rural users of forest
 
resources 
of the steps which need to be taken to resolve the
 
problem. Forest resources are generally perceived as a public good

in Upper Volta -- available for exploitation by the first comer -
so that there islittle or no incentive for potential private users
 
to exercise constraint or conserve forest resources. At the public

level, there isa perceived need to address the problem of fuelwood
 
conservation, but, as with other development problems facing Upper

Volta, there isno well-defined plan for dealing with problems, nor
 
are adequate resources available to finance such a plan.
 

The environmental implications of Upper Volta's dpforestation

problem a.-e immense. These are principally dectining soil
 
f~rtility through erosion, degradation of the nations's range and
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forests, and ultimately a lowering of the water table. As a 
primarily agricultural country, the probable consequences of these 
trends are no less than catastrophic. While efforts are underway
to monitor the extent of the deforestation through remote sensing
and other survey technologies, there is as yet no rel;able and 
consistent source of information on the problem.
 

V. 	Government Energy Policy
 

Energy matters are handled by three different ministries.
 
Conventional energy concerns fall under the jurisdiction of the
 
Ministry of Commerce, Industrial Development and Mineral Resources.
 
Forest resources fall into the domain of the Ministry of
 
Environment and Tourism (MET), although any efforts to promote

agroforesLry techniques and other village-level interventions must
 
rely 	on the Ministry of Rural Development for extension.
 

Multinational oil companies (Shell, BP, Total, 
Mobil, Texaco) are
 
the major importers and retailers of petroleum products into Upper

Volta. These companies purchase from the Societe-Ivorienne de
 
Raffinage (SIR) (of which the Government of Upper Volta (GOUV) is 
part owner) for importation and sale of a price fixed by the 
government (SEE Table II for SIR and retail prices). Until 
recently there was a subsidy on the price of gasoline although this 
has now been phased out due to the high cost of subsidizing an
 
ever-increasing demand for petroleum products. Electricity is 
not
 
subsidized.
 

The MET policy on fuelwood and reforestation is diffuse, and
 
therefore difficult to define as a precise strategy. Some of the
 
principal elements are as follows:
 

9 	 Promotion of the planting and use of local species
 
* Promotion of village-level reforestation efforts
 
0 Better control of bush fires
 
* 	 Support to decentralized production of seedlings at the
 

level of each sub-prefecture
 
* 	 Improvement and intensification of the management of the
 

forest reserve system

* 	 Promotion of soil conservation and erosion control
 

through agro-forestry techniques
 
0 Promotion of energy-efficient woodstoves
 
a Increased support to Forest Service personnel
 

(housing, vehicles, operating expenses)

* 	 Improved data collection and analysis of wood production
 

and consumption
 
* 	 Increased wood production on industrial-plantations
 

for urban areas.
 

VI. 	 Private Sector Involvement
 

As noted above, the role of oil companies is circumscribed since
 
they buy from a refiner partially owned by the GOUV and sell at
 
prices fixed by the GOUV. Electricity production is controlled by
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a parastatal monopoly. Threfore, apart from experimentation by
 
energy companies with alter-native energy sources (some of which is
 
already taking place), there does not appear to be a major role for
 
multinational oil companies in addressing Upper Volta's energy
 
problems.
 

A more promising avenue for a private sector contribution to
 
resolving Upper Volta's energy problems is the potential for
 
artisan production of fuel-efficient woodstoves. Masonry is a well
 
established trade in rural Upper Volta and training institutions
 
exist which can teach traditional masons the new woodstove
 
techniques. A number of woedstove-promotion schemes are already
 
trying to build on this traditional base.
 

VII. Response to the Problem
 

In terms of conventional energy utilization, the GOUV has taken a
 
rational approach to limiting consumption by setting prices at
 
predominating market levels. In this way not only will consumption
 
be curbed, but scarce financial resources will be conserved.
 

Concerning traditional fuels, the Ministry primarily responsible
 
for the most important fuel -- forest products -- receives about 1%
 
of the national budget resources, or $2 million/year, the bulk of
 
which goes for salaries. Consequently, any investment will
 
inevitably be financed by outside donors. Current efforts, which
 
will certainly fall short of needs, are summarized below:
 

Agency/Project Hectares
 

Ministry of Environment 2,000
 
Village Reforestation:
 

USAID/Peace Corps 200
 
Swiss funding 480
 
Dutch funding 220
 
German funding 1,000
 
Africare 150
 
World Bank 400
 

Large-scale Reforestation
 
German 3,950
 
French 3,500
 
FAO/UNDP 1,800
 
Other 1,200
 

TOTAL 16,250
 

In addition, USAID is involved in a major training effort at the
 
Dinderesso forestry agent training center under the Forestry
 
Education and Development project (686-0235). The project is both
 
training agents at the school and developing a model forest
 
management plan for the nearby Dinderesso Forest Reserve.
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Due to its complete lack of conventional energy resources and
 
resulting reliance on firewood as a source of energy, Upper Volta's
 
energy strategy must (and does) concentrate on its forest
 
resources. Areas to which priority should be given over the next
 
five years are as follows:
 

* 	 Research: Basic research is needed to select and develop
 
sound local species. Applied research is needed to learn more
 
about how rural dwellers perceive their forest resources and
 
about how private incnetives can be developed to promote
 
public forest conservation objectives.
 

* 	 Management of National Forests: Vast forest resources are
 
available in the Natinnal Forests which, if properly managed
 
and harvested, could significantly reduce the fuelwood
 
production/consumption gap. USAID is gaining experience in such
 
management techniques at Dinderesso. This effort should be
 
followed by larger scale implementation of these techniques.
 

* 	 Institutional Development: The capacity of the MET to
 
analyze and address the nation's forest crisis is extremely
 
limited. This capacity should be augmented through continued
 
management and technical training, as well as through financial
 
support for operations.
 

TABLE I
 
Import of Petroleum Products into Upper Volta 1/
 

1975-1979
 

1975 1976 197? 1978 1979
 

Volume (inmetric
 
tons) 	 75,090 65,406 85,971 119,911 145,673
 

Value (CIF in
 
millions of CFA
 
Francs) 2,864 2,700 4,357 4,347 7,236
 

I/ Source: BCEAO, Statistiques Economiques et Monetaires, No. 294,
 
May, 1981, p. 27.
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TABLE II
 
Prices of Petroleum Products (1978-1981) 1/
 

(InCFA Francs/liters)
 

Import Prices March April February August 
AbA an) 1978 1979 1980 iT 

Premium gasoline 33.18 44.66 63.68 108.00
 
Regular gasoline 31.80 43.28 63.15 105.00
 
Kerosene 34.08 36.06 34.08 60.00
 
Diesel 29.70 39.03 61.95 102.50
 

Retail Prices February February February August
 
(Ouagadougouj 1978 1979 1980 1981
 

Premium gasoline 110 125 165 238
 
Regular gasoline 102 117 156 225
 
Kerosene 77 89 95 124
 
Diesel 79 93 133 198
 

1/ Sources: Ministere du Commerce, du Developpement Industriel 

Mines, BUVOGMI; and Direction Generale du Commerce et des 

Secretariat Permanent a 1'Homologation des Prix.
 

TABLE III
 
Consumption of Petroleum Products In Upper Volta 1/
 

1976-1980
 

1976 1977 1978 1979 1980
 
Tin-cubic meters)
 

Premium gasoline 4,159 5,657 7,282 8,483 9,395 
Regular gasoline 41,410 47,100 52,171 58,480 61,778 
Kerosene 12,121 11,870 12,464 13,162 13,629 
Diesel 17,149 21,296 24,455 25,050 27,913 

(inmetric tons) 

Light Distillate 19,764 22,881 25,998 23,256 25,611 
Fuel Oil 5,838 4,581 5,765 14,612 17,362 

I/ Source: BCEAO, Statistiques Economiques et Monetaires, No. 
May, 1981, p. 27. 

et des
 
Prix,
 

294, 

124
 



ZAIRE
 

I. Summary
 

Zaire relies primarily on wood, charcoal and imported petroleum for
 
energy. Deforestation has begun to occur near population centers;
 
no firm government policy exists for reforestation. National
 
policy calls for hydropower to substitute increasingly for
 
traditional and imported fuels. Exported crude oil helps to offset
 
the import costs of refined petroleum. Electricity and petroleum

distribution are managed by parastatal corporations; the remainder
 
of most energy production and distribution is in the private
 
sector.
 

II. Energy Sources
 

A. Petroleum
 

Petroleum is imported in refined form to supplement that which
 
is pumped offshore from Zaire's short coastline. Zaire spent

$240,000,000 in 1980 to import petroleum products. The
 
offshore reserve is proven at 60 million barrels; a joint
 
Zairian-Italian refinery processes the crude. Processed fuels
 
are distributed by SEP Zaire, a parastatal which allots
 
supplies and assists in setting retail prices. In 1979,
 
nearly 75 percent of all petroleum fuels was consumed in the
 
metropolitan Kinshasa area.
 

B. Coal
 

Coal is mined in three locations of Shaba region. Most of the
 
output goes to smelting and cement production.
 

C. Electricity
 

Hydroelectric generation provides 92 percent of Zaire's
 
electrical production. The remainder is produced mainly by

diesel generators. While large urban centers are electrified,
 
rural distribution lines exist only in portions of Bas-Zaire
 
and Shaba regions. The majority of small towns, villages, and
 
rural installations depend on power generated by diesel or
 
small hydro facilities. Mining absorbs 60 percent of all
 
electricity in Zaire; metropolitan Kinshasa accounts for
 
another 18 percent.
 

The Inga Dam, located on the Zaire River where it cascades
 
down the Afric;in escarpment, has 1,620 mw of Zaire's 2,382 mw
 
installed capacity. Expansion of distribution to rural parts

of Bas-Zaire and southern Shaba is planned. Power is
 
available from the Inga-Shaba transmission line but expansion

is constrained by the costs of equipment and technology and
 
inadequate numbers of trained personnel.
 

Electrical generation and distribution is controlled by the
 
Societe Nationale de l'Electricite (SNEL), a parastatal
 

125
 



corporation. Trained professionally in the U.S. and Sweden,
 
SNEL personnel operate and maintain the major hydroelectric

plants, including Inga, and the distribution network. With a
 
limited capital budget, existing plants and lines have been
 
maintained but not renovated or expanded.
 

D. Wood and Charcoal
 

Firewood is the major source of cooking and heating fuel.
 
Zaire has approximately 100 million hectares of rain forest
 
and 21 million hectares of lightly forested savannah. The
 
majority of the population is located in the savannah areas,
 
placing a significant demend for fuelwood on limited
 
resources. Deforestation is becoming evident around the
 
cities and the more densely populated rural areas.
 

Charcoal is preferred for cooking and artisanal use,
 
especially in cities. Traditional methods of wood conversion
 
yield about 20 percent by weiyht in charcoal. Despite a
 
higher price, charcoal is chosen for its convenience.
 

Consumption of wood and charcoal is estimated at one cubic
 
meter of wood and 36 kg of charcoal per capita per year.
 
National consumption in 1980 was estimated at 25 million cubic
 
meters of wood and 450,000 metric tons of charcoal. The
 
demand is projected to rise to 48 million cubic meters and
 
836,000 metric tons, respectively, by the year 2000. Demand
 
will be concentrated in the lightly forested savannah and the
 
mountain areas of the Great Lakes.
 

E. Solar Energy
 

Solar Energy has been used traditionally for drying crops.
 
Small solar collectors are installed in selected areas to
 
supplement diesel-powered generators. No large installations
 
of collectors are foreseen at present.
 

F. Alternative Fuels
 

Alternative fuels available in Zaire include some ten million
 
tons of economically recoverable shale oil near Kisangani. In
 
Bas-Zaire, a deposit of 300 million tons of 20 percent tar
 
sands was exploited until 1958. Two hot springs are found on
 
the eastern border. Methane has been discovered in
 
economically usable under :ke Kivu. Lastly,
quantities J. a
 
large sugar company drives a 4 mw generator in Bas-Zaire
 
region with mill wastes.
 

III. Environmental Implications
 

A. Fuelwood
 

Demand for fuelwood in the populated areas of the southern
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savannah and eastern mountains has already begun to exceed
 
natural regrowth. Young trees are cut along with mature
 
trees, and no organized replanting is being done. Major
 
cities already are ringed by belts of cleared land up to 50 km
 
wide.
 

The practice of cutting nearly all trees except palms is 
exacerbated by the traditional practice of burning the
 
savannah grass each dry season. Young trees are killed; older
 
trees are damaged; wildlife disappears. The loss of ground
 
cover encourages rapid erosion of the sandy clay soils, with
 
large, steep gullies resulting. Soil losses of up to 160 tons
 
per acre annually have been recorded in Kivu province. There,
 
the rich volcanic soils on steep slopes are especially
 
vulnerable. Terracing has been tried and found successful as
 
an erosion deterrent, but is not widespread.
 

B. Shifting Agriculture
 

In the rain forest of the Cuvette Centrale, farmers slash and
 
hurn new fields every two to three years. Without the
 
constant replenishment of organic nutrients from the forest
 
cover, the soil quickly loses its source of natural nutrients.
 
The abandoned fields grow up into bush, but do not return to
 
the tall forest. The Cuvette is very lightly populated and
 
does not need to support intense agriculture at present.
 

On the savannah, soils have little organic matter and are
 
prone to erosion arid loss of nutrients. Natural release of
 
phosphorus and potash can support light cropping, but intense
 
agriculture cannot be practiced without substantial external
 
infusions of nutrients. Farmers traditionally clear all
 
plants from an area before cultivating. The resulting bare
 
soil is easily leached and eroded, necessitating a shift to
 
another place after several years.
 

IV. Zaire Energy Policy and Implications for A.I.D.
 

A. Energy Policy
 

Zaire's developing energy policy rests on the development of
 
electrical generation and distribution, efficient use of wood
 
resources, and reduction of gasoline usage. Pricing policy
 
for retail gasoline sales, and customs duty on large cars, act
 
as a disincentive for gasoline use. Diesel fuel receives more
 
favorable treatment. With other donor assistance, some
 
efforts have begun to improve the efficiency of charcoal
 
conversion. Some private sector interest has been shown in
 
reforestation. Plans exist for extending electrification to
 
selected areas of Zaire, but implementation is inhibited by
 
the large foreign exchange requirements.
 

Zaire's energy policy is an unofficial and evolving one. 
Various state agencies are engaged in analyzing the energy 
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sector and developing recommendations for a national policy.
 
This activity gained some momentum in 1980 with the convening

of all concerned agencies to begin a concerted dialogue on t:le
 
numerous issues and options. This dialogue is continuing, but
 
a coherent and comprehensive official national policy has not
 
yet been defined. Wherever such a policy might point, Zaire's
 
general economy at present is in no condition to permit the
 
undertaking of any aggressive energy development program. Few
 
additional GOZ inputs to the energy sector are anticipated
 
over the next several years.
 

B. Implications for A.I.D.
 

USAID continues to include energy in its dialogue with the
 
Government of Zaire. Selected energy sector officials are
 
preparing for short-term participant training in the U.S.
 
USAID is assisting the development of a small rural hydropower

facility and is designing a larger project to help the GOZ
 
establish an institutional capability for rural hydroelectric

development. Some assistance also is being provided for the
 
installation of solar panels in rural areas. USAID's and
 
other donors' capacities to assist Zaire's energy sector
 
development will be constrained for the immediate future by
 
the GOZ's very limited capacities in this sector (as in
 
others). USAID's strategy is based on limited as.estance to
 
the GOZ, within the latter's very limited absorptive

capacities, and corollary assistance to the private sector
 
where the motivation and capacity for energy development
 
exist. The major energy sector role presently envisioned for
 
USAID will be in small rural hydroelectric facilities
 
development. This will take advantage of a widespread natural
 
resource and will permit the major load of development to be
 
carried by the private sector where appropriate assistance can
 
be absorbed. At the same time, this activity will help lay an
 
institutional base, within the GOZ, upon which longer term
 
rural power development can grow.
 

ZAIRE ENERGY STATISTICS
 
Energy Sources
 

Wood and Charcoal 86%
 
Petroleum Fuels 9%
 
Electricity 4%
 
Coal 1%
 

Coal Production (metric tons)
 

1977 127,955
 
1978 106,646
 
1979 109,190
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Petroleum Consumption (000 cubic meters)
 

Gasoline Diesel Kerosene Fuel Oil
 

1977 181 3"6 73 73
 
1978 192 39 59 69
 
1979 178 377 80 62
 

Petroleum Imports (metric tons)
 

Gasoline Diesel Kerosene Fuel Oil
 

1977 87 196 14 1 
1978 96 290 14 
1979 83 175 - -

Hydroelectric Production (Gwh)
 
Kivu and
 

Shaba Haut-Zaire Bas-Zaire Imports TOTAL
 

1977 2,755 152 962 40 3,919
 
1978 2,548 165 1,051 7 3,782
 
1979 2,584 178 1,036 13 3,815
 

Note: 1979 diesel generated production estimated at 673 Gwh.
 

Hydroelectric Consumption (Gwh)
 

Industry Urban Exports TOTAL
 

1977 2,567 928 91 3,919
 
1978 2,322 972 140 3,782
 
1979 2,408 1,046 106 3,815
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ZAMBIA
 

I. Introduction
 

Zambia is a sparsely populated, landlocked country with eight 
border states. It is situated on a high plateau with an elevation 
of 3,000 to 5,000 feet above sea level. According to the 1980 
census, there are 5.7 million Zambians living in a country slightly 
larger than the state of Texas. Although sparsely populated, 
currently there are 40 percent more Zambians today than 10 years 
ago, and the present growth rate of 3.1 percent per annum implies a
 
doubling of the population in 23 years. Approximately 40 percent 
of the population lives in urban areas.
 

The economy is dominated by copper mining. During the first 16
 
years since independence (1964) the copper industry accounted for
 
over 90 percent of Zambia's export earnings, between one third and
 
one half of the GNP and over 50 percent of the total government 
revenue receipts. However, a steep decline in world copper prices
 
beginning in 1975, the war in Zimbabwe, foreign exchdnge shortages,
 
rising costs of production (including oil prices), a shortage of
 
expertise and transport problems have seriously affected Zambia's 
mining sector during the past several years. As a result Zambia
 
has a policy to restructure and diversify the economy to lessen its
 
dependence on the mining industry.
 

Since independence, Zambia has moved from complete dependence on 
external sources of energy to a high degree of self-sufficiency. 
By the late 1970's Zambie had achieved self-sufficiency in both
 
electrical power and coal production, and, although still dependent
 
on a significant amount of oil imports, it had established a new
 
oil supply line and refining capacity.
 

II. Sources of Energy
 

Zambia's three major energy sources are hydroelectricity, coal and 
oil. Hydroelectricity, which supplies 58 percent of Zambia's 
energy needs, and coal, which supplies about 12 percent, are 
produced domestically. Imported oil constitutes approximately 26
 
percent of Zambid's annual energy needs, coking coal from Zimbabwe
 
supplies 1.5 percent, and wood and charcoal supply appr)ximately 2
 
percent.
 

TABLE I
 

Sources of Energy (%) 

1977 1978 1979 1980
 

Hydroelectricity 57.i 58.2 58.2 58.1
 
Oil 14.5 12.6 12.4 13.0
 
Coal 25.4 25.8 26.8 26.4
 
Coke 2.0 1.4 1.1 1.0
 
Other (Wood,
 
Charcoal,etc.) 1/ 0.3 2.0 1.5 1.5
 

1/ Source: Bank of Zambia.
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A. Hydroelectricity
 

Hydroelectric power is by far the most important source of
 
Zambia's energy supply. Approximately 93 percent of Zambia's
 
total electrical generation is by hydropower (5 percent gas
 
turbine, 1 percent waste heat and less than one half percent

diesel). Total generation for 1980 was approximately 9,635
 
million KWH. Dimestic production of hydroelectricity exceeded
 
consumption by (5,726 million KWH) 3,909 million KWH or 30
 
percent of production. This surplus energy, minus a loss
 
during transmission, is exported to Zimbabwe and Zaire.
 

B. Coal
 

Zambia's second most important energy source is coal, of which
 
there are abundant supplies in Southern and Western Provinces.
 
Presently it is estimated that Zambia has 21 million metric
 
tons of recoverable coal using the present "open cast" method
 
of mining (24 million metric tons if the underground method is
 
used as well). Coal production was as high as 930,000 MT in
 
1972, but with the increased availability of hydroenergy

demand has fallen steadily since 1975. Approximately 520,000
 
MT was produced in 1980. The main users of this form of
 
energy are the mining industry, Chilanga Cement factory and
 
the Nitrogen Chemicals of Zambia, Ltd. plant.
 

Although plentiful at present, Zambia's coal is of low quality

with a high ash content, and quality coke is therefore
 
imported from Zimbabwe's Wankie deposit (just across Zambia's
 
borde near Livingstone) which is said to have up to a 100
 
years supply recoverable coal at present extraction rates.
 

C. Oil
 

The state-owned Zambia National Energy Corporation currently

imports roughly 15,000 barrels per calendar day of spiked,
Saudi Arabian crude oil through the 10.7 inch TAZMA pipeline
which runs 1,705 kilometers from the harbor tank farm in Dar 
es Salaam to the Ndola Storage Facility in Zambia's
 
cooperbelt. The crude oil is refined at the Ndola Refinery
 
which operates at only 50 to 60% capacity. Roughly seven
 
percent of the oil which Zambia imports is exported to Shaba
 
Province in Zaire with small amounts sporadically to Malawi
 
and Burundi. Erratic supply at Dar es Salaam, pipeline
 
maintenance problems and chronic shortage of foreign exchange
 
have reduced Zambia's oil stocks down to a relatively low
 
level. Although the volume of oil imports dropped somewhat
 
between 1975 and 1980 due to higher prices and compression in
 
the Zambian economy, the volume of oil imports for the
 
1970-1980 decade doubled and foreign exchange expenditures on
 
these oil imports increased four-fold in constant dollars.
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D. Wood/Charcoal
 

With Zambia's sparse population and vast tracts of wooded
 
lands, there are at present adequate supplies of firewood and
 
charcoal, which are important sources of fuel for rural
 
villages. Wind and solar power although as yet undeveloped,
 
are viewed as important future sources of supply which can
 
supplement power in the rural areas.
 

III. Energy Consumption
 

Below are estimates of Zambia's energy demand by sector and
 
year in order of importance.
 

TABLE II 
Energy Coinsumption (%) 

1977 1978 1979 1980
 

Mining 62 59 47 54
 

Commerce &
 
Services 18 24 26 24
 

Manufacturing
 
& Construction 16 12 19 16
 

Transport 3 3 5 4
 

Agriculture 1 2 3 2
 

The mining industry is by far the largest energy consumer,
 
using at least 50 percent of the total energy supply in
 
Zambia. Since 1975, when copper prices and production dropped
 
there has been a slight reduction in the amount of energy used
 
by the mining industry, but mining is expected to remain the
 
dominant energy user in the foreseeable future.
 

Although imported oil provides only about 12 percent of
 
Zambia's enerqy needs, at present the demand for oil is
 
relatively inelastic. The mines consume about 40 percent of
 
all oil imports and the transport sector consumes 27 percent.
 
Since the mines earn virtually all Zambia's foreign exchange,
 
and since transport is critical to this large landlocked
 
nation, the relatively small amount of oil imports is an
 
indispensable minimum. Transport and mines would cease to
 
function if there was a major oil supply disruption.
 

IV. Development of Domestic Energy Resources
 

A. Hydroelectric Power
 

Zambia's greatest potential lies in further development of its
 
hydroelectric resources. It is well endowed with sites for
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hydroelectric development mainly on the Zambezi River (its

border with Zimbabwe) the Kafue river (wholly within Zambia)

and the Luapula river (its border with Zaire). Over the past

decade 
 growth has been rapid, and the Third National
 
Development Plan (TNDP) anticipates a 4.3 percent growth rate
 
through 1983.
 

The dramatic increase in the cost of imported oil during the

1970-1980 period focused attention 
on the need for Zambia to

reduce oil consumption. High oil costs have eroded the

profitability of the mining sector, 
weakened the financial
 
viability of the already inefficient state-controlled
 
manufacturing sector and strained the government's budget. 
As
 
noted above, prolonged disruption in the TAZAMA oil supply

would paralyze the mining 
sector and cripple the transport

sector. 
 Given this economic and strategic vulnerability, the

major thrust of Zambia's energy development plans call for
increasing hydropower and substituting it for oil. Key to
this effort will be the extent to which the mines and the 
Zambian railway systems can be switched from an oil power base
 
to an electrical one
 

Electrification of the mines is not only important as a means
 
to hold down oil imports, but electrification would reduce
 
costs significantly and help Zambia's ailing mines remain
 
internationally competitive. Unfortunately 
 it would also

reduce production at the 
oil refinery which is presently

operating at 50 percent.
 

The World Bank's Third Railways Rehabilitation Project is in
 
process, and it is making limited efforts toward
 
electrification of Zambia Railways (ZR). 
 Some funds to study

electrification of ZR are also being provided by the EEC under
 
Lome II. Progress on electrification of ZR will proceed

slowly in the next few years, however, primarily because both

domestic and international finance is lacking and because ZR's
 
human infrastructure isweak.
 

B. Coal
 

Present coal production comno from one open pit mine with
 
reserves that should last at least another 30 years. 
 New coal

deposits have been discovered recently in Western Province,

however no estimates of these reserves have been made yet.

The Government plans to increase coal production by an 
annual
 
rate of 2.4 percent over the five year period ending 1983.

Shortage of capital and expertise are constraining factors.
 
As previously noted Zambian coal 
is low in quality and is not

suitable 
as coke. The possibility of a coal liquefaction or

gasification plant is being considered 
for study, but the
 
feasibility of such a project is unknown.
 

133
 



C. Oil
 

There are no known exploitable deposits of oil or natural gas
 
in Zambia. The government isconsidering allowing some aerial
 
surveying, mostly inWestern Province.
 

D. Nuclear
 

Zambia's uranium potential is not well measured. An airborne
 
radiometric survey ef the entire country was conducted in
 
1977. The radiometric anomalies are currently being
 
investigated by thre private companies holding prospecting
 
licenses. The most active is AGIP/SpA (Italian) which has
 
spent $25 million since 1970 and presently is spending
 
approximately $5 million annuall% on exploration. One
 
estimate puts known deposits of uranium at 10,000 tons and
 
estimated reserves at between 30,000 and 100,000 tons. There
 
are four prospecting sites and numerous unprospected regions
 
with uranium potential. Even the most optimistic plans,
 
however, do not anticipate any mine development before 1985.
 
Nuclear energy will prubably not play a role in Zambia in the
 
1980's, but the potential exists further in the future.
 

E. Solar
 

Although th- potential for solar energy in Zambia is good, the
 
TNDP mentions the development and testing of solar energy (for
 
water heating) only briefly. Over the course of five years
 
$132,000 isearmarked for solar development. Much movement in
 
the direction of solar energy use over the next decade is
 
unlikely unless donors come forward and aggressively encourage
 
a solar program.
 

F. Windpower
 

Wind-generated water pumps are commonly deployed on farms and
 
in rural communities. There are very little data on the
 
extent of windpower use. It is probably small, but
 
significant for rural areas. The TNDP allocates only $125,000
 
for study of wind resources.
 

G. Ethanol
 

In mid 1981 Jager Associates of Zimbabwe began a feasibility
 
study for a plant to produce ethanol from molasses which is
 
currently available. (Jager has done similar work for ethanol
 
plants inMalawi and Zimbabwe). Zimbabwe presently uses some
 
ethanol in its petrol. At present Zambia has an annual output
 
of about 40,000 tcns of molasses at the state-owned Nakambala
 
Sugar Estate. The proposed plant is designed to produce 16
 
million gallons of alcohol fuel annually. The IFC and World
 
Bank have expressed interest in financing of the project. A
 
second phase of the Jager study will look at the viability of
 
using other agricultural raw materials to produce ethanol. If
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present GOZ plans are realized ethanol cculd save up to 5
 

percent of Zambia's present oil bill.
 

H. Wood/Charcoal
 

Firewood and charcoal are major fuels for domestic household
 
use. Although there appears to be some localized
 
deforestation near the major urban areas, abundant supplies of
 
wood are available in Zambia. The Department of Forestry has
 
plans to reforest near urban areas, Lt lack of funds has
 
hindered progress. Improved efficiency of fuelwood
 
utilization has received some research attention (e.g.
 
improved conversion ration of wood to charcoal), but little is
 
known about significant actions taken to date. Although
 
Zambia has a good deal of surplus electrical energy to replace
 
firewood and charcoal for domestic consumption, the high
 
installation costs are a major constraint to expansion of this
 
service to individual domestic households.
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