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KENYA RENEVWABLE ENERCY DEVELOPMENT PROJECT

I. SUMMARY AND RECOIZICNDATIONS

A.

Recommendations

Authorization of a grant for the period September

1980-September 1984, for a Renewable Energy Development Project subject
to waivers and approvals for the following:

A sole-source contract.with the SUNY StonyErook Institute for Energy
Research to provide the AL-EDIS energy assessment system and related
hardward and software, as AID's portion of funding for the MOE/
Beljer Institute Fuelwood Cycle Planning Project.

"

A solo-scurce contriczt to the Badlcr Inskitite (a non-U.8. contract-
or) to provid: the inistry of Energy (MOE) with Fuelwood/Agroforestry
Demonstration Center implementation planning assistance.

Purchase of the following cormodities from non-U.S. sources: one
Land Rover assembled in Kenya, seeds of tree genera or species un-
available in the U.S., selected non-U.S. energy publications for
the Energy Data Bank and Library, and miscellaneous consumable
materials and supplies.

Provisicn of up to $25,000 in participant training in other countries
in Africa.

The recommended AID grant is to be allocated for disbursement

through the following implementation organizations:

Ministry of Energy (as GOK responsible organization for Project):
SUNY StonyBrook Institute of Energy Research (for AL-EDIS and re-
lated assistance to Beijer project):

Beijer Institute/Clark University (for fuelwood/agroforestry imple-
mentation planning related to MOE/Beijer fuelwood planning project):
Competitively let MOE contract (for long-term experts, short-term

consultants and related equipment and expenses):

Monitoring and Evaluation (contracts):
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Project Summary

The project proposes to:

Help identify and implement measures to increase the efficiency
of conversion and end use of petroleum fuels, as a means of
reducin; brolance of pasTents deficits and easing constraints

on Kenran c.oneomic grosthyg
Provide the ltasis {or the greatly expanded afforestaticn,
improved forest management, and improved efficiency of wood/
charcoal uce necessary to prevent further serious deforestation
and consequent loss of valuable soil and other resources;

Stimulate development and dissemination of simple, low-cost
renewable e¢nergy technologles meeting basic needs of the urban
and rural poor; and

Suprort the develonnent of other promising renewable energy
technologies which could substitute for scarce petroleum or
weod fucl

S

More specifically, the project will provide the following assistance:

(1

(2)

Initial Planning and Surveys: As support to the MOZ/Beljer
Institute Fuelwnod Cycle Planning Project, provide a computer
terminal, software and training support, and energy information
experts necessary to install, test, and use a simplified ver-
sion of the "AL-EDIS" energy assessment system developed by
the SUNY StonyBrook Institute for Energy Research. Also, pro-
vide a long-term energy planner/energy conservation expert,
supplemented by short-term consultancs, to help install
energy information systems and develop and implement national
policies and programs to use wood and petroleum-~-based fuels
more efficiently, stimulate ecolcgically appropriate expansion
of production of wood fuels, and promote improved management
of the country's forest resources.

Institutional Development: Provide four long-term experts--

in afforestation/forest management, agroforestry, cookstoves
and charcoal production, and rural renewable energy applications--
and short-term consultants and supporting materials and equip-
ment to furnish technical and training/curriculum development
assistance to government and non-government organizationms.
These long-term experts and consultants will be available
through the MOE to help appropriate GOK Ministries identify

and evaluate potential renewable energy applications, improve
the technical grounding and awareness of appropriate field
extension workers and organizations, and assist in implementing
individual programs or projects.
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(3) Applied Research and Demonstration: Help establish a network

of nursery, species research, an&nfueluoodfagroforestry demon-
stration and extension centers in Kenya's major ecological
centers. Such centers, to be based around existing COK
nurseries will be used to identify ecologically suitable
species, provide seeds or seedlings and extension advice to
individuals or groups promoting tree-planting, and demon-
strate and disseminate forest management and agrofourestry
techniques appropriate to the region., LCmphdsis will be placed
on integration of predominantly multi-purpose trees into crop
or livestock-raising systems in ways which not only provide
fuelwood and other useful wood products but also improve the
micro-ecology of the area.

Also, provide consulting assistance and initial capital for
the establishment, within the Ministry of Energy, of an Energy
Development Fund., The Fund will (1) provide loans or grants
un to €75, 000 on a3 cost-sharino bhasis, to non-government :organ-
izations implementing generic afforestation, agroforestry, wood/
charcoal cookstoves, or other renewable energy demonstration
and extension prozrams; and (2) provide loans or grants up
to $15,000, on a“cost-sharing basis to government or non-govern-
ment organizations to implement specific renewable energy
demonstration projects,

(4) Monitoring and Evaluation: Use the long-term experts to survey

and assess existing conditions, including current projects and
activity. In tha case of forest resources, work with the

Beijer project to use existing Remote Sensing Center, Ceosurvey
and Survey of Kenya data supplemented by ground checks to
estimate both prescnt resources and recent deforestation rates
by region. Throuzhout the Project, use long-term experts to
monitor planning, demonstration, and extension activity

and results and prepare annual reports on project results,
Conduct a mid-ter= aond final evaluation of the Project, to
include assessment of forest resources and deforestation trends,
analysis of the impact and efficacy of alternative demonstration
and extension approaches, detailed evaluation of the fuel-

wood /agroforestry centers and assessment of both the Energy
Development Fund z..a specific programs and projects supported
through the Fuid.

Summary Findings

The project analysis finds that the project is consistent with AID

policy and program objectives and meets the design criteria outlined in
the PID and subsequent PID Review. The project is appropriate to Kenyan

environmental and sociological characteristics and is consistent with
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Kenya's development objectives. Although difficult to quantify, the pro-
jeet will yield positive net economic benefits, primarily by reducing oil
imports, thereby avoiding increased balance of payments deficits, and by
slowine the present severe degradation of scarce agricultural lands due
to deforestation. The project will also benefit the urban and rural poor
direvtly by, for example, providing low cr no-cost devices to economize
on us2 of wood ovr charceal in cooking 2nd domestic heatinn.

Inplementation arrangements are adequate and appropriate to the pro=-
ject. The project takes into account that the Ministry of Energy is new
and presently understaffed, that other COX Ministries or non-governmental
organizations already have orgoing operations in many areas relating to
renewable energy, and that a number of other donors plan to support various
energy planning or renewable energy activities through the Ministry of
Energv or other Ministries, The project is intended to complement other
1 1 . )
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capahilicics of other GO Ministries or cf ron-szovernmental orgznizations
wherever pussible; and at the same time Lo help develop the capacity of
the Ministry of Lnergy to plan. and, through other organizations, to

guide the implementation of appropriate energy policies and programs,

Project implementation depends upon a number of factors -— particularly
the scope and timing of other donor's activities, selection of specific
sites and operating organizations for each of the proposed fuelwood/agro-
forestry centers, and GOK fuelwood policies adopted as a result of the
Beijer Fuelwood Planning Project =- which currently are uncertain. The
proposed implementation approach provides that one of the first tasks of
the lonz—term exrerts will be to prepare, in conjunction with the Ministry
of kuergy, more detailed implementation plans.

The project meets all applicable statutory criteria.
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II. PROJECT DESCRIPTION

»

A. Kenya National Encrgy Problewns/Needs

Kenya currently faces three particularly serious energy related problems,

(1) 0i1 Imports:

The projected growth in Kenya's annual oil import bill will lead to ever=

increasing balance of payments deficits unless corrective action is taken,
oil import costs are likely to continue to be accompanied by weak developed
country demand for Kenya's primary exports, increased costs of imports of
manufactures and intermediate goods, and high costs of international
borrowing == themselves attributable in part to higher oil prices.

Rising balance of payments deficits already have contributed to a
drop in ~~=ital availahl2 for domestic savinas and investment, At the
same tirs, cue to nigher costs of imported capital eguipment, more capital
igvestment ncw is required to achieve any given increase in Gross National
Product. A direct mathematical relationship between the reduced savings

rate,hisher capital-output ratio, and GNP (admittedly an oversimplification)

would imply a more thain one-third reduction in the annual GNP growth rate.
Infacc there has becn a greater than one-third reduction since 1973.

The situation is expected to worsen. Due largely to a roughly
60Z increase in net oil import costs (oil import costs less revenues
from exports of petroleum products from the Mombasa refinery) and to
continue! increases in the costs of imports of manufactures, the pro=
jected 1989 balance of payments deficit cn current account is expected
to rise to at least KE212 million. or fully 727 of Kenya's domestic

gavinge in 1979.

Largely as a result of escalating oil import costs, the Government
of Kenya recently altered its Fourth National Development Plan (1979-80
to 1982-83) targets. It roughly doubled the projected balance of payments
deficit and lowered the target average annual GNP growth rate from
6.3% to 5.47 ( roughly 157 reduction, which would appear optimistic).
It implied that the annual employment growth rate would fall to well
below the rate of population growth and that Government per capita
development and social services expenditures would decline, The
Fiscal 1980/8l1 budget incorporates targets even lower than those of the
revised Development Plan.

The country has no proven fossil fuel reserves and limited ability
to substitute hydro or geothermal electric power for oil. The scope for
wholesale use of biomass to produce ethanol or methanol is limited by
capital requirements and by the need to use available productive land
for food production. The ability to boost exports dramatically to offset
oil import costs is constrained by the lack of additional agricultural
land and by the industrial sector's current import-substitution orientation.
Accelerated substitution of fuelwood for petroleum products is likely to
have very serious consequences for the ecology and for agricultural
productivity.




In short, Kenya appears to have very limited short-term options in
dealing with irs energy cost problems, It can secure additional external
financial assistance, particularly from oil-exporting nations (which it
nas done very effectively); and it can increase the efficiency of conversion
and end-use of energy in general and of petroleum products in particular.

(2) Wood Supgly-Demand Tsbalance:

Current wood consumption for firewood or conversion to charcoal
aypears to exceed the rate of replenishment of Kenya's forest resources =-
and the situation is likely to worsen very quickly as wood fuel consumption
increases and pressure to convert forests to agricultural land intensifies.

Neither wood demand nor annual forest replenishment rates is currently
known with any degree of certainty. It is estimated that 80-907 of the
Kenyan population relles primarily on firewood or charcoal and that such
conguzatlon L. 1ikely to amctnc to 1-2,% cabic meters of/wocd periperson
per year. llost forestry euperts believe that total wood consumption
(inculding wood for fuelwood, poles, buildings, etc.) exceeds forest
replenishment rates both natignally and in the major areas of population
concentration.

The projected doubling of Kenya's ‘population by the year 2000 and
projected confirmed migration to urban areas -- which implies a switch
from firewood to charcoal, which has a lower net energy efficiency --
suggests that by the year 2000, Kenya's projected requirements are
likely to be 2-2.5 times present levels. Present forest resources

could not sustain such a consumption level. At the same time, the doubling .

of Kenya's population, in a zountry already suffering periodic deficits
in food production, will substantially increase pressures to convert present
forest lands to agricultural production,

Increased deforestation is bound to result. With it will come dam
siltation, loss of wildlife habitat, and other negative environmental
and economic consequences. Also, deforestation will bring continued
increase in the price of charcoal and in distances required to collect
firewood as well as accelerated monétiziation of wood, currently
collected as a "free" good,

Options for righting the imbalance in wood fuel supply and demand include
greatly expanded afforestation, increased productivity from government
forest reserves and underutilized lands, integration of trees into crop

and lifestock-raising systems, more efficient wood/charcoal conversion and
end use, replacement of charcoal by wood in urban areas, and where possible
substitution of other renewable energy sources for wood or charcoal.

(3) Impacts on the Poor:

Both of the abov- energy problems lead to particularly serious problems
for the rural and urban poor. Increasedewood/charcoal costs or collection
times will be borne primarily by the poor. Reduced economic growth and
reduced availability of government services will affect the poor. Finally,
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problems of soil ercsion and river siltation will affect the poor by hastening

deterioration of their lands, by making potable water more difficult
to obtain, and by worsening problems of production of basic foodstuffs.

It is particularly important to recognize the intimate link
betveen deforestation, soil productivity, and the production of basic
foodstuffs essential to the survival of the poorest sezments of the
population. Kenya's problens of food and fuel (especially woodfuel) are
inéxtricaoly linked.

The particular characteristics and energy-rclated needs of

the urban and rural poor -- AID's target population groups =-- are
discussed in more detail below.

B. Characteristics and Enerav Needs of AID Target Groups*

About 45% of Kenya's rir:l population and 367 of its urban
papulation live below a povirty line set at annual per capita tood
consumption valuaes of lez: :tlizn abeut $45 in rural areas and less
than $70 in urban areas. There is considerable geographic variation
in poverty levels, In Nyanza and Western Provinces, for example,
an estimated 567% of the population lives below the poverty line, while
in Central Province only about 107 fall below that level,

In rural areas, where approgimately 857 of the population lives and
works, small-scale farmers holding less than 20 hectares make up the
largest share of the population (about 70%). -Only 3% of such smallholdings
are larger than eight hectares, Pastoralists account for about 107 of the
population.

The small-scale farm group is characterized by wide differences in
standard of living which zre related in part to variations in rainfall
and altitude. The largest proportion of smallholders with incomes aliove
about$260, for example, live in higher altitude tea, pyrethrum and coffee
growing areas. Income levels are considerably lower in lower altitude
zones where the more proficable cash crops listed above cannot be grown.
The population is mostly concentrated in areas classified as having medium
and high agricultural potential, though population pressure is now leading
to some agricultural expansion into more marginal, lower potential areas.

Smallholders can be disaggregated into three groups according to
relative welfare criteria:

1) The lowest 40Z have annual incomes valued at less than $260
and are largely subsistence producers with little capacity for investing
time or money in risky innovations. Individuals in this group may live
either in marginal agricultural areas, on very small farms in high-density
high -potential areas, or as tenants or squatters on farms owned by others.

* This section is summarized from the full version included in Annex B.
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Most of them cook inside small huts using traditional three-stone fires.
This segment of the population has least access to government services
gsuch as agricultural extension, schools, and dispensaries. They fetch
water by hand, often from distances greater than one mile. They use
very simple agricultrual tools == often only a panga (machete).

The highest pricrity cnerzy needs of this group include improved
access to clean water for loina consumption, more efficient ways of cooking
with fuelwood and easier access to fuelwood supplies. Projects aiming
to benefit this portion of the population must entail minimal risk to
subsistence needs and must be very low cost (requiring a cash outlay of
perhaps no more than about 5 or 10 shillings ($.70-$140) per household,

2) Thuse in the next 407 of the population have annual incomes valued
at between $200-$830, Individuals in this group have a slightly greater »
capacity than those in che bottom 407 to invest some time or money in a
apsdel caralimalEsEi e innoyat ions it Sene et C R R (P ey R s S e =t RN ety wd
afford to coclk with a J;no. rather than threc-store fire and perhaps a
slightly smaller percentage use water tanks to catch rainwater from iron-
shect roofs for domestic consumption. Only a very small number, however, i
have access to dependable year-round water supplies within a quarter to
half mile of their homes. They have more contact than the bottom 402
with agricultural extension agents and other government services., Women
in this group are more likely than those in the lowest 40%, to belong
to various types of women's groups promoting home and farm improvements.
Secondary education for their children tends to be the first cash
expenditure priority of this segment of the population.

The highest priority energy needs of these people include those of the
first group but might also include charcoal-conserving jikos (if initial
jiko purchase price is no higher than about $4-$7), or possibly improved
cooperative level systems for pwocessing (e.g., drying) cash crops. Since
cash and labor are still very scarce resources in this group, projects
would have to involve immediate and striking benefits in order to motivate
people to donate more than a few shillings (perhaps 15-40) or hours (no more
than 5 hours per week).

3) The wealthiest 20% of the smallholder populat’on have mean annual
incomes valued at $830 and above. About 50Z nf this group have farm.
holdings of more than four hectares. They tend to depend on jikos and
kerosene burners for cooking while the very wealthiest use gas cookers.
This portion of the population receives the bulk of extension services and
its wealthier members represent the core of local-level school committees,
Harambee project committees, and church committees. Most of them use 7
water tank catchment systems at their homes and a very few live near community
piped water storage supply systems. They are the group most likely
to own improved livestock breeds and to adopt other inmovations. Their
first expenditure priority, like that of the first two groups, is education
for their children.

Their priority energy needs would be better water supply systems and
perhaps cheaper cooking and nonelectric lighting methods. This is the
only group that might, in addition, be able to afford more expensive and

II-4




complicated projezts such as biogas systems (only perhaps the wealthiest
5-10%), rural electrification (still far in the future in most areas),
crop drying, water power for small-scale rural industry or commerical
uses, or animal tractien in agriculrture.

A final proup to be consilered -- the urban poor -- tends to have

5 hicher hon the flrst two groups listed above, but most of
this group's inceme 15 absorbed By hiszh urban housing znd food costs.
The urban poor tend to depend on jikos for cooking and »ften on costly
city water supplies (near their homes or at small-scale and often informal
sale outlets).

Casit Lnco™ . u

The priority energy needs of the urban ponor include cheaper and more
efficient charcoal and possibly wood cooking techniques; lighting, and
cheap, reliable water supplies. Better public transport is also an
inrortant need of the group.

C.* Pronnced Project Goal, Purpose, Strateay an! Constraints

The project's goal is to reduce the adverse impact of fossil fuel
imports oua llenya's bLalance of payments and to make progress in achieving
a balance in wood fuel supply and demand. The project is intended to
respond both to Kenvan 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 of 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, monitor and evaluate renewable energy programs
and energy conservation measures in all sectors of the economy.

Program Strategy

The general strategy may be dcscribed 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 measurcs
to achieve wood supply-demand balance.

- Developing -- together with ocher 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 nongovernmental organizations where they have
related programs.
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- 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
rescarch centers, and bases for demonstrating and disseminating
afforestatisn, forest manazenient, and zgroforesiry tachniques
appropriate to each ecological zone.

- Estublisliing au Energy Deveicpment Iund within the Ministry of
Energy to support either promising demonstration/extension
programs of nongovernmental 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 encrgy technologies focused primarily on the
rural and urban poor.

= LVe.sablon or technol. o..s and extensicn approacies supported,
in ucder to pruvide a ..sis for expanded afforestation, agroforestry,
cookstove disseminaticn. charocal production and other
programs in future years,

Constraints

The USAID Renewable Energy Project has been designed to accomodate

certain important constraints;

- The Ministry of Energy is new. It is likely to remain understaffed
It particular, it has no cxtension staff of it own and must rely on

the other ministries yith which it still is in the process oi establish-

ing relationships.

= A number of donors or other organizations have launched or are
planning energy-relatcd projects, There is the danger that, without
coordination, donor efforts could be duplicative or even
conflicting;

= Other Ministries have ongoing operations which relate directly
to the proposaed programs. These Ministries include Environmen-
and Natural Resources, (Forest Department nurseries, gizetted
forests, and Rural Afforestation Extension Officers), Agriculture
(nurseries, Agricultural Extension Officers, Home Economics
Centers), Small-Scale Irrigation Program, and Farmers'Training
Ceiiters), Culture and Social Services (Community Development
Officers and Assistants, Women's Bureau, Village Polytechnics),
Livestocl Development (field Water Engineers);

= In Kenya, as in most other countries, efforcts to date to
stimulate rural afforestation, use of more efficient wood or
charcoal stove or adoption of remewable energy technologies
have met with only limited success.
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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 comp)ement
and relate closely to the programs of other organizations, notably the Beijer
Institute fuelwood planning project. Finally, it is designed to stimulate
exparimentation with many different demcnstration and extension approaches,
using both governrental and non-governmental organizations,

D. Project Description

The project includes the following components:

(1) Initial Planning and Surveys

As AID's suppnrt of the Ministry of Frergy/Baijer Institute T lwood
Planning Project, the proje=ct provides through the State University of Yew York
at StonyBrook, either a minicomputer or a terminal tied to the main Treasury
cqmnurer plus software prosfrimming and training support to install a
simplified version of the "AL-EDIS" system designed to meet the Ministry of
Erergy's needs and data availability constraints.

The project will provide short-term assistance to establish an
Crergy Data Bank and Library within the Ministry of Energy. Such assistance
includes a U.S.-based librarian/research assistant to gather technical
documents worldwide, an ample document acquisition budget, and short-term
assistance in Kenya to escablish the library and related accessions and
retrieval system and to irain the Ministry of Energy librarian in its use.

The Government of Kenya currently lacks the information systems, or
staff expertise necessary to permit detailed assessment of energy use
pattterns or identification and analysis of energy conservaticn opportunities
and costs, Without such information, the AL-EDIS system will be of limited benefit.
Therefore the following assistance will be provided.

- A long~-term energy economist/planner with experience in energy
assessment information systems and energy conservation analysis, to
both assist in establishing the necessary energy information
acquisition systems (with emphasis on industrial, transport
and urban and rural household energy consumption information),
and in using the resulting information to develop appropriate
policies/programs to improve efficiency of energy use.

- Short-term consultants to assist in the establishment of energy
information acquisition systems (using add-on modules to
existing CBS surveys wherever possible) or to provide specialized
energy conservation expertise in areas not covered by the long-term
expert.

The long-term energy planning/conservation expert also will provide!
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 projact team. A specific-assignment
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will be analysis of wood/charcoal pricing, marketing, and distribution and
identification and evaluation of options for (1) stimulating the production
marketing, and distribution of wood for urban areas, (2) stimulating more
efficient charcoal production, and (3) promoting integrated sustained-yield
forest management and charcoal production systems.

(2) Instituticnal Development

(a) Technical Assistance and Training =-- Forestry/Agroforestry

Afforestation is a pressing need within Kenya. Afforestation optioms
include expansion of production from GOK gazetted forests, expanded fuelwood/
charcoal plantations, community and individual woodlots, and integration
of multipurpose trees into food production systems. Because of substantial
existing World Rank support, the project will not address the problem of
gazetted forests. For other types of afforestation, the project will provide
the iollowing institutional vevelopment support:

-~ A Seninr Forest Extension Expert and a Senior Agroforestry Expert,
with extensive African experience in respectively, nursery and woodlot
developnent and integrated tree/crop farming, These expercts will be
assipned 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, Agricultural
Extension, and Farmers' Training Centers), the Deijer Institute Fuelwood
Cycle Planning Project team, and non-governmental organizations. Their
responsibilities include:

- Initiating an informal survey of loucal nursery and tree=
planting activities, largely through District-and Division=~
level interviews.

- Supported by short-term consultants working under their
direction, developing fuelwood and agroforestry extension
curricula, and supporting information materials for incor-
poration at the Forest Training College, Forest Industrial
Training Center, Farmers' Training Centers, Egcxton College,
Agricultural Institutes, caa University of Nairobi, and for
use in workshops for/tith the Peace Corps, NCCK, and other
groups. These consultants will also develop related public
education and other extension materials, modeled after the
Ministry of Agriculture Soil Conservarion extension materials.

- Directing the establishment and operation of AID-financed seed
acquisition, seed production, species research, nursery,
agroforestry demonstration, and afforestation extension
efforts described in the "Applied Research and Demonstration'
section,

!
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= Working particularly with the Ministry of Agriculture's
field extension officers to promote the use cf trees to

improve soil/crop productivity and to provide fodder, fuelwood,

mulch, building materials, and other outputs for farm use or
s:le to outsiders, This approach to small-scale agroiorestry
has worked extremaly well in sume other African countries
(notably 0- anda) and appears to have great potentizl in Kenya.

- Evaluating alternative fuelwood and agroforestry extension
approaches.,

- Short-term assistance to support the above experts in curriculum
development, design of and participation in workshops for government or
nongove~nmental organizations, and dcvelopment of informational materials.

= Printire of mataerizls for tha atave ccurses or for pnhlic
educdation pucposes.

(b) Technical Asszistance and Training -- Other Rencwible Energy

The project will support two resident experts assigned to the Ministry

of Energy =- one expert in wood/charcoal stoves, 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 adaption. Examples of such assistance include:

(1) Cookstoves: (mud, clay, and metal ccokstoves and wood and pottery
jikos)

- Conduct an informal survey of cookstove use and cooking methods
and of jiko and pottery makers' capabilities and design views
with respect to stove improvement,

Provide technical assistance, curriculum materials, and informational
support to selected government organizations and nongovernment
organizations (NGO's), demonstration, extension and evaluation

program and/or to provide training or disseminate information on cook-

stove construction. The expert would work in depth with a few
government organizations and NGO's selected by MOE and provide

workshops and!'other general information support for other groups.
Potential groups include:

= Ministry of Agriculture-Home Economics

- Ministry of Social Services-Women'"s Bureau or Community
Development Office

- National Christian Council of Kenya
- Egerton College
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Agricultural Institutes (Bukura, Embu)
Farmer Training Centers

Village Polytechnics

Women's groups (e.g. Maendaleo Ya Wanawake)
Adult literacy training organizations
Church groups (YWCA, Salvation Army, etc.)

= Provide technical support to selected groups who can work with small

(2)

entrepreneurs who might want to commercialize any of the new
stoves that are developed. Examples of possible groups include:

- Kenya Industrial Estates

- Partnership for Productivity

- National Christian Council of Kenya

- Village Polytechnics
Participata ia fores) v=cag and poanformal rarkshzse of srimjgins
above groupe, prcvide technical information and advice, and Serve
as a clearinghouse for information on activities of all such
groups., He/she will oversee and assist cookstove and jiko demon=
stration projects financed through the Energy Development Tund.

(/4

Charcoal Production:

= Conduct an informal survey of charcoal production methods,
integrated into extension travels.to Districts, Division and,
when appropriate, administrative sublocations.

- Assist the Beijer project team in analysis of traditional
vs. larger-scale national charcoal production policy and
strategies.

= Provide curriculum development, technical assistance, and
materials to Agricultural Extension Officers, Village
Polytechnics, Forest Training College, Forest Industrial
Training Center, Farmers' Training Centers, Egerton College and
Agricultural Institutes, and others on improved charcoal
production methods.

- Develop and distribute simple educational/promotional brochures
aimed at traditional charcoal producers, for use by Forestry
Department and Ministry of Agriculture extension agents.

‘.

= Oversee and assist demonstrations of improved charcoal production
methods financed through Lhe Energy Development Fund.

(3) Community Water Supply and Irrigation

-

Conduct an informal survey of operations and maintenance experience
with renewable energy technologies (windmills, hydrams, water wheel,
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solar punps) in water supply and irrigation systems in Kenya,
integrated inco District and Division-level extension travels.

- Work with the Ninistucy of Vater Development in Nairobi and
at the Districi-1:cvel and, later, with the Ministry of Azriculture
Small-Scale Irrig tinn Prosram and with donors aponsorlnﬂ
water supply, land settlement, or ;*1$uutxoq projects (i.e., the
ALD Tutegrated Vater Developnent Projour) and Sécondary Towas
Fro;ect. CARE, and UNICEF), tou identify and promote potential
uses of renewable energy at specific water project sites.

- Prepare curriculum materials for and possibly participate ir
the training of District Water Engineers and technicians, or
members of Hiurambce self-help water projects, emphasizing
(1) considerations in the choice of motive power for water
projects and (2) maintenance and repair of alternative rencwable

Vibe gy mdecl a7aluedia.

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 tnergy Develcpment Fund (EDF) loan or grant proposals,
conduct technical and financial evaluations of EDF loan or grant propcsals and
submit recommendations to the MOE and to the appropriate District Development
Committee; monitor projects supported by the EDF; provide tecknical assistance
to EDF or other projects; and evaluate results learned from EDF projects.

Finally, before departing, the long-term experts will provide written
evaluations of the efficency 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 in curriculum development, training or other
extension-related areas.

. (c) 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 at present to an approved level of 146 by the end of the
current budpget year, and further small increases are likely in future
years. At the same time, recruiting difficulties make it likely that staffing
will grow more slowly than these numbers suggest, Because it will remain difficult
for the Ministry to spare any of its professional employees for long periods
of time, the staff training budget will be allocated to short-term training
such as that provided at StonyBrook or Gainesville, or to courses at the
University of Nairobi, or other Kenyan educational institutions. The proposed
. budget would provide such training for 15 MOE staff members.
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(4) Applied Research and Demonstration

The project includes two components:

(a), Fucliood/Aproforcatry Cearcrs: The project will support the establishment

ol siz azr...céotry rescsrzi, dericritration, andlextension centers gituated
in varioue e¢clogical reras., Each tueh centsr will include seed acquisition
and specive research apprepriate to that regionj distritution of seeds to G

other nurseries or, where direct sowing is feasible, to farmers or tree- ;
planting orzanizations and government extension agents; distribution of
seedlings of selected species and varieties for both extension and
esperimentation 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

S s Rolly2 L
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The exte sion staff will work particularly with local Agricultural
Ljtension Oflice.s, Farmers' Treining Centers, and non-gu.erimental organ-—
izations (lceal :hursh, women's, farmers', and other groups) to encourage
introduction of trecs on farms. They will monitor both progress in gaining
acceptance for such introduction and results on farms where trees are
introduced,

R

TR L

Each center vill have a capacity to distribute roughly 200,000
plants by the third vroject year, in additicn to substantial guantities
of seeds; five conventional and ten agroforestry démonstration plots;
one conventional and one agroforestry extension agent (Kenvan); and staff
and equipment to support the nursery and associated extension and d monstration
operations, Of the six centers, one each will be located in a semi-arid
area (Kitui District), poorly drained highlands plains (Machakos District),
the Western lake region (Kisii or Kisumu areas), a Western intermediate
elevation (Kakamcga or Vihiga areas), typical highland such as Limuru or
Eldoret, and on~ of the two major ecological areas of the tCaast,

T en L T
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Each ceuter will be established at an existing GOK nursery or one just
being started un. 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 l'orest Department of the
Ministry of Natural Resources and Environment, while those in marginal areas
are operated by the Soil Conservation Division of the Miuistry of Agriculture. o

(b)Energy Dcvelopment Fund: The project will provide consultant assistance
and initial funding necessary to establish, within the Ministry of Energy, ar
Energy Development Fund. The Fund will provide grants or soft loans to
organizations, on a cost-sharing basis, to develop and demonstrate innovative
renewable energy technologies and extension approaches. The main purpose of
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the Fund (or,as other capital is added, of the AID share of the Fund) will be

to finance demonstration or dissemination of those priority technologies

neetine hasic needs of AID's target population grouns. Reconmended Energy Devel=-
opment fund demonsiration priorities are, in crder of priority.

= Rural aff-restaticn and acrpforestry;

= Improved wuod or clizrcoal stoves and cooking methods;

~ Improved charocal production technologies and charcoal production
systems vhich promote sustained-yield forest management;

- Community water suppy applications (particularly hydrams and
windmills and possibly hand, pedal, animal powered pumps);

- Other renewable energy and energy conservation technologies which
meet the needs of rural smallholders;

= Other reno;able enzrgv terhnoloﬂxes which potentially could Subst1tute
[ A t-l Lk INE:-C o dl *s A = BRI S L
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require further demsnerration b*fﬂve they will be adopted caud~.;1311y.

The Tind will have two cowponents of roughly equal size, (1) A
component to provide progrzm leans or grants of up to $75,000 each to support gov=
ernme¢nt or nongovernmental orgzanizations carrying out promising extension
efforts in the arcas of afforestation, agroforestry, improved wood/charcoal
stoves, improved charcoal kilns, or usec of renewable energy for community
water supply projects and (2) a component to provide project grants of up
to $15,000 each to support specific demonstration projects of either GOK or
non-governmental organizations, with 75% of the capital in this component
to be allocated to the first five priority areas above.

Applications for the first Fund component will be received, reviewed, J
and approved by the Ministry of Energy. Loan or grant application procedures
under the second component will be publicized/solicited at periodic
intervals, Applications will be submitted to the respective District Development
Committee for review. The DDC's will submit their recommendations to the
Ministry of Energy, which will make final grant selection decisions. The
Ministry of Energy will administer and monitor all grants awarded under
either component.

The long-term experts provided under this project will assist in
preparation of premising project applications, perform technical and
economic reviews of pyrant proposals recieved by the Ministry, and provide
technical assistance and training to support the DDC's in their reviews.

(5) Monitoring and Evaluation

AID will undertake the following monitoring and evaluation of
this project:

- Forestry/fuelwood: Evaluation of results of tree species research,
nursery operations (including costs, survival rates, distribution
problems), effectiveness of alternative extension approaches (both
those through the AID-financed nursery complexes and other supported
indirectly), responses to afforestation extension efforts, and




response to and results of agroforestry demonstration znd extension
efforts,

- Evaluation of costs, technical performance, and sultability for =
large-scale adoption of wood/charccal and other renewable energy
systems supported und=r the Renewable Lrergy Project.

- 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
monotoring and evaluation plan. Annual project monitoring reports will be submitted
by the technical assistance contractor te MOE and AID. Finally,
mid=ter- Hifanalsnnijactiesalined e “*1 beo condu:it~d by a te:m ncceptohle

to MOE and AID.

F. Relationship of Project to GOK Development Plan, CDSS, and Other
USAID-GOK Projects

GOK Development Plan

The project is compatible with and supportive of the GOK Development
Plan on a number of different levels.

The 1979-83 Development Plan outlines the following objectives for the
energy sector:

1) increasing the supply of energy to meet the requirements of the economy;
2) rationalizing the use of imported petroleum;
3) developing indigenous energy resources; and
4) lessening dependence on imported fuels,
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The Renewable Energy Development Project contributes to the achievement of
{hese objectives by providing assistance to the Ministry ol Energy to develop

encryy policiss, 10 ¢stablish an effecrive program of avergy conservation)
to suhsiitute renwable enargy in place of petrn];u— wheve

appropriate, to expand its afforestatic pregram aad to potivic more
efficlenti wdod=Chugeoal COllverei1on dam, alslUse

The Project also supports a number of other policies #nd objectives
of th . Kenyan Development Plan not spccifically related to cuergy. These
include Kenya's primary goal of poverty alleviatisn and others such as
prescrving its natural resources, conserving its soil, providiag water
to all Kenyan:,utilizing appropriate tcchnology, strenglhening Kenyan
institutions, p-onoting small businessce, and focusing attention on the
Arid aud Semi-Arid Lands.

iue Frojecl will conitibdie to the alleviatiom of pao . ity st directly
by providing easier access (o fuelwood, water and more cfiiciant cooking
devices. The project will support and complement the trea wlanting, nursery
develorment, specics research and manpower crainipng prugrams of the Ministry
of Natural Resoursces, Forestry Department and the Ministrv of Agriculture Soil
and Water Coi'servation Services Board. The project also intcnds to provide
support to a anumber of other Kenyan institutions, zovernoental and non-govern=— s
mental, to enable them to play a role in research, development, demonstration,
and extension of appropriate renewable energy technologies. Another
important aspect of the project will be to encourage informal sector business
to produce these dsvices, another priocity of the Fenyan Nevalopment Plan.

CDSS

The Kenya CDSS for FY82 identificd cnergy requirements as one of the key
development problems facing Kenya, The strategy proposcd is 'to enhance the
Ministry of Encrgy's institutional capability and to demonsicate application
of several renewable energy technologies suitable to socio—-economic,cultural,
and climatic conditions of Kenya", In addition, the CDSS called for the
increased wood fuel production through pilot demonstrationm activities. It
also identified target population groups which have been used to develop
priorities for this Project,

Other AID-GOK Projects

Other USAID-GOK projects related to the Renewsble Encrgy Development
Project include the Secondary Towns Shelter and Community Facilities Project
(HG-006), the Arid and Semi-Arid Lands Project (ASAL) (615-0172), Feed Crop
Storage (615-0190), Community Water, and small-scale enterprise development
projects being carried out by Private Voluntary Organizations.

The Secondary Towns project, directed to eleven tovms ranging in size
from 5,000-15,000, will finance sites and Services development, core housing
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and upgrading of existing housing. The project will also involve the provision:
of community services, including water and employment generation activities,

Energy saving approaches to comstruction, cooking facilities, and provision g
of water are potential project elements. —

The ccmmumity water project involves design and construction of water
supply systums in which the Ministry of Water Development would provide
@ main water ling and the community would be responsible for construction,
operation, and maintenance of the distribution system to community water points.
The project also will include technical assistance, training and funding
for community rehabilitation of existing non-functioning systems.

The ASAL project covers soil and water conservation, improved agiicultural g
practices, water resource development, crop and livestock production and ¢
afforestation in the Kitui District of Eastern Province. A related project with \
direct raleavanea to the Pr-~awable TosvawiiProject ig thy frs~ tlation of
detailed plan for the development ci eisht tree nurseric< in Kitui
District, One of these nurseries could potentially be upsraded as part of the
Renewable Enarzy Developmeant Projcct

The Crop Storage project includes institutional development, training,
and demonstration relating to grain drying and storage practices. The

¢
solar drying component of the Project potentially could relate to the Crop 1
Storage project.

The small-scale enterprise activities operated by Techinoserve, Partnmership
for Productiviey, National Christian Council of Kenya and others, could

potentially become involved in the commercialization of improved
cooking devices,

G. Relationship to Other Donor's Projects

A number of other domors have initiated or are contemplating projects
in energy or related areas. Those projects about which there is information
are summarized below:

(1) Bilateral

- Federal Republic of Germany: Is in the final stages of negotiat?ng
a 2-3 year, DM 16.5 million energy project to include participation
in the MOE/Beijer Fuelwood Cycle Planning Project; demonstration
projects in stoves, and integrated wind and solar electric systems;
assistance in establishing an Energy Research Center at the
University of Nairobi; and funding to Kenya Industrial Estates and
other financing institutions to provide energy project loans. Also,
separately supporting the Mzinga Dam project.

= Japan: An ongoing three-year project (K£133,000 this year) to assist
the Olkaria goethermal power development program.
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United Kingdom:Intends to provide three petroleum development
advisors plus associcted training; has proposed afforestation and
rural electrification projects in Embu, Meru, and Isiolo, and is
supporting the Mzinga Dam project,

- Sweden: .llocates the interest differential (K£222,999/yeur) on a
formes power developaent loan for rural electrification projects.

- NORAD: Assisting in review of petroleum information and conducting
further studies of the Turkwell Gorge hydropower proiect. May help
y finance Turkwell Corge.

- Canada: Provides grants for rural electrification, is negotiating
to provide rural electrification enginecring assistarnce, and currently
jg {°=*211in2 three maior pover transmission lines.

- Finland: Initiating a FM 1.6 million feasibility .. -y of mini aud
micro Y+ !rcpower in Western and Nyanya Provinces.

- Netherlands: Participating in the Beijer Fuelwood Cycle Planning Project.

- Italy: Has expressed '"very preliminary' interest in establisiunent of
an Energy Research and Development Institute.

- Brazil: Currently ﬁ}oviding short=term power alcohol consultant
assistance, may negotiate a longer-term technica) ussistance agreement.

- Iraq: Allocating a portion of a lafge country progrum credit to
geological surveys and training of geophysicists ¢nd other petroleum
specialists.

- Abu Dhabi: Has expressed preliminary interest in  financing provision
of elcctric power for the Bura Irrigation Scheme.

(2) Multilateral

= World Bank: Currently providing loans for the first and second Olkaria
geothermal projects, supporting a feasibility study of the Kiambere
hydropower project, and seriously considering a possible project
to review existing petroleum data and legislation.

= UNDP, UNIDO: Committed to providing a long-term energy policy

advisor with a petroleum background and short=term experts to advise
on petroleum marketing/distribution and a possible airborne geophysical
survey program; MOE is awaiting final report of power alcohol
consultant team; UNDP considering a UNIDO biogas proposal; may

' provide a short-term advisor on renewable energy in rural areas
(Photovoltaics minihydro, and windpower for rural electrification); and
may provide further geothermal exploration assistance.
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= EEC Currently reviewing consultants' proposal to assist in
preparation of a national cnergy strategy, evaluate MOE organization,
and advise on the establishment of an LCnergy Research and Development
Institute, Also supporting the Mzinga Dam and may support Turkwell
Gorge.

Because of the concern over potential for duplication, the MOE held a
meeting of all donors in August 1980 to discuss their respective projects. Based
upon this meeting and discussion with individual donors, AID is convinced that
this project does not duplicate other donors' current or contemplated projects.

The MOE intends to Convene such donor meetings on a regular basis to
assure close conrdination amone all dutor enerey projects,

H,, Cunditions Preccdent to Dishurse~--r and Special Covenants

Conditions Precedent

(1) First Disbursement. Prior to the first disbursement under the Grant,
or to the issuance by A,I,D, of documentation pursuant to which disburseuent
will be made, the Grantee will, except as the Parties may otherwise agree in
writing, furnish to A,I.D., in form and substance satisfactory to A.I.D,, a
statement of the name of the person lholding or acting in the office of the
Crantee specified in Section 8.1, ani of any additional representatives desi:nated
pursuant to Section 8.2, together with a specimen signature of each person
specified in such statement.

(2) Disbursement for Energy Development Fund. Prior to any disbursement
under the Grant for purpyoses of fin'aci:z the Energy Development Fund descril.'
in Annex H to this .paper ., or to the issuance by A.I.D. of documentation
pursuant to which disbursement will be made relative to such funds, the Graiicce
will, except as the Parties may otherwise agree in writing, furnish to A.I.D. (n
form and substance satisfactory to A.I.D., (8) proposed criteria, with details,
for approval and implementation of activities under that fund and (b)
proposed Ministry of Energy staffinz and administrative arrangements with
respect to the fund, Such submission to A.I.D, will be consistent with the
guidelines contained in Annex H hereto, relative to the Fund,

(3) Disbursement for Grantee Contracts. Prior to any disbursements, or
to the issuance by A.I.D. of any documencation pursuant to which disbursement
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be made, relative to Grantee contracts for technical or other services, or for
the procurement of equipment or cormodities under this Agreement, and except
as A,1,D, may otherwise agree in writing, A,I,D, will apprecve in writing such
txccuted contracts,

(4) Distursements Relative to Beijer Insyitute Study, Prior to any

disbursezcnis, or to the issuance by «.Ll.D., O).documentation pursuant to
which disburscments will be made, rclative to use of Grant funds in support
of the Beijer Institute Study described in Annex D hereto, the Grantee will,
except as A.I,D, may otherwise agree in writing, furnish to A.I,D., in

form and substance satisfactory to A.I.D., evidonce that the additional fund-
ing necessary to complete that study either has been committed or will be
committed on a timely basis,

(5)#:Dichu=zonantsifisliaciedegiNuzlinadldsvafia=satrrConsonent s Prise

tt any dishursa—encs, or Lie issuance 5?-Kti:ﬁ. of documentation pursuant to
which disbursenent will be made, relative to the Fuelwood/Agroforestry
Dczonstratio./Zitonsion Centers component of the Project described in Amnex K
hereto, the Grantee will, except as A.I,D, may otherwise agree in writing,
furnish to A.I,D,, in form and substance satisfactory to A,I,D,, evidence that "
the rclevant functional Ministry agrees with respect to cach center: (a) to 3
make available necessary land and facilities; (b) to make its rural extension
officers available for reasonable periods to participate in extension and
training related to the project; and (c) to otherwise cooperate with the
Ministry of Lnergy tnward achievement of project objectives,

Sadiilitee s it

(6) Notification. When A,I.D, has determined that conditions pre-
cedent specified in points 1 through 5 have been met, it will promptly
so notify the Grantee,

(7) Terminal Dates for Satisfaction of Conditions Precedent. (a) If all
of the conditions specified 1n ppint 1 have not been met within ninety (90)
days from the date of this Agreement, or such later date as A.I.D. may agree
to in writing, then A.I.D,, at its option, may terminate this Agreement by
written notice to Grantee., (b) If the conditions specified in Points 2 through
5 have not been met within eighteen months of the date of this Agreement,
or by later date as A.I.D., may agree to in writing, then A,.I.D. at its
option may cancel the then undisbursed balance of the Grant, to the extent not
irrevocably committed to third parties, and may terminate this Agreement on
. written notice to the Grantee.
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Special Covenants

(1) Project Evaluation, The Parties agree to establish an evaluation
program as part of the Project. Except as the Parties otherwise agree in
writing, the program will include, during the implemcntation of the Project
and at one or morc¢ points thereafter: (a) Evcluation of progress toward
attairment of the objectives of the Project; (b) identification and evaluation
of problem areas and constraints which may inhibit such attainment; (c) assess—
ment of how such inf -mation may be used to help overcome any such problems;
and (d) evaluation, to rhe degree feasible, of the overall development impact
of the project. Details concerning this evaluation program are contained in
Chapter VI and will from time to time be discussed between the Parties
and embodied in Project Implementation Letters,

(2) Donor Coordination. In recogniticn of the importante of consistency
and compatibility of all external donor-funded activities in Kenya's
ener?v sector, the Grantss covenants (a) to keep A,T1.D, generally appraised,
by means of a quarterly letter, of such activities, both ongoing and con-
templated; and (b) to convene an annual meeting of such donors for the
purpose uf a general review of progress to date and future actions planned.

(3) Counterpart Personnel. In view of the impcrtance of institutional
development to the objectives of this Project, the Crantee covenants that,
except as A.I.D. may otherwise agree in writing, Kenyan officers will be
assigned to work on a substantially full-time basis with all expatriate advisors,

both those resident in Kenya and those on short-term consultancies, funded
under this project.

(4) Participant Training, In further recognition of the importance of
institutional development, the Grantee covenants to provide on a timely basis
snitably qualified personnel, for training in the United States or, elsewhere,
in general accordance with the Implementation Plan included in Chapter V of the
paper. The Grantee also covenants that, except as the Parties shall
otherwise agree in writing, such participants will upon completion of train-
ing be placed in suitable positions, relevant to the objectives of this Project,
within the Govermment. The Grantee's normal bonding requirements will be
made applicable to all Kenyans undertaking such training,

(5) Project Coordination. In view of the several Kenyan ministries
and other organizations involved with one or more aspects of thec energy
sector in Kenya, as indicated in Annex D to this Paper , the Grantee
covenants to continue its existing energy coordination body, under the
chairmanship of the Ministry of Energy, and to include representatives on
that body from, at a minimum, the Ministries of Natural Resources and Environ=-
ment, Agriculture and Water Development. The basic terms of reference of
this coordination body will include periodic review of progress under this
Project and the examination of usefulness of the Project to the energy-related
work of those Ministries and other bodies, The Grantee covenants further to
use its best efforts to promote and ensure cooperation in furtherance of
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objectives between the Ministry of Energy and the above-named functional
Ministries.

(6) BEeijer Fuelwood Cycle Project., With respect to this Project cem-
ponent, thr: Crantec covenants (a) to assign professional staff as necessary
to assist in installation and use of the AL-!IDIS energy aszessment system;
(by to make available facilities at the Ministry of Encrgy to house the AL~
EDIS equipment and staff; and (c) with respect to a computer terminal to
be furnished under the Project, to provide to the Ministry of Energy access
to the Crantee's maip computer, and necessary staff support, on the Grantee's
normal terms for such access,
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III. SUMMARY OF ANALYSES

A. TECHNICAL ANALYSES SUMMARY

Basc” on research urdertalen by the project team as well as discussions with
numerovs government cfficials at the local and national levels and other
informed Henyans concerning thne priorities and neeccs of Kenya's poor and the
Kenyan encrgy situation, it is recommended that the project place primary
emphasis on four areas: afforestation/agroforestry, more efficient cooking
technologics, more efficient charcoal production, and water pumping %
for community consumption. Other renewable enmergy technologies which address A
the basic needs of the poor or provide an alternative to conventional fuels ]
will be supported to a lesser degree. 1

1, Affsrastationfieraforestry

, Most sources estimate that Kenya's forests amount to roughl; - zillion
hectares (20,000 k=2), lass than 4%0of the country's total area but(because
most of its forests are located at higher elevation) some 15-16% of Kenya's
medium to high potential land.* This may understate the total forest cover,
since treesr-and, equally important in marginal areas, savannah woodlands--
also are found outside traditional "forest" areas,

As discussed in Appendix A, estimates of annual woodfuel consumption
range from 10 to 25 million tons, or 15-36 million cubic metres, of roundwood
equivalent per year. To this amount nust be added wood consumptica for other
purposes, such as industrial raw timber and pulpwgod, bomas, poles, etc.

With average yields of probably no more than 3-5m”/hectare, Kenya would be

unlikely to be able to produce more than 6-10 million cubic metres per year ‘
on a sustained yield basis., Current production clearly is not or 2 sustained
yield basis, so that both the growing stock and production apparatus--or b
"factory'" itself are gradually being depleted.

A survey of environmental conditions indiii~tes that, particularly on e
lands undergoing rapid population expansion and land near major ucban i
areas, wood removal far exceeds the sustainable productivity of the
vegetation, The removal of vegetative cover due to increased wood consump-—
tion or to intensified land clearing for legal or illegal agricultural
settlement-- followed in many cases by excessive cropping or grazing——
has caused severe soil erosion, diminished water quality, premature river and
dam siltation, and other impact. At lower elevations, rapid population growth
and consequent land competition has forced settlement of marginal, ecologically
fragile lands, causing severe soil erosion.

Whatever the current consumption level, the projected doubling of the
popu}ation (from 15 million to over 30 million persons) by the year 2000 and
continued migration from rural to urban areas suggest that, within twenty

% years, the requirement for woodfuel will be 2-2.5 times present levels,
or 30-90 million m3 annually. A doubled consumption requirement could not be
met from Kenya's present forests.

* Land recieving more than 850 mmannually, considered the minimum needed to
support agriculture on a continuing basis.




Creatly expanded afforestation, improved management of forest resouri2s, and
wvidespread adoption of agroforestry technique: must be undertaken, However, these
efforts must be viewed as complements, not alternatives, to measures to
use wood more efficiently.

a. Options for dceting Future Woodfuel Demand

Forest Reserves and Tmdustrial Plantaticns

GOK gazetted forests cover approximately 1.7 million hectares and are
made up predominantly of indigenous forests, with some exotic softwood and
hardwood plantations. Most gazetted forest area is maintained as protection
of water catchment areas rather than as a source of wood production. Only

about 10-13% of the country's total fuelwood comes from government forest
reserves.

flere 13 substaatiel scupe fuvr ilucreasing lfyelsvvd pProuuciion
from tiic comparatively small (130,000ha) COX forest plancation area.
Present yields are 13-19 m3/ha of saw timber or pulpwood. By concrast,
an industrial plantation in Malawi with similar ecological conditions
achieves yields of 40 m3/ha. of which 30 m3 is fuelwood.

The forest reserves occupied by natural forest vegetation, especially
those on the highlands, pose a very different problem, Several of these
forests are at present disintegrating at an alarming rate due to settlement of
"squatters", It has become administratively and politically difficult to
stop squatters from entering the forest reserves. At the same time, some of these
forests constitute important water catchment areas and their destruction
is endangering the water supply below, leading to the premature silting of
dam sites, and contributing to rapid deterioraticn of productivity of
agricultyral land.

What option might work is unclear. The tradition African "Taungya"
system of periodically rotating settlements within the forest reserves
potentially could at least lessen the potential damage. Alternatively,
separating existing farmland from the arcas of natural forest that need
protection may constitute an effective barrier to encroachment,

There are few large private forest plantations in Kenya. EATED
operates one of the largest plantations in Africa, to produce black wattle
as a source of tanning extract (and, as an important by-product, charcoal),
near Eldoret. Black wattle also is grown commercially elserthere in the
highlands. Eucalyptus trees also have been planted on a considerable
scale, although a commercial wood marketing and distribution system using
Eucalyptus has not been established. A few tea and tobacco plantations
meet some of their fuelwood requirements from their own lands. In general,
however, private farmers appear to see little incentive for growing wood.

Experience in other countries--and experience in Kenya with black

wattle--suggests that private industrial forest plantations and large (and
small ) scale farmers will respond to price incentives to grow trees. Current
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Forest Department stumpage prices appear to be too low to enable profitable private
production. The scope for expanded private production and incentives necessary to

elicit such oroduction should he investigated, Also, contracting for
privaie nosagunent of selected forest reserves should be considered,

f-=mim=1 and Tndividual Forest Management

There is widespread interest and activity in rural afforestation.

Efforts include the Forestry Department's Rural Afforestation £xtemsion
Service, the Ministry of Agriculture's soil conservation program, programs
cf non-governmental organizations such as the NCCK, the National Council
of Women of Kenya, and wild—life Clubs of Kenya, and local efforts of village
chiefs, church groups, women's groups schoonls ,étcs In many cases, such
efforts have been successful, and the COK's rural nursery and extension

evork srovid 213 for future ‘annrnzinon, Hozever. shortages nf
appropriate seeds and 5#051*""9, lacb of advice on when and how to it out
seedlings and lack of piroper post-planting mzintenance have resultad in
both too few (rees being planted and very low survival rates for those
that are planted.

Currently Underutilized Lands

One option for communal or individual afforestation is to use land-
found even in the densely-settled parts of Kenya that could be more profitably

employed for growing trees than for anything else and which is not at
present included in the forest estate, Examples of this category include:

- Stony, rocky land where underground fissures neverthcless
make deep root penetration possible;

- Slopes so steep that they would be seriously exposed to erosion
if farmed or trampled by cattle;

- Sloping areas where the soil previously has been exhausted
and the land invaded with Lantana thickets;

= Areas characterized by seasonal water logging, assuming that
suitable species are stlected and planting is carried out on
raised mounds or ridges;

- Highlands areas covered by heavy clays that presently carry
only low-yieclds pasture and isolated trees, if sub=-soiling
or other techniques are used; and

= Semi-arid areas which can support only silviculture, generally
combination fuel-fodder plants.

Communal Lands

Most County Councils have designated land specifically for afforestation

In addition, administrative sub-locations (particularly ir marginal areas

III-3 -




where damage from soil erosion is already visible), churches, schools, and
other groups appear to be setting aside land for afforestation projects.

A survev is required to ascertain how much land within this category
has a potential for forestry development, In addition, difficult issues
rezacaing corsunal riolits &nd respadsibilities must also be addressed
(See Social Soundnsss Analvsis).

Individual Farmers

Close to urban centers or in the case of trees with commercial potential,
it is possible that fast-growing trees in some cases may constitute a
more profitable crop than grains even on very good farmland. In general, however, if
aquuate incentives are provided, pla1t1ng of trees or the mamntenance of
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production in :dditxc- to their uouu-uzeldxrg function. Multi-purpose
trees which coubline [irewood, fodder and soil enricument attributes - ).
potentially can increase crop yvields to the farmer as well as contributé
to general improvement in soil conservation and fertility. Particularly
in semi-arid and arid lowlands an improved agroforestry system can help
protect the fragile anu endangered ecosystem as well as producing valuable
fuel, fodder, and other products.

Despite historical integration of indigenous trees into traditional
farming patterns, most Kenyan farmers are no longer familiar with the idea
of growing herbaceous food or fodder crops in association with trees.
Moreover, very little research data is available within Kenya that would
make it possible to provide farmers with detailed and precise advice about
how to increase the productivity of their land by associating trees with
their conventional crops. Relevant data on this subject may be obtained
from Rwanda (where very interesting agroforestry and extension work is
being carried out), the International Institute for Tropical Agriculture
at Idadan, and elsewhere, including the Nairobi-based International
Council for Research in Agroforestry (ICRAF). However, research, demonstration,
and extension work must be conducted on a broad-scale if large-scale planting
of farm trees is to be achieved.

b. Program Needs

Species Selection

The selection of tree species for reforestation/fuelwood development o ia
is an important technical input to the implementation and success of refores-
tation/fuelwood development programs in Kenya. Kenya is characterized by
a wide range of soils, climates and micro-environmental conditions. Tree
species which grow satisfactorily in one area of the country may not
perform well elsewhere. However, most research in Kenya has been limited
to highland species., A list of genera and species recommended for
testing is shown in Annex A, The list includes both exotic species
and indigenous trees. A large numger of potential fodder trees and leguminous
trees with nitrogen fixing capacity as well as a few quality timber trees
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are included.

Seed Production/Acquistion

Eunough already is known about several suitable plantation species
for highland conditions to be conficdent about seed use, e.g. Black Wattle
(Acacia moarnsii) and several Eucalwptus., Similarly, for certain soil
tvpes in the coastal rezion, species such as Eucalvptus camadulensis can
be‘relied on. Finélly.research and develupiment has been carried out by
non-GOX organizations--the XNCCK, Baobab Farms LTD., Kositei Catholic
Mission, IPAL, and others==to identify and establish trees on different
types of marginal land. In scme cases, limited quantities of seeds of
promising species are available for distribution.

Assistance to Afforestation Groups

The maiar = ds of saliesclamamani-T groanisgticssiare arnvanriats
seeds, assistance in developint nublic education materials, and training
and technical assistance in nursery development and post-planting mainten-
ance. In addition, limited fiuancial assistance to support an afforest-
ation program marager/coordinator and/or travel expenses would permit
promising national or regional organizations to expand their assistance

to local afforestation groups.

In addition to financial assistance, AID should provide:

- At least two forestry/agroforestry experts to provide technical
assistance to government and non-governmental organizations,
as well as to manage related aspects of the AID project;

- Development, or support of groups such as ICRAF in the develop-
ment of, rural afforestation and agroforestry curricula for
incorporation at the Forest Training School, University of
Nairobi Faculty of Forestry, Agricultural Institutes, Farmer's
Training Centers, Adult Literacy training centers, and other
appropriate formal and non-formal educational centers capable
of reaching extension officers, farmers, or both.

- Newsletters, information documents for educational institutions,
posters, films, articles and other public education materials.

- Combined experimental and extension nurseries, to conduct the
species research recommended above, provide seedlings to
local organizations, demonstrate techniques of nursery establish-
ment and maintenance, and provide a base for local extension
efforts.
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Agroforestry Demonstration and Extension

Because of the importance of agroforestry and the lack of current
Kenyan organizations focus on integrated silvicultural/agricultural farming
patterns, AID should sunnort a series of demonstrations of the technical
and cxtensioaiacceptanc. aspects of agroforestry in each of Kenya's major
ccological zonas, usins the existing GOK nurs:ry centers as a base.
Surh demenstrations should include species tritls demonstration plots and
oufside demcnstration planting, (to include both establishmeat of conven-
tional forest plantations and planting of trees on land used for cropfarming,

and pasturc as part of pultiple crop agroforestry systems) and a major
extension component.

Information Gathering and Analysis

Thxs pro;ecc will prov1de f1nanc1al support for the MOE/Beijer
Tastiltassin S IER et fon Fhelunst 0 sele Dlraniaa Pradse

The Beijer r oiezt sﬁu_ld pr*nide nmost of the rﬂculred fuelssood information
and analysis. Thls project can assist, howecver by:

- Using its long-term experts to document and then continually
monitor rural afforestation and agroforestry activities through-
out' Kenya;

- Providing and analyzing information on Kenyan forest resources
and land use generated by the AID Remote Sensing Center; and

- Using its long-term experts or consultants to investigate

opportunities to promote expanded wood production on known
underutilized lands.

2. Cooking Technologies

In rural areas, which constitute 857 of Kenya's population, the predom—
inant cooking technology is the three-stone fire. In urban and urbanizing
areas and wood-short rural areas a metal brazier called a jiko is used by
most people, In the last five years, more efficient cooking technologies=-
primarily enclosed wood stoves made of mud, clay or cement, and imnroved jikos
have been promoted, but have received limited acceotance.

The following alternatives should be analyzed in the cookstove program:
low-cost improvements to the three-stone fire, supplements to the three-

stone fire, enclosed high-mass wood stoves, improved jikos and metal
woodstoves for urban areas.

Improvements to traditional cooking fires include concentrating heat
onto the cooking pot by surrounding the fire with used aluminum sheets

or foil, providing good access to the bottom of the cooking pot, and constructing

horse-shoe shaped baffles made of mud or bricks to act as a windshield.
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splitting and drying the wood before use, using small (1'"diameter) piéces,
and arranging the wood to allow proper air intake and mixing also are important
for an efficient fire,

Supplements to a three-stcne [ire such as insulated containers {(liaybox
cookers), solar warmers, incorporation of smoke release passageways, and burying
enclosed pots with burning embers also should be analyzed.

There is a wide variety of high-nmass stove designs, including Kenyan
designs (e.g., Karai and Kakamega stoves) as well as introduced designs
(primarily variants of the Lorena stove). While it is difficult to generalize,
improved stoves often contain the following features: a firebox or hearth
for containing the fire, a flue for directing the flame and fumes of com-
bustion, a chimney to provide a draft for drawing air and venting smoke,
an air inlet to supply oxygen to sustain the flame, baffles to direct the
convective heat current, heat exchangers to transfer heat to the pot, and
danpers toocuiitrol the cflowing air or draft.  Encloseu stuves cail be
made in a variety of designs using many different types of materials such
as mud, dried bricks, sun-dried clay and mud bricks, clay-sand mixtures,
dung, agricultrual residues and metal.

The most typical household jiko is cylindrical in shape, made of
scrap metal about lmm thick and consists of the metal shell, a fire grate
with opening, and appendage s-base supports, access ports for tightening
and ash removal and cooking vessel supports. Jiko improvements include
the use of heavier plate steel and the incorporation of double walls to
reduce heat lpss, chimneys and dampers, funnecls placed on the grate to
divert heat onto the pot, bellows, metal rings to prevent heat escape when
smaller pots are used, and soil cement insulating lining,

3. Charcoal Production

The simplest way of making charcoal and the principal method used
in Kenya is in earth kilns. In this method pieces of wood are placed under
the soil surface and the top is covered with layers of grass and an insulating
layer of damp soil. The main advantage is that no capital is required.
The main disadvantages are that yields are extremely low (8-10Z by weight)
and dependent upon the skill and experience of the producers.

Stack kilns are also prevalent in Kenya. They are narmally built
on a level site with the fron: end slightly raised to help the fire creep
to the end. The floor is markcd in a triangular shape from 5-9m long and
.5-3,5 meters wide Stout poles are laid covering the ground. Pieces
of sticks are packed in between the layers of poles to help the fire creep
through., The stack is covered with a layer of green grass and then damp
soil. The procedure, which takes 5-10 days, is more efficient than earth
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kilns hut less widely used.

Portable metal kilns are available in Kenya costing about Ksh.23,500
(over $3,200). Other activities include one large industrial charcoal
operation consisting of 28 large brick kilns, a continuous feed faarcoal
retort using coffee nulls, aud recearch on pyrolysis.

The proiect proposes to place major emphasis en imnroved traditional
charcoal production including no-cost, low-cost, and more substantial
icprcvements which promise up to 502 greater recovery by weight. Support
will also be provided for analyzing the costs and benefits of large sczle
charcoal cperations.

No-cost improvements consist of drying the wood as much as possible,
separating it into relatively uniform pieces, packing it tightly, and
ensuring that the earth covering is at least 6-12 inches thick., Basic
taa1Sandinstieia]l S =naan imantal roevieinaiemall jauastoants iwaladoiysainf
larger axes to facilitate more uniform cutting (34=7), temnerad curved
pruning saws to harvest smaller limbs and branches ($4), and/or improved
pruning 24-30" bow-suws for iatermediate sized woed (37). TFinally, the
insertion of sheet metal between the mounded wood and the insulating earth
layer, using flattened debes or other scrap metal, is a low-cost (under §5)
improvement which can improve the ydields of traditional earth kilns by
207 or more.

More substantial alterations to traditional earth kilns have been
developed in other rountries. One example i$ the Casamance Kiln used in
Senegal. Instead of building the stack directly on the ground, an air space
is built underncath by mzans of a network of logs. A circumferential air
chamber is also created by laying an apron of brush on the outside. A
chimney is placed beside the stack. Besides significantly increasing
efficiency, the Casamance Kiln can use various sizes, density and moisture
contents of wood, and is faster than traditional kilns. Smaller logs will
stop burning when carbonization is complete, The applicability of such
methods in Kenya should be examined by the project wood/charcoal utilization
specialist,

A number of important issues must be carefully considered before
larger-scale charcoal production, such as portable metal kilns, are promoted.
While they conserve wood, they also are more capital intensive, require greater
technical skill to operate, and would reduce income and employment for perhanrs
thousands of traditional producers. It is recommended that the Ministry.
Energy conduct an extensive policy analysis of the socio-economic issues
involved before encouraging these and other large-scale charcoal kilns.

Multiple yield pyrolysis is considered too expensive and too subject
to technical difficulties to warrant project support.
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4, Water Pumped By Renewable Energy %

Most water svstems installed in rural Kenya to date are pumped B
supplies from boreholes, rivers cr shallow wells. Most of these pumps T
are driven by diesel motors. Others are driven by electricity, wind, solar, -
water, and liczan powes. Gravity feed systezms have been installed in areas
where the source of water is suitably higher than the population served.
In addition, some rainiall catcluzents have been constructed gencrally on
roofs cf csazunity blildingss

The costs of operating and maintaining diesel motor-pump combinations
has been escalating rapidly in recent years, due primarily to fuel cost
increases and increasing parts and labor costs. Another very serious problem Ay
with diesel-powered systems is pump or motor breakdown. A skilled mechanic .
is needed to ensure proper system operation, and such mechanics are in short

supply. It is estimated that no more than half of installed diesel pumpsets f
in rural areas operate on a regular basis. 4

It is proposed that the following alternatives be analyzed for their
applicability in Kenya: wind pumps, water-driven pumps, human and animal : A
powered pumps, and solar stills, 3

Windpumps

A variety of windmill designs are available in Kenya. They all
transform the energy of the wind into rotational motion and then into a

reciprocating stroke. This reciprocating stroke actuates a pump in a tubular
shafe,

A number of imported traditional "American Fanmill" type windmills
have been 1astalled primarily on large ranches, over the past fifty years.

Standard models such as those provided by Aermotor, Dempster, Southern Cross,
and others have operited reliably for decades.

More recently, there have been at least two sucessful attempts-—and
some unsuccessful attcmpts—-to product windmills in Kenya. The Kijito
windmill produced by Bob Harries Engineering Ltd. (Thika) and 12 Py 500
Windmill produced by Plows and Allied Products Ltd. (Kisumu) both are commer-
cially available, Both windmills are too recent to permit conclusions
regarding their long-term reliability, but both companies appear to have
been quick to make modifications to work out initial problems with their
designs. The Mbita Catholic Mission reportedly also is producing low-cost
windmills in local workshops, but the project design team was unable to
evaluate this operation. Earlier attempts to make Cretan or Arusha or other
low-cost windmills in Kenya have not succeeded due to problems of
operational reliability and requirements for skilled maintenance technicians.
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The following projects concerning windpump utilization are suggested:

=A study of vindpumping capability in Kenya should be undertaken.
The data should be analyzed and made available to policy makers, development
agencies, water development personnel, commercial equipment manufacturers
and supplicrs and other interested uscrs to make them aware of the actual
petential for windpomp utilization in the country.

-Technical assistance and training on windpumps should be pruvided to
the Ministries of Water Davelopment, Health, and other interested government
agencies, and non-governmental organizations. A review of proposed water
schemes should be undertaken to determine where proposed new diesel pump
installations may be feasibly replaced by small windpumping systems. The

agency or group could then apply to the Energy Fund for financing of the
systems,

-The nrojeat's renewahle energy evport should assist in site and
svstem selection. Assistance should also be provided for training and to
sel up a monitoring and evaluation process, to analyze the economic, financial,
and social costs and benefits to the community and the Ministry of using
windpumps instead of diesp] pumps.

Hydraulic Rams

For applications where there is a river or stream with sufficient
wvorking fall and water flow to pcwer a hydram to drive water uphill to

nearby users, hydraulic rams offer probably the least expensive and most
reliable water system,

Hydraulic rams use free energy. They require very little maintenance
when compared with diesel pumps., In addition they can operate continuously
essentially unattended., At the same time, many of the estimated hundreds of
hydrams installed in Kenya are not operating because of failure to perfora
the minimal maintenance required (clearing inlets of debris, periodically
releasing air pressure, and replacing a rubber clapper once every 2-3 years)
or because a valuable brass valve has been stolen.

There are many more areas of the country that could make use of these
systems, and their use should be encouraged and supported by the government.
The project's water/renewable energy expert will conduct a survey of
hydraulic ram installations in various regions. This survey will be used
to provide baseline data for the Ministry of Water Development and other
agencies involved in water development concerning the actual and potential
populations served by existing hydraulic ram installations, the problems
associated with these systems, and the potential for increased use, Upon
completion of the survey, if interest warrants, several workshops will be
offered at the District level on the proper operation, maintenance and
repair of hydraulic ram systems, Financing for hydraulic rams could also
be applied for through the Energy Development Fund.
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Other Related Technologies

Solar distillation and other water supply technologies are discussed
in Annex A,

It is rccommended that solar pumps not be included in the project
for several reasons. Thermodynamic systems, typified by the Rankine cycle
"Sofretes' pump, are scphisticated and expensive. Tnese pumping systems
require a considerable cmount of waintenance and upkeep to keep then working.
The level of technical expertisc required for such maintenance is high.
Thus, these pumps have had major maintenance problems and system shutdown is

common.

Photovolatic pumps are reliable, require little maintenance beyond
routine inspections, fit in more with conventional maintenance and operation
procedures, but currently are very costly, In additicn, other groups
already are investigating the use of photovoltaic devices for water pumping.
It WUUiC Ue wiSe Lo awall Lie cutcumes OL Ciese PTo..-.: dond tu acyuire
more infotmation regerding fucurc pihotocell costs Le..-: deciding to go
ahead with further installations,

5. Other Technologies

Annex A addresses solar drying,human-and animal-powered devices, and
other renewable energy technclogies,

As discussed in Annex A, a number of renewable cnergy technologies
have not been included in the project. The most important of these are:

- Biogas systems, because of high cost of cuch systems (including
the animals to produce the needed manurz) put them well outside
the reach of AID's target population groups and because the
Federal Republic of Germany ic initiatinz a large-scale biogas
development program.

- Power alcohol systems because all but viry small systems are
beyond the reach of AID's target groups, the very small systems
are not of interest to the GOK, and the MOE already is receiving
power alcohol assistance from other donors.

-~ Solar electric system, because of their current high cost,

their general lack of relevance to AID's target grouns, and hacause

of other donors' interest in financing such projects.




B. SOCIAL SOUNDNESS ANALYSIS

Population Characteristics

About 707 of Kenya's population is made up of varicus Bantu-speakine i
groups which are concentrated in three areas: the central highlands cast of ‘
the Rift Vallew, the ccasral belt, and the Lake YVictoria basia. Tha !
remainder of Kenva's population falls into two linguistic eroupircs: Nilotic :
and Cushitic. MNilotes include Luo, concentrated in lower parts of Western
Plateau, Kalenjin and Maasai, located in the West Central highlands and
throughout the Rift Valley, and related peoples which meke up about 25%
of the population. Cushitic-speaking peoples such as the Somali, Rendille,
and Galla make up about 3% of the population, and are found in the Northern
and Easteru Arid and Semi-Arid areas, The remaining 1 to 27 of the
population are of Asian, Arab and European origin.

Smele )i

TliamwalysaTRn sa Asii i S Tk asar oy oy UG
increasinaly practiced by some Yaler and Maaszi, many of theém cimain
pastoralists. The Cushxt1c-speak;ng Somali,Rendille, and Galla are largely

pastoralists.
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There are significant regional differcnces |in levels of economic
development and in availability of services such as schools, hospitals, and
transportation., In general, road and social service networks are best
developed in the high potential, densely scttled regions of the country,
particularly in the highlands on the western and southern sides of Mt,
Kenya. The government is significantly increasing development efforts in
medium and lower potential areas to help redress regional inequities.

Adherence to traditional culture and modes of social organization also
displays marked regional variation in Kenya. As might be expected, areas
of least change are the lower potential areas of unreliable rainfall where
government services are not widespread. Though some communal forms of
?unership and labor cooperation exist in such areas, they are fairly uncommon
in ?igh poténtial, densely settled agricultural areas where land has been
1gd1vidually owned for about twenty years. The unit of agricultural produc-
tion characteristic of most Kenyans is therefore the individual family
farm or household.

A Representatives of the central administration such as chiefs and sub~
chiefs now occupy the major authority roles at the village level in rural
areas. Organizations playing a major role in local political, social and
economic affairs include cooperative societies in cash crop growing areas,
and various dcvelopment committees, women's and church organizations.

The capacity of ordinary villagers to influence the decisions and activities
of these groups and organizations varies greatly and often in direct relation
to the level of education and prosperity found in an area.
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Priorities and Motivation

The principal energy needs of Kenya's poor are improved access to waler
and fuelwoeod supplies, more fuelefficient cooking techniques, and improvements
in agriculture and public transport, Ameng the presently available range
of "appropriate technology" encrgy options, a relative few at the lower end
of ,the scale in terms of cosl and complexity have any immediate appliczbility
to the poor majority.

It is important to recognize the distinction between nationzl energy
needs and priorties, and actual short-term development priorities motivating
rural people. Sinca project activities compete with other tasks for the
rural poor's very scarce labor and cash resources, the actual ariorities
motivating allocation of these rescurces by the poor must be taken in account,

At present tue Lwo nighest cevelopment prioriitics of most of the rural
poor are expansion of educational facilities and improved access to water
supplies. These are the areas in which locally initiated and organized
development projects (Harambee or self-help projects) are most common. It
is more difficult to motivate people to work on projects with longer term
or less immediately recognized benefits such as forest conservation or
substitution of water powered pumps for diesel pumps. While the need for
forest conservation and substitution of renewable for non-renewable (e.g.,
petroleum) energy resources is recognized at the national level, it is a
need which is difficult to translate into action at the local level.

Time Allocation

With most families dependent on their own labor for all production
and maintenance activities, little time is available for activities not
directly related to the basics of day to day survival. Because women perform
the bulk of family agricultural as well as domestic activities in Kenya,
most of them are simply unable to donate more than a few hours(possibly
2-5) per week to development projects.

Reaching the Poor: Institutions, Extension and Communications

This project will use a number of government and non-government
organizations to promote and spread renewable energy applications in rural
areas.

It is individuals (particularly men) in the better off 20-507 of the
population who have most contact with existing extension organizations.
Lack of transport and personnel limits extension contact with less well off
segments of the population, who often live in remote and inaccessible
areas and who also mav have little interest in extension services.
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Local reprasentarives of the central administration such as chiefs and
sub-chicfs with their immediate and effective channel of communication with
local people tlirough barazas or public meetings, can play a role in public-
izing and disseminating information concerning new energy technologies or
projects. Infact, acquiring the public support of local chiefs and sub=
chiefs is often an essestial means of gaining acceptance for any new project.

. Discrict, divisional and locational' development cormittees, headed by 4
D.C's, D,0.'s and chiefs, respectively, can also play a roie. These committees &
would be useful for publicity, coordination and demonstration purposes, :
since their membership includes representatives of all government ministries '
operating at the relevant administrative level, as well as local educatiomnal, i
religious, and political leaders. ¥

One of the most widespread and effective forms of community-based

development in Kenva is Harnmhee self=haln nrojeets, These 'n2allw %
iulcidaced and organized develcpment projects are found in vivtually all |
parts of the counctry and include such activities as building schools, 1
hospitals, dispensaries, roz:de cattle dips, and irrigation and water supply %
systems, 4

Both the community trve planting and water development components of
the project could effectively make use of Harambee groups. It must be
emphasized, however, that lcczl initiation and organization is the strength
of Harambee development efforts and that too much external assistance can
be the death blow to Harmabce cfforts.

A variety of non-government organizations which could be used to
initiale energy projects or co disseminate information exist in Kenya. Some
of them are based in Nairoh! aand have reiatively little represeantation in
rural areas, however they dov perform important coordination and publicity
functions. Other non-gover:icnt organizations, particularly church organizations
have specific areas of geo_r ::ic concentration where they have fairly strong
rural representation. However, church organizations represent a significant
ares of local and national political competition and this sometimes makes :
practical cooperation amony churches difficult to achieve, particularly for
water projects. Church groups might, however, be used effectively to help
foster innovation in mud and clay cookstove technology.

Spread Effects

To the extent that AID is able to set up replicable mechanisms for energy
technology experimentation, demonstration, and diffusion, the project will
have spread effects beyond thc initial groups involved in these activities.
Success will require direct participation by local people in developing
both techniques and diffusion mechanisms. Spread effects will also be greater
where the project requires little change in normal practices, such as tree
planting on individual farms.
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Since the demand for trees for individual farms in many rural areas
exceeds the available supply of scedlings, achievement of spread effects among
farmers will not be difficult if local tree nurseries are expanded and
adequate seedling distoibution mechanisms arc established.

Community wood lots, on the other hand arce more difficult to promote
beczuse they depend it creating new motivartions and modes or organization
in rural communities.

Achievement of spread effects will also require that tae various technology
options are evaluated and tested in the actual rural contexts where their
dissemination is proposed. There is little diffusion of certain "appropriate
village technologies' beyond domonstration centers in Kenya, at least in part
due to social and econcmic disadvantages of the technnlogies being domonstrated.

The ni2d for Keepinug coupichity 2.l ~-ste of n3w enerev technologies
loy in order to reach Lie rural poor is also essential to the aciilevemanc
of spread effects. If these criteria are met, diffusion of new energy
technologies in this project will then depend on making effecrive use of the
full range of existing organizations gnd institurinne discusesd carlier.

Individuals in the second 40%, not the poorest 40% of the population
will most likely have greatest access to and interest in existing extension,
clhurch and other organizations and institutions. If, however, successful and
appropriate technologies are developed for diffusion by such groups,
is5 is likely other individuals not directly involved would eventually
learn of them by word of moutli and observation.

Social Soundness of Technology Options

Long term benefits of the project include: (1) a reduction in
deterioration and erosion of agricultural land, which will help to alle-
viate further reductions in food and cash crop production potential;

(2) a decrease in family labor required for gathering firewood and water
which increases time available for more productive activities such as
agriculture, and may improve family food supply and income; (3) a

slowing of increases in family fuelwood and charcoal cash expenditures
and other household essentials; (4) an increased supplemental income
through more efficient charcoal production; and (5) an improved health
and working capacity, resulting from a reduction in both the physically
difficult burden or travelling long distances to fetch firewood and
water and in the necessity to cope with fuelwood shortages by cutting
back on the amount of food or number of meals cooked per day. Shorter-
term benefits include: (1) generating individual employment opportunities
for local people in extension, nursery, and tree planting activities; and(2)
strengthened governmental and non-governmental institutions. Since

about 857 of the wood consumed in tropical Africa is for domestic
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household use, and since most rural households depend on wood for
cooking, a project focused on wood fuel production and utilization can
direci)r affect AID's poor majority target Jroup. Improved access to

drisliina  water is also a hich priority need which can directly
affect this group.

Forestzy

To help achicve a wood supply/demand balance, the project involves
tree-planting at both the community and individual levels. Field visits
have indicated that the demand for scedlings in rural areas is quite
high and that there is an acute shortage of seedlings available for
planting. Thus, seedling production and distribution is also an
impertant focus of’ the project.

Chriiunityltric plastingids 1= 2 -2d by land gvailability andiwill
depend upon effective coopcration with local County Councils, since it
is they who control the remaining coumnunal" or public land in areas
where land has bevn adjudicated and i.ndividually registered. Other
problems with community woodlots incl-dia: 1) It will be necessary to
recreate what is nc longer an operatiig form of community organ' iation
and cooperation; 2) Determining how tu distribute benefits (which is
beyond the control of the project personnel) will be difficult; 3) Community
lands tend to be of poorer quality; 4) Poorer residents may depend on communal lands
for cultivation or grazing. Thus, the current use patterns of any potential
comnunity woodlots must be carefully understood before undertaking this
activity.

It is possible that in medium potential areas where land is not yet
adjudicated, and where communal forms of organization have not vet
disappeared, communityv woodlots minht be more successful. In both
adjudicated and unadjudicated areas community woodlots may be more likely co
be successful if mulii-purpuse tiics core planted which yield other products
such as fruit and fodder, as well ac fuelwood.

Community fuelwood programs entail a number of organizational,admin-
istrative and motivation problems discussed above. In Kenya community
fuelwood programs would probably be most likely to succeed if organized
and initiated locally as Harambee projects, instead of being imposed from
above by the government. AID could offer to provide seedlings to auy such
group wishing to begin a community tree plantirg project.

Agroforestry, another project component, can provide a variety of
beneifts such as fodder for livestock, food for consumption or sale,
building and fence poies improvad soil fertility and soil conservation,
all of which are likelv to make tree growing attractive to many small-
scale farmers Givewn existing patterns of small-scale farming in Kenya,
tree planting along boundaries and scattered throughout various plots
on a farm are likely to meet with more success than attempts to encourage
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farzers to grow concentrated plantations or groves of trees. Farm sizes
are simply too small to favor tree plantations since there are too many
competing uses,

Tree species most likelvy to b2 quickly adopted by farmers are those
with the most immecdiate and diverse range of benefits. Bouafits must be
cloarly perceived by tue Zavaer if lic 1s to devete somte of his scarce 1idor and
time to such tasks as planting, weeding, pruning, and harvesting trecs,
8s these tasks will compete with other essential agricultural tasks.

In many parts of Kenya, men and women are each responsible for certain
specific crops and trees. Thus efforts to introduce tree planting on
small farms must be done with an understanding of culturally defined sex
roles and division of labor so that extension efforts can be directed to
the appropriate family member, and also so it is clear at the start who
will buiaeale {rom & particuiac program.

Finally, before establishing seedlings in a nursery, basic research
should be done concerning existing tree species and uses in the areca. Local
people have extensive knowledge of local tree species and uses and this
information should be used by project foresters.

Cooking Technologies

Four categories of fuel-conserving cooking technologies are considered:
(1) improved three-stonc fire; (2) improved wood stove: (3) improved
charcoal stoves; and (4) biogas. As discussed earlier, improvements in
traditional threc-stone fires and wood stoves are most likely to benefit
the poorest 407% of the population; improved charcoal stoves would not
benefit the poorest 407, but could benefit a large portion of the rest of
thc population (with the excesption of the wealthiest 5-107 of the rural
population).

Most of the rural poor in Kenya cook inside a small hut using
traditional three-stone wood fires. Better off families who can afford the
initial purchase and charcoal fuel costs tend to use a jiko, though some
of these prefer the taste offood cooked over a wo.d fire. Kerosene stoves
and gas cookers are preferred by the wealthiest 15-20% of the population
and are considered important symbols of status and upward mobility.

Fuel-conserving improvements in cooking techriques would produce
national level benefits by reducing wood consumption. Such improvements
would also produce individual labor cash saving benefits for the rural
poor.

Improvements in Traditional Three-Stone Fire Cooking

For cultural reasons, improvements in cooking technologies are likely
to be a very low expenditure priority in most households, since cooking
and collection of fuelwood tend to be regarded as unimportant, low status
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tasks, and males tend to control cash, In any c?se, such innovations ghould
probably require cash outlays of no more than about 5-10 shillings per '
fanmily among the poorest 40% of the population., Wide diffusion of new technology
among this segment of the population would also require very simple construction
and maintenance procedures, since this group has very little access to existing
extension services and institutions.

Current social benefits of traditional three-stone fire cookinz
which must be taken into account in designing improvesients to it include 9
provision of light, warmth for space heating, a social gathering point, wood :
preservative, and animal, insect and pest protection. Simple, low-risk, :
low-cost improvements in three-stone cooking which do r.: { seriously alter wood
fire benefits listed above might be feasible, For exryple, a horseshoe=-
shaped wall enclosing the fire might be acceptable il it were not more than a i
few inches high. Other means of improving fuelwood efficiency in traditional
three-stone cooking, such as drying wcod before burning, are often not possible
beranse of severe lahor and transnort constraints the rural poor face.

Since many traditional foods require long hours of boiling, rather than
simmerine, it is possible that hot boxes or solar warmers would not be adopted.
Additional research is needed to establish the suitability of these devices for
cooking traditional Kenyan foods. In any cese, they must be made from
inexpensive locally available materials.

Mud and Clay Wood=Burning Stoves

Although various groups have attempted to introduce them, mud and clay stoves 4
have as yet met with very limited success in Kenya. They are fourd primarily
in demonstration units and in a few individual homes, often in conjunction with
other cooking methods, It is not clear whether lack of information or
disadvantages of the stove models themsclves is the major cause of their
limited diffusion. Careful assessment of user acceptability (durability,
economic and social feasibility) should be undertaken of the various
stove models being demonstrated.

Rl S i i T

Factors which may limit their acceptability include height, cost in
labor and cash required to construct them, availability and durability of
materials used and cultural factors, such as "hackwardness", associated with a
mud stove., In addition; available data suggest that some of the design criteria
of improved stoves conflict with certain benefits (e.g., space heating,
smoke) uf traditional fires, On the other hand, as fuelwood becomes scarcer
and purchase and collection costs increase, stoves with significantly
lower fuel requirements may become a higher priority in rural areas and
adoption rates may increase.

Improved Charcoal Stoves

Costs of purchasing the stove and fuel make charcoal stoves unaffordable
for most of the poorest 50 to 60Z of the population. At the same time,
the sector which can afford jikos may not be willing to sacrifice, scarce cash

I1I-18

| P R N TIE e g m e T o ot Py ERTE | T LA s gl A i) a s s M Py S O Y e



at hand to pay the higher purchase price of an improved jiko in order to
realize longer term benefits of reduced operating costs. In many cases, those
who have more cash on hand would be more interested in buying a kKerosene burner
for status reasons rather than a better jiko.

Chavcozl is, hewever, the preferred cooking technique fcr that segment
of the rural and urban poor who depend on purchasced cooking fucls since it is
more convenient to use and easier to transport than voond, In comparison to
mud and clay stoves, metal charcoal stoves have the advantages of
durability, portability, small size, and low maintenance requirements,
Scrap metal cooking technclogies already exist in Kenya and because jiko
makers are more cenirally located (though mostly in the informal sector),
it would be easier to disseminate new metal stove designs than it would be
to disscminate improved mud or clay stoves.

ALz with =ud ar? clay stoves, however, further experimentation with jikos
is required to produce a design that is socially acocptasble and cmnomically
viable . Some of the new jiko design in kenya are said to be too slow, too
heavy, too bulky, end too expensive for most people to be willing or able to
pay the initial -purchase prices. —In addition, they take longer to build and are
therefore less attractive to manufacturers. =

Biogas
—— i

Biogas production techniques at the individual farm level will not be §
included in this project because costs of these systems far exceed the capacity
of all but a small minority of the rural population.

C. CHARCOAL PRODUCTTON

An estimated 707 of Kenya's charcoal is used in urban areas, about 457
in Nairobi, Most of it is produced in rural areas using traditional earth
kilns in which an estimated 752 of the wood's energy is lost in the conversion
process. For the rural poor, however, intermittent charcoal production is often
an essential source of income. Thus, any yield increasing improvements in
traditional charocal making techniques would bemefit poor producers in both
high and medium to low potential lands by increasing their cash incomes.

Demonstrating improvements in tracitional charcoal production techniques
to informal sector producers is éxtremely difficult, since many of these are
"illegal" prcducers and many live in areas difficult to reach through existing
extension mechanisms. Moreover, producers operating near the subsistence level
have a low capacity for experimenting with new techniques. Simple improvements
which lie within the range of some traditional producers include using
dried wood, uniform sized pieces of wvod, packing wood more tightly,
covering the kilns with a sufficiently thick layer of earth, or adding insulation
barriers (e.g., tin containers locally termad "debes") between soil layers.
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Small-scale producers to whom information regarding improved techniques

would be more easily disseminated are those who obtain permits from the Forestry i
Department to cut trees in specific forest arcas. Some of these individuals ’
can afford better tools such as axes, or occasionally cross-siaws or chainsaws,

Improved methods could be publicized to these producers, for example, via perhapc 2
the Forestry Department oy 'linistry of Agriculture extension officials, though 61
the former currently lack the necessary extension personnel, %

proved charee .l production technigues involving portable metal kilns d
or semi-portable brick and mascnry kilns are much larger cperations. Before {
investing heavily in large-scale, capital intensive charcoal production e |
methods, it is nccessary to evaluate more fully the degree to which this might T
significantly reduce income among small-scale traditional producers, who
might be eliminated from production. Portable and semi-portable kilns require
a considerable cash outlay for purchase. as well as high cost of transporting
woud, which place such kilns beyond the means of traditional small-scale
prodianrs,

Finally, though rising rates of charcoal consumption invr.ve short-term
henafits for rural chircoal producers in the form of increas”® inrcome, there
are negative consequenczs in the long term, as rural wood supplies are depleted
and the poor have to travel longer distances and spend more time and money on
firewood to meet their own needs,

D. WATER TECHNOLOGIES

At least 4 million people in Kenya walk more than a mile in the dry
season to get drinking water. According to a study of 10 districts in
Kenya by Whiting and Krystall, women spend up to 6 3/4 hours per day fetching
water. Since women tend to be responsible for a number of cthcr domestic :
and agricultural tasks, reducing time required to collect watcr could i
significantly increase labor time available for more productive activities :
and could thereby indirectly produce increases in rural inco:2s and improve
general welfare., Rural water supply system/ can increase per capita water
consumption levels and thus improve hygiene and produce health benefits for rural
families.

Water supply projects are a very high priority in rural Kenya. An
estimated 100 new Harambee water projects are begun each year. However,
problems of scale, inadequate organization, and poor technical capabilities
have limited the number of successful, locally based and initiated rural
water supply projects. Rural water supply projects must be very simple,
cheap or receive government assistance, and easy to maintain in order to
be successful once external project personnel depart.

Windpumps

Windpumps are very site-specific, requiring adequate wind and
watar tables that are not too deep; however, when these conditions are
met, a windpump could serve as many as two or three thousand people. One
problem that must be dealt with is that windpumps require greater storage
capacity then diesel systems since the amount of time they are pumping cannot
be guaranteed.
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As discussed in the technical analysis section, some of the wind~-
pump projects in Kenya have been unsuccessful due to problems with main-
tenance and repair and incompatible patterns of social organization. Nectable
successes in windpower appear to be confined to projects undertaken with
external funding at religious missions or by individual (usually expatriate)
larse-scale farmers.

Since windnills have been in Kenya for severil decades and have not yet
generated strilitvs dintersst b the sovzrpment, véery'brief studies of the
reasons for this are a nececssary precedent to any large attempts to intro-
duce still more windpump projects. A few demonstration projects might then
be warranted if, for example, such studies indicate an unawareness on the
part of policy makers of potential uses of windpower substitutes for fossil
fuels. A publicity campaign would probably be required to counteract the
prevailing attitude that diesel pumps are a sign of ''development', while
windmills are "backward".
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ritdeille mean thue their estohlistnese wouldirequire substaatial goverunent
financial and technical support since they far exceed the financial and

technical capabilicties of many. rurai conmunities in Kenya,
livdrams
———— e

Hydrams may be suitable for small-scale community water supply systems
in areas such as the highlands, where much of the population is concentrated.
A hydram can potentially supply about 120 families in an approximately three
by four mile area, Because County Councils are turning from hydrams to
dieésel water pumps, second=hand hydrams are sometimes available for as little
as about Ksh. 4,000, though new ones may cost Ksh,18,000 or more.

Second-hand hydrams are thus within financial reach of groups of families

in wealthier cash crop growing areas. Families living én dispersed farms

along a ridge (a settlement pattern typical of much of the central

highlards, Kikuvu, Embu, and Meru areas) have in some cases organized and
contributed money to purchase and install a communal hydram, pipes and

storage system to supply water for their own domestic use, Field visits

to existing hydrams indicate, however, that even the fairly siwple mainten=-
ence involved (usually simply cleaning intakes) is a problem, as is replacement
of stolen and worn out spare parts such as rubber washers and gaskets.

Thus, these projects face several social, political, and technical
constraints, and seem tc require a fairly special set of circumstances
in order to succeed. A return to use of hydrams in government, as opposed
to local| communal projects, on the other hand, requires a change in preference
away from single unit diesel systems which produce greater output At increasingly
higher fuel costs.
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Human and Animal Powered Pumps

Although handpumps are not common in Kenya, they have certain intrinsic
advantages which suggest they deserve attention. These include relative
simplicity,low=cos:, and ease of maintenance (at lcast in areas where the
water Jlevel is high enoush to use pumps with above ground access to the
piston). A major disadvantege of handpumps, however, is their apparent lack
of “durability under conditions of heavy use by many individuals in comunity
water supply systems, Handpumps might be considered in areas of high population
density where a relatively small number of families could pool their resources to
purchase one for their own shared use. Local social, and political organiza-
tional problems such as those discussed above with respect to hydrams could also
be a factor in handpump systems.

Foot and animal powered pumps meeting low-cost, low-complexity and low-

maintnranca criteris chould alsn be considercd as an eption thoush they ara
not wicely kpnown in Kenva,

C. SITMARY OF ECONOMIC ANALYSIS

This project will help the GOK identify and introduce measures to increase
commerical energy efficizncy, stimulate afforestaticn and intcgraticn of trees
into agricultural and livestock production, develop and disseminate more
efficient cookstoves and charcoal produciion methods, and speed substitution
of renewable encrgy for conmercial enmergy in applications such as community
water supply.

l.Energy Conservation

The two largest petroleum consuming sectors are transportation and industry,
accounting for more than two-thirds of total consumption. There is significant
potential for conserving energy in these sectors by incorporating a
mixture of low cost "housekeeping' improvements as well as more significant
changes, With an aggressive conservation. program, over the next five years,

Kenya could achieve zero growth in petroleum consumption or realistically even
reduce petroleum imports. This will free capital for the investment which is
essential if economic growth is to keep pace with population growth in Kenya,

2.Woodfuels

While it is difficult to quantify the costs of deforestation in Kenya,
analyses by the World Bank and other organizations have documented the clear
relationship between deforestation, increased soil erosion, and rvonsequent dam
siltation, decreased agricultural productivity, loss of wildlife habitat, and
other economic costs. These studies conclude that costs of not addressing the
deforestation problem far outweigh the costs of afforestation. Studies of the
Tana River indicate that this same relationship applies in Kenya.

ITI-22

PR S  STPET,

b
\i

o [\ S iitte




From the perspective of the individual farmer, current prices offer little
incentive to grow woodfuel trees as a cash crop on high-productivity land rather
than devoting this land to agriculture or livestock. There is some scope
for increased production from marginal patches of land in hipgh and medium produc-
tivity areas and from afforestation in marginal areas. However, the greatest

patcntial -- and greatest cconomic incentive teo the farmar -- lies in

integration of multiple purpose trezs into crop or livestock production systems.
D?*v*!?a of 197 of ¢ farm or ranch to appropriate trees can produce valuable fuel-
wood, poles, and fodder ithich at ths rome time ii0rove soil Zertility

sufficiently to support agricultural yields equal to or greater than those
achieved when none of the land is devoted to trees.

3.Cookstoves

Cookstoves may be either owner-built or purchased commercially. COwner=
built stoves gencrally require a rural householder to "invest' time to build
the stove in return for a f]ow of time savlngs due to reduced firewood
collaction vaauivements, EEr A T e pr oS S S RIEE Ti T Ed YAl nUS e

entircly to charcoal jilns, where a caill iLnvestmen

t in an improved jiro providas
a gtream of cost savings due to reduced charcoal purchases.

On purely econcnic grounds, both cu.ier-built stoves requiring no cash
outlay and improved jikos should yield very high economic returns == over
10007 on a discounted bacis. Since adoption of such improved cooking devices
is spreading very slowly, e=conomic analysis alone appears to be an insufficient
basis on which to conclude that the prozram will be successful., The ability
to overcome obstacles such as lack cf tise to make the earthen stoves, lack
of iniovmation, required changes in cooking methods, lack of enough cash at
any one time to purchase the more exponsive improved jiko, or other factors
discussed in the Social Soundness Anal:cis are more likely to determine whether
or not improved cookstoves are adopted.

A third stove category is one ir which rural persons using firewood must
spend money -- either to buy a commarcial woodstove or to purchase metal
chimneys or other parts for an owner-iuilt stove == in return for a stream
of time savings (reduced firewood ccil.ction time). Very little is known
about the rates at which households & various income levels are willing to
trade money for time or vice versa. Izperience suggests, however, that for
the rural poor -- AID's primary target groups and the group most likely to
be using three-stone fires —- only viry large and highly probable
time savings would justify even a smull cash outlay,

The Economic Analysis also addresses the costs of cookstove extension.

Present unit extension costs to disseminate methods of owmer-built stove
construction exceed the price of most commercial wood/charcoal stoves.
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4, Improved Traditional Charcoal Production

The economic return from inexpensive improvements to traditional charcoal
making techniques == such as improved wood harvesting tools or utilizing
metal debes to reduce contamnination of the charcoal -- exceed 1007 after
only one firinp., On the other hand, small capital-intensive technologies
sich as "portatle" metal kilns would seem to be heavond the reach of traditional
smill-scale charcoal produccrs; and, even where a producer lias access Lo
sufficient capital, the projected returns may not be sufficient to warrant
the investment. These and larger-scale charcoal kilns, even if affordable
oy the small producer (which they are not), in fact appear to be economically
attractive only to producers who own their own forests and thus must take
into account the costs of forest maintenance or of deforestation. The great
majority of charcoal producers in Kenya currently can pass this cost on to
society and hence have littlie incentive to spend scarce capital to improve

chivenal produstion vields,

GCK policies intended tip gradually or suddenly move from the
prescnt system of small-scale intermittent charcoal production, where the
producers do not own or take responsibility for the source of their ravw
materials, to some type of sustained-yield industrial production system
potentially could have very serious negative economic consequences in poor
rural areas. Aside from regular charcoal producers' loss of income and
«employ ment, one of the few sources of cost income for subsistence farmors
would be removed. Also, this money stream may constitute a very real
economic stimulus in some rural arcas. The sociceconomic inputs of any
such policy shift thus should be carefully weighed against the expected
economic and ecological benefits of reduced or existing present deforestation
trends.

5.Community Water Supply

As a public service whose capital investment generally is financed by
governments, community water supply is characterized by a completely different
economic decision-making calculus than are, say, cookstoves or other investments
by individuals., First, systems entailing capital investments or operating
well beycnd the reach of AID's target groups evenl on a per capita basis may
nevertheless be financed =- witness many diesel pumping systems, Second,
government agencies may not be as responsive to perceived cost differences between
systems as would an individual decision-maker. FiR€lly, because of the
separation between development and recurrent expenditures, a decision to invest
in a given system does not necessarily entail a related decision to invest
in the maintenance labor, spare parts, etc. necessary to keep that system operating
once installed. All these characteristics can be seen in community
water supply systems.

It is misleading to generalize, because the relative economics of alterna-
tive water supply or irrigatioa systems are highly site-specific. In general,
however, where wind regimes and other conditions are appropriate, windmills
are increasingly attractive compared to dic el pumpsets as the scale of

ITI-24




water-pumping needs declines. It is for small systems, where even a small diesel
pump would %e needed only one or two hours per day, that windpewer appears
economic. VWere more known about frequency of outages for diesel units and

the costs to uscrs of those outages (due ro increased water collection times,
increased incidence of water-berne diseas., ctc.), windmills presumatls

venld be o cnomic over a breader range. ’

Hydraos are even more site-specifilc and appropriate to even swnaller-
scale systcns,  They vepresent a specialized applicaticn, meeting a specialized
need, where diesel or other units cannot compete. Similarly, simple solar
dasalinatinn svstems meet a specialized necd, and for that application they
generally will be the most economical alternative.

Solar pumping systems are not included in this project because of (1)
the high cost and rcliability problems of thermodynamic systems and (2)the
kirh cn3t of ritar~ralraic gsyverems and likelihond thar, without any Kenvan
research or doeronsiratlon etiert, cost will decline precipitous.y and reliability
and other operatirg characteristics will improve in the years ahead.

An additional factor in community water supply systems is the potential
for local marnufacture., There currently are two cormerci al windmill
producers in Kenya, both trying to establish themselves in this new and only
slowly cmerging market. Although virtually all hydrams currently are imported
from one manufacturer in England, there hag been limited experimentation with
local hydram designs and conceivably could be future potential for local
proeducticn,

6.Solar Drying

The primary economic benefits from solar drying are expected to be
(1) reduction of storage, processing, and distribution losses and (2)
ahility to fetch higher prices for cash crops due to reduction of product
contaminatioa. In addition, tobacco or other large-scale users of firewood are
concerned over future wood scarcity and are interested in solar drying as a
means of both limiting future energy price increases and assuring energy
availability.

7 Ocner Technologies

Biogas systems are not included in this report primarily because the
combined capital costs of both the biogas system itself and the animals
needed to keep it supplied with manure put it well beyond the reach of AID's
target population groups. Similarly, power alcohol has not been included
because of the high capital cost of even small-scale systems, and the
lack of obvious non-beverage uses for such alcohol by the urban or rural
poor. Both technologies also have fairly sophisticated operation and
maintenance requirements.
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D. ADMINISTRATIVE/INSTITUTIONAL FEASTBILITY SUMMARY

1. Iactroduciion

Thern arc several adminisirziive issucs or potentizl constraints which
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First, the Ministry of Energy is new, relatively small, and still in the
process of developing both its policies and programs and its relationships
with other ministries. Many other ministeries have ongoing operations which
relate directly to the activities recommended in the project. The Ministry
of Energy is in a position to play a technical advisory role for several
ministriecs . However, experience with other programs suggests that inter=
ministerial cooperation is not easy. Both a formal interministerial
COOrGAn T CLON e hvita ol mndael sl ser el | 3

be esceolished,
L]
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In addition to interministerial coordination, coordination and
communication lines must be kept open among the numercus donors which
have initiated or are planning energy related projects,

Anothar critical administrative issue and a central component of the
project is extension of the technologies to the pocr. Many ministries,
particularly the Ministry of Agriculture, have well-established ecxtension
networks. Still, while progress has been made, there are difficulties in
reaching the poorest families that constitute’ AID's target groups.

2.Initial Planning and Surveys

Two administrative issues should be highlighted. First, this
component requires that MOE work closely with the Ministries of Finance,
Economic Pianning and Development and others paralleling the major energy
consuming sectors, such as Industry and Agriculture, in monitoring energy
consumption and shaping national energy conservation policy.

Secondly, 2 multiplicity of donor efforts in providing planning
assistance runs the risk of not only duplication but inconsistent or
even contradictory advice,

3. Institutionali!Development

If it is to initate effective programs outside those areas where it
already has ongoing programs (e.g., electric power), the MOE must work
with and through those ministries who already have directly related programs.
In some areas, non-governmental organizations also constitute important
resources on which the MOE can draw.

Based on this role of MOE as an advisory aud initiating organization
working primarily with and through others, the project at least initially
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will place the four long-term experts (afforestation/forest management,
agroforestry, wood/charcoal conversion and end-use devices, and an expert
in renevable energy water pumping systems) and short-term consultants

in the MOE, with the understanding that most of their time will be spent
working with other Ministries.

Pursuinz such an advisor/initiator role poees risks for both MCE
and the project, Operating ministries may spurn MOF offers of assistance, 5
or/they may be reluctant to dircct their cxtension or other resources to energy b
from whatever they currently are working on. As in most other countries, i
in Kenya the power of a government organization generally is related to its
size and the nature and scope of its operating programs., Over time, the MOE
may become dissatisfied with an advisory role and try to launch its own
operating program, for example in fuelwood. Sheuld it do so, it is much X
more likely to be viewed by other ministries as ' competition, and its ability i
to work with or through them in other areas will suffer.

4. Applied Research and Development

Fuelwood/Azrcforestry Centers

The project contemplates six fuelwond/agroforestry research,demonstration,
and extension centers, Nursery operations and extension farms and communication
are major components of the centers. Both MOA and MENR already have ongoing
nursery and afforestaticn extension programs in all or most Districts.
While they currently are not sufficiently extens‘ve to satisfy all demand,
they have demonstrated a capacity to expand and certainly represent a
strong base on which to build. Particularly the MOA -- with the largest
farmer extension program in Africa, a network of multi-purpose tree '
nurseries, and a strong interest in agroforestry as a soil conservation
measure -=- provides an excellent basis for the proposed centers.

Accordingly, it is intended that, wherever possible, rather than
establish new operations, the MOE contract with the MOA and MENWR to operate
such centers with funds provided under the project. As in the case of
extension, this project will require a substantially greater degree of
interministerial cooperation than is required of most programs operating in
Kenya. There are, however, examples of other cooperative programs and, in
the case of the Rural Development Fund, for examnle, of both contracting with
other ministries and transferring Authority to Incur Expenditures. The MOE
appears willing to operate in this manrer, and the appropriate organization
within the Misistry of Agriculture supports the project concept and desires
to participate on this basis. However, the risk of interministerial conflice,
or simply inability to work effectively together does constitute a risk
for this project component.

Energy Development Fund

The Energy Development Fund will require involvement of both other
ministries and District or Divisional Development Committees to publicize
availability of the Fund, encourage grant proposals, in some cases pr pare
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proposals directly, and make funding recommendations to MOE. Again,

the Rural Development Fund provides a model for such participation. The

MOE and its long-term experts also will have to work closely with non=
governmental organisations both to help develop and evaluate preposals for
program grant funding and to encourage them to stimulate local proiect
proposals., Finally, !!10Z will have to worl. closely with related funding
sources, including the ¥ural Deveiopment Pund, the UCST research grant progranm,
and the soon-to-be established Nairobi office of the VITA/AID Small

Energy Grants program.

Grant administration is rot viewed as a serious problem, The Fund is small
and simple so that the MOE, with the assistance of the Energy Planning
expert, should be able to establish straightforward procedures and to
train the Fund staff.

ilonitoring ang kvaluation

Because this project is heavily oriented tow.rd extension and
institution-building and because of the degree of intermiilisterial coordination
required, monitoring will be both complicated and extremely important. It
is proposed that, as interministerial agreements regarding operation
of fuelwood/agroforestry centers are being negotiated, an AID team be
sent in to develop a detailed monitoring plan. The team must include a
sociologist/extension expert. Also, since some monitoring functions
may have to be carried out by the ministries operating the centers,
it is important that monitoring requirements be included in the inter-
ministerial contracts, The monitoring plan will provide the basis for
annual project reviews, which should involve not only MOE and AID,
but the other ministries involved. The team also will develop the plan
for the midterm and final project evaluations, which again must involve
the other ministries.

11128
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V. DMPLEMENTATION PLANNING

A, Administrative Arrangements

i

1. Government of Kenya = The primary GOK implementing organization
will be the Ministry of Energy (H0C). The Office of the Permanent
Sucretary, NMOE will assume responsibility for overall project performance.
More specific responsibilities for individual project components, together
with comments on implementation issues, are set forth below

a, Initial Planning and Surveys., The Policy Monitoring and Planning
Division, !OC will be responsible for all activities under this component.
Within this Division, a full-time Planning Officer will be ‘assigned to
direct installation and operation of the AL-CDIS energy assessment system;
a full-time Librarian will direct installation and operation of the Energy
Data Bank aad Library; and a full-time Senior Planning Officer will be
assigned as counterpart to the long-term Energy Planning and Conservation
Expert to be provided as part of this project,

The Policy, Monitoring, and Planning Division currently has four
full-time professional staff members, of which two are economists seconded
to the MOE by the Treasury. The Division has an approved 1980/81 budget
level of cight professionals. Two current staff members have attended
AID's Energy Management Training Program (EMTP) at SUNY Stonybrook and are
familiar with the AL-EDIS system. One staff economist currently is assigned
full-time to energy conservation and has been quite active, although energy
conservation represents a new field for him.

_ Because economists and statisticians are seconded to MOE from the :
Ministry of Economic Planning and Development, it should be possible for 1
MOE to build its staff in these specialities rather quickly. o

!

Training will be required in operation and use of the AL-EDIS system
(both cttendance at the EMTP at Stonybrook and shorter courses conducted
by EMTP ectures in Nairobi), in operation and use of the Data Bank and
Library (presumably on-the-job training), and in energy conservation. The
latter will be the most difficult, since there currently are no suitable
short (8-12 week) courses covering the broad field of energy conservatiom.
It may be advisable to develop a Nairobi workshop for Kenya only or, in
conjunction with the AID REDSO, for East Africa to address specific East
African energy conservation issues. The long-term Energy Planning and
Conservation Expert and short-term consultants provided as part of this
project would be the logical ones to develop and hold such a workshop.

(1) MOE organizations are based on the "Proposed Structure
of the Ministry of Energy", March 1980.
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b. Institutional Development

The Fuelwood Extensicn Expert, Agroforestry Expert, Cookstove/
Charcoal Expert, Wind/Water Extension Expert, and short-term consultants
assi_ncd unler this project component all initially will be assigned to
the Teclinical Division, MOE. The first three of the long~term experts :
together with related shorct-term consultants will be under the Charcoal |
and Firewood Section while the fourth long-term expert and related short=- q
term consultants will work in the Non-Conventional Energy Section. It B |
may be that as part of more detailed project implementation agreement
with other Ministries (as discussed below), MOE will second the Agro- |
forestry Expert to the Ministry of Agriculture. A

Each long=-term expert will work with a full-time GOK counterpart 1
professicnali seaff aoiocer = Soaservater cf Forest ° or Assistant Conserva=- A
tor I or equivalent in the case of the Fuelwood +*ansion Officer and the '
Adroforestry Expert and an Engineer -- or, preferably, an extension

specialist of equivalent professional level -- .- the Wind/Water Extension
Expert.

%

Implementation of this program component will be difficult,
The MOE and its long=-term experts and short-term consultants will have to
carry-out the demonstration and extensior components of the project
largely through other Ministries -=- particularly Agriculture, (MOA) and
Environment and Natural Resovrces (MENR) for foiestry; those two Ministries
plus Livestock Development (MLD) for agroforestry; Water Development (MWD),
MOA, Lands and Settlements (MLS), and possibly D for water supply and
irrigation systems; and MOA, Culture and Social Services (MC/SS) and what-
ever Ministry ultimately is selected to house tha Village Polytechnics
for other areas of rural extension — and through non-governmental
organizations. Experience with other programs suggests that achieving
such close cooperation will not be easy. Moreover, as discussed in the
analysis sections, achieving extcnsicn success :ill be difficult even
with close cooperation.

P ] L g T L D e N e o g e T LW e ¥

A particular problem is that MOE has no budgeted positions for
axtension specialists. In fact, there is no such GOK personnel category,
since field extension staff are shown as Agricultural Officers, Water
Officers/Bailiffs, etc. It is recommended that the MOE use one of its
six budgeted Non-Conventional Energy Engineer positions or a non-technical
MOE position to recruit an engineer with District or Division level
extension experience (for example, a District Water Engineer), and a
female Home Economics or Women's Bureau extension specialist, g

A very important aspect of this project component is provision
of curriculum development and training support to Kenya training institutions.
This will require that the long-term experts and short-term consultants and :
their GOK counterparts work closely with those institutions. Also, the {
experts and consultants and their counterparts should require from each such
institution, prior to providing such support, written confirmation of how
the institution intends to work such curriculum into its overall program

and what support - in terms of teaching staff and materials, etc.- it will
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provide. One of the carly tacks of the long-term experts should be to work
with Kenyan training institutions to develop mutually agreeable curriculum
developuent implementation plans.

U.S. short-term technical/extension training at Gainesviile
or elseshere or paiticip.tion in ilenyan courevs will be encouraged for
ehiy GO connterparsi-ond other MNOE pirsonnclitparticularlyitlhose in the
Non-Conventional Enersy Section (but not limited to them). At the dis-
cretion of MOE, such training may also be provided to professionals
in other Ministries who are working or are likely to work with the project
on a continuing basis.

Procurement of vehicles and other U.S., source commodities under
this and the Applicd Research and Demonstration component, including
procurement of tractors and equipment for the fuelwood/agroforestry

1 -
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pUocurenent services contractor such as ig normally used by AID,  Non-
U'S., source commoditics will be purchased through the MOE's normal
prucureiient procedures,

¢, Applied Research and Demonstration

(1) Fuelwood/Afforestation Centers: MOE will negotiate agree-
ments with the MOA and/or MENR to provide land and operating manpower for
and day-to-day operation and management of the fuelwood/afforestation
centers cescribed carlier. Other manpower required at each center (and
particularly the two cxtension specialists) will be recruited and super=—
vised by the Ministry operating the center, with funds provided under
this project. Wherever possible, such centers will be based at existing
norscries operated by one or the other of these Ministries,

The MOE, more particularly its long-term Fuelwood Extension and
Agroforestry Experts and counterparts, will provide overall policy direction
and oversight of all the centers. The project also will provide, through
MOE, training of center personnel and of the MOE counterparts. Such
training will consist primarily of on-site on-the-job training. For the
MOE counterparts, some center extension specialists, and possibly
individuals in MOA or MENR who are managing the centers' operations,
training also will include visits to successful agroforestry demonstration/
extension projects in other African countries (e.g. Rwanda).

Agreements negotiated with MOA and/or MENR will include detailed
implcmentation schedules, staffing plans, description of operating arrange-
ments, and budgets for each center.

Within MOE, responsibility for this project component presumably
will be assigned to the Charcoal and Fuelwood Section of the Technical
Division.
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(2) Energy Development Fund: With the assistance of the long-
term Energy Planning and Conservation Expert, MOE will develop a Fund
implementation plan to include detailed loan/grant application and
selection proceduras, selection criteria, and grant administrative, financial,
technical, and program managcment procedures. MOC also will define the %
staffirzs L0 manage tha Tund (to include, at a minipum, a suitable pro-
fessionsl person with financial manazenart experience) and organizatienal
responsibility for the Fund. The Fund currently is designated as a
separate section under the Administrative Division, MOE. It is presumed,
based on discussions with MOL, that the organization and staff which
manages the AID-financed portion of the Fund also will manage other
donors' contributions to the Fund or other donor=-supported R&D loan or
grant projects.

T oo L
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As described earlier, specific project loan or grants (as
oapusadte b o ran R e S ran S ) L S e o a s st onERs nTIEIn 1 ]
will be reviewed by the appropriate Discrict Developnient Commitcee
(DDC). Also, where a project involves the operations of another Ministry
(for example, MWD for community water supply systems), that Ministry

will be involved in the project review, at the District and if nccessary
Nairobi levels, The Fund implementation plan will describe how the DDC's

and other Ministries are to be involved.

e b

Every effort should be made to keep the loan/grant application,
selection, and administration process as simple as possible while still
providing reasonable assurance of sound project selection and a degree
of financial and project accountability appropriate to the size of each loan
or grant (under $75,000 for program loans/grants and under $15,000 for
project loans/grants).

d. Monitoring and LEvaluation: As described in more detail in the
Monitoring aud Evaluation section, the Energy Planning and Conservation
Expert (who also will be the Consultant Team Leader) will work with his
GOK counterpart and other consultant and MOE staff members to prepare an
annual project monitoring report. This report will address progress in
mea ting schedule and cost obligations, technical and extension a:complish=
ments, cooperation with other Ministries and with other donors; related
programs, problems encountered, and recommended remedial actions. The
report is intended both as a management tool for the MOE and its Consultant
Team aid as a means by which AID can track project progress.

By no later than December 1982, an independent evaluation team
selected jointly by MOE and AID will have conducted a thorough mid-term
project evaluation. By no later than the end of the sixth month pre-
ceding the Project Assistance Completion Date (PACD), the independent
evaluation team will have conducted a thorough final evaluation of the
project. MOE will assign a senior staff member to work with this kvalua-
tion team, to review its preliminary analysis and findings, and to
review the draft mid-term and final evaluation reports with the evaluation
contractor, project contractor, and AID.
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2. AD

USAID/Kenya has necessary delegation of authority to implement this
project, The project will be housed in USAID/Kenya's Multi-Sector and
Enginearins Division, In accordance with AID Policy Determination
140.68, AIl will implewent the project through a host counliy contract.
MOE is prupared to commit the mapagelient resourca2s necessary to carry out
its responsibilities under such a contract. USAID will be provided
various work plans and other documents for its review, as discussed in the
Conditions Precedent Scction , and will participate in both the annual
project progress review and periodic MOE-donor meetings held to review
all donors' energy assistance projects, It also will select (jointly,
with MOE) the outside organization to conduct the mid-term and final
project evaluations and will review, with MOE and the project contractor,
that orezauization's findinus.

B. Iaplementation Scliiiules

The preliminary pruject implementation schedule is presented in Table
V-1. Specific work elements are briefly discussed below.

1. Assistance to Beijer Project, The Beijer Institute intends to
commence its Fuelwood Cvcle Project in October 1980. AID's portion --
installation and use u. Lue AL-EDIS system and related training and computer
hardware and software -- will be provided through a sole source contract
or PASA to engage thc Iastitute for Energy Research (IER), SUNY Stonybrook,
developer of the AL-EDI5S system. Initial AL-EDIS training will be provided
by IER in the U.S, and rzirobi, since the next session of the IER Energy
Management Training Program is not scheduled to commence until Spring
1981, The schedule presented herein could change due to delays in other
donors' commitment of tlieir portion of funding for the Beijer project,
delays in signing a cr-‘ract or PASA authorizing IER to proceed, or
normal adjustments in Beijer's project schedule once it commences work.

In particular, the timing of this must be flexible enough to respond to
changes in the timing cnd direction of the overall Beijer project of which
it is a part.

SUNY Stonybrook is uniquely qualified to perform this task since it
is developer and owner of the AL-EDIS system, which has been specified by
name by MOE/Beijer. Stonybrook has trained two of MOE's four planners,
using AL-EDIS for training purposes, and already has entered preliminary
Kenya energy data into the AL-EDIS system.

2, Beijer Implcmentation Planning Assistance. GOK will be given
authorization to nesotiate and add-on to its Fuelwood Cycle Project
contract with the Beijer Institute, not to exceed $100,000, to assist the
MOE on this project to prepare more detailed implementation plans and

4
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finalize project implementation arrangements, Beijer particularly will
assist the MOE in implementaction planning for the fuelwood/afforestation
centers project component. Beijer will assist in site identification
and selection, species/sead identification and selection, preparation

of site-specific cost estimates and implementation plans, and MOE=-

HOA and MOE-MINR necotiations, Additionally, within the limits of the
contract amount, MOE at its discretion may have Leijer provide other
projcct implementation planning assistance, such as preparation of pre=-
liminary Energy Development Fund procedures and criteria,

Under a separate contract, AID will prepare a feasibility study and
preliminary implementation plan for a fuelwood/agroforestry demonstration
and extension center in Kitui District. This study will provide a
prototype which may be used, for costing and implementation planning
purposes, for all six centers. The Kitui study will be completed before

1

bagins i': imnles~»ra*ien olanning acssistance under this project.,

Beijer is uniquely qualified to provide this service since its
Fuelwocd Cycle Siudy addiesscs many of the issues which must be addressed
to ostablish the fuelwood/afforestation centers., Its staff will comprise
the only forestry and forest economics ezpertise within MOE, and it will
be previding closely related fuelwood plaaning and program implementation
assistance to MOE in any case.

3. Contract for Technical Assistance and Reclated Matcrials and
Equipment. MOE will prepare an RFP soliciting bids from qualified U.S.
and Kenyan firms to furnish all technical assistance and related materials
and equipment to be provided under this project, with the exception of
the assistance provided under the preceding two work elements. The
RFP will encourage liberal use of Kenyan consultants where possible.

4. Fuelwood/Agroforcstry Demonstration, Training and Extension.
This work element encompasses both the fuelwood/agroforestry demonstration/
extension centers and related training and extension assistance to be
provided under this project. Tasks shown under "Preliminary Periond" are

to be carried out as part of the Beijer implementation planning assistance
described above.

5. Other Renewable Energy Training and Extension. This element
includes the work of the long-term Cookstove/Charcoal and Wind/Water
Extension experts and associated short-term consultants. This schedule
is meant only to be illustrative, Both the nature and timing of specific
tasks are likely to change substantially d4s the MOE refines its thinking
in the months prior to contract award and as the contractor team, with
its own views on how best to carry out training and extension work, arrives.

6. Energy Development Fund. This schedule presumes that work
will not commence on the Fund until after award of the technical services
contract, Were the MOE and/Beijer to prepare preliminary procedures

and criteria earlier, the Fund could be established well in advance of the
dates shown.
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7. Monitoring and Evaluation. Annual progress reports will be prepared
by the consultant team working in conjunction with MOE. The mid~term and
final evaluation reports will be prepared by an outside organization selected
by AID and MCE.

s Other Implementation Arrangonients

1. Initial Implementation Planning., Establishing effective
cooperative demonstration and extension processes is critical to the
success of the project., It therefore is envisioned that, as one of the
first and highest priority tasks following MOE award of the technical
assistance contract, the MOE, contractor, and AID would engage in a
collaborative implementation planning process. This process preferably
would be conducted through a series of interactive planning workshops
uh1ch may stretch over a pericd of several weeks. The process should
1ntascotassl ]l depacts afi the mrajécti==0fuolisaodiazlil=Eforestation,
cockstove development, etc, —— and involve, at appropriate points, the
major grcups that will have to carry out important aspects of the project.
These greoups include, at a mipimum, MOA, MENR (Forest Department), HOL
(Village Polytechnics), MCSS (YWomen's Bureau and DO's), and at least
one or two NGO's (the NCCK is suggested). Short-term consultants who

are expert in participatory planning processes should also be used to ectablish

and monitor the process,

The parametersof this implementation process purposely have been
kept general in order to allow the contractor, once selected, and MOE
to work out, with AID, a planning approach with which they feel comfortable.

2. Contracting Arrangements and Waivers, It is presumed that this
project will be implemented via PD-68 contracting procedures applied by AID
for host country contracting, as stipulated in Handbook 11 "Country
Contracting", Thus, for example, solicitation of technical proposals,
analysis of the propcsals, and final selection will be conducted by the
GOK with USAID/Kenya assistance,

As provided in PD-68 and recommended in a worldwide audit request on
Host Country Contracts prepared by the AG, dated May 18, 1979, USAID
will assess the ability of the Ministry of Energy to implement a Host
Country Contract. Should it be determined that MOE does not have such
ability, USAID will provide the technical assistance stipulated in
this project under a PASA or direct contract arrangements, Initial
indications, however, are that MOE is capable of implementing a Host Country
Contract.

i it i U L
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Sole-source contracts will be authorized for provision (through SUNY
Stonybrook) of AID's portion of funding for the multi-donor Beijer
Institute Fuclwood Cycle Project and for an add-cn to the GOK-Beijer
contract to provide the }MOE with Fuelwood/Agroforestry Demonstration Center
implementaticy planning assistance, Beijer is a non-U,S., non-profit
institution affiliated with the Royal Academy of Sciences in Sweden,

One vehlcle of non-U,S, manufucture -- a Land Rover assembled in
Kenya == will be provided under this contract. Sceds of genera or species
unavailable elsewhere and selected publications for the Energy Data Bank
and Library will be procured from outside the U.S, or Kenya. Some
materials and supplies for the fuelwood/agroforestry or other extension
work will be purchased locally and are likely to be of non-U.S. manufacture,
The prices of all non-U,S, commodities represents less than ten percent
of USAID's contribution,

Up to 345,UU0 of participant training may be conaucted in third
cpuntries, In all cases, these will be othier African countries,

No other waivers are involved in the procurement of services and
commodities for this project,

2, logistic Support

The Project Grant Agreement between the GOK and USAID stipulates
that the GOK shall provide the long-term technical assistance team
frce of charge with "such offices, secretaries, administrative assistance,
equipment and facilities and cransportation as are necessary for them
to perform thecir professional services., Such assistance shall include
three stenvgrapher/typists, Grade II or above, two drivers and one
messenger,and office equipment,including four executive desks and desk
chairs, three secretarial desks and chairs, seven bookcases, three
electric typewriters and seven telephones'. Within the project, funds
are provided for housing, travel and transportation, shipping and storage,
procurement of project vehicles, and payment for cables, postage and other
miscellaneous office expenses. The Project Grant Agreement also calls
for the usual duty-free privileges extended by the GOK to foreign technical
assistance personnel.

D. Evaluation Arrangements

As noted in the Implementation Schedule, a mid-term evaluation is
scheduled to be completed by December 1982 and a final project evaluation
is scheduled to be completed not later than six months prior to the PACP,
or by March 31, 1984, The mid=-term and final evaluations will be conducted
by a disinterested organization selected jointly by USAID/Kenya and
acceptable to the GOK.




The specific basis for the project evaluation will be the project's
Logical Framework, Implementation Schedule and subsequent detailed
contractor work plans, and the detailed evaluation plar to be developed
by an AID team early in the pruject, as outlined in Clapter VI and sub-
sequently modified and jointly agreed to by the COR and lISAID/Kenya.

rov furthor tufocmetion v thie LonID/Kenya cvaludiion system,
including responsibilities and procedures, sece USAID/Kenya Mission
Order 10-3, dated March 21, 1975,




TABLE V - 1,

Timeline

I. WNITIAL

PROJECT IMPLEMENTATION SCHEDULE

Project Activity

PLANNING AND SURVEYS

A, AL-EDIS:

ﬁ;s. EQ
Sent, B0
Octy, 80
Oct, 80
Nov. 80
Feb. 81
tlar, 81
Mar, 81,
Apr, BI

Sigh Froject Agreéc..ent

Initiate AL-EDI{ Procurement Action

Initiate Beijer Fuelwood Cycle Project

Sign AL-EDIS Contract

Initiate Computer Equipment Procurement Action
Install Equipment, Complete PReprogramming
Initial AL-EDIS Assessment Runs Completed
In-Country Training (Jmpleted

Finzl AL-EDIS Report, Beijer Worlshop

B. Technical Assistance:

L]

Oct, 80
Daec, 80
Feb. 81
Mar., 81
May Gl
May 81
June 81
Oct. 81
Nov. 81

Draft Tech. Assistance RFP Prepared

RFP Recleased in Kenya and U,S,

Contractor Proposals Received

Tech. Assistance Contract Award

Long-Term Experts Arrive In-Country

MOE, With Contractor, Specifies Short-Term
Consultant Needs and Timing

Short-Term Consultants Arrive In-country
Energy Survey/Information Systems Designed
Preliminary Energy Policy Analyses and
Recommendations

C. Energy Data Bank and Library:

July 81

Sept. 81

Data Bank and Library Materials Assembled
in U,S.

Data Bank and Library Established in MOE
and Librarian Trained in Its Use

II.  INSTITUTIONAL DEVELOPMENT

A. Fuzlwood/Agroforestry:

Aug. Bl

Aug, 81

Oct. 81

Negotiation of training/curriculum
development implementation plans for
Farmers Training Centers, Forest Training
Centers, Agric. College /Institutes, Univ,
of Nairobi, Facilities, of Agriculture and
Forestry

Negotiation of extenmsion/coordination
arrangements with MOA, MENR

Negotiation of assistance implementation
plans with NGO's (NCCK, NCKW, etc.)

Responsible

Organization

GOK/AID
AID
MOE/Beijer
AID
Stonybrook

", Beijer/MOE

{OE
MOE, AID

MOE
Contractor

MOE, Contractor
Contractor
MOE, Contractor

Contractor

Contractor

Contractor
MOE, MOA,
MENR

MOE, Contractor
MOE, Contractor
NGO's

FRAE

1
i
4
i
4
|
i
|




Timeline
Nov. Bl
Mar, 82
Mar, 82

June 82

Project Activity

Survey of District fuel wood/agreforestry
programs completed

Beijer Fuelwood Cycle Project Complected
Training programs at formal training
institutions in place, NGO workshops

held

Asscssment of feasibility of Fuelwood
Production near Naircbi completed

B. Ccokstoves

Aug. 81

Aug. 81

Qct, 81

Oct, 81
Dec. 81

Feb. 82

Mar, 82
Sept. 82

Nov, 82

Negotiation of extension/coordination
arrangements with MOA, MCSS

Negotiation of training/curriculum
development implementation plans=--

KIA, Farmers Training Centers, Village
Polutech=iss, Acrie, Collece/Inscitutions,
Karen VTU

Negotiation of stove development/testing
and cxtensicn assistance implementation

Responsible

Organization

Ci: itractor
MOE/Beijer
MOE/Beijer
Contractor
MOA, MENR,
NGO's

Contractor

MOE, Contractor

MOE,
Contractor,

MOE,
Contractor

plans with NGO's in Kenya (NCCK, Peace Corps, etc.)

and/or outside orgs. (Ap. ITDC, etc.)
(Aprovecho, ITDG, etc.)

Informal survey of urban/rural cookstove
use and development completed

Training tour of African cookstove
development programs completed
Dissemination of extension information
brochures for Home Economics Officers,
Community Dév,Officers and Assistance
Formal training and stove development/
testing programs in place, workshops held
Prototypes developed, field tested;
Follow-up program in place

Long-Term Expert Departs

C. Charcoal Production:

Aug. 81

Aug. 81

Oct., 81

Oct. 81
Dec. 81

Mar., 82

Negotiation of extension/coordination
arrangements with MOA, MENR

Negotiation of training/curriculum
development implementation plans ==
Agric. College/Institutes, Institutes of
Technology, Village Polytechnics, Farmers
Training Center, Forest Training Centers,
Karen VTU

Negotiation of Charcoal kiln development/

testing and extension assistance implementation

plans with NGO's (NCCK, PFP, etc.)
Informal survey of charcoal production
methods completed

Analysis of alternative national charcoal
production strategies completed

Formal training and development/testing
programs in place

Contractor
MOE,

Contractor
Contractor

MOE,
Contractor
MOE,
Contractor
Contractor

MOE,
Contractor
MOE,
Contractor

MOE,
Contractor

Contractor
MOE/Beijer,
Contractor

Contractor

' i
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iar, 82

Timeline

ty Water =

Project Activity

Disscmination of extension information
brochures for Apricultural Officers,
District RAES Officers

Tong-Term Enpert Departs

aid Trrizacion:

e

DiCas
Aug. 81
Occ. 81
Oct, 81
Dec, 81
Peb, 82
Nov, 82

Negotiation of extensiorn/coordination
arrangements witn MWD, MOA, MLS, MLD
Review of MWD water supply plans and
joint development of project review
criteria completed

Informal survey of District Water
systems completed

Review of nou=- D water supply plans
SO AT

Wind mpasdrement civices in piace
Disscmination of extension/projact
review information brochures for District
Water Cugineers, narambee groups
Lora~Term Expert Departs

III. APPLIED RESCARCH AND DCMONSTRATION

A. Fuelwood/Agroforestry Centers

Ozt. B0
Oct.. 80
Jan, 81
Feb., 81
Feb. 81

Mar. 81
Mar., 81

June 81

June 81

Feb, 82

June 83

Sept. 81

Kitui nursery/extension center feasibility
study completed

Contract award to Beijer for Center
implementation planning

Site selection and detailed cost estimates
and implementation plans, approved by
operating ministries, completed

Seeds/germ plasm identified and ordered
U.S. equipment ordered

Initiation of site preparation

Initiation of center staff recruiting and
training

Revisions to Center demonstration/
implementation plans, if required
Completion of arrangements for local
farmers' demonstration plots

Commencement of Center nursery demonstration
and extension operations

Initial assessment of results and plan
revision

Preparation of preliminary implementation
plan for expanded fuelwood development
and agroforestry

wpet gt wemral b il et st

Responsible
Organization

Contractor
Contractor

MOE,
Contractor

MWD, MOK
Contractor

Contractor

S e e U] T

HOE,iContractor

Contractor
Contractor

(separate
contract)

AID

MOA, MENR
MOE/Beijer
AID-Proc.

Services Contracrtor
MOA, MENR

MOA, MENR
MOE, MOA,
MENR, Contractor
MOA, MENR
MOA, MENR

MOA, MENR, MOE
Contractor

MOE, Contractor




Timeline

Project Activity

Energy Development Fund:

May
June

July

Aug .

Sept.

Occt.
Oct.

Oct.

N.
July

Oct.
Oct.
Dec.
Oct.
Mar.

Sept.

81
81
81

81
81
81
82

82

Fund staff hired

Draft procedures and criteria, with
agreement of DDC's, othere involved
Publicize fund -- Meeting with 1GO's,
DCC's, other ministries

AID commitment of funds

Initial applications received

First year loans/grants awarded
Second-year loans/grants awarded =--

first evaluation of existing projects
completed

Third-year loans/grants awarded -- secoud
evaluation of existing projects completed

MONITORING AND EVALUATION

81

81
82
82
83
84
84

Detailed Monitoring and Evaluation
Plan Completed

First Annual Project Report/Review
Second Project Report/Review
Mid-Term Project Evaluation Report
Third Project Report/Review

Final Project Evaluation

Final Project Report/Review

Responsible

Organization

MOE
MOE ,
MOE,
AID
MOE,
MOE
MOE

MOE

MOE,

MOE,

MOE,

Contractor
Contracter

DDC's

Contractor
Contractor

Contractor

Contractor




VI. EVALUATION PLAN

A. General Requirements

Since most renewable energy technologies are still in the demonstra-
tion and disscmination stage, it is important that they be evaluated for
their sociological, economiz and technical facsibility and potential for
wider distribution, rachor than their impact on the well-being of the
community, during the first few years.,

USAID will provide a team of 2-3 evaluation experts for 2-3 weeks
to prepare a detailed project monitoring and evaluatiou plan. The plan
will address compilation of baseline data; annual project progress reporting;
ongoing feedback monitoring and evaluation of the extension assistance,
fuelwood/agroforestry center, and Energy Development Fund components;
and the mid-term and final project evaluations. The team must include
a sociolosist cr rural extunsizn specialist, It is receumeniad that the

team be provided by AID/W (PPE) and inciude at least one PPE staff member,

The first part of the monitoring and evaluation plan should consist of
a system of ongoing internal monitcring, evaluation and feedback. Provision
should te made for periodic data gathering, problem identification, and
project modification #s necessary, For each of the technologies a series
of sociological, economic and technical questions which must be answered
should be developed. (Examples begin on VI-2). These questions can be
answered by means of a questionnaire, participant observation, group
discussion initerviews or having a field officer keep a journal. The project
experts will be responsible for conducting or overseeing this activily.

For the nursery extension centers, periodic site visits should be
made by the forester and agroforester. The director of each center should
keep a journal, pa:ticularly to record problems that arose which required
a modification of the program. The center extension agents should also
provide for periodic "evaluation'" by holding feedback meetings with
interested farmers or other means to determine the successes and faiiures they
have experienced.

The Energy Fund will be much more difficult to monitor since the
activities will not be directly implemented by the Ministry of Energy.
However, some means must be established for monitoring and evaluating the
projects funded. First, all program grants should require the submission
and approval of an evaluation plan. Assistance in formulating these plans
can be provided by the project experts, through workshops or individual
discussions. Also, these organizations should be required to submit program/
project status reports at least quarterly. Project monitoring and
evaluation should be performed either by the MOE but preferably by a local
extension agent which is assisting the group. Periodic on-site visits
should be made by MOE.




Secondly, the project manager will be required to submit an annual
report prepared in cooperation with the MOE. This report will address progress
in meeting schedule and cost projections, technical and extension accomplish-
ments, cocperation with other Ministries and donors and related programs,
problems encountered and remedial actions. This report is intended both as b
a manaeement tonl for the MON and the consultant team and as a means by vhich g
AID can truac proarvess of the project. 4

|

I'v the fifraanth month £nllowing arrival of the long-term experts, i
afi independent cvaluation team provided by the ALD Mission and accentable 1
to the MOE will conduct a mid-term project evaluation. :

Finally, no later thun the end of the sixth month preceding the |
Project Assistance Completion Date (PACD) an independent evaluation team {
will have conducted a thorough evaluation of the project. MOE will assign a
senior staff member to work with this evaluation team, to review its

preliminery fipdings, and ta review the d'aft and flnal evaluatlon reports |
‘ In each area of r sewable energy u.% the long:term experts, with K
the assistance oL the S.oit-iorm consultants, should conduct a survey

and asspssment of existin: nditions, including current projects and

activity. In the case of "'*s: resources, they should work with the

Beijer project to nsc existing Remote Sensing Center, Geosurvey and Survey of i
Kenya data supplemanted bv ~rcurd checks to estimate both present resources

and recent deforestation rates by region. For energy consumption data,

to the extent possible they should use CBS survey data already compiled, and

wnere necessary suppoert tie CLS to conduct additional surveys or incorporate

energy modules into existing surveys, so that baseline data car be compiled
as soon as possible.

B. Data Collection arl Analysis*

Finely detailed or specific data categories can only be Jeveloped with
a particuluir projcet in I-l., For example: the socio/cultural fccitors
relevant toc use of a solar cooker will he different than those cf 2 village
wood lot. Below is a discussion of a set of data categories and their
sub-elements that are non-specific in terms of particular renewable
technologies but which can be adapted to the specific technology and local
setting of tha project!

* Excerpted from "The Role of Evaluation for Renewable Energy
Project in Africa", by George Burrill, November 1, 1979,
Eirlington, YVermont, U.S.A.
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Technical

| ¥l R

--Adequate phlivsizal data (amount of biomass, wind, solar,

gcc.) ishisuid Re gatheved to verifv the orizizal assumpticas
~r pstimn Az diy srosact desizn.
--(.~plete rccords of cuponent acquisition in person

hours, costs, and skill requircments.

--Complete rezords of technology installations in person
hours, costs, and skill requirements.

--Ccmplete records of system output,

==l ara wesawda AF carak - mmwm Ty e ),._.... y—

malptenzsia activitles onn costs,
--Pecords cn envircnmental impacts,
--Chinges that could be made, for example, in:
overall system design
component acquisition
local manufacture of technology
system maintenance

Information can then be assembled on the potential
technical effects of such changes on the system.

Social/Cultural

--Relationship of the energy project and technology te
the users or to village daily and seasonal life patternms.
Also, data on behavior changes required by the technology,
and on villagers' traditional habits or ways of doing
things which are a2ffected by the project, although not
necessarily required to change by the technology (i.e.,
behavioral side effects).

—People's attitudes towards the technology and the project.
—Behavior of organizations in the project.

—Other cultural conmstraints discovered during the project
that were not identified by the project planners.
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=-Data on performance of the project's ownership strategy

and maintenance strategy from a social/cultural stand-
point.

==Equity results of the project as implemented:
i=n3cc on male znd female roles
impact on loczl income level groups
impact on ethnic sub-groups and castes

related to individual vs, family vs. community

Economic and Financial

Uavid Frencai has sugzestad the following elemants:*

==Value of 2 cvstem's cutput (if measurable in marker
prices).

--Alternative emzployment opportunities (to mcasure bene-

fits if the system chiefly releases labor from former
tasks).

--Costs of site preparation and installaticn of the
system.

--Direct operating costs.
~~Degree of local unemployment (to find shadow wages).
-=Existing uses of raw materials (to fird their shadc:s crice),

—Extension costs of introducing the syscem.

-~Market interest rates for local borrowing (to estimate
investors' discount rates).

——Characteristic local investments (to suggest willing-
ness to take financial risks).

French, David, "The Economics of Renewable Energy Systems for
Developing Countries", US/AID, Washington, D.C., Jamary 1979.
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ANNEX A. TECHNICAL ANALYSIS

I. FUELWOOD/AFFORESTATION

A, Wouod Supplv arnd Demand

A strikinp rfcature of the wood fuel situation in Kenya is lack of
data on the production, and to a lesser extent, the consumption side. The
extent and productivity of natural and planted tree vegetation is largely
unknown, as are patterns of land ownership use ~— which would provide some
indicaticn of future wood fuel production potential.

Ecological Zones

Venva covers a land surface of approximately 570,000 fan2. Kenya
can, with respect to conditions tor tree growth, be divided into a large
number of ecological zones (and subzones)., Simplifying greatly, the high-
lands, where the majerity of the population is concentrated, are character-
ized by a cool and relatively humid climate and, what is of great importance,
by well ctructured volcanic soils of high fertility and generally excellent
properties for supporting plant growth. A high density of population is also
encountered on a narrow strip of land along the coast. Soils there are vari-
able, from acid sands to clays derived from coral rock. Temperatures are high
with only small fluctuations. The southern part of this strip receives a good
rainfall, buz rorth of Malindi the precipitation drops abruptly,

Between the coast ard the highlands, the ecological conditicns are
affected by the annual precipitation, the c¢levation above sea level and the
structure and depth of soils. At a short distance from the coast, the rain-
fall drops to low levels and conditions are very arid. Afterwards the pre-
cipitation increases with increasing elevation. However, the productivity of
the land in terms of agriculctural or forestry production is to a large exteat
a function of the soil structure. Where the soil is deep and well drained
and aerared, trees grow well and the land is attractive to farmers wherever
the rainfall gets above 700-800 mm. per annum. The larger part of the areas
located at low and intcrmediate elevacion (up to 1500 meters), is however,
characteristically covered by compact, poorly aerated soils of low potential
for any use cxcept extensive ranching.

In the Western part of the country, particularly favorable ecolugical
conditions, and a corresponding high density of population, are found along
the shores of Lake Viccoria. As one moves inland and uphill, conditions
gradually change towards those of the highlands.

By far the greatest area in size is constituted by the thinly inhab-
ited, semi-arid and orid northern regicns to which may be added, as an ecolog-
ical extension, the plains of the Rift Valley, stretching all the way down to
the Tanzauian border,



Current Sirtuation

Most sources estimatgd that Kenya's forests amount to roughly 1.7-2
million hectares (17-20,420 tm=), roughly 4% of tha country's total area but
(because mrst cf its torests are located at higher elevations) some 15-167 of
Kenya's moedinm to hish potential land.! By this presumably 1is meant the areas
of dense cvergreen and semidocidous forest. This mav understate the total for-
est cover, since trees -- and, equally important in marginal areas, savannah
woodlands -- are found in quuntities outside traditional "forest" areas.

Estimates of annual woodfuel consumption range from 10 to 25 million
tons, or 15-36 million cubic meters, of roundwood equivalent per year. To this
amount rust be added wood censumption for other purposes. The World Bank esti-
mates annual producticn of industrial raw timber and pulpwood to be roughly 1-1.5
million cuhic meters of roundwood equivalent. Wood consumption for bomas, poles,
etc. 1s unknown.

Cxcept for Kenya's forest plantations (roughly 150,000 hectares), for-
ests are not managed on a sustained yield basis. In fact, most highlands ga-
zetted recerves are maintalned as natural forest, with little or no production,
for soil conservatien purposes. _For the average of all forest arca, sustainable
yields are unlikely to exceed 3m3/heccare, which would imply annual sustainable
production of only 5-6 million cubic meters, far below demand.

A visual survey of environmental conditions indicates that, particu=—
iarly ou marginal lands currently undergoing rapid population expansion and
areas nedr major urdban centers, wood removal far exceeds the sustainable pro-
ductivity of the vegetation. The removal of vegetative cover due to increased
wood consumpticn or to intensified land clearing for legal or illegal agricul-
tural settlement -- followed in many cases by excessive cropping or grazing --—
has caused severe soil erosion, diminished water quality, and caused premature
river and dam siltation and other impacts.

At lower elevations, where population densities historically have
been low, rapid pepulation growth and consequent intensifying land competi-
tion have forced migration onto and settlement of marginal, ecologically fragile
lands. 1In most cases, these areas were populated only by random rastoralists
as recently as 10-25 year: ago. The resulting land clearing of protective trees
and shrubs, to preperc land for cultivation and to produce wocd fuel and con-—
struction timber, has caused severe soil erosion. On unprotected steep slopes
in Machakos Dictrict, for example, farms are literally being washed away less
than five years after settlement.

The Beijer Institute concludes that "...while it is not justified to
draw sweeping conclusions from the information available, it appears that the
country may be just now in the prccess of undergoing a change from a relatively
adequate (wood) supply situation to a severe depletion of its forest resources.”

I'Land receiving more than 850 mm annually, considered the minimum needed to sup-
port agriculture on a continuing basis.
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Future Demand and Supply

Whatever the current consumption level, the projected doubling of the
population (from 15 millicn to over 30 million persons) by the year 2000 and con-
tinued migration from rural to urbar areas (which has .ntailed higher levels of
energy use) wiyyest that, within twenty years, the requirement for woodfuel will
be 2-2.5 times present levols, or 45-60 million m3 annually.

In ordier to produce suzh oo amount of «ad fuel on a sustained yield
basis, 15-20 =mililen hectares (or 120,000 - 200,690 kmz) cf natural forest and
woodland would have to he set aside and managed for the specific purpose of
wood fuel production.  aAlternatively, the same production could be obtained from
forest plantarica_with fast-growing species covering 3-4.5 million hectares
(30,000=-45,000 wm~) established on relatively fertile land e¢njoying a fairly

plentiful rainfall (800 mm). This represents 35-507 of all such land in Kenya.
There is absolutely no livelihood of Kenya's being able to dedicate this per-
ot e of It Wichenraduotivity land at the same time that agricultural out-
pul must be mere than douvled. A talrd aiternative therefore must be to inte-
grate, trees into large and small scale agricultural operations in ways which in-
crease bath wood and feood/crop production. The sheer magnitude of projected
wood fuel and food requirements supgests that such "agroforestry", as well as
what we normally think of as "forests", must become a prime source of wood in
future years.

Even with greatly expanded afforestation, improved management of for-
est resources, and widespread adeoption of agroforestry techniques, Kenya will
not be able to sustain a level of wood fuel consumption double present levels.
Therefore, efforts to ecxpand sustainable wood production must be viewed as com-
plements, not alternatives, to measures to use wood more efficiently.

B. Options for Meeting Future Woodfuel Demand

Trees may be artificially established, or natural tree vegetation
managed, for the purpose of fuel production within four distinct settings:
government reserves, industrial plantations, communal lands, and private farms.
In the last two cases, trees may be planted within regular dense plantations,
mainly on marginal land, or integrated into land set aside for crop farming
and/or pasture, within integrated agroforestry systems.

Forest Reserves

GOK gazetted forests cover approximately 1.7 million hectares and
are made up predominantly of indigenous forests, with some exotic sof.wood
and hardwood plantaticns (approximately 150,000 hectares). Virtually all for-
est reserves are located on productive soils, predominantly in the central
and western highlands, and serve primarily as sources of raw timber or pulp-
wood. Present yields are !7m3/hectare for saw timber and l3m3/hectare for
pulpwood on a thirty-ycar basis on the Forest Department's most productive
plantations. Only a small proportion of the country's total fuelwood=—-—

1WOrld Bank project assessment, 1978.



132 according to a 1974 Forest Department survey and less than 10%
according to Weéstern Ssemehula-— comes from govermment forest reserves.
However, there i1s substantlal scope for in:reasing fuelwood production from
such reserves through adepticn of multiple-output wanagement techniques.

As an exanple of what is possible, one can compare the
difference in y ivld between a private industrizl plantation forest
in Malawi and a typical GOK highland forest reserve:

The forest in Malawl is composed entirely of Eucalvptus
plactations (Eu.alyptus callgna). The annual yileld may be
o the order or SUm /.5, convertcl into 103 of timber
(boards, plyw.od and laminated heams) and 30 m3 of fuelwood.

The typical OK highland f-rest reserves is planted with
Cupressus l:sitanica and P:nus patula, with an average yield
of less than 20 m°/ha, which in the sawmills (most of which
are very smalll) :re conv.rted into less than 10 m> of

sawn timber and c¢.er 10 : waste of a relatively poor quality.

This exuple does not lmply that Kenya should stop preducing
softwood timber in order to increase the productica of Eucalyptus
firewood. Rather, the usefulness of the plantation forests could be
increased if species and minagezent practices permitting high yields
of multiple forest products were introduced. The World Bank has
financed v industrial (saw timber and pulpwood) plantation projects.
The Bank 1s considering a third industri:l forestry ;roject but is not
yet committed to proceceding. The projec:, if it does go forward, would
include a fuelwood component of unknown scope and direction. It is
unclear whether manacement practices to permit multiple-product (saw
timber/pulpwood and Zuelwood) harvesting might =e included.

The forest reserves occupied by narural forest vegetation
pose a very different probiam. Several of these foragts are at present
disintegrating at an alarming rate due to settlement by “squatters".
Witk the pressure for farmland growing incessantly, sguatter settlement
has become an important vehicle for acquiring a small plot for sub-
sistence agriculture. It has become administratively arl politically
difficult to stop squatters from entering forest reserves. At the same
time, these forests constitute impcortant water catchment zreas.,

Their destrurtion i1s endangering the water supply below, leading to the
premature si..ing of dam sites, and threatening unique faunal and
floral ecv:vstems.

TThe Worid Bank reports that, of 180 sawmills (pvoducing 100,000 m3
of sawn timber annually), only five plants have a cabacity in excess
of 3000 m> per annum.



It is unclear what coptions for dealing with the squatter
problem would te both effective and politically acceptable. The traditional
African "Jaungva' svstem of pericdically rotating settlements within the
forest re rrves potentially could at least lessen the damage,
Alternatively, artificial plantations separating existing farmland from the

areas of natural forest that need protecticn may constitute an effective

barricr to encro. brent. CTquicters arce less likely to run the risk of
clearin: well marived tree plontations, and the remaining natural forest
woula” be fsolated from sertled tand by a 3-5 kms deep buffer zone., The

planting wnd urreep of lirge forest plantations alse would provide total
employment opportunities, perhaps lesscning squatter pressures.

Private Indu:triol Producti~u

The enly large priveie forest plantation in Kenya is the East

African Tannin; Zxtr.. C Ceapznv (EATEC) black wattle plantation near
Cliev. oo In adiicion. far~ors throurhent thoe highlands have planted this
tree, vilch ko5 the 24va-ar- of being able to be direct-sown,

as a,cash cre:.  Alchoup! the main purpose of growing black wattle is the

producztion of bark for tanning extract, the remainder of the tree
constlitutes an irportant scurce of high quality fuelwood for conversion
to charvueal., However, even with whar planting has been elicitaed, Kenya's
t.eo tanning extr ot plant- reportedly are unable to produce at capacity
becauvse of inmsufrficient black wattle

Eucaplyprus treces for fuelwood production have becn planted
on a considerable soule outside GCK turest reserves, as a result of private
initiative and the efforts of the Forestry Department and some non-government
organizations. Despite these efforts, however, production and marketing of
fuelwood on a cormercial scale from private land has not become widesprzad.

Major fuelwood consuming industries such as tea and tobacco
(which use an estimated 150,000 o3 and 300,000 m3, respectively) are
experimenting with afforestation programs. British American Tobacco
(BAT) has estarlished six nurseries to supply roughly 325,000 seedlings
per year to swill-scale tobacco farmers, with money for the seedlings lent
by BAT znd thena repaid cit of tobaceo earnings. The major tea plantations
currently rely primarily on fuelwood from their own estate fuelwood planta=
tions. ‘lowever, they are under growing pressurce to convert such lands
to tea planting and in a number of cases have requested that fuelwoud be
suppliccé from gazetted forests.

The Government of Keaya appzrently without much success, 1is
trying to enccurage both the pulp/paper mill and the particle board mill
to substitute trimmings, under-sized wood, and wood wastes for roundwood
in their production preocesses. Such substitution would release rcundwood
for other uses,

The above examples suggest that private producers currently believe
the incentives are to get out of--not into-—production of wood for fuel or other
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uses, l'owever, experience in other countries -- and experience in

Kenya with black wattle-suggests that industrial plantations and large-
and szall-scale farmers will respend to price incentives :to srow:ttees.
Current Forest Department stump.age prices appear to be too low to enible
profitable private productien. The scope for expanded private production

and incentives necessar.s to elicit zuch preduction should be investigated.
Also, centracting for ;:ivate muanagement ol selected forest reserves should
be consiierved.

Cormunal and T hwvidoal Forestry

The AID Desipgn Teaz ohscrved that there is land available even
in the densely-settled parts of Kenya that cou'd be employed more
profitably for growing trees than fer anythirg else. Examples of this
category include:

- Stony, rocky land where underground fissures nevertheless
maxe deep root perctration possible;

Slopes so steep that they would be scriously expoced to erosion
if farmed or trampled by cattle;

- Sleping areas where the soil previously has been exhausted
and the land invaded with Lantana thickets;

- Areas characterized by seasonal water logging, assuming
that suitable species are selected and planting is carried
out on raised mounds or ridges;

Highlands areas covered by heavy clays that presently carry
only low-yicld pasture and isolated trees, if sub~soiling

or other techniques are used; and

- Semi-arid areas which can support only silviculture, generally
combination fuel-fodder plants.

Communal Lands

Planting on communal land potentially offers grea% opportunity
for the large-scale establishment of fuelwood or multi-purpose tree
plantations. Most Ceunty Councils have designated land specifically, for
afforestation. A 1979 Forest Department survey identified over 91,000
hectares of designated affeorestation lands in 9 districts, with_all but
one district (Samburu) having designated at least 800 hectares.

In addition, administrative sub-locations (particularly in marginal areas
where damage from soil erosion is already visible), churches, schools,

and other groups appear to be setting aside land for afforestation projects.
NGO's such as the NCCK and NCWK have launched tommunity tree-planting
programs and publicity campaigns which have been well received.

Abinga,'"Wood Fuel Survey 1979-1980," Forest Department, p.2l, the results
ar: skewed by Marsabit's designation of over 67,000 hectares, presumably due
iu part of the IPAL project.
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A later section descy ‘hes the rural afforestation activities of
various government and roun-governmental organizations. In general | .wever,
it may say that:

- \W:th the possible exception of the Ministry of

Agriculture, oth:: organizacions (the Forest Department
and 100's) work primarily with cemwunity tree-planting
groups rat..r than with individu:. farmers,

~ There generally are too few nurseries, particularly
in arid and semi-arid areas(which ~lso suffer from
a lack of secd: appropriate to thc.. areas); and. more
seriously,

- Whether because of lack of technical information/
assistance or lack of incentive, community groups fail to
provide adequat. post-plaunting mainten zmce and as a
consequence gencrally have veiy low seedling survival rates.

A survey is -.equired to ascertain how much land within this
category has a potential for forest development. In addition, difficult
issues rcparding communal rights and responsibilitics .nd incentives
must also be addressed. Who would do the planting, wno would ensure the
silvicultural upkeep, and to whom would the output belong? A promising
approach to clarification of such issues is offered in Marilyn Hoskins'
propousal for formal community woodlot contracts., |

Individual Farmers

Close to centers or in the case of trees with commercial potential,
it is possible that fast-growing trees in some cases could constitute a
more profitable crop than grains even on very good farmland. Such a
situation has arisen and been taken advantage of by farmers around
several Ethiopian towns, including Addis Ababa. However, in general
until adequate incentives arc provided, planting of trees or the
maintenance of natural tree vegetation on pasture or farmland will be
acceptable only if the trees help to enhance food production in addition
to their wood-yielding function.

TMarilyn W. Hoskins, "Community Participation in African Fuelwood
Production, Transformation, and Utiliza%ion," ODC/AID,1979.



By utilizing many varieties of leguminous trees for fuelwood
production, the patential exists for development of a combined agricult=-
ural-‘orestry production system. The mixture of tree species is critical
to any agrof-restry system, Multi-use trees which combine firewood,
fodder and & 1l enrichment attributes potentially can increase crap
yields to the farmer as well as ceontributing to general improvement
in soil conservation and fevtility.

Despite historical integration of indigenous trees into
t::litional farming patterns,most Kenyan farmers are no longer
far:'ar with the idea of growing herbaceous food or fodder crops in
assocclation with trees. ‘loreover, very little research data is
avallable within Kenva tha: would make it possible to provide farmers
with detailed and pre=cise advice ahout how to increase the productivity
of treir liund by asscociating trecs with their conventional crops.
Rele ot data on this subjeot may be obtained from Rwanda (where very
interesting agroforestry and extension work is being carried out),
the Internaticnal Institute for Tropical Agriculture at Ibhiadan, and
el.ewhere, incloding the Nairobi-based International Council for Research
in Agroforestr (IIRAF).

Progress in large-scale planting of farm trees will nd be
achieved until extensicn agents are in a position to show a farmer
living on a slope for example, how 1f he "sacrifices' 5-157 of his land
to tree beits planted along the countour 1lines or trees between
rows of crops, he will netonly be spared ercsion problems and supplied
with wood for fuel and other uses, but the ecological conditions on
the remaining 85-95%7 of the land will be improved to the extent that
he will obtain more crops than he previously did from the whole area.
This will require both research and demonstration on a broad scale,

In case of semi-arid and arid lowlands, in particular, an
improved agroforestry system characterized by scattered and mainly
indigenous''farm trees" has a great role to play. Within such systems,
the main functions of the tree vegetation will be upkeep of a micro=
climate favorable to crops, pastures and livestock; protection against
wind erosion; nutrient recycling; and fodder production.

The wood-producing function may only be ancillary to the
functions directly related to food production. However, if agroforestry
systems of this type are applied to large areas, the wood production
may be sufficient to cover local requirements. Moreover, in areas
such as Machakos District which currently suffer local wood deficits
(and where as a result an estimated 65% of the population uses charcoal),
local wood production will--if it drives out charcoal use--increase
the efficiency of the overall fuelwood production and consumption
syctem.



C. Program leeds

Specific needs to be addressed in this Project include:

- Introduction and testing of numerous species of
fast-growinyg, multi-purpose trees appropriate to
Kenya's varied ecological zones;

- Production/acquisition of seeds and cuttings of
selected trec varieties already known to be
suitable for reforestation purposes within the
various ecological zones of Kenya;

Provision of technical and financial assistance,

public - :tion suprort, and trairing/curriculum
develor—-:t support tc government, and non-governmental
organir.tiions whose afforestation approaches and/or
past ru..l (xitension performance hold promise;

Demonstration and dissemination of agroforestry
approaches uappropriate to each Kenyan ecological
zone; and

Provisicn of information and analytical support to

GOK/Beijcr effort to develop long-term fuel-wood
policies and program.

Species Selec-icn

The selection of tree species for reforestation/fuelwocd
development is an impocicnc technical input to the implementatica
and success of refore--orvian/fuelwood development programs in Kenya,
Kenya is characterized br a wide range of soils, climates and micro-
environnental conditions. Tree species which grow satisfagtorily in
cne area of the country may not perform well elcewhere. Unfortunately,
very little research has been undertaken excep:t on a few species
suitable fecr highland conditions.

A list of genera and species recommended for testing is
shown in Table A-1. A large number of potential fodder trees and
leguminous trees with nitrogen-fixing capacity as well as a few
quality timber trees are included.



Table A-1

Illustrative Candidates for Species Research

Species and varieties of the genus Acacia from Africa.

Australia, and South America (e.g. A. nilolica, A. tortilis, A. hclosericea,
A. plectocarapa,d, praecox).

Ailanthus excelsa

Albizia falcataria, A. lebbeck, A. procera.

Alnus jorullensis, A. rubra

Azadirachta indica

Brachylaena hutchinisii.

Brosimum utile.

Species and varieties of the genus Calliandra.

Cassia siamea, C. sturtii,

Casuarina equisitifolia, C. cunninghamiana

Cedrela odorata, D. scrrata.

Cnidosculus sp.

Species and varieties of the genus Euclyptus with special attention to:

E. camaldulensis, E. deanei, E. maculata, E. maideni, E. melliodora, E.

microcorys, E. nitens, E. paniculata, E. regnans, E. saligna/gcandis, E. viminalis.

Species and varieties of the genus Euphorbia

Erythrina nonpigians

Glerecidia sepium

Gmelina arborea

Grevillea robusta

Species and varieties of the genus Leucaena,

Mowusopsis emini.

Ocotea usambarensis.

Olea welwitchii.

Portulacaria afra.

Species and varieties of the penus Prosopis from North and Latin America

and from Asis.

Species and varieties fo the genus Pterocarups.

Pygeum arricanum.

Sesbania grandiflora

Syzygium cumini.

Vitex keniensis.



This project will establish a network of six demonstration/extension
centers in various ecological zones, one of the functions of which would be to
conduct species research. At each center roughly 35 species and varieties
appropriate to that ccological zone would be tested, In the case of new
introductions, the following investigations would be carried out:

- Elimination tests with a small number of plants
to determine which species and varieties will adapt sufficiently
well to the new environment to show healthy growth,

- A study of growth rate including the various parameters of
biomass production.

- Investigation of rooting habits,
- Investigation of shading characteristics.

- A study of the development of rhizobia and nitrogen-fixing
capacity.

- A study of the up-take of mineral nutrients.

- Investigation of wood quality with particular emphasis on
fuel value and suitability for conversion to charcoal.

- For relevant species, a study of the nutritional value
of food and feed produced.

- Investigation of coppicing characteristics.
- Investigation of flowering and seeding characteristics.
- Development of simple,inexpensive planting practices for

otherwise promising species with special emphasis on the
possibility of direct sowing.

Seed Production/Acquisition

Enough already is known about several suitable plantation species
for highland conditions to be confident about seed distribution, e.g. Black
Wattle (acacia mearnsii) and several Eucalyptus. Similarly, for certain soil
types in the coastal region, Eucalyptus camadulensis, Gmelina arborea,
Casuarina equisitifolia, Cassia siamea and neem (Atadirachta indica) are
appropriate. Some research and development has been carried out by non-GOK
organizations to identify and establish trees on different types of marginal
land. Organizations such as Baobab Farm Ltd, The Machakos Integrated
Development Program (EEC), IPAL (UNESCO/UNEP), and some church organizations
may constitute valuable, albeit limited, sources of germ plasm from which
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seed distribution may be organized.

Assistance to Afforestation Groups

Non-governmental organizations with tree planting programs require
appropriate seeds, assistance in developing public education materials, and
most fmportant, training and technical assistance in nursery development and
post-planting maintenance. In addition, limited financial assistance to
support an afforestation program manager and/or travel expenses would permit
promising national or regional organizations to expand their assistance to
local afforestation groups.

Financial assistance will be provided through the Energy Development
Fund. In addition. the project will provide:

=~ At least two forestry/agroforestry experts to
provide technical assistance to government and
non~governmental organizations, as well as to
manage related aspects of the project;

= Development, or support of groups such as ICRAF
in the develcpment of, rural afforestation and
agroforestry curricula for incorperation at
the Forest Departzent School, University of
Nairobi Forestry Department, Agricultural
Institutes, Farmer's Training Centers, Adult
Literacy training centers, and other appropriate
formal and non-formal aducational centers
capable of reaching extension officers,
farmers, or both.

- MNewsletters, information documents for educational
institutions, posters, films, articles and
other material for use by the media,

= The network of six demonstration/cextension centers
mentioned above will provide secedlings to local
organizations, demonstrate techniques of nursery
establishment and maintenance, and provide a base for
local extension efforts.

Seedlings should be provided at a reasonable price depending on species
production costs, wiich may vary from 20 cents to 10 shillings. Prices
would both partially cover seedlings costs and also strengthen users'
incentive to provide necessary seedling care during the first few months.
This post-planting zaintenance is the most critical element in tree planting
efforts. Official estimatesindicate 707 or more of the trees now distriduted
for reforestation die shortly after planting for lack of care, partly

A-11




because seedlings are distributed at times which are inappropriate for planting,

for lack of extension information and assistance, and apparently because
of lack of concern for post-planting maintenance,

The demorstration/extension centers also will serve as a seed source
in those areas there direct seeding has proved successful. Certain species
of Acacia, Leucacna, Eucalyptus and Prosopis are effectively propagated by
direct sowing. Where feasible, direct sowing has the advantage of considerable
reduction in costs. Post-emergence maintenance is still critical, however.

Nursery and planting technique experiments will include direct sowing
experinents (alone and in combinztion with agricultural crops); preparatice’.
transportation and planting of naked root seedlings; raising of plants in
soil blocks; and raising of plants in containers of differcnt materials and
sizes. When planting nursery stock in the field, wvarious methods of soil
preparation will be experimented with, including the use of subsoiler to
bring by hardpan or open up poorly drained and aerated soils.

roforestry Demenstrition and Extension

1%

Because of the importance of agroforestry and the lack of current
organizations focussed on integrated silvicultural/agricultural farming
patterns, the project will ‘support a series of demnstrations of the
technical and extension/acceptance aspects of agrotorestry in each of Kenya's
major ecological zones, using the nursery centers as a base. Such demonstra-
tions will include:

s trials as discussed above. For tree species to be
in farming systems, the following will be studied:
shading characteristics, rooting habits, fodder valuws of
foliage and fruits, mulch value of branches, nitrogen
fixation, and uptake of mineral elemenis.

= Demonstration planting, to include both establishment o1
convecotional forest plantations and planting of trees on
land used for cropfarming and pasture, as part of integrai
multicrop agroforestry systems. Demonstrations outside the
centers will include planting of trees along contour lines;
plant deep-rooted light-shade trees between rows of maize or other
crops; and use species of Acacia, Cactum, Euphorbia, or other
appropriate genera for live fencas.

= Extension services to farmers, working in close cooperation with
field Agricultural Officers.The Agroforestry extension program
established in Rwanda with FRG assistance provides one model for
how to organize and deliver such extension scrvices and how to
combine dmonstration and extension effectively.
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Information Cathering and Analysis

The Beijer Institute and Ministry of Energy gill carry out an
eighteen month, $1.4 million Fuelwood Cyc!e Plnnn;ng-ProJect comencing
in October, 1980. In addition to supporting the Beijer ftudy. thls project
will use its lonz-term experts to document and then continually monitor
rural afforestation and agroforestry activities throughout chyl. and -l
to investigate cpportunities to promote expanded wood production on unde({t1‘1zed
lands. The experts o short-term consultants also will analyze LnfOFmaLLun
on Kenyan forest resoutces and land use generated by the Remote Sensing

Centers.

II. Wood/Charcoal Conservation: Improved Cookstoves

A. Introduction

Cookstcve improvement potentially offers the most rapid means of beginning
to close the pap between fuelwood supply and demand, Over 50T of all
Kenyans depend on wood or charcoal ing. Most rural wvomen cook over

an unenclosed three=-stone fire whic nEes an estirated 90T of the heat value

et Pl e T
-

of the wood fuel. "Jikos'", metal braziers used by most of the urban poer
and a prowing number of rural households. similar-" are estimated to bede-
liverirg only 155 of the heat value cf charcoal. At the other end of the

co p spectrum are dovices for using "commercial' fuels: kerosene, vhich

for middle-income urban families may be a substituote for charcoal, and gas

or elecriricity, which are affordable only by the wealthy, Betveen the
traditional and the "medern'" are numercus devices or methods which potentially
could substantially improve upon the “fficiency of the three-stone stove or
traditional jiko. The project will support development and dissemination of
such technologies,

B. Improvements and Three-Stone Stoves

The basic cooker generaily consists of three large, carefully selected
stones arranged on the ground in a triangle. Fires may be irmediately
outside the home (as a deterrent to animals), in a sheltered location or, in
the great majority of cases, within the home itself., Women generally sit or
squat around the fire while cooking over one pot. Within the limitatio.s of
the method itself (rated only 5-8% efficient), they are likely to try to
manipulate the use of flame, coals embers, and recovered charcoal to try to
get as much heat value out of the wood as possible. Rural families also appear
to be quite conscious of which indigenous species make the best firewood.

Besides providing heat for cooking, the open fire provides waramth
(particularly important in the highlands), light, pest protection, extensien
of the life of thatch roofs, and a convenient gathering spot. They also
have been associated with severe eye and lung problems (due to smoke
inhalation) and incidents of small children falling into the fire,
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Two primary factors contribute to the low efficiency levels of open fire
stoves. First, because air supply cannot be controlled and because desired
air-to-fuel ratios vary (depending on moisture content of the wood, wood
placement, etc.) air supply may fall below the level required for complete
combustion, resulting in carbon monoxide geremtion and a smoky low-temper-
ature flame which is both inefficient and unhealthy. Second, pots lose
large amounts of heat Ly convection=-that is, wind dispenses the heat
produced away from the cooking vessel=-particularly where the fire is exposed
to air currents or breezes,

Among the more promising improvements in three-stone cookers are the
following:

l. Enclosure of the fire by a horseshoeshaped mud wall, or alcove,
creating a baffling effoct and reducing convective heat losses

2. Inzorporation into new structures or retrofitting in existing
structures of air passages for ssmke removal.

3. Incorporation of grates for keeping fuelwood above the ground at an
optimal distance from the cooking vessel.

4. Division of the cooker into separate elements--glowing coals, active
flame, and hot rocks=-for variable coocking tasks (boiling, simmering,
warming, etc), This is generally arranged sefquentially, as one=-pot
cooking is most prevalent in all parts of Kenya.

In addition, fuelwood saving can be realized without introducing
equipment. Substantial efficiency improvement is possidle, simply by
drying (seasoning) the wood before burning, since moist wood produces less
useful heat amd more smoke. Also, as mentioned above, marnipulation of the
fire==aspecially using the right size pieces of wood and moving them into or
away from the center of the stove ring--can have a substantial impact on
how much latent wood heat 1is used rather than lost.

A combination of these ideas can increase the efficiency of cooking well
above that of an open fire.Coldenberg at Princeton University tested the
efficiency of an open fire configuration with and without use of a simple

alcove for convection control. Efficiencies were obtained by weighing the wood

before and after burning and measuring the temperature for a given amount
of water. The results were 7% efficiency for the open configuration versus
16% with convection coutrol.

C. Other Non=Stove Imnrovements

1, Fireless cookers in various forms have been traditionally used
in many societies for centuries, Their common trait is that they are very
well insulated containers. A typical fireless cooker, the Norwegian or
haybex cooker, is a closed container insulated with a thick layer of hay,
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wood shavings or other insulating material. The opening inside this
insulation is just adequate for one or two cocking pots. Once food has been
brought up to cooking temperature on a fire, it is covered and placed into
the insulated chamber. The cover is then placed on the insulated box and the
food inside continucs to cock over the next several hours, as its temperature
very gradually decrcases. The consumption of fuel dramatically decreases
when siuch warmers are used in conjunction with traditional practices,

2. Solar Warmers are d avices which use the direct and diffuse rays of
the sun to warm up cooked food, increase the temperature of uncooked food
before it is placed on the cooking fire, or keep cooked food warm. They consist
of insulated boxes with either single or double glazing on the side exposed
to the sun, The interior can be either black to absorb radiation and convert
it to heat, or reflective to direct the radiation onto the food container.
In black interior solar warmers, temperatures often approach boiling after
1 hour of exposure to the sun. The costs are generally low (less than §2
pei unit in mdny countries) and operation and maintenance of the system are
not difficult.

In many parts of Kenya weather conditions are favorable for use of
solar warmers to supplement existing cooking practices,

3. Incorporation of a smoke release passageway into an existing dwelling.
This could be similiar to the construction of a fireplace out of mud bricks
or tampcd earth. The increased draft can also create a more regulated combus-
tion process,
4, Enclosed pots, etc.,, can be surrounded with burning embers and leaves
in a process somewhat akin to earth charcoal kilns. This process wouid allow
the coock to leave a meal cooking uraitended.

D. High Mass Stoves

Improved cookstoves have the potential for significantiy increasing
(up to 50%) fuel cfficiency over  pen fires. Experience in several countries
has shown that the costs of such innovations can be brought within the 2conomic
and technical means of the majority of rural people. While it is difficult
to generalize, such imp7oved stoves often contain the following features'

- firebox-(or hearth) for containing the fire;
- flue -for directing the flame and fumes of combustion;
- chimney - to provide a draft for air drav and a passage for venting s~ le;
- air inlet = to supply oxyge: to sustain the flame;
- batfles - to direct the convective heat currents;
- heat exchangers - to transfer heat to the substance to be cooked
(this 1s generally the pot itself); and
- dampers - to control the flowing air or draft.
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Improved stoves can be made in a variety of designs using many diffarent typss

of materials. Mud, dried bricks, sun-dried clay bricks, clay/sand mixtures,
dung, agricultural residue, and sheet metal have all been used to make
improved cookstoves. Choise of materials is generally a function of what is
locally available, the costs involved, and what the builders and users

are familiar with. Many of the desizns evolved over the last 25 years

hsve used primarily earth--simply because it is the clicapest and most maleable
mategial,

Earthen stoves are unzommon in most parts of Kenya, although indigenous
brick stoves are scatilered in the Fakemega-Ildoret area of Western province
and it is possible that other isolated examples exist throughout the country.
Recently, however, organizations including UNICEF's Karen Village
Technology Unit, the llome Economics Department of the Ministry of Agriculture,
aad the YVCA-- have begun experimenting with high-mass stoves which families
can build themselves using inexpensive, locally available materials (earth,
dung, scrap nctal, etc) as a wmeans of consecving fuelwood.

The UNICEF Karen Village Technology Unit (VTU), which receives several
thousand visitors annually, has displayed several improved cooking appliances
including enclosed wuodscoves, improved jikos, hot=box cockers, and various
solar cookers, which have had only limited impact cutside the VIU's thus far.
Until last ear, Karen Center had demonstrated the raised cutdoor cocking
platform and a replica of an experimental stove from Western Province called
the Kakamega stove, both of which use earthen (Cinva Ram) bricks and cement
mortar topping, The raised ’ platfurm stove contains a medium-sized
1

firebox with a curving flue, enclosed water heater container and s=:all

al
chimney. Both stoves are outdoor toves, a problem since most women cook
indoors. These stoves have been updated at Karen by the "Rarai stove"
(Figure A-1) developed by Mama Elisabeth Manjiko independently after she had
heard of the earthen stove experiments at Karen., The stove is a large
platform constructed of earth, with sticks and stones as reinforcing members,
Two burners ara iocated above a large carved firebox (combustion chamber),
which contains a heavy metal grate aboutr 3-12" below the burner holes,
The stove also incorporates a straight flue and upright chimney with optional
enclosed water jacket. A large wooden door is firted on the front of the
stove once the fire is lit to act as a form of damper.

According to tests performed by the Intermediate Technology
Development Group, the Karai stove exhibited the following characteristics;
(1) It gives acceptable performance for long cooking times. Efficient com-
bustion and heating of the stove walls(thermal mass) to steady state takes
40 minutes. Unril that time the stove does not perform well. (2) Not
shutting the wood door would signi“icantly decrease the stove's efficiency.
(3) The chimney height (3") is about cptimum and the burning rate is close
to optimum for mud stoves. (4) Additional minor improvements without
significantly alterinz the design are pessible, such as changing the shape
of the flue and combustion chamber and placing rods in the chimney for
increased heat transfer to the water jacket.
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1 view of the Karai Stove developed by
Mama Clisabeth Ma as built at Karen Village Techncloay
Center. Contains two turners and 1 water heater attachad to
chimney. Construction materials - earth, stones, wood

t me

Figure A=l ., Front
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With the support of the Karen VTU and NORAD, women in the Karai area
(a relatively Progperous area neir Nairobi), have built over 15 demcnstration
stoves. Orders have reported)y been placed with Mama Elisabeth and her
women's group for 50 more stcves at 300 shillings (US$42) each. The costs
of construction mater’ils are but a small fraction of this figure.

Mama Elisabeth has also conducted a stove-building workshop for Peace
Corps-Volunteers in Lugari, in Western Province. Those present expressed
some concern over the rather rigid insistence by the designer on faithfully
copying her model which requires an unfamiliar standing posture. Additionally,
soil tests or material controls appear not to have been used during the
construction phase, which could lead to stoves crumbling or otherwise
deteriorating soon after being buillc.

Although less publicized, several district and divisional level
Home Econnmics offirers from the Ministry of Agriculture have begun Lo teach
woen's groups to build earthen stoves. Stove building is viten vie of the
many ,components of Home Economics tralning given ar Agricultural I..citutes
and at the Fgerton College. In addition, some officers have visitel the
Karen VTU.

These stoves reportedly vary in size and shape, Common denominators are
relatively low(45cm) height, makeshift chimneys for smoke clearance, and poor
to moderate resistance to cracking., The women accommodate this problem by mud
and dung patching at regular intervals (in ocne case, once a week)

In general, it appears that most of these Home Economics officers have
not received sufficient training in stove design parameters, the unced for
soil tests, and how to conduct such tests, and other important aspucts of stove-
building. Soil testing is particularly critical, since characteristics of soils
even a few meters apart may vary widely, If mixtures are not adjusied toac-
commodate varying soil characteristics, earthen stoves may crurhle or cracr
literally hours after completion of construction,

Talbe A-2summarizeSs some recent experience with high-mass stoves
throughout tlhe world. Fuel savings shown should be interperted, cautiously,
since rated efficiencies are quite sensitive to assumed cooking ticthods, details
of the test methodology, etc. In addition, the cookstove program in Senegal is
providing valuable experience in both stove des<ign parameters and extension
techniques.

Stove designs should be not only energy conservini but responsive to
specific local needs and cooking methods. The follewing are minimal design stand-
ards for'improved"stoves.
- The cost must be low in actual cash outlay and tirz: expertiture;
= The stove must be durable enough to withstand heaVy use without
cracking for at least a year and preferably longer.
- The designs should be able to be constructed with locally available handtools,
from local materials such as mud, crop residues, sand, dung etg., which
can be made into bricks or molded.
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- The stove should be simple to operate and understand, should utilize the
types of fuel available, should accommodate existing cocking methods, and
should allow for local innovation and adaptation to preferred cooking
methods.

E. Low-Mass Charcoal or Wood Stoves

Low mass charcoal burners have been a part of Kenya!s culture since the
beginning of the 20cth century. The metal braziers commonly called "jikos"
are thought to have been introduced by Arab traders or Indians who came to build
the Kenya-Uganda Railway. Over a period of 70 years, a relatively standardized
series of designs has evolved encompassing various sizes and degrees of
durability.

Jikos are made of scrap metal about 1lmm. thick and include small pieces
of steel reinforcing rods for pot supports, The most typical household model is
eylindrical in shape and consists of three couponent .t the metal shell,

a fire grate with opening (representing roughly 10X of the base arcaj);
and appendages (base supports.)

Jikos are built almost entirely by informal scctor artisars who acquired
their skills outside of formal education channels. In addition, some Village
Polytechnics* are beginning to offer courses in jiko making. Rawv materials
for jiko manufacture are purchased from informal sector scrap metal dealers,
who obtain theilr scrap metal from parages and factories in urban areas.

Unfortunately, 85% of the energy value of charcoalcannot be used tor
cooking purposes Jue to the thermal inefficiency of the jiko., Most of the
heat value of the charcoal is lost through the metal wvalls by radiarion or
through seepage around the cooking vessel by conveztion, On the other hand, in
highland areas, this hear loss from cooking is useful during colder times
of the year for space heating.

In early 1980, a major publicity campaign was generated in Naireobi
to promote a new improved jiko developed by Waclaw Micuta of the Geneva-based
Bellerive Foundation for Primary and Renewable Energies, which was claimed to
be two or three times as efficient as the traditional one. The NCST and the
Ministry of Energy spousored a demonstration of the improved jikos and
initiated a six-month study of their social acceptad Uity and economic
viability.

The Micuta Jiko (Figure A-2) is cylindrical in shape, as is the
traditional jiko, but is made of heavier plate steel, It is built of double
walls te¢ reduce heat loss by radiaticn, and one model is fitted with a chimney
and damper. A funnel placed on the grate located 6" from the floor diverts
heat to the central point of the cooking vessel. A pan with an attached bellovs
allews for the lighting of charcoal with kerosene and paper. This jiko,
rated in Switzerland at an efficiency of 30%, is priced at Ksh 350 (US $45),
versus a price of Ksh 25-50 for traditional jikos.

* (Two-year technical training centers)
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In testing by selected consumers, generally higher efficiencies were
reported, but dissatisfaction with the design arose. The new jiko was
considered to be too expensive, too heavy, aund bulky (making it difficult to
carry outside, where jikos conventionally are lit), too slow to start up
(particularly for boiling water for morning coffee or tea, and lacking bottom
supports. Also, jiko makers found the Micuta jiko expensive and time-
consuming to fabricate.

The NCST and Ministry of Energy then commissicned informal sector jiko
manufactures to build and disctribute modified versions of the Micuta iiko
which incorporated recommendations by the testers. These modifications
revived many of the features of the traditional jiko, i.e., three leg
supports, an air inlet without bellows, and scrap metal construction, (Figure A-3)

Costs decreased in Ksh 120 for a 12" diameter jiko and Ksh 20 for a 9"
diameter model. In a further modification, ‘he vertical portion of the
Cusiney was eliminated and the price for a 12" model decreased to Ksh 30.

L -4 » » v 4 & v < :
Preliminary tests at Kenvatta University College and the University
of Nairobi, on several of jiko designs so far hive been inconclusive
any have been stalled recenrly due to funding rewtrictions.

An additional jiko development project has pruceeded laiguly
unpcticed under the auspices of the National Christian Council of Kenya's
(NCCK) St. John's Community Center, The NCCK operatas a small program

kYl

providing scrap metal and other raw material in bulk it cost to ‘\nformal

5 € ¢ producers. A collaborative effcrt heotween the jiko makers and an

NG olunteer produced a metal shell jiko with a soil cement instilating

sining, an air chamber for preheating and a small ving of metal to support smaller
ts This is the only kn cxample of a'metal low tass

burner incorporating soil insulation. Tests at Kenyatta University College
this jiko a rating equal to other inproved jikos,

Egerton College, at Njoro, has been experimenting with multiputpese jikos
tncluding baking oven combinations, cormercial kitchepn designs, and
iter heaters, some of which are availaXle on the market,

Nitional Council for Science and Technology (NCST) sponsored a workshon
on July 24, 1980, which included represc.tatives of the Ministries of
Energy, Environment and Natural Resources, Commerce, and Industry and the
“CCK, Kenyatta University College, University of Nairobi, UNICEF/Karen
Village Technology Center and the USAID Neonewable Energy Development
Project Design Team. The following reccmnendations were made:

l. Further research and development cZforts should be carried out
to further improve the performance of the improved jikos.

2. Public institutions and non-goverrmental institutions should be do-
nated to impreve jikos for more conclusive testing results.

3. Improved jiko designs should be promoted ar village polytechnics
and regicnal agricultural exhibitions.
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Figure A-3 The NCST Adaption with its separate

components. From left: 1) Main body
of burner; 2) conical heat transfer

materials; 3) burner plate for cooking
vessels
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4, The production of jikos should be stimulated in various parts of Kenya.

5. Jiko improvement programs should be complemenced by programs Lo improve
the cfficiency of charcoal production.

6. Alternative fuels to charcoal (agricultural residues) should be more fully
utilized,

7.2 A program to develop efficient wood st(ves is highly recommendcd.

8. The overall improved wood and charcoal technologies effort should be
a national one supplemented by "international interactions".

9, A special coordinating sub-committee comprised of 'the organizations
represented at the meeting should be constituted to give continued
guidance and support to the efforts completed to date in improved
jikos and energy-conserving technolcgies.

, As in the case of high-mass stoves, there may also be an opportunity
to take advantage of experience pained elsewhere. In particular, preliminary
tests at the University of Dar Es Salaam by, Keith Opeushaw indicace that a
typical inexpensive ($2-%$3) stove used in Asia is about twice as efficient
as the jiko! This stove consists of on outer layer made from ti\ sheecs, a
middle layer of ash/clay Zilling, and a fired clay inner liner (Figure A-=4).
Similarly, inexpensive metal wood-burning stoves have long been used in
Addis Ababa, Such stoves both are more efficient than three stone-stoves
and potantiiltyrepresent a devico for introducing wood=burning ccooking
into urban areas where wood is located within an economic transport distance.
Table A- summarizes other low-mass designS.

e

L on

F. Other Lower-Prioricty Technologzies

Various other cooking technologies are considered to offer less potential and
these are accorded a lower priority.

1. Agricultural Residue Burners generally are either one-burner
i
-

low-mass models using a compressed or pelletized fuel or high-mass natural
draft stoves with grates upon which the fuel is suspended.

fhe small agricultural residue stoves being experimented with in
Kenya, as well as cthose of similiar design used in Asia, are essentially
like jikos constructed of waste paint cans or small drums. This design
creates a flue effect within the container, creating a constant flow of
oxygzen next to the outer surface of the compressed agricultural residue.
The designs at the Egerton College Home Economics Department are an
improvement on this design in that they incorporate a funnel in place of
the more traditional horizontal passage, which is generally less structurally
sound and prone to collapse.

1) Keith Openshaw, "Energy Requirements for Household Cooking in Africa
With Existing and Improved Cocking Stoves', University of Dar Es Salaam,
April 1980,

A-21




e

ettt | il i

s e e 5

i -~
4.

Soruce:

Figure A-4

s auhes et P

CPROSS SECTION CLAY CHARCOAL STQVE

FIGURE A

L PAN SUPPoRT

3 (DEALX

1) Cms

Cmg

ke

FIRE Rex
(vowunt 213, ., ")

& HANDLE

¢ QUTER
Tin Couel

(bme W)
BuerT ¢iAy

G2ATE
GRATE ROl

Keith Openshaw,

(AeoiT 5"
ot GRATE AREA)

AsH [ any
Fiaen

A Compariaon of Metal and Clay Charcoal Cooking Stoves,

University of Nar es Salaam,

-A-2la-.

- —_—

Morojaro




High-mass versions of agricultural residue burners can be const-
ructed of earth, fired bricks, and cement. Vavieties of such designs exist
throughout Asia, but are generally used not for cooking but for energy
production in food processing industries such as coconut, sugar extraction,
and soymilk manufacture., For Kenya, such burner designs also are more likely
to be relevent to industrial than to household cooking nceds.

Most agricultural residues with high e¢nerpv content already are
used for purposes othar than <wmestic cocking, Typical uses include on-site
energy production ar the agricultural processing plant generating such
residue, use as animal feed, or use as fertilizer. The amounts used for
domestic cooking, while in some cases regionally significant, are very low
compared to wood or charcoal. Existing designs at Egerton College and else-
where appear adequate to support existing cooking use.

2. Biogas for Cooking; Kenya has erxperience in biogas generation
spanning a period uf over thiyty years. Mr. J. Hutchinson of Runnel Estate
Ltd. has cperated and ndnufactureu piants o his farm ot Fort Ternan since
1948. The sewage works at Kariobingi and Nakuru are auderobic systews which
burn'off larpe quantities of excess biogas daily. However, the experience
for individual farmers who have attempted this technology have not been wide-
spread or particularly satisfactory. Hutchinson's l5-cow plant produces
enough gas for cooking for three adults per doy. Both the number of animals
required and gas production fall far short of addressing the needs of most
rural people in Kenya, and the actual in/tallaticn costs for Hutchinson's
plants and projected construction costs /for Chinese-tvpe fixed dome biogas
plants exceed the investment capacitizs of all but relatively preaperous
landowners.

The *igh capital requirements for biogas systems==including not
only the biogas un/t i1tself but the confined animals recessary to feed tha
uitit==put such systems well beyond the reach of the rural poor. [liogas is
appropriately considered as an integrated svstem providing energy, production,
waste management, and other bencfits, Fnercy for cooking is likely to
constitute only a minor share of such benefits, and then only for agricultural
colleges, dairy farms, or other cases combining both a large number of confired
animals and groups/institutional cooking and dining.

J. Solar Stoves experience in Africa and elsevhere sugpests that is
is extremely ditficult to introduce solar stoves. In Kenya, cooking gencrally
is done inside, and most cooking is done at night and in the early morning.
Solar stoves which require outdoor coc ing during the middle of the day,
thus do not appear to be a promising technology for general use in Kenya.

G. Project Needs

Expert Assistance and Training

A primary need .is for experts to train home economics officers,
community development officers, Peace Corps volunteers, women's organizations




and others in the techniques of local design » adfptation, and construction
of owner-built stoves, It currently appears that extension workers'
enthusiasm often is not matched by their knowledge of the subject,

Experience in Kenya and elsewhere suggests user acceptance rather
than lack of technology has been the major problem . The eMperts provided
therefore are to be at least as strong in rural extension as they are
in the techinical aspects of soil mixtures, thermodynamics, etec., The AID
"Improved Cookstcoves for Rural Senegal" project=-which emphasizes creation
of a supportive environment in which rural villapgers identify their cooking
needs and with the "experts" limited largely to providing technical al-
ternatives and considerations, design their own stoves==-provides a model
for extension of owner-built stove technologies. This extension approach
is at least as important to impact as the technical information itself.

In addition to a long-term cookstove extension expert, it would
be desirable to use groups such as the Aprovecho Institute (which
undertook the Senegal project), ITUG, or others as short-term consultants
to design and/or participate in extension training programs. The Karen
VTC and training facility would appear to be well suited as a site for
some training of extension officers, in addition to incorporation into
curricula of Egerton,the agricultural institutes at Embu and Bukura,
the Coast Training Institute, KIA, Farmers' Training Centers, and other
training institutions., In addition, as in Senegal, at least some of the
training should include cooperative field extension projects to generate
participatory cookstove design and construction in rural villages.

Survey and Asscssment

The long-term expert should promptly initiate an informal survey
and assescment of cooking methods and cookstove innovation.in Kenya and of
promiging cookstove development and extension approaches being pursued
elsewhere in Africa, Also, in conjunction with the forestry expert and a
short-term sociologist, he/shc should undertake an assessment of the
potential for introducing wecod for cocking iato urban areas. This assessment
would address the availability and likely procuring of firewood,
availability and cost of wood-burning stoves, and issues of social accept-
ability,

Design and Testing of Commercial Stoves

Particularly- for improved jikos but also for portable clay stoves
or metal wood-burning stoves, the project should support innovative design
and testing of stoves which can be manufactured commercially. Options for
providing such support (through the Energy Development Fund) include
placing orders directly with jiko and/or pottery makers, contracting with
Village Polytechnics, support of the NCCK jiko program, and providing
grants to or contracting with one of the AID Small Enterprise Development
Program contractors(Partnership for Productivity or Technoserve) to stimulate
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commercial manufacture of improved jiko or other stoves.

Stove Testing

The project should use the Energy Development Fund to support
a moderate stove testing program for both high-mass and low-mass stoves,
The Design Team recc=rends the following ptions for carrying out such
testing.
- High-mass stoves: Egerton Cullege or Karen/ITDG

= Low-mass stoves: Existing NCST testing program,

Financial Support for Extension and Demonstration

A high pricrity of the Energy Development Fund should be to
prévide some financial assistance to promising cookstove extension
organizations already operating in Kenya. Such support should include
in-country travel ¢ipcnses, coustructisn materials, proparation of ed-
cotionil materials, and in selected cases partial funding of a cookstove
project director, In the cases of Village Polytechaics support could
take the form of contracts for completed jikes, Also, the project
would, under the ert Assistance and Training", component above,
provide training of ard technical assistance to these groups' staffs,
The Design Team recommends the following organizations for possible
support:

= High-mass stoves: Peace Corps, NCCK, Karen/ITDG, possibly YWCA,

= Low-mass stoves: Village Polytechnics, NCCK, possibly Partnership
for Productivity.
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III. CHARCOAL PRODUCTION SYSTEMS

A. Introduction

Charcoal is produced by burning wood and other carbonaceous
materials under conditions that severely linit the amount of oxygen
available for combustion. High temperature heating by various methods
bréak down the original substance into gases, a watery tar mixture, and
the familiar solid carbon material known as charcoal.

Compared to wood, charcoal has a number of advantages: high-heat
value per cubic meter compared to wood; low ash content; smokelessness;:
flavor imparted to food; ease of storage; and the simplicity of charcoal
stoves, which make possible the use of the fuel with very little cash
outflow. However, particularly with traditional conversion processes,
30-50% or more of the latent heat value of the wood is lost in producing
charcoal.

There is great scope for improving yields over the curruut
inefficient earthen or pit kilns used througlout Kenya, Options
include inexpensive modifications to existing processes, portable metal
kilns, and stationary brick or clay kilfs, There also are important
issues relating to the desired scale of the charcoal production=-which
currently consists primarily of thousands of small-scale intermittent
producers—-and whether producers should bear any responsibility for forest
management and conservation of forest resources. Until such time as
broader GOK policy decisions regarding cuch issues is reached, the project
should concentrate on improving traditional charcoal production methods.

B. Improvement in Traditional Earth Kilns

The simplest way of making charcoal and the principal method
used in Kenya, is in earth kilns. Traditional earth kilns are generally
one~or two-person coperations. Basic hand tools, shovels, hoes, (Jembes),
machetes (Pangas), axes, and perhaps rakes may be used in the cutting and
stacking of wood and in the digging, covering, and charcocal recovery
operations. For larger trees, an occasional chainsaw may be rented, or
various hand saws (bow-saws, 2-man cross-saw, etc.) may be borro:ed
or acquired. The chief advantage of both is that almost no capital
is required as the kilns are constructed entirely from locally obtainable
raw materials. The main disadvantages are that yields are extremely low
(8-10% by weight, and possibly lower, depending upon the skill and
experience of the producers),

Twc variations of traditional earth kilns are particularlyprevalent in
Kenya:=--charcoal stack kilns and earth or pit kilns. The charcoal stack is a
relatively original process used mainly in Kenya. The earth and pit
kiln are of the same type used in other African countries.
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In the charcoal stack method, stout poles are laid out in an
almost triangular shape, generally 5-9 inches long and V.5-3.4 inches
wide, with dry sticks packed in between the poles. The stack is covered
with green grass (3-5 cm. thick), The final cover of the stack is a
medium layer (10-25 cm. thick) of damp soil which is spread all over
to pack it down firmly and to fill up any possible interstices. There
are square apertures of 20 cm. by 20 cm. left at the bottom of the apex
end whizh are used te admit the fire when being started, and there are
4-5 small more evenly spaced square vents (.2 cm. by 12 cm. each) at the
top of the rear (posterior) end.

The 1ire is lit through the main aperture at the bottom of the
apex end. This main aperture is gradually reduced in size as the fi e
cotitinues, and eventually blocked completely after about 2-3 hours and
after the fires has covered appro‘imately a si¥th of the stack. Depending
on the size of the stack. the fire usually takes up to two days to reach
the rear end of the stack once lit. During the normal burning for the first
12 hours the vent holes at the top rear end of the stack are left open.
Three to four new vents (about 10 cm. § quare) are made on the floor level at
the rear end, and these enable the fire to continue burning after all the other
vents have been closed. 1t is important that the stack is continually
watched as it burns, and to close immediately any cracks releasing smoke
and flame.

In the normal burning procedure, the smoke will cease after 3-6
days, and conce this is noticed the stack is allowed to cool for another
2-4 days before being cpened. After these periods, the stack is then
opened again beginning from the apex end., Since charcoal is still hot at
this stage, it 1s spread out to cool by using a shovel or similar tool.
Well burat charcoal 15 later separated from half-burned wood, the former
teing packed in sacks and transported to consumers while the latter is
placed into the next stack to be burned.

The other method=--earth or pit kilng-- encompasses numerous
variaticns of stacking and covering %he wood to be burned, above ground
or iiudug pits. Wood generally is less carefully organized than it is above,
the successive layers of covering less elaborate, and the general process
more rudimentary. However, the basic technique--stacking the wood atove
or below ground, covering it with layers of grass, and then covering the
whole with an insulating layer of damp soil=-is similar,

1) Parts of this section draws heivily on Prof. J.0. Kokwaro's paper,
"Indigenous and Iuntroduced Common Firewood Plants of Kenya"




Figure A-5
Kenya's Charcoal Stack Kiln
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Although charcoal stack method provides superior yields, a vast
majority of charcoal producers have adopted more rudimentary earthen
kiln methods due to unavailability of wooden poles and the reduced
weight and work requircments involved.

The outputs, scale and frequency of two earth and pit kiln charcoal
producers eucountered by the project design team is described for ill-
ustyative purposes. [I'roducer A is anunlicensed intermittent charcoal
burner in a low potential area in Lower Embu. His earthen kiln is
inadequately covered with earth, and he receives a return of approx-
imately 10 sacks (at an average of 34 kg/sack) from his 9-cubic
meter kiln. Assuming 700 kg/m 3 as the weight of the wood and that 70%
of the space of the kiln is taken up by wood (the remainder is dirt and
pockets of trapped air) this process has a conversion yield of about
6% by weight, compared to the estimated national average of 8,337

(12 tons of wood to produce 1 ton of charccal). This individual may spend
up to 2 wecks in the total operaticn of ,..i.ring the woid, operating the
kiln, and waiting for trucks to transport ..is product, licwever, the

roughly Kshi. 150 (US$21) is a welcome incomc supplement.

Producer B is licensed by the ForesL Departnent office in Meru

District to extract wood for charcoal production from both gazetted forest
and cormunal trust lands, He uses a bicycle to carry charcoal sacks to

town in order to obhtain better prices(Khs, 24 delivered price versus Ksh,

15 when purchased by lorries). At a reported preduction of 200-300

bags a month and 15 hiugs per firing, he produces charcoal quite regularly.
His oparations represent four days of pro-arutory labor (three days to cut
and pile the wood and one day to build th¢ soil/grass insulation mound),

and vigilant maintenance throughout, Thi producer has 3J-4 kilns in various
stages of production ard appears to achiev» 8-10% charcoal yield by weight,

This operator apparently is unrestricted by authorities within his

one square kilometer cperszipnal territe*w. Occasionally, rental of a
chainsaw (priced ar KSh,60 for a liter of petrol and the corresponding
services of the saw operator) is requireu. actual wood costs are KSh. 18
75 cents for cubic mefers of stock and c(.casional "service fees'.

Most charcoal producers appear to fall somewhere within the spectrum
represented by these two individuals, Extension services and research and
development efforts in Kenya have shown limited interest in increasing the
efficiency of these traditional charcoal producers.

1) Project design team members are skeptical about this producer'n
reported output figures, since they seem quite high.
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The efficiency of these traditional operations can be

significantly improved if the following measures are taken by the producers,
The costs involved are minimal or negligible, and the results appear to
promise up to 507% or greater recovery in weight of the charcoal produced.

(a) Basic Kiln Improvements Requiring No Investments

(b)

The wood used should be seasoncd (dried) as much as possible.
This helps to assure a higher quality more durable product.

The wood should be separated inty relatively uniform pieces.

This helps to avoid small pieces being converied to ash or fines
and larger pieces undergoing incomplete combustion. If mixed
gizes are harvested, they should be segregated into more than

one kiln.

The wood should be packed as tightly as possible. This also con-
tributes to a uniform, more regulated firing.

The earth covering thie kiln should be sufficicatly thick to permit
complete combustion t least 6" and up to 12" is reconmended
(or over an extended hand's lenpth). To ensure that the required
thickness is maintained, the kiln should be examined frequeatly
throughout the carbonization cocoling cycle. This will
necessitate an occusional visit during the night.

Basic Tool/Material Improvements Requiring Minimal Investments

To facilitate more uniform cutting of the wood pieces, larger
axes with wedges, which can be made of hardwoed or scrag

should be employed, The cost could involve Ksh, 30-50 (US $4-7)
or the selling price of 2=3 34 kg, bags of charcoal,

Instead of relying almost exclusively on the machete(panga)

when harvesting smaller limbs and branches, a tempered curved
pruning saw (cost approximately h .26, or US$S4) could be used.
Since the imported (@inet2and German spring steel models last
3-10 times longer than those produced in Kenya and only cost 50%
more, it would seem prudent to obtain them instead. A moder-
ately good panga costs about Ksh,18, (US$2.50) and is quite
proficiently wielded by the producers. However, in the process,
trees which are not completely cut down are often severly damaged.
Thus the regenerative potential of the tree and future yields are
significantly reduced. A further tool refinement here, if not
already in use, would be the purchase of improved pruning

24-30" bow-saws for intermediate sized wood. (These cost Ksh.45-
60 in most pacts of Kenya).

A minimal=-cost but maximum-impact innovation involves the insertion
of sheet metal between the mounded wood and the insulation earth
layer. This can be simply accomplished by purchasing the 1lixlxl
foot tin canisters called "debes'" (cost approximately Khs.1l} to2)
and flattening them out to obtain a 1} x 4" sheet, 12-24
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debes can accomplish the task of preventing mixing of soil with
charcoal and be reéused several times. Alternately, corrugated or
flat sheets, whose durability exceeds that of the deles, may be
utilized, The debes or sheet metal should be loosely overlapped
to allow for smoke and water vapor escape. Figure A-6
illustrates this concept.

Figure A~ depicts a partially improved traditional earth kiln, located
at the Embu Town Lumber Cocperativa, Here, scrapwood from the sawmill operat=
tion is piled and covered by the corrugate! ircn sheets on the top and
sides as shown. However, the wood pieces ire disaggregately sized,
largely softwoods; and the insulating soil layer does not enclose the
entire kiln. Apparently, this operation produces charcoal only for the
worker's own consumpticn, and waste wood is rather plentiful, so incentives
to improve the kilns illustrated here are slight.

v

C. More Substantial Xlteraticns to:Troditional Earcth ' Kilns

: FAO-UNDP charcoal projects in other parts of Africa, particularly

Senegal, have promptly iiproved methods of production which differ greacly
in technique but only slightly in cost from the methods currently used in
Kenya. These projects found that (1) yields from traditional kilns have
been greatly underrated and (2) new methods that give yields of up to

30 percent by weight can be achicved if done correctly with dry wood.

A prototype improved traditional kiln, described by G.E. Kasdi,
and USAID's Senegal Renewable Energy Development Project, is known as the
"Casamance Kiln".

Instead of building the stack directly on the ground, an air
space is built uvnderneath by means of a network of logs. A circumfer-
ential air chamber is also created by laying an apron of brush on the out-

side and a chimney is placed beside the stack. The air spaces and chimney
result in better combustion of the volatile gases and/c' less heat loss
from the stack. The chimney (purchased and/or fshrication) costs

reportedly can be recovered the first time it is used,

Other advantages of the '"Casamance Kiln" include an ability to
mix wood size, density and moisture content without adverse effect.
The Casamance kiln has demonstrated that smaller or less dense logs will
stop burning when carbonization is complete(i.e. they will not turn wo
ash) even though logs next to them are still burning. Finally, tests of
the kiln in comparison with traditional kilns reveal that the former takes
0.5 to 0.7 hours to carbonize one stere(stacked cubic meter) of wood
whereas the latter takes 3.6 to 7 hours. This is a significant saving
for the charocal makers.

The introduction of air circulation passages and chimneys into
carth kilns is a practice in use in other parts of the world as well,
including the South-castern United States, South America and South east
Asia. The applicability of such methods in Kenya should be examined as
part of the project.
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D. Technologies Dependent Upon GOK Charcoal Production Policy

(1) Portable Metal Kilns

Significant original research and development in Kenya and
Uganda has led to prototype development and continuous manufacture of
portable steel kilns. Burns and Blane Ltd., a steel equipment fabrication
company headquartered in Nairopi, has been producing portable steel hilns
to order since 1969, Their CUSAB (Charcoal from Unwanted Scrub and Brush)
kiln has not been manufactured since 1972 after the designer left Kenya,
put they continue to receive orders for their Mark V kiln (Figure A-8 ).
Currently, only 3 to 4 Mark V kilns are produced per year. These are
sold primarily to the Forest Department for demonstration purposes
and to large agricultural and forest products industri es in the central
highlands, such as the Del Monte Pincapple plantation in Thika. The
current price of the prefabricated kiln is Ksh, 23,500 plus tax(over
US $3,200). The company provides repair and maintenance services to its
customers. In addition, the Tropical Products Institute (Londani) has
designed an improved version of the !ark V kiln.

The Mark V or TPL kilns have substantially higher yield than do
traditional earth kilns (10-15% vs. 8-107), still could be considered
small-scale (50-55 tons per annum vs. 30-45 for a producer operating
three earth kilns simulctaneously), and are moderately portable. On
the other hand, their high initial cost and the need tao|transport them
by Land Rover or lorry¥ put thewy ouctside the reach of mest small
businessmen and virtually all traditiunal charcoal producers. As discussed
in the Economic Analysis, portable steel kilns are (ikley to be adopted
on a broader scale only if the GOK adopts policies to make charcoal
producers responsible for maintaining forest resources,

(2) Fired Kiln Systems

Large-scale fixed kilns and retorts utilizing sophisticated
machinery and operational controls are most cormonly used in industrial
charcoal operations associated with sustained yield plantations. The
largest industrial charcoal production operation in Kenya (and most of
sub-saharan Africa) 1s located on EATEC's 50,000 hectare black wattle
plantation near Eldoret. Twenty-eight massive fired brick kilns (Figure
A-9 ) convert average 60-ton loads of ztacked debarked black watctle from
the company's tanning operation into l5 tons of high-grade charcoal--a
25% yield of the oven—dried weight of wood. The scale of the operation
is immense: 120 workers are employed in the charcoal enterprise alone.

Fixed-kiln systems also are available for small-scale
operations. Two such kilns are the Missouri kiln constructed of concrete,
metal and/or masonry, and the batch retort kiln built from several oil
drums. Energy efficiency and speed of operation (20-42 hours per batch)
are an advantage of the fixed kiln systems. These methods also allow
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for the potential recovery of tar. However, even such "small-scale"
systems (200-300 tons per annum) far exceed the size of traditional kilns,
capital costs are beyond the reach of traditional producers, and=--most
important== such stationery kilns require a system of small-scale sustained
yield production with which there is no recent experience in Kenya.

E. “echnologies Mot Included in the Project

Pyrolysis|to Produce Multiple Products

Small scale pyrolysis processes are being experimented with in
Chanaland other countries. The equipment used for these processes is
made from old drums; raw materials include sawdust, peanut shells, coconut
husks, and other cellulosic materials. The processes produce charcoals,
pyrolytie oils, and hurnable sas. Serious problerms have Szen encountersd
in achieving operaticnal reliahility and in stabilizing the oils., Also,
the projected costs are quite |jigh compared to conventional technologies.
Some raw materials such as sawdust produce puwdered charceal which must
be briquetted, adding further to . the cost. This techaology is likely to
remain in the research stage fcr a few more years and thus is considered
outside the scope of this projsct. A small pyrolosis research effort
is being inictiated at the Univarsity of Nairobi and should be monitored by
the MOE.

-

F. Project Neeads

Expert Assistance and Training

A long-term expert will be provided to assist the Forest Depart-
ment, Ministry of Agriculture, and NGO's in prcmoting adoption of efficiency
improvements hy traditicnal charcoal producers. This person will serve
the dual role of cookstove and charcoal expert since both areas require
somewhat similar technical and extension experience,

Assistance should include development of training courses and
materials for the Forest Training Schoecl, Farmers' Training Centers, and
other appropriate institutions; presentaticn of workshops for Forest
Conservat , RAES officers, aad agricultural officers; and workshop
training for the Peace Corps or for NGO's that potentially can reach both
licensed and unlicensed producers. Also, the project would assist in the
preparation of simple illustrated pamphlets-—and possibly workshops—
aimed at charcoal producers themselves.

1) See T. I. Chiang et al, "Byrolytic Conversion of Agricultural and Forestry

Waste in Ghana', Georgia Institute of Technology.

A-32




Assessment

The long-term charcoal expert and long-term energy planner should
assist the MOE and Beijer Institute in analyzing the sociopolitical and
resource management aspects of alternative GOK charcoal production policies.
They also should monitur and assess charcoal projects underway in Senegal,
Mali, Rwanda, the Sudan, and elsewhere in Africa., Finally, the charcoal
expert would assess the feasibility of using briquetted agricultural residues

Applied Research and Demonstration

In addition to innovative small=scale charcoal production
techrologies, the Energy Development Fund should be available to support
1) promising approaches to provision of incentives to encourage charcoal
producers to take responsibility for the area of forest from which they
secure thelr raw materials and 2) promising extension and feedback approaches.

A. Intr :-ll_liLl_i_nn

Curreatly, roughly 15T of Kenya's rural population is served by
community water asupply systems. Most such systems are pumped supplies
from boreholes, rivers or shallow welis. Most rural pumps are driven
by diesel motors or electricity, with a fow driven by wind waterpover
and human power. Gravity feed systoms have been installed in areas
where the source of water is suitably higher than the population served.
In addition some rainfall catchments havée been constructed on roofs of
community buildings and individual homes. 1In a sampling of 317 water aupply
systems 1n 25 districts, 306 pumps were driven by diesel motors, 24 by
electric motors and one by a windmill, Of the remaining systeme,

5 were pgravity fteed and one used a hydraulic ram,

The 1979-83 Development Plan sets as a target startup of 100
new Ministry of Water Developmeni rural water supply schemes and 120
new Harambee self-help water supply projects, increasing the rural
population served from 1.5 to 4 million persons. Renewable energy systems
may be wore economic than competing diesel or electric pumpsets for
many of these applications, especially smaller ones. Renewable energy
systems also may case currently severe puwpset operating and maintenance
problems. Windmills have the additional benefit that they may be
manufactured locally, thus reducing for2ign exchange costs for not
only diesel fuel but also the diesel motors.

B, Diesel and Electric Pumpsets

Diesel pumps range in size from a fraction of a kilowatt to
100 kilowatts and greater, with the most common sizes being from 2 to
20 kilowatts. The costs of operating and maintaining these motor=pump
combinations has been escalating rapidly in recent years, due primarily
to fuel cost increases and increasing parts and labor costs,

R Particularly windmill and hydrar 1{r{;m&




In most installations the operation of a diesel powered pump for
8 hours per day for 3 years costs more in fuel payments than the amount
originally paid for the pump. In addition, most district water engineers
report serious problems with diesel pumpsets. Some experts estimate
that only about one-third to one-half of rural diesél pumpsets are likely to
be in operating order at any one time, due to the high frequency of
pump or motor breakdowns.

A skilled mechanic is needed to ensure proper system operation,
and the Ministry of Water Development does not have the staff of trained
technicians necessary to ensure proper maintenance of even its own
water supply systems, Other problems associated with diesel-operated
pumping units include numerous instances of theft of diesel fuels and,
recently, theft of the complete motor-pump combination. Particularly
for rural domestic water schemes but also for many irrigation schemes,
very few diesel pumping systems have a back-up unit in case of motor
or pump failure, 1In the event of pump breakdowns, the populaticn,
sgmply has no acces: to the water supply system.

Electric pumps pose many of the same problems as diesel units,
although they generally have a better outage record. Because they must
be located very close ro existing electricity lines, their applicability
to future rural water supply syvstems (often in remote areas) is limited.

o3 NindEumEs

1. Kenyan Experience

Windpumps have been used in Kenya for a number of decades and
have been providing water for livestock and domestic use over wide
areas of the northern central regions of the country, with lesser pen-
etration into the coastal and western areas. Many of these windpumps
were replaced, beginning in the 1950's, by the what were thought to be
convenient diesel pumps. Recently, however, there has been renewed
interest in windmills. To extract energy from the wind, a wheel made
of spokes and blades is made to rotate about a shaft which drives the
rest of the mechanism. Typical wheel configurations are "American
Farmmill" type in which the 31ils are made of galvanized sheet metal
shaped in an aerodynamic curve, the Cretan Wheel which uses metal or wood
spokes and cloth sails, and the modified turbine type which uses sails
or either sheet metal or fiberglass. The gearbox is either a direct
stroke or back-geared design. In the direct stroke, each revelution
of the wheel yields one complete stroke of the pump. All of the large
models, that is more than 16 feet in diameter, use this type of gearbox.
In the back-geared designs, the wheel shaft turns a small gear which in
turn runs a larger gear at ratios of 3 and 4 to 1. Most machines of
16 foot diameter and smaller are of this type.
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The towers used to support these windmills are either three or
four legged, welded or bolted together, and usually of painted or
galvanized steel. Tower heights which vary to project the wheel above
surrounding wind obstructions, genmerally range between 10 and 20 meters.

The overwhelming majority of windpumps in Kenya today are small
difmeter back-gvared conmercially available models. 1Most of these
windpumps have been used Lo provide water for livestcck and domestic use
on large farms and ranches, They are generally used in conjuntion with
water storage tanks of 30,000 litres capacity or greater,

At least two Kenyan companies currently manufacture windmills.
Bob Harris Engineering Ltd. (Thika) produces the Kijito windmill, which
uses molded fiberglass blades, and a direct stroke for even its smallest
models, in sizec ranging from 12 and 24 feet (diameter). The Kijito
mill is particularly suited to "high head" applications (lifting
water from relatively deep sources). Thirty units either have been installed
or are on order. A newer and quite different windmill--the 12I'U 500--
is produced by Plows and Allied Products Letd. (Kisumu). This windmill
is more suited to the low-head conditions found around Lake Victoria.
After installation, testing, 4nd substantially modifying prototype
models, Plows and Allied Products currently is filling an order for five
windmills to be used in the Kisumu area.

In addition to local windmills, imported wiadpumps--including
Aermetor, Climax, Comet, Dempster, and Southern Cross-=-are currently
used and available within the country. The commercial windmills
imported into the country--specifically the Southern Cross, Aermetor,
Dempster and Climax models, are all extermely reliable, Many units
installed in the 1920's and 1930's arc running as well today as when they
were first erected., Their maintenance requirements are minimal =
inspection of bolts every six months and yearly oil chaunges. Th /two
commercial windpumping systems being manufactured in Kenya = the
Kijito Windmill and the 12 PU 500 Windmill = do not have the track record
of the imported units. However, in the case of the Kijito windmills, the
manufacturer has been diligently responsive to field experience to the
point that there has been a virutually complete re-design of the origiral unit
as experience has shown up weaknesses.

In addition to the above units, the Mbita Windmill Project of
the Catholic Diocese of Kisiihas developed a low-cost windpump for
irrigation purposes and is producing it in local workshops on Mbita
Island (Lake Victoria). The Project Design Team was unable to see or
evaluate this design. There also have been numerous attempts == bv
by the Christian Industrial Training Center (CIZIC), Peac ' Corps Volunteers and
others == to design lightweight, inexpensive wiudmills, with locally available
materials in place of steel. These units generally have proven to be understrengt:
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and unreliable and/or have required substantial operating .ime and maintenance
The CITC, for example, constructed 15 variants of the Cretan sail

windmill or Arusha Windmill. Two years later, none of the windmills

were operating, and the project was dropped.

2, Wind and VWater Conditions in Kenva

Windpumps generally are restricted to areas with average
annual windspeeds in excess of 4 meters/second, Where winds are
urreliable, provision of water storage is a necessity. The less reliable
th: wind, the more storage required and zonsequently the greater the cost,

Gabriel Chipeta's study of wind power availability in
Kenta! gives monthly and annual maps of surface wind speeds. (Figure A-40).
From'\this map, Chipcta defines two areas of high windspecds, that is
with 7indspeed averages equal to or greater than 5 meters/second, These
areas .uclude a rather small highland zone bounded by the towns of
Eldoret, Marigot and Equator, and a much larger band stretching south=-east
to northwes: from Malindi and Lamu in Coastal Province up through Eastern
and North-Eastern Provinces following the gap between the highlands of
Kenya and Lthiopia to the Lake Turkand area and northern Rift Province.
Regions of low annual windspeeds, that is with windspeeds less than
3m/sec., tend to be around Lake Victoria and parts of Central and Rift
Valley Provinces.

Seasonal variations of winds, both in speeds and directions,
tend to be dominated by the South Monsoon (which begins to establish over
Kenya in April, reaches maximum development in July and disappears
in October)and the North East Monsoon (which appears in November, attains
maximum development in January, and disappears by March). Wind speeds
tend to be at maximum during peak Monsoon periods.

Diurnal variations in windspeeds have been analysed super-
ficially. Windspeeds tend to be low during early morning hours and
late evenings, rising to a peak in the late afternoons between 1500
and 1800 hours local time.

The Chipeta study also includes a preliminary map of avérjge
annual wind power patterns (Figure A-11), which parallel areas of high
average windspeed with only minor modifications. This data must be
interpreted with caution since many stations make only visual observation
of wind speed, reporting stations are not spaced uniformly across the

1) Gabriel B. ‘hipeta, "A Stud of Wind Powver Availability in Kenya; University
of Nairobi M.Sc. Thesis, 1976.
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Fipure A-11 Average Annual Power (in watts/metre<) available
in Kenya
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country, and most stations observation times do not take into account

peak diurnal variactions. The MOE and Meterological Department have initiated
a project to update and expand Chipeta's analysis, but they too will rely

on essentially the same type cf observational data,

Relative to diesel or electric pumps, windpumps == which
generate less power than most commercial diesel or electric units-=
also are best suited to low-head applications (that is, to pumping of
water from relatively shallow wells), Unfortunately, data on aquifer
depth in various parts of the country is virtually nonexistent., It
then 1is not possible to gemeralize about suitable site conditions for
windmills, since only one of two required parameters--wind availatility--
is known,

D. Water Powered Pumps

Water power as a means of pumping water is an underused tech-
nology in Kenya. One system predominates - the hydraulic ram. Hundreds
of hydram units, almost all supplied by Tolen Blake Company of the U.K,,
are in operation throughout the country, with several dozen new systems
being sold every year.

Hydrams have potential applications where relatively small
amounts of water must be pumped uphill to serve people living above a
flowing river or stream, who thus could not be served by a gravity feed
system. A number of conditions are necessary for the operation of a
hydraulic ram. There must be a river or stream with a fall of water avail-
able (called the working fall) for the system to operate. In addition
there must be an excess of water flowing down the drive pipe, over and
above that which is delivered for use through the delivery pipe,
(Figure A-12 &13), Both of these factors will determine the haiant rn whisl
the delivery water can be raised and the volume of this water., The
working fall is generally limited to between 1 and 15 metres and the
height to which delivery water can be raised is limited to between 3
and 10 times the working fall. Maximum delivery height is about 140 metres. The
higher the delivery head, the less the quantity of water delivered., The water
delivered is typically 5 to 15% of the water coming down the drive

pipe.

Hydrams are inexpensive compared to other pumping systems
(although installation costs can be high if fced water has to be
channeled for any distance to obtain an adequate working fall), and water
quantities delivered and distances pumped also typically are substantially
less than for other systems. The largest Blake hydram marketed in Kenya
has a maximum delivery of about 400 litres per minute and a maximum pumping
height of roughly 100 metres.
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Although they have very few moving parts except for simple valves,
hydrams have encountered operating and maintenance problems., Of the hydram
units assessed by the Project Design Team, roughly half were out of service
due to failure to replace worn rubber clappers or to clear intakes or
pecause the large brass waste valve (which has a high value as scrap)
had been stolen.

With proper routine maintenance, hydrams will operate unartended.

The system should be pericdically cliecked, usually once per week, to
ensure that trash is not blocking the intake, that all connections and
bolts are tight and that the waste valve is working properly. Rubber
clappers on the waste valve must be replaced rcughly every 2-3 years.
Other than that, periodic bleeding of the air taps 1s the only other
necessary operation., Under such conditions hydraulic rams typically
will provide satisfactory service for several decades.

lydrams can satisfy a need for community water supnly systen
near a:.river or stream where the volume of water required is low== which de-
scribes. many llarambee self-help water projects on hillside slopes or
riscr or sctream valleys. Their Use should be supported through the
provision of technical assistance in equipment selection, installation,
and maintenance,

E. Humanp and Animal 2cwered Pumps

Handpuzmps are not ccmmon in Kenya, but they are used, particularly
in remote locations. Foot-operated and animal-powered pumns were not
discovered by the project team. Handpumps are available in a vide
variety of options. Most are of the reciprocation piston type which are
most suited for use in a well or borehole. Other handpumps include
semi-rotary, clapet, and chain and washer oumps. The last pump
can be made in small workshopstron a variety ot waterials, to low
construction Lolerances, and by relatively in¢xperienced technicians,

Handpumps in gereral have a rezord cof unreliability when used
in community well water supplies. Evin the more robust tend to break
down with hundreds of people continually Using them. A few handpumps
require two persons to operate them. These typically are used for small
irrigation schemes in various parts of the world. Breakdowns in these
pumping systems are infrequent, possibly because fewer people operate them.

Two types of foot pumps have been shown to provide reliable
service over the years. One is a bellows pump promoted by the
International Rice Research Institute in the Philippines and manufactured
and sold by a number of companies in that country, The other is the
Vergnet hydro pump. Both of these pumps require minimal maintenance.
Foot pumps make use of human power most cffectively since leg muscles are
stronger than the muscles in the upper part of the body.
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Animal Power

Animal power is widely used for pumping in many parts of the world,
Draught animals if they are well looked after and the equipment is suitable,
can make a substantial contribution to irrigation farming. Common animal
powered devices range from a draw rope pulling a water-filled leather
bucket up and out of a well, to vertical axis geared turbine pumps. In
betwecn are a variety of devices which deliver constant loading to the pump
through some type of power take-off gearing. This gearing can vary from
simple timber cogged wheel to specially manufactured steel cam and
pinion gears. The chain and washer pump described earlier can be adapted,
through horizontal to vertical gearing, to animal power., Very little
activity is underway to promote the use of human powered pump for
domestic water supplies in Kenya. A few distribut.rs carry handpumps,
and the Karen VTU has on display two handpunps ranging from shallow well
clapet and hand chain pumps to deep well pumps.

F. Solar Distillation

In the simplest case, a solar disti
with a black colored basin liner. Over the pond is placed a sloping
glass or transparent plastic cover through which the sun's radiant
energy. passes, heating up the saline or brackish water in the pond.
Water evaporates and condenses on the cooler sloping transparent glazing,
flows down into narrow channels along the lower edge of the cover and is
led off to collect in a reservoir, from which it is distributed,

stillation unit is a shallow pond

s5tillation units can be constructed, maintained and operated
i skills. Local materials can be used in the construction,
2 rarmed earth blocks, Minimal operation and maintenance
Instructions arc necessary since both functions require very little tizme and
rn

skill to perform. Major maintenance conge
against £
- 2 1

iypica

salt cryscallization, corrosion of pi , and glass breakage.
maintendnce procedures include cleaning dust off the glazing and

ensuring that pipes and channels are not blocked,

ns

sinclude adequate protectxun
pes

n

Sclar distillation units require a relati'oly high capital
investment per unit capacity. However, if well designed and comstructed,
recurrent costs are very low.

Solar stills are usually constructed where drinking water sources
are extremely limited, and thus where people tend to be very conservative
in their water use patterns. Typical consumption rates from solar
distillation plants are 4 to 5 litres/person/day of potable water.

Available solar radiation data indicates that a reasonable

production rate can be maintained on a year round basis in many dry lowland
areas of Kenya. In particular, this technology could meet a high priority
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need in significant areas of arid northern and northeastern Kenya, where
ground water is available but most is highly brackish. Storage
reservoirs will be necessary to supply 3 to 4 days demand in most areas.

Solar distillation work has been undertaken, for the most part
in a research capacity, at a number of locations. The first experimental
solar still was set up at Kilifi during the 1950's, another at the
Divisional Police Headquarters of Turkana in 1959. Other activitics
have included the installation of two stills at Kapedo Mission, north
of Lake Baringo, each 10 square metres in size and an Australian/Kenyan project near
Malindi. Several researchers at the University of Nairobi have
worked on solar stills over the past decade. These include Mr. H,DeSousa
of the Department of Electrical Engineering, Mr. R. Haskell of the
Department of Civil Engineering and Mr. Z.Ngcakaru of the Environmental
Health section of the Department of Civil Enginerring. 4 study enticled,
"Solar Distillation for Developing Countries: An Engineering and
Economic Evaluaticn'" by A.S. Akishula was crmpleted in June, l50U as a
M.Sc. Thesis in Environmental Health Engineering at the University of
Nairobi. In addition to this activity, the Karen VIU demonstrates a
small solar distillation unit,

G. Solar Pumps

Solar pumps are of two types: thermodynamic and photovoltaic. The
thermodynamic systems, typificd by the Rankine cycle "Sofretes" pump,
generate power bases on the temperature difference between a solar heated
fluid and the cold ground water. The' apparatus to accomplish pumping
from such a thermodynamic cycle is sophisticated and expensive,

As with all sophisticated technologies, these pumping systems
require a considerable amount of maintenance and upkecp to keep them
working. The level of techrical expertise rcquired for such maintenance
is high, thus,if they are tobcused they must be sited where adequate
technical service is available. Experience to date with these systems
has been variable. Where technicians are sufficiently trained and
available, these pumps operate satisfactorily. Where technicians must be
brought into, for example, remote areas, these pumps have had major
maintenance problems and systerm shut down is common, A Sofretes
pump unit was installed atWajir in 1977. It operated for only a short time
before mechanical and operational difficulties forced shutdown.

Photovoluaic pumps, on the other hand, are reliable, require little
maintenance beyond routine inspections and fit in more with conventional
maintenance and operation procedures. However, they are costly. Present
costs are about $10 to $20 per watt of installed pumping capacity. However,
this cost is dropping rapidly. They are expected to be economically com—
petitive with other pumping systems within 5 years for accessible sites
and are marginally competitive even today for remote sites. The pumps
associated with photovoltaic arrays are conventional electric water pumps.
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Experience to date has revealed that maintenance is minimal and the systems
are well accepted where they have been installed. They depend on the
availability of adequate direct sunlight, so their areas of use for year-
round water provision will have to be carefully selected.

This project excludes solar puniping for a number of reasons. First,
it would seem wise to wait until photocell costs come doitm to the
point where photovoltaic pumps can be more cconomically substicuted for
fossil fuel driven systems. Second, two ather groups already are
investigating the use of photovoltaic systems. NASA Lewis sent a team
to Kitui District in July 1980 to assess the feasibility of using pho-
tovoltaic: systems in AID-financed health centers and in water pumping
in certain remote locations, and it appears that some installacions will
be made as a result of their recommendations in the Machakos area. In
addition, the Small Scale Irrigation Unit of the Ministry of Agriculture is
currently purchasing and installing two small photovoltaic systems from
Solar clecctric Internativnal for an irrigation project near Garissa. These
systems will be compared on operational, maintenance and economic
bases with other commerical pumping systems. It would be prudent to
awalt the outcomes of both of these projects before deciding to go ahead
with further installations, Finally, the MO believes that a number of
donor governments--including, through the DOE, NASA, or SERI, the U.S.—
will be offering to install solar pumping units on a demonstration
basis hecause of their long-term commercial interest. This project thus
can best be used for other renewable energw technologies where such
cormercial interest does not currently exisu,

H, Project Needs

Organizational, financial and maintenance problems appear to be the
greatest barriers to implementation of the government's objective of access
to safe water supplies for all rural Kenyans by the year 2000. If the objective
is to be reached, greatly accelerated programs will have to be
implemented by the Ministry of Water Development, other government
agencies, private voluntary organizations, missions and harambee groups.
Within these accelerated programs some of the problems can potentially be
resolved through the use of less compl:« technologies, intensified
reliance on renewable energy syste: 5 and attention to a local technician/
maintenance infrastructure.

This project is directed toward these areas of need. It also
takes into account the activities of other donors--specifically including
the FRG's plans to install a number of Windpumping systems in Lamu, Kilifi,
and Turkana Districts, and the Dutch Government's provision of a wird
expert to the MOA Small-Scale Irrigation Unit for three months--and
likelikood of substantial donor interest in installing solar pumping units.
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The project will provide a long-term expert in renewable energy
applications for water pumping and in maintenance and other technician-level
aspectSof water supply. The expert's primary responsibility will be to assist
the Ministry of Water Development, the MOA Small-Scale Irrigation Unit,
Harambee groups, and NGO's involved in wacer supply, to reviev its
projected new water supply systiem installations, develop criteria and
evaluation methods for identifying specific systums for which renewable energy
would be the best source of motive power, and estublish trainiug and
technical assistance programs for field Water Engineers and technicians. The
expert also will work with the above groups to develep promising
projects to besupported through the Encrgy Development Fund. Other specific
tasks include’ :

- A survey of windmill, hydram, and other renewable energy hydraulic
ram installations throughout the country, carried cut in conjunction with
extension visits to at leasr the major District address:

-the number of working/nonworking installations

ownership of the installations

- communities served by these installations
- working installations' output and veliability
- for non-functional systems, — the reasons for not working
- the replacement water source, and
- level of enthusiasm for reinstating the
original system

- nearest access to rep 'acement parts

- availability of people knowledgeable about, and capable of providing
routine maintenance.

- willingness of more than one communit; member to take part in a
demonstration workshop on operatipn, maintenance and repair of such systems.

- review of MOWD and other agencies proposed water schemes to Jetemmine
where proposed new diesel pump installations could be feasibly replaced by
small windpumping systems. The agency could then apply to the Energy
Development Fund for a demonstration grant or finance the system itself.

- assistance in system and site selection and technical/cost analysis for
specific installations.
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Assfatance In repalr and maivtenance on some or all of those
nurveyed aystoma which have need of such service and from which communltles!
members participating would, uader the supervisfon of trvalned technlclans,
undertake some or all of the necessary repair and maintensnce,

Daponding upon level of Interest, assfat (o eatablishment of
bndupth ratnlog couvseu(hob weekn) and shorver workashops, botn alwed
al techodclan traluing prationlpg mrograms could be molded alter tha short
course offared by New Mexitco Solav Energy Inatitute of the University of
New Moxdlco, Las Cruces, New Mexico, The cooperating government agency
tmoat Tikely HOWD) would be vesponsible for proviaton of trafeing equipment
tncluding vindmilla, hydvams, eto,

Monitaring and evaluation of expertonce with units Installed, particularly
Wita reapect to operations and maintenance oxperience, and with local

roceptivily Lo aliornat ive extennion and aanlatance approaches

V. WATERR I'OWER FOR LOCAL INDOSTRY

A Ilontroduct yon
iC7

Water powaer long has been used in Kenva to operate grist mille

(;I--.}u- mi by pump watletr , run ta milla and Renop ale mochankcal glialt illlUdl oy
vl e Ui nases I the late 1920's It alan by pan to bhe usad to H-'llllifﬂ
clactilolty During thin early potiod water power development was

charvac tapived by amall domanda meat by fsolated plants on small yivers and
slrdama, with odtputs rarely exceeding 3 to 4 Kilowatlas e leaat
sopliaticated, yot most yeltable of these posho milla, were and are
typleally Foumd whers grivd ing of matze or other graina waa requirod and
toliable yoar=rouid [lods or water could be channeled fnto % to 8 matre
falls,

Porhaps bed amn locatfons may be {nconvenient=~alnce they must be
sltod whoro the water has an adequate head, often on ateepslopes, in vavines
Al valleys “uioat water powared mills have been raplaced by small dlesel=
powered grlist milla Samllarly, with the avatlability of low=cost dlesel~
powerad unita of the electric utility gidd, sawvnllls and other water-povered
operations largely have ashut dowi,

With the high and vialng coats of dlesel, there may be some potential
For re-atarting older small=scale water=povered (ndustrial operations or deslgning

vwew tacklicien,  The lavel of (nterest or ysasibilicy, however, currently (s
unlnown ,
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B. Posho Mills

There are no reliable estimates of the number of water-powered
posho mills still operating. The Design Team visited two operating water=
powered mills in Nyeri and Karatina. Water Department officials in
Nyeri told of 4 other functioning sites in the Aberdares Mountains to the
west and soukb of Nyeri. Other Water Department people told of several working
units in Western and lyanza Provinces and in Eastern Province near Meru.
The number of non-fuuctioning sites is also unknown. The only approximations
generally obtained were''many' and "hundreds'.

While posho mills designs vary, most water is channeled from
upstream to a location where the water drop is about 5 to 6 meters. Open
channel or pipe penstocks then direct the water at a wood bladed impellor
mounted beneath the floor of the building housing the mill, and is
directly coupled, through a stationary stone, to a rctating grindstone roughly
one meter in diameter. The grain is fed via a hopper into the space
between the Lwo stones and the ground flour is thrown out around the
perimeter, This flour js then swept off the floor and given back to the
client.

The rotating grindstone is adjustable up or down on the axle
from the impellor, to give a variety of fineness. The impellor speed
is controlled by the quantity of water striking it, which in most cases
can be adjusted by a sluice gate arrangement at the entry to the penstocks.
One operator is required full time for each grinding wheel in operation.

The posho mills typically are fairly slow, It can take 15
minutes to grind 4 kilogram of flour. Diesel powered units take only a
fraction of this time. During periods of low water availability the
units can have less power output and the grinding time is proportionately
longer. The impellors are quite inefficient and waste substantial,
However, these systems make use of a naturally recurring energy form,
their opcration is 2asy to master and maintain, and repairs can be
carried out by the operator at the site. The impellor has wooden blades
which are individually replaceable from local materials, the grindstones
are hand-crafted from stone quarried in Kenya, and all channeling and
ducting are built on -site of locally available materials.

C. Other Water-Powered Applications

Team members were unable to verify the existence of a single working
water-powered sawmill anywhere in the country, although two shut-down mills
were observed. Diesel power, either in the form of stationary motor sets or
tractors, and other portable machinery, began to replace water power to
operate sawmills after the Second World War,



Waterpower has been used to generate electricity for delivery to the
grid or by farms or ranches to provide lighting and appliance and machinery operation
The farms and ranches used small units of 2 to 10 Kilowatt capacity on streams
with adequate year round flow and fall. A number of such units, sore of
very sophisticated design (e.g., Francis turbines), still are in place
although they no longer operate. On & Jarzer scale, the Tana River has several
developed and potciutiol sites particularly in that part of Kenya
stretching for 160 km. down stream of the Lower Tana Power Station between
Sagana and Thika. The river drops steeply and a major reservoir on the upper
river cen control a natural storage area wnich can regulate flow for
downstream power generation sites. Because of their proximity to Nairobi, most
such sites will be used for electric power generation.

D. Project MNceds

Potential electric power sites on the Tana River already have been
identified and evaluated, and a team of Finnish experts shortly will begin
a survey of potential micro and mini hycroelectric sites in Vestern Province.
This project thervfore should coancentrate on direct-drive rather than electric
power applications. The renewable enerpgy/water supply cxpert should:

- Survey existing functioning and non-functioning water-powered
posho mills and other direct-drive units. This study will document for
operating units the availability of local capability to create and maintain
the systems, their working condition, number of clients using the services,
the economics of operation, and convenicnce to clientele served verses com-
petitive diesel and electric posho mills nearby. For non-working
installations,information to be gathered will include reasous for abandcn-
ment, local capability to repair, operate and maintain the system, physical
condition of the mill and its major components, potential clicntele,
enthusiasm for re~-installing the system and an assessment of the costs to
re-furnish the unit. The study would provide a da:a base from which to assess
potential impact of any schemes to upgrude, existing witer powered posho
mills, It also would involve an assessment of the potential rural economic
development impact of efforts to stimulate new water-powered operations,
Finally, it could regenerate interest in an established technology
which is fast disappearing.

- Depending on the outcome of the above survey, work with existing
posho mills operators, Kenya Industrial Estates, and others to both
improve or restart existing water-powered operations and stimulate
investment in new opsrations.

-~ Consider partial funding of one Sr mure Jemonstration projects,
including installation of a more efficient posho mills using improved impellor
blade and oytlet jet designs and metal grinders, under the Energy Development
Fund.
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VIII. SOLAR DRYING

A. Introduction

Solar drying is a widespread technology in Kenya, as in other countries.
Grain drying is extensive, mostly in the open sun, as is fish drying in areas
such”as Lake Victoria and Lake Turkana., [Lew vegetables and virtually no fruits
are dried, Commercial drying--solar, fossil-fuel, or using agricultural
wastes--is practiced for tobacco, tea, coffee, and pyrethrum,

Existing drying techniques often reduce product quality, particularly of
fish and cash crops and increase storage and transportation losses,
For example:

- Maize is often harvested at 197 moisture and placed in a cril where it is
expected to reduce its moisture content to an acceptaule 125, The structure
of the crib generally is sucih as to inhibit further drying and the moisture
content is suitable for rapid mold growth. Mold also develops as a result
of field drying conditions. Also, production of aflatoxins can be increased
by the intermittent wetting and drying caused by rains and sun. Tlinally,
the long post-maturity period in the field is particularly favorable for insect
infestation and rodent damage.

~ The current method of drying fish with open sun provides ideal
conditions for insect infestation. Losses are estimated to be as high as
50% or more.

- Open sun drying of coffee and pyrethrum lead to some contamimation
due to dirt, gric, etc.

In addition, for cash crops, open rack sun drying normally is a
preliminary step, followed by drying in hot air chambers or otherwise heated
enclosures using fossil fuels.

Improved solar driegs potentially can improve product quality,

reduce storage and transportation losses, and reduce fossil fuel consumption.

B. Current Activities in Kenya

The recent AID "Kenya National Crop Storage Study' recommended both
modification or traditional practices to produce drier grains for storage and
experimentation with a portable clear plastic drying roof. The FAO conducted sonme
experiments with cribs using open-air drying and solar collectors but
reached no conclusions. The University of Nariobi, as part of the Cormonwealth
Secretariat's African Energy Program, is initiating a three-year program to
develop small-scale grain driers and large-scale driers for cooperative
societies handling pyrethrum, coffee, and tea. The Kenyatta University College
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has done some experiments on solar air driers for maize. The British American
Tobacco Company is experimenting with use of solar dryers for tabacco, and
coffee producers are considering such experimentation.

C, Project Neecds

In view of the widespread interest and experimentation, the long-term
renewable energy expert should monitor activity, provide technical information
and assistance to such organizations, try to broaden interest by meeting with
cooperatives and other potential sular dryer users, and where appropriate help
develop sound Energy Development Fund grant proposals.

I¥. CTHER TECHNOLOGIES

A. Other Small-Scale Technologies Appropriate to AID Target Groups

There are a number of other small-scale renewable enerpgy or energy
conservation technologies which potentially could benefit AID target
population groups. Examples include improved thatch insulation for use
by rural households in highland areas, a variety of human-or animal=-
powered equipment for farm or houselicld use (e.g. maize.shellers, grinders),
and small water catchment systims such as the water jars demonstrated at
Karen VIU. The project intends that thesc technologies be monitored by
the long-term renewable energy experts and be.eligible for demonstration
grant funding through the Energy Deve: lopment Fund,

B. Agricultural Residues

It is recommended that the loung-term cookstove/charcoal/biomass
expert conduct a thorough assessment of generation and current and potential
util%zation of agricultural and silvicultural processing residues and
provide technical assistance where appropriate., Most such residues appear
currently to be used beneficially. However, a number of large residue
generators, such as Kenya Canneries, currently dispose of large quantifies
of residues. Others are experimenting with new residue reccvery processes,
For example, large coffee processors are experimenting with briquetting
of the roffee pulp as a substitute to charcoal, and the GOK is pressing

for expanded use of samwill and other wood wastes in production of fiber-
board or similar products.

Table A-3 erovides estimated quantities of selected high-cellulose
(and therefore high-energy content) residues.
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Table A-3

Estimated Quantities of Seleccted Residues

Quanti y of
Description Raw Material Waste Availalle Remarks
Forest thinnings Logs=- 500,000 Cu, 200-225',000 40-457 of
or residue meter approximately cu, meturs logs.,
Shrubs, Secondary
Species, unwanted
trees.
Coffee parchment 80-90,000 tons of 20,000 tons 25% of coffee
or coffce waste coffee beans beans
Cashew nut 15-20,000 tons ot 10,000 tens 65=707% of raw
shells raw cashew nut cashew nut
Sar dust and Saw mill timber 50,000 tens 80-90% of
off cuts 350,000 cu. meter 120,000 tons sawn timber
off cuts
Rice husk Paddy- 40,00C tons 15,000 tons 30-40%
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C. Biogas and Power Alcohol Systems

Biogas systems have not been included in the projcct becausc,
as discussed in Annex C, their high capital costs and technical complexity
put them well Leyond the recach of AID's target population zroups, Also
the Federal Republic of Germany and People's Republic of Chiina both have
announced their intention to support biogas demonstration projects, while
the U,N. and Brazil are providing techinical assistance in power alecohol,

The project design team does believe that a project to utilize
currently flared methane gas generated at the Kariobangi Sewage Treatment
Plant outside Nairobi should be considered for partial LCuergy Development
Fund Support. The plant currently generates 120,000 cubic fcet of methane
per day as a by-product of sewage treatment. It uses 45,000 cubic feet
to fuel its boilers (which, among other uses, provide external heat for
the digesters) and 45,000 cubic feet to incinerate sludge and scum, The
remaining 3U,L0d ‘cublc foel, wililin currently iy [loecd, Wwollld be sulli-
cient to provide gas for cooking and other purpuscs to roughly 150 homes
ih a nearby low-income area., This quantity of gas is roughly four times
the combined theoretical output of all Hutchinson biogas digesters in-
stalled throughout the entire country.

The design team scparately has provided the MOE with an eval-
uation of the Hutchinson farm-size digesters marketed throughout Kenya.
Most of the units visited, parcticularly in the highlands, were shut down
due to operational problems. The fact that the unit marketed by Hutch-
inson (as oppozed to the une used on hiis farm) uses an above=-ground unin-
sulated steel tank limits its potential for use in highland arcas where
temperatures are .ot sufficiencly high to permit proper biologzical
reaction. Figur.e A=-13419 showthe biogas digesters marketed and used by
Hutchinson, respectively,
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Figure A-13. '"l15-cow" vertical silo-type continuous feed digester
prefabricated by Tunnel Estates, Fort Ternan
installed at coffee estate, Meru District, Eastern
Provinca,
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Figure A-14. Thirty cubic meter horizontal displacement continuous
feed digester located at Mr. Hutchinson's Tunnel Estates
Farm, Ft. 'Ternan, Kericho District, Rift Valley Province.
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ANNEX B. SOCIAL SOUNDNESS ANALYSIS

I, POPULATION CHARACTERISTICS, SPREAD EFFECTS, AND SOCIAL CONSEQUENCES

A. Population Distribution, Characteristics, and Modes of Production

About 707 of Kenya's population 1is made up of various Bantu-speaking
groups which are concentrated in three areas: the central highlands east of
the Rift Valley, the coastal belt, and the Lake Victoria basin. Tiie largest
of these is the group occupying the central highlands east of the Rift Valley;
this group includes the Kikuyu, Embu, Meru, MMbeere, Kamba, and Tharaka ethnic
groups, which are predominantly agriculturalists. The majority of these occupy
the very fertile hizhlands around Mt. Kenya, Nvamhenl, and the Aberdares. The
remainder of ¥enya's population falls into two linguistic groupings: Nilotic
and, Cushitic. Nilotes Include Luc, Kalenjin, Maasal and related peoples andi
make up about 257 of the popularion. Cushitic-speaking pecples such as the
Somali, Rendille, and Galla make up about 37 of the populution. The remaining
I or 2% of the population {s of Asian, Arab and European origin,

Anmong the Nileotes, the rural Luo population is primarily apricultural
and is concentrated In the lower parts of the western plateau draining into
Lake Victoria., This area is characterized by heavy out-misratien of adult males,
and thus substantial aumbers of Luvs are alsce found In major towns threoughout

the country. Kalenjin and Maasal oecples were part of a series of north tu soudh
migrations of pasteral peoples alonu the west central highlands and are found
throughout the Rift Valley area. Though farming 1s increasingly practiced by

some Kalenjin and Maasal, many of them remaln pastoralists. The Cushitic-speak-
ing Somali, Readille, and Galla are largely pastoralists and ocenunpy most of the
northern and eastern arid and semi-arid arecas cof Kenyad.

Other rural peopnlation cencentrations occur onlvy in scattered areas where
higher altitude and more reliable rainfall favor agriculture. Nairobi and Mom-
basa represent about 737 of Kenya's urban population, while most other towns
range in size from abeut 2,000 to 10,000 persons.

Population densities ia high potential, highland areas often exceed 400
persons per square kilometer, while densities In the low potential arid and semi-
arid lands are often below two persons per square kilometer. Average population
densities in medium and high potential areas are about 126 persons per square
kilometer. With present technologies only about one-fifth of Kerva's total land
area is considered cultivable. Approximately half of the pepulation lives on only
about 6% of this area.

There are significant regional differences in levels of eccnomic develop-
ment and in availlability of services such as schools, hospitals, and transporta-
tion. 1In general, road and social service networks are best developed in the
high potential, densely settled regions of the country, particularly in the hi3h-
lands on the western and southern sides of Mt. Kenya. Mecdium and lower potential
areas are considerably less well off than the highlands, but the govermment is at
present significantly increasing development efforts in such areas to help redress
regional inequities.
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2, Organizations

Soft-loans or grants under either component may be made only
to officially constituted organizations, including GOK, NGO's, registered
Haramhee groups, and private sector corporations, partnerships or sole
proprietorship., In addition, the MOE may provide loans from the Fund
to the Agriculture Finance Corporation (AFC), Kenya Industrial Estates
(RIE), or other official financ.er agencies who may re-lend to private
farmers, private businessmen, or other qualified individuals,

3. Economics

An applicant for either type of loan/grant must show that the
technology demonstrated or disseminated can be produced and delivered
within a cost range which is likely to make it economically attractive
to the potential users. This economic analysis may take the form of
a simple payback or discounted cash flow analysis or a cost comparison
versus whatever system(s) would be displaced by the technology or
technologies being demonstrated or disseminated,

4, Cost Sharing

Grantees or loan recipients must themselves fund at least 25%
of the proposed program or project.

II. Program Grants/Loans

Specific Criteria

(1) No single organization may recerve more than $75,000 in program
grants or loans under the AID-financed portion of the Fund,

(2) Organizations must demonstrate capability and experience in
the gereral ficid of the loan/grant application. That is, an applicant
proposing to test cookstoves must demonstrate an existing test capability,
an applicant proposing a tree planting extension must demonstrate
proven extension experience 'etc. Organizations already reviewad by
the AID Project Design Team and judged to be generally capable in specific
areas are presented in Table H:+l. This list should not, nowever, be
interpreted as AID endorsement or recommendation for funding.

(3) No more than one-third of the AlID-supported portion of the Fund
will be allocated to GOK organizations.

Application Review and Approval Process

The MOE will solicit program grant or loans applications at least
annually. The MOE will formally advertise for applications and will
meet with organizations such as listed in Table H-1 to solicit interest
well in advance of the applications date. Applications will be submitted
to and reviewed and approved by MOE, which will hold the Authority to
Incur Expenditures (AIE). Loan/grant approvals will be signed at the
Deputy Permanent Secretary level or above.




lower in lower altitude zones where the more profitable cagh crops listed above
cannot be grown. The population is most heavily concentrated in the medium and
high potential agricultural areas, though population pressure on land is not
leading to some agricultural expansion into more marginal, lower potential areas.

Smallholders as a group have an average household size of about seven
persons and a median annual income valued at between 2,000 and 2,900 Ksh,, with
a mean of approximately 3,650 Ksh. A relatively small number of people with
very high incomes in this group skew the distribution so that the mean is higher
thaf the median. Smallholders can be diseggregated into three groups according
to relative welfare criteria:

l. The lowest 407Z have annual incomes valued at less than 2,000Ksh,,
($260) and are largely subsistance producers with little capacity for in-
vesting time or money in risky innovations. Individuals in this group may
live either in marginal agricultural areas, or on very small farms in high
density, high potential areas, or as terpants or squatters on farms owned
by othess, “Most of them cook inside small hits using traditional thrae-
stone fircs rather than jikos (small, round, metal, charcoal=burning cook-
stoves) or kerosenc burners, often because they lack the cash necessary
to buy stoves or cooking fuel (but also because some simply prefer to cook
with wood instead of charcoal). This serment of the population has least
access to government services such as agricultural extension, schools, and
dispensaries., They fetch water by hand, often from distances greater than
one mile, and very seldom can afford water tanks or the 1iron sheet roofs
necessary for rainwater catchment systems. They use very simple agricultural
tools -- often only a panga (machete) -- and are able to afford neither to
buy nor to rent bull or ox-carts or simple animal tracticn equipment. Those
living in areas of lower agricultural potential tend to have relatively larger
livestock herds (only local breeds) than those of comparable wealth occupy-
ing higher potential lands, who often kecp only one cow and a few sheep and
goats.,

The highest priority energy needs of this group would include im-
proved access to clean water for home consumption, more efficient ways of
cooking with fuelwood, and easier access to fuelwood supplies. Projects
aiming to benefit this portion of the population must entail very lictle
risk to subsistence needs and must be very low cost (requiring a cash out-
lay of perhaps no more than about 5 or 10 shillings per household).

2. Those in the next 407 of the population have annual incomes

valued at between 2,000 and 5,999 Ksh. Individuals in this group have a
slightly greater capacity than those in the bottom 40% to invest some time
or money in agricultural and other innovations. Some of them (perhaps 25-
45%) can afford to cook with a jiko rather than three-stone fire and per-
haps a slightly smaller percentage use water tanks to catch rainwater from
iron-sheet roofs for domestic consumption. Only a very small number, how-
ever, have access to dependable year-round water supplies within a quarter
to half mile from their homes. They have more contact than the bottom 40Z
with agricultural extension agents and other government services. Persons




management of all program and project grants or loans awarded under the
Fund. MOE technical experts or advisors will meet with each organzzatxon
receiving a program grant or loan and to the extent possible each
receiving a project grant or loan in order to provide technical assistance
at or near the start of the program or project., MOE also will provide

all grantees with standard quarterly and annual cost, schedule, and
technical reporting forms. Reports for all grants will be reviewed

as part of the annual Renewable Energy Development Project reviews

and as part of the AID Mid-Term Project Evaluation,

MOE will establish suitable accounting procedures for disbursing
funds and assuring that funds are properly spent,

MOE will conduct a simple financial, technical, and management
audit at least once during each program or project, on or before the
eighteenth month from grant award or completion of the program or
project, whichever is earlier. For local demonstration/extention
projects, participation of District or Division Rural Development Fund
(RDF) administrator or other designated DDC representative will be
solicited and encouraged.

MOE will provide for closing out all grants at the end of the
program or project, including receipt of the final report, final invoicing
and reconciliation, and MOE final program/project evaluation. Ten percenr
of the RDF amount for any grant will be held back and disbursed only
upon receipt of a suitable final report and of all necessary financial
records,

Within the framework provided above, administration of the Fund
should be kept as simple as possible. The application review process
should provide for speedy approval at each level, Financial and admin-
istrative reporting and other requirements should be kept simple and
appropriate to the small size of each loan/grant, due to the desire rn involve
local groups who may be better at local innovation and extension than
they are at filling out’ forms, and the intent of using the loans or
grants to accomplish tangible results rather than to create paperwork,
Two useful models in this respect are the Rural Development Fund and
CIDA's '"Mission-Administered Funds' Program,




It is important to recognize the distinction between national energy
needs and priorities, and actual short-term development priorities motivating
rural people. Since project activities compete with other tasks for the rural
poor's very scarce labor and cash resources, the actual priorities motivating
allocation of these resources by the poor must be taken into account.

At present th: two highest devalopment priorities of most of the rural
poor are expansion of educational facilities and improved access to water sup-
plies. These are the areas in which locally initiated and organized develop-
men{ projects (Harambee or self-help projects) are most cumaon. It 1s more
difficult to mocivate people to work on projects with longer term or less im-
mediately reconnized benefits such as forest conservation or substitution of
water powered pumps for diesel pumps. Wnile tho need for forest conservation
and substitution of renewable for nonrenevable (e.g., petroleum) energy resources
is reccgnized at the national level, it 1s a need which is difficult to trans-
late into action at the local level. Improvements in cooking technolozies, for
example, are often perceived to bae a low developmenr pricrity hecause ol the low
startus culterralls gscribed o~ s3ksg :
therefore, the project nost focus on verv low cost improvencnts In cociiing tech-
niques which can be develened and disseminated by existing women's institutions
and organizations.

tradicion il Tara ke e In this case,

C. Time Allecartion

With m families dependent on their cwn lator for all production and
maintenance activities, little time is available for activities not directly
related to the hasics of day to day survival.
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ui
or

Becausc women porform the bulk of family acriculoural as well as demestic
activities irn Fenya, most of them are simply nnabl donate more than a few
hours (possibly 2-35) per week to developmen
vote their time to projects that do not add
immediate needs. In the high potential, Jdensels
there are guencrally two growing scasons per vear and

unlikely ta de-
ds$ thelr most

a
¢l dreas of the country,

thus very Little slack time
in the agricultural cvele.  Men in such areas generally conzentrate on livestock
and cash crops and perfora almost no domestic mainctenance activities such as
fetching firewood or water or cooking. In western Xenva, a very larpe propor-
tion of adult males migrare to Nairobl ard other urban areas to work. They re-
turn home for only a few days every few months or so. This further increases
the labor burden o women, who are usually left at home to operate the farm.

In short, time 1s very scarce in most rural areas particularly for women,
who perform the bulk cof domestic and agricultural labor. Because fetching water
and fuelwood can often consume 507 or more of women's tirme, enormous welfare bene-
fits can result from any contributions this project makes to reducing the amount
of time required for these activities.



D. Reaching the Poor: Institutions, Extension, and Communication

This project will use a number of government and nongovernment organ-—
izations to promote and spread renewable energy applications in rural areas.
It is individuals (particularly men) in the better off 20-50%7 of the popula-
tion who have most contact with existing extension organizations. Lack of
transport and personnel limits extension contact with less well off segments
of the populaticn, who often live in remote and inaccessible areas and who
also may have little interest in extension services, Among government exten-
sion services in Kenva, those with best potential for assisting the project
are probably the Departmeut of Home Economics in the Ministry of Agriculcture
and the regular extension service of the Ministry of Agriculture,

In addition to guvernment ministries, local representatives of the
central administration such as chiafs and subchiefs can play a role in pub-

licizing and disseminating information coqcern1n5 new energy technologies or
proisccs, - In faet, tiriivins the pulili pnort of local chiefs and subchiefs
is ip Kenya often an cssential means of gaining acceptance for any rnew project.
The'se local representatives ¢of the central administration have in many heavily
populacted regions cf the country completely eclipsed traditiogsal leaders as
sources of autliority on many matters. Chiefs and subchiefs have access to an
immediate and effective channel of communication with rural peoples in the form
of barazas, or public, local meetings of residents of a particular administra-
tive location or sublocation. Barazas could be used to awaken interest in
energy related acrivities such as tree planting and cookstove experimentation
among local veoluntary organizations such as village women's groups and church

groups.

NDistrict, divisional and locational development committees, headed by
D.C,'s, D.0.'s, aud chiefs, respectively, can also play a role. These committees
would be useful for publicity, coordination and demonstration purposes, since
their membership includes representatives of all government ministries operating
at the relevant adminicirative level, as well as local educational, religious,
and political leaders. Decisions concerning project site selection should not
be left to such cormmitteas, however, since their ccncern with regional equity
and their lack of technical expertise can lead them to place some projects in
unsuitable areas for political reasons.

Various types of nongovernmental organizations and community-based local
groups are expected to be used in the project. One of the most widespread and
effective forms of community-based development in Kenya is Harambee self-help
projects. These locally initiated and organized development projects are found
in virtually all parts of the country and include such activities as building
schools, hospitals, dispensaries, roads, cattle dips, and irrigation and water
supply systems. Most Harambee projects involve building schcols, both becausa
education is the first development priority in most rural areas and also because
local organization of more complex activities, such as water supply systems, is
often limited by lack of technical expertise. Even after a local Harambee group
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collects sufficient funds to begin a water project, it must often wait months
or years for Ministry of Water Development surveying and engineering assistance
required to actually begin a project because of a shortaje of technicians,
Nevertheless, Harambee projects of fer the most active and widespread avenue for
a variety of village level development projects. As discussed later, both the
community tree planting and water development components of the project could
effectively make use of Harambee groups. It must be emphasized, however, that
local initiation and organization is the strength of Harambee development ef-
forts and that too much external assistance can be the death blow to Harambee
efforts. A.I.D. assistance to Harambee projects should therefore be limited to
those which have already been successfully started. It should be in the form of
small amounts of financial and/or technical assistance required to sustain al-
ready viable projects.

A variety of nongovernment organizations which could be used to initiate
energy projects or to disseminate information exist in Kenya. (These are listed
and described in more detail elsewhere in the report.) Some of them, such as the
Natiopal Council of Women of Kenya and HMaendeleo ya Wanawake, are based in Nai-
robi and have relatively little representation in rural areas. They do, how-
ever, perform important coordination and publicity functions.

Other nongovernment organizations, particularly church organizations
have specific areas of geographic concentration where they have fairly strong
rural representation. Church organizations represent a significant arena of
local and national political competition and this sometjmes makes practical
cooperation amopg churches difficult te achieve particularly for water projects.
Church groups might, hovever, be used effectively to help foster innovation in
mud and clay cookstove technology. These groups operate on a small scale at
the village level, but their activities can be coordinated through district
and divicsion level offices of the appropriate church. Such groups could be use-
ful as a source of conmunal or coonerative labor, even in areas where traditional
torms of communal work have largely died out.

E. Snread Effects

To the exten® that AID is able to set up replicable mechanisms for en-
ergy technology experimentation, demonstration, and diffusion, the project will
have spread effects beyond the initial groups involved in these activities. Suc=-
cess will require direct participation by local people in developing both tech-
niques and diffusion mechanisms. Such direct participation will increase the
likelihood of both individuil project success and of spread effects cxtending
venefits beyond the initial groups involved.

Tree planting efforts, for example, must be based on local knowledge
about tree species suited to the area and should reflect tree use priorities in
the existing social and economic system. Since the demand for trees in many rural
areas exceeds the available supply of seedlings, achievement of spread effects




among individual farmers will not be difficult in such areas if local tree
nurseries are expanded and adequate seedling distribution mechanisms are estab-
lished. With the assistance of the agricultural extension service and local
barazas, information on means of acquiring seedlings and the benefits of in-
creased tree planting on individual farms can to a large degree spread by word
of mouth.

In the case of community wcod lots, on the other hand, spread effects
are .more difficult to achieve because such efforts depend on creating new moti-
vations and modes of organization in rural communities. Spread effects in this
case will depend on strong local leadership and good publicity,

Achicvement of spread effects will also require that the various techno-
logy options are evaluated and tested in the actual rural contexts where their
dissemination is proposed, It is quite evident that in Ke-ya there is little
diffusicn of certain "appropriate village technologies'" beyond demonstration cen-
ters. This is due at least in part to social and economic disadvantages of the
technologies being demonstrated. Lotn socio-cultural feasibilicy and spread
effects can be enhanced if socioecunomic considerations are an integral part of
this project's technical experimentation and analysis.

The need for keeping complexity and costs of new energy technolcgies
low in order to reach tle rural poor has been discussed elsewhere and is also
essential to the achievement of spread effects. If the low cost, low complexity
criteria are met, diffusion of new energy technologies in this project will then
depend on making effective use of the full range of existing organizations and
institutions discussed earlier. Many organizational and institutional means of
prouioting ncw technologies already exist in Kenya. Beczuse the range of techno-
logies considered in this project is so wide, effective diffusion will require
a great deal of coordination of activities of the various organizations involved.
Once benefits are demonstrated to and by existing organizations, however, diffus‘on
activities should become self-sustaining efforts within the normal range of acti-
vities of such organizations.

—
.

It is likely to be individuals in the second 407 and not the poorest 407
of the population who have greatest access to and interest in existing extensioun,
church and other organizations and institutions. If, however, successful and
appropriate technologies are developed for diffusion by such groups, it is likely
other individuals not directly involved would eventually learn of them by word of
mouth and observation.




II. SOCIAL SOUNDNESS OF TECHNOLOGY OPTIONS

Forestry

Long term bencfits of the forestry component of the project include:
(1) a reduction in deterioration and erosion of agricultural land, which will
help to alleviate further reductions in food and cash crop production potential;
(2) & decrease in family labor ruquired for gathering firewcod, which increases
time available for more productive activities such as agriculture, and may improve
family food supply and income; (3) a slowing of increases in family fuelwood and
charcoal cash expenditures allowing the purchase of food and other househcld essen-
tials; and (4) an improved health and working capacity rcsulting from a reduction
in both the physically difficult burden of travelling long distances to fetch fire-
wood and in the necessity to cope with fuelwood shortages by cutting back on the
amount of food or number of meals cooked per day. Shorter term bencfits include:
(1) generating individual employment opportunities for local people in extension,
uursery, and tree planting activities; and (2) assisting ministries, training
insFiCuLions and certain nongovernment organizations involved in forestry by pro-
viding ttaining and other types of support. Since about 857 of the wood con-
sumed in tropical Africa is for domestic household use, and since most rural house-
holds depend on wood for cooking, a project focus on wood fuel production can di-
rectly affect AID's poor majority target group. Field visits have indicated that
the demand for seedlings in rural areas is quite high and that there is an acute
shortage of seedlings available for planting. Seedling production and distribu-
tion is thus an important focus of the project.

Increasing woed production in high rainfall agricultural lands is, as
suggested above, essential both to the well-being of individuals living in such
arcas and to the nation's wood supply-demand balance. To help achieve that goal,
the project involves tree-planting at both the community and individual levels.
Community tree planting is limited by land availability and will depend upon
effective cooperation with local County Councils, since it is they who control
the remaining 'communal' or public land in arcas where land has been adjudicated
and individually registered. Labor for communal tree planting could be either
in the form of '"casual' laborers hired for a few days, or free, communal labor
donated by residents, For the latter to succeed it would require the coopera-
tion of local administrative officials such as chiefs and subchiefs to explain
to area residents the long-term benefits and necessity of tree planting and to
organize a system by which many individuals devote possibly a few hours a month
to a tree planting and care.

One problem involved in the communal approach is that it requires estab-
lishing and explaining how benefits are to be distributed among community mem-
bers who donate their labor to the effort. It should be remembered that in high
potential agricultural areas of Kenya, introducing community or village wood lots
means recreating what is largely a no longer operating form of community organi=-
zation and cooperation since land and other economic resources in such areas are



now indivudallly rather than communally owned and utilized. It should also be
recognized that it is likely rules concerning the distribution of wood bene-
fits fall beyond the control of project personnel and are dependent instead up-
on the honesty and good will of local leaders (e.g., County Councilors) con-
trolling the land used for tree planting. A third problem associated with use
of communal lands for tree planting is that they tend to be the poorer quality
lands in any given area and thus careful species selection is required to in-
crease tree survival rates on such lands. A fourth important consideration

with respect to such communal lands is that poorer residents in the arca may
depend on them to meet essential needs such as cultivation or livestock grazing.
The current use patterns of any potential community wood lots must be examined
before proceeding with tree planting so that the latter does not conflict with
the nceds of individuals dependent on the land for other purpeses. If properly
studied in advance, it 1s possible for tree planting programs to be desizned
which can improve the grazing or cultivation potential of the land in accordance
with existing use patterns. In any case, land tenure and lard use patterns

must be well understnod berere undertaking a tree plantine proeram, since rights
to tree products often Jitfer from rijhits to [ved Srops or noapermanentl Crops.
Tenant farmers, for example, occupy land for wvarving pericds of time and are un-
likely to care much about tree planting if thev do not believe the  will be able
to reap the benefits themselves.

It is possible thir in medium potential arezas where land is not vet ad-
judicatcd cn the other hand, community wood lots might be more successful than

in high potuntial, adjudicated areas. In both types of areas community wood lots
may be more likely to be succcsstul 1f multi-puvpose trees ar2 planted which
yield octher products such as fruit anl fodder, 23 well as fuelwood., PResolving
problems of communally distributing beaefits and costs may be easier in medium
potential areas where commanal forms of orsunization have pot yet disappeared,

as they have tended to Jdo 1n highe potcntidl areas.,

Community fuelwo.d programs enrail a mimber of organizational, admini-
strative, an! motivazicn prociems dilscussed above.  In Kenya community fuel=-
wood proerams wotld preobably be most lively to succeed if organized and initiated
locally as Harmbes projects, insteal of beilng imposed from above by the govern-
ment. AID could offer to provide seodlings to any such group wishing to begin
a community trece planting project.

In addition to community or village wnod lots, the project will also in-
clude a significant agroforestry compenent to encourage irdividual farmers to
plant more trees on their farms. This can provide a variety of benefits such as
fodder for livestock, food for consunption or sale, Luilding and fence poles,
improved soil fertility and nutrient levels, and soil conservation. All of these
features are likely to make tree growing attractive to many small-scale farmers.
Trees can improve a fa*mers elfare by increasing the productive potential of
his land and helping to mec His subsistence and consumption needs, as well as
possibly providing new cash earning opportunities. Given existing patterns of
small scale farming in Kenya, tree planting along boundaries and scattered through=
out various plets on a farm are likely to meet with much more success than attempts
to get farmers to grow concentrated plantations or groves of trees. Farm sizes
are simply too small to favor tree plantations since there are too many competing
uses (e.g., growing of essential food crops).
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Among large-scale farmers, on the other hand, planting trees on concen-
trated plots of an acre or more would be more likely to succeed, since such-farm-

ers can afford to set aside agrzcultural land for trees. While such farmers do
not fall within AID's poor majority target group, they should not be ignored in

the tree planting component of the project since it is they who are most likely
to have land available for tree planting. In fact, the project will investigate
and -promote incentives to encourage private, large-scale land owners ro plant
trees, as well as to encourage County Councils to plant trees on public trust
lands.

Tree species most likely to be quickly adopted by farmers are those
with the most imuediate and diverse range of benefits. Benefits must be clear-
ly perceived by the farmer if he is to devote some of his scarce labor time to
such tasks as plunting, wecding, pruning, and harvesting trees, These tasks
will compete i*- ather ecscential agrlcul*:r:l tasks, and trees which fit in

well with the : 'ming system and agricultural cycle will be more successful
than specializ ' trees with very limited uses requiring a great deal of labor
during period. ¢ paak lzbor for existing crops in the lecol farming system.

Another issue requiring consideration is the question of ownership, sale
and use rights wi.i.in the family of different types of trius. In many parts
of Kenya, men and women are each responsible for certain specific crops and
trees and not otiiers. Thus efforts to introduce tree planting on small farms
must be done with an understanding of culturally defined sex roles and divi-
sion of latsr = that extension effcrts can be'directed t~ the appropriate
family member ..d so it is clear at the start who will benefit from a particu=
lar program,

Befor. tablishing seedlings in a nursery, basi. preliminary research
should be donc cuncerning existing tree species and uses in the area., There is
a tendency fcr 1~-estry projects to involve widespread planting of exotic species,
wweveas plant!.: of indigenous species can in some cuc.: Fatter meet the ncads
of the populirinn with respect to factors such as end ¢ v and time required for
maturity. Lccal people have extensive knowledge of tree species and uses and
this should tc used by project foresters.
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Cooking Technologies

Four categories of fuel-conserving cooking technologies are considered:
(1) improved three-stone fire; (2) improved wood stove; (3) improved charcoal
stoves; and (4) biogas. As discussed earlier, improvements in traditional
three-stone fires and wood stoves are most likely to benefit the poorest 407
of the population; improved charcoal stoves would not benefit the poorest 407,
but could benefit a large portion of the rest of the population (with the ex~-
ception of the wealthiest 10-15%) and biogas could benefit only the wealthiest
5-10Z of the rural population.

Most of the rural poor in Kenya cook inside a small hut using tradi-
tional three-stone wood fires. Better off families who can afford the initial
purchase ard charcoal fuel costs tend to use a jiko, though some of these
prefer the taste of food cooked over a wood fire, Kerosene stoves and gas
cookers are preferred by the wealthiest 15-20% of the population and are
considered important symbols of status and upward mebility. Cooking tends
te ba done in very larie quantitiocs in large metal (or occasionally clay)
pots. Many staple foode siuch as maize and beans require long hours of boilLiug
since they are usually harvested and cooked after becoming hard and dry.

Fuel-conserving improvements in cooking techniques would produce
national level benefits by reducing wood consumption. Such improvements would
also produce individual labor and cash saving benefits for the rural poor.
Improvements reducing fuelwood collection and charcoal production requirements
at the household level benefit the poor (particularly women) by increasing labor
time available for more productive (e.g., agricultural) activities. This
can lead indirectly to improved welfare and increases in income, More energy
efficient cooking techniques also produce immediate cash benefits to those who
rely on purchased fuelwood and charcoal supplies, Sy reducing wood and charcoal
expenditure requirements. Reductions in cash required for cooking fuels can
produce nutritional and general welfare benefits by increasing the amount of
money available for purchasing food and other household essentials (though
of course it cannot be assumed such money would necessarily be spent in this
way).

A. Improvements in Traditional Three-Stone Fire Cooking

Given the nearly nonexistent cash resources of the poorest 40% of the
population, improvements in wood cooking techniques most likely to benefit
this group involve very simple modifications of the traditional, unenclosed
three-stone fire. This simplest level of improvement receives little attention
from most institutions and organizations promoting energy saving improvements
in cooking techniques. The Women's Division in the Ministry of Culture and
Social Services and the Home Economics Department in the Ministry of Agriculture
have, however, been involved in such innovations to some degree.

For cultural reasons, improvements in cooking technologies are likely
to be a very low expenditure priority in most households, since cooking and
collection of fuelwood tend to be regarded as unimportant, low status tasks,
and males tend to control cash. In any case, such innovations could probably
require cash outlays of no more than about Ksh. 5-10 per family among the
poorest 40% of the population. Wide diffusion of new technology among this
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segment of the population must also require very simple construction and mainten-
ance procedures, since this group has very little access to existing extension
services and institutions.

The simplest improvements in three-stone fire cooking techniques
reducing fuelvood consumption would benefit rural households by reducing
firewood collection time and increasing labor time available for more
productive activities, For those homes which purchase firewood, the
Lenefit would be a reduction of cash expenditure requirements and probably
increased food consumption resulting in better nutrition,

Current social beunefits of traditioral three-stone fire cooking which
must be taken into «ccount in project design include provision of light,
warmth for space heating, a social gathering point, wood preservative, and
animal, insect and pest protection. Simple, low-risk, low-cost improvements
in three-stone cooking which do not seriously alter wood fire benefits listed
above: mizht ba fcasihle,

A horseshoe shaped mud or brick wall enclosing the fire might be
acceptable if the wall were not more than a few inches high. A higher
wall with greater heat e¢fficiency might conflict with social uses of an open
fire., The same would hold true of another possible improvement of the three-
stone fire involving surrounding the fire with a reflective surface such as

aluminum sheets. Other means of improving fuelwood efficiency in traditional
three-stone cooking, such as drying wood before burning, are often not
possible because of severe labor and transport constraints the rural poor face.

Combining hot box or fireless cookers with the three-stone fire is an
innovation which might succeed in some arcas if the cooler could be made from
inexpensive and locally available materials, Since many traditional foods
require long hours of boiling, rather than simmering, it is possible this
innovation would meet with resistance. However, additional research is needed
to establish the suitability of hot boxes for cooking traditional Kenyan “oods,
They may be more suitable to warming already cooked foods than to cooking
mixtures requiring long hours of boiling.

Solar warmers are likely to encounter similar problems of adaptation
to existing cooking practices. In Senegal they were found to be unacceptable
because they significantly lengthened required cooking times (in some cases
by a factor of 4 or 5).

B. Mud and Clav Wood-Burning Stoves

Although various groups such as Village Technology Units, the Home
Economics Department and others have attempted to introduce them, mud and clay
stoves have as yet met with very limited success in Kenya. They are found
primarily in demonstration units and in a few individual homes. Field visits
to such homes indicated that improved stoves continued to be used in coniunction
with jikos and kerosene burners. It is not clear whether lack of information
or disadvantages of existing stove models themselves is the major cause of their
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limited diffusion to date in Kenya. Careful assessment of user acceptability
(durability, economic and social feasibility) is required for the various
stove models being demonstrated in training institutions in Kenya. This
project will therefore focus on beth testing and experimentation in stove
design and on extension and training to disseminate promising stove models.

Factors which may limit their acceptability include height (some
require an unfamiliar standing posture); cost in laber and cash required to
construct them; and availability and durability of materials used (some,
especially mud and clay mixtures, require frequeut -- often weekly --
patching of cracks). Soil types and hence appropriate stove construction
mix tures (soil, sand, dung, etc.) vary greatly by region; hence, stoves
requiring very little modification of existing house construction mixtures
in an area are more likely to be successful than stoves requiring costly
importing of exotic clays, etc., or those requiring technical or extension
assistance in determining correct clay/sand/dung mixtures. The most durable
models require cement, Lricks, or some sophisticated firing -- all of which
ofron surpses the cash, warerial ant! technical capacities of rural areas. Those
who can aff{.rd Lricks or coment are also likely to be able to afford more
socially presticious cocking techniques such as jikos, kerosene burners, or
perhaps 219 cnclers.  Tras there 1s a problem of motivating people to adopt
possibly more fuel-efficient stoves whose materials and appearance may cause
them to be rozarded as a step baclward., A tradition of pottery making exists
in western Henya, for cxanple, but it is considercd incrcasingly nornprestigious,

and skill aud interest in pottery are dving in many areas. MNevertheless, since
the technical skills are tinere, it would be worthwile to include scre ehptrimental
compunents 1n the project dealiog with design and testing of pottery stoves.

High nass mud or clay stoves are somewhat effective heat radiators, but
the practice of leaving stove doors open to increase spice heating effects
virtually cancels the pthutlnl fuclwood savings arguing for use of such a stove
in the first place lncerporation of a smeke release passageway, though it has
decided heulrh benefits, competes with traditicnally rguobnized benefits of
smoke mentiuvned earlicr. Thus available data suggest that some of the design
criteria of isproved stoves conrlict with certain benefits (e.z., spice heating,
esricke) of traiitrional 7ires. On the other hand, as fuelwood becomes scarcer and
purchase and ccllection costs increase, stoves with significantly lower fuel
requirements may beceme a higher priority in rural areas and adoption rates
may increase

C. jmprovcd Charcoal Stoves

Costs of purchasing the stove and fuel make charcoal stoves inaffordable
for most of the pocrest 50 to 607 of the population. At the same time, the
sector which can afford jikos may not be willing to sacrifice scarce cash at
hand to puv the higher purchase price of an improved jiko in order to realize
longer term benefits of reduced operating costs. In many cases, those who have
more cash cn hand would be more interested in buying a keroseme burner for
status reasens rather than a better jiko. Charcoal is, however, the preferred
cooking technique for many in that segment of the rural poor who depend
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on purchased cooking fuels. It is more convenient to use and easier to trans-
port than wood. The thermal efficiency of metal charcoal stoves is about 157,

or twice as high as the traditional wood fire. In comparison to mud and clay
stoves, metal charcoal stoves have the advantages of durability, easv portability,
small size, low maintenance requirements and effective space heating qualities.
Scrap metal cooking techneologies already exist in Kenya ard because jiko makers
are more centrally located (though mostly in the informal sector), it would

be easier to disseminate new metal stove desizas than it would be to

disseninate inproved mud or clay stoves.

Principal benefits of improved charcoal stoves would include reductions
in cooking time (benefiting women) and reductions in fuel purchase costs, which
would make more cash avallable for other houschold needs.

As with mud and clay stoves, however, further experimentition with
jikos is reqiired to n~reduce a da2siyn that is socially acceptable and
gconomically viable. Some of the new jiko desizns in Kenya are call to Le too

=

slow, o Lwavy, too | Lil), dad tew wepuNSIVe Doo dion oo, te O L walling or
able Lo piy the inltial purchase prizes.  In sidleion, Lhey take loigor to
Build and are therefere less attractive to manufacsturers. An artis.. can make
about b tralitional jikos per-day but only cene Improved jiko. his lacrease 1Ia

labor time required toids to encedrae price Increases bevound materiol costs,
Price incrcases tend to put new jikes bevond the reach of many potential uscr
even though the fuel savings would make them pav for themselves ia a short time.

The more elaborate versions of improved jikos, ircoarporating such
fearures as wat2r heaters and ovens demonstrate the versatility and possible
future potential of jikos, but these would bencfit only a4 small minority of
the peopulation, whose cash resources and cooking needs far exceed the
curreat norm.

C. Blogas

Bicsas production techniques at the individual farm lavel will not te
included in this project because costs of these systems far exceed the capacity
of all but a small minority of the rural pepulation. Biogas units cost more
than Ksh. 4,000 excluding transportation, and require five to twenty
cows to operate. Even in many cash crop growing areas, average small-scale
farmers can afford to keep no more than one or two cows. In addition, biogas
systems require huge quantities of water (a minimum of 40 litres per day), which
only those who happen to live near piped water supplies or who can afford to
hire labor to transport water could manage.

Field visits to existing farm level biogas units indicated that most

were not working or were working far below their potential capacity, and that
even for those who can afford them, the systems entail serious problems which
reduce their attractiveness. One of these is that people find frequent handling
and transporting of cow dung distasteful work. Another is that the currently
used biogas cooker leaks, is highly inefficient, and cooks too slowly due to poor
heat regulation and low heat volume. At the sites visited, biogas cooking tended
to be used only for the fastest, lightest foods such as milk and tea, while fires
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and jikos were still used for the bulk of the family cooking. Simple improve-
ments could be made in the cooker itself but these would increase the cost
beyond the present Ksh. 250

In addition to cooking, biogas units produce a slurry which is very
effective as fertilizer, However, it is the novelty of the cooking gas itself
and not fertilizer which at present attracts wealthier people to biogas units,
Use of the slurry as fertilizer is an important benefit which deserves further
attention. It might be useful, in particular.to compare the economics of
production, distribution and use of current chemical fertilizers and biogas
slurry.

Biogas applications above the individual farm level may be more
promising in the short run. Such units might benefit institutions with large
numbers of confined animals by providing cooking eunergy, waste management,
fertilizer and other benefits discussed in the technical analysis. Publicized
institutional use of biogas could produce some spread effects to other
institutions and individuals.

Charcoal Praduction

An estimated 70% of Kenya's charcoal is used in urban areas, with about
45% of it used in Nairobi. lost of it is produced in rural areas using
traditional earth kilns in which an estimated 757 of the wocd's energy is lost
in the conversion process. For the rural poor, however, intermittent charcoal
production is often an essential sourcc of income, Poor small scale farmers,
for example, may practice occasional charcoal production during pericds of food
shortage or in nonpeak labor periods in the agricultural cycle. A traditional
kiln produces an average of about 8-10 bazs, each of which can be sold for
about Ksh. 15-20 to a rransporter (usually a passing lorry) near the
producer, or for KSh., 20, andd up in towns if the producer himself can
transport it. Using traditional producticn‘techaiques, no cash outlay is required,
as kilns are constructed entirely from available soil and plant materials.
However, yields are extremely low -- often only 8-10% recovery weight.

Any yicld-increasing improvements in traditional charcoal making
techniques would ideally benefit pcor producers in both high and medium to
low potential lands by increasing their cash incomes, Since many such producers
live in the more marginal medium and low potential agricultural areas (often with-
out a good cash crop), charcoal earnings can represent a significant portion
of their cash incomes.,

Demonstrating improvements in traditional charcoal production techniques
to informal sector producers is extremely difficult, since many of th(se are
"illegal" producers and many live in areas difficult to reach through existing
extension mechanisms. Moreover, producers operating near the subsistence level
have a limited capacity for experimenting with new technigues. There are,
however, certain simple improvements which lie within the rznge of some
traditional producers. Simply using dried wood, uniform sized pieces of wood,
packing wood more tightly, covering the kilns with a sufficiently thick layer of
earth, or adding insulation barriers (e.g., tin containers locally termed
"debes'") between soil layers can as much as double yields in some cases. Al-
though insulation slows burning, labor requirements in the removal process can
be decreased when debes are used as insulation in a traditional kiln. Cutting




wood in uniform sized pieces to reduce losses thrwgh complete burning of
smaller wood pieces may require more tools than many small-scale producers own;
most of the poor own only a panga, while a pruning saw or an axe costing about
Ksh. 30 is required for more effective wood cutting.

Small-scale producers to whom information regarding improved techniques
would be more easily disseminated are those who obtain permits from the Forestry
Department to cut trees in specified forest arcas. Some of these individuals
can afford better tools such as axes, or occasionally cross-saws or chainsaws,
Improved mecthods could be publicized to these preducers, for example, via the
Foreéstry Department or Ministry of Agriculturc extension officials, though the
former currently lack the necessary extension personnel,

Improved charcoal productica techniques involving portable metal kilns
or semi-portable brick and masonry kilns would bypass the small producers and
would reach instead larper scale producers, who often produce charcoal as a
byproduct of such industrial operations as East African Tanning Extract, Ltd.
(see Technical Analysis). Before investing heavily in large scale, capital
Latensisy icharqalt) pedidtiction nethods -1t 1cinecessary teevaluatiinona fully
the degzrce to which this might significantly reduce income anong small-scale
traditional producers, who might be eliminated from production. Portable
and semi-portable kilns require a considerable cash outlay for purchase, as
well as high cost of transporting wood. Both of these factors place such kilns
beyond the means of traditional small-scale producers.

Finally, though rising rates of charcoal consumption invelve short-term
benefits for rural charcoal producers in the form of increased income, there
are negative conscquences in the long termm, as rural wood supplics are depleted
and the poor have to travel longer distances and spend more time and money on
firevood to meet their owm neceds.

Water Technnlozies

Improved water supply is onc of the top energy priorities of the poor.
At least 4 million people in Kenva walk more than a mile in the dry season to
get drinking water. According to a study of 10 districts in Kenya by Whiting
and Krystall, women spend up to 6 3/4 hours per day fetching water. In five of
the ten districts included in the Whiting and Krystall study, the average time
spent collecting water was five or more hours per day. Per capita water
consumption levels were found to be gquite low, exceeding 10 litres per «apita
per day only in Central Province and in special water schemes.

Fetching water for domestic use from natural scurces is done almost
exclusively by women in most parts of Kenya. Since women tend to be responsible
for a number of cther domestic and agricultural tasks, reducing time required
to collect water could significantly increase labor time available for more
productive activities and could thereby indirectly produce increases in rural
incomes and improve general welfare. Rural water supply systems can increase
per capita water consuniption levels and thus improve hygiene and produce
health benefits for rural families.
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Water supply projects are a very high priority in rural Kenya. An
estimated 100 new Harambee water projects are begun each year. However,
problems of scale, inadequate organization, and poor technical capabilities
have limited the number of successful, locally based and initiated rural water
supply projects. These problems have also reduced the effectiveness of water
systems once established; more than half of these are unreliable due to
inadequate design, construction and maintenance.

Because availability of technical slills, capitzl and labor is very limi-
ted in rural areas, rural water supply projects must be very simple, cheap and
easy to maintain in order to be successful once external project personnel
depart, It may be best over the long term to avoid projects requiring frequent
and somewhat complex technical assistance in maintenance, given the quite often
very thin coverage by both private and government technicians in rural areas,

Because water projects are such a high priority in rural areas, privately
organized community level projects (e.g., Harambece projects) can scmetimes
cubna el iconlniinciciistiEag s to syt inn sl S T an 1Y EooNpab e i Lo pay
this citen borrew the money frem fricnds and relatives. The only other type
of 'development projects which can get contributicens this large is schools, which
are the first development priority in most rural arcas. With respect to Harambee
waler projects, AID could play a role in stimulating them but the real strength
of such projects is that they are organized and initiated at the local level.

A, Hindnuwns

According to currently available wind date, areas of heaviest population
in Kenya's high potential wind belt include regions around Mombasa, Malindi,
Eldcret, and Kisumu. Much of the high potential wind belt otlierwise covers
only very sperscly populated and largely nomadic sections of the country.
Available data suggest that with the exception of heavily settled areas listed
above and a few areas of large-scale ftarming, wiund power has limited potential
for community water supply systems in Kenya. Morecuver, even within the regions
identified abov~, additional information is needed concerning water table levels
and actual wind speeds and consistency before the potential of windpower in
Kenya can be adecquately assessed. Areas of windpump suitability are also
limited by the requirement that windpumps must opcrate against a fairly low
head, which means they may not be suitable in highland areas, where most of
the population is concentrated. If the water level is no more than 30 feet,

a windpump could serve as many as two or three thousand people. One problem
that must be dealt with, however, is that wind pumping capacity is likely to
exceed distribution capacity. Diesel pumps often must operate only six to
eight hours per day tc produce a sufficient community water supply. Windpumps
operating continuously might require greater storage capacity and possibly a
mechanism for distribution or selling surplus water produced by a given pump.

As discussed in the technical analysis section, there have already been
many windpump projects and activities in Kenya. Some of these have been
completely unsuccessful due to problems with maintenance and repair and incompatible
patterns of social organization. At the same time, notable successes in windpower
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appear to be confined to projects undertaken with external funding at religious
missions or individually by an occasional (usually expatriate) large-scale
farmer.

Since windmills have been in Kenya for several decades and have not yet
generated striking interest by the govermment, very brief studies of the
reasons for this are a necessary preceden- to any large attempts to introduce
still more windpump projects. A few demonstration precjects might be warranted
if, for example, such studies indicate an unawareness on the part of policy
makers of potential uses of windpower substitutes for fossil fuels. A publicity
campaign would probably be required to counteract the prevailing attitude that
diesel pumps are a sign of "development', while windmills are '"'backward".

The complexity and very hig: costs of purchasing and installing windmills
mean chat their establishment would require substantial government financial
and technical support. Windmills far exceced the financial and technical
capabilitics of ran rural com—nnities in Konuwa,

B. Hvdrams

Hydrams mav be suitable for small-scale community water supply systems in
areas such as the hi:blands, where much of che population is carncentrated., A
hydram can potentiallv supply ahout 120 familics in an approximately three by
four mile arca. Bevanse County Ceuncils are turning from hydrams to diesel water
pumps, sccond-hand hydrams are scnctimes available for as little as abour
Ksh, 4,000 (US% 560), theugh noew ones may c-st Yeh, 18,000 (US3 2,5C00) or more.

Second-hand hrodrams are thus withia finaneoill reach of greups of families in
wealthier cash erop growing areas. Families living in disperscd farms aloug
a ridge (2 settlement pattern typical of much of rthe central highlands, Kiku'ni,

Embu and Mera areas) have in some cases organized and contributced money to purchase
and install a communnl hydram, pipes arnd stcraze system to supply water feor their
own domestic use,

Field visits to existing hydrams indicate, however, that even the [airly
simple mailutenance involved (usually simply cleaning intakes) iIs a pr-blem,
as 1s rceplacement of stolen and worn out spare parts such as rubber washers and
gaskets., *any of the hydrams visited had not been working for some time due
to fairly simple maintenance prohlems prolonged by the unavailability of a
plumber or water technician in the areas. Hydrams appeared most likely to work
where a plumber was himself a member of the user group.

Thus existing evidence suggests that hydrams for small-scale community
water projects entuil maintenance problems which may be more serious than their
financial constraints in some areas (though lack of finance is definitely a problem
in many areas wherc they could be used). Communal hydrams also face some social
and policial/organizational constraints since they require organization and
pooling of resources by a group of neighbors. This type of community cooperation
can be difficult to achieve in areas with strong competing political groups and
without strong lineage or clan ties binding neighbors together. However, field
visits indicated that hydram benefits are easily perceived by local communities
and that strong local leadership and organizations can overcome such problems in
some instances.
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In sum, hydrams appear to have potential for expansion, perhaps
primarily in better off tea and coffee growing areas of the highlands (where
the terrain is sufficiently hilly for hydrams), Hydram projects face several
village level social and political constraints, however, and seem to require
a fairly special set of circumstances in order to succeed. If AID project
technicians assist in establishing hydrams and training local technicians, this
should increase the likelihood of long-term success of individual community
projects.

A return to use of liydrams in government, as opposed to local communal
projects, on the other hand, requires a change in preference away from single
unit diesel systems which produce greater output at increasingly higher fuel
COSLS.

C. Human and Animal Powared Pumps

Although Landpunss arc not coaiica in Kenya, thay have certain intrinsgic
advantages which sugeest they deserve actention. These include relative
simplicity, low cost, and ease of maintenance (at least in arcas where the water
level is high cenouzh to use pumps with above ground access to the piston), A
major disadvantage of handpumps, huwever, is *heir apparent lack of durability
under conditions of heavy use in community waver supply systems. Handpunps

might be considered in areas of high population dunsity where a relatively small
number of families could pool their rcsoirces to purchase one for theit ‘own

shared use. Local social and political organizational problems such as those
discussed above with respect to hydrams would also be a factor in handpump systems.

Foot and animal powered pumps mecting low cost, low complexity and low

maintenance criteria should also be considered as an option though they are
not widely known in Kenya.

D, Water Power for Local Industry

Water power for electricity generation is outside the scope of this
project since it does not address the most immediate needs of the rural poor.
The government's emphasis oh rural electrification is important, but its effects
are largely limited at present to better off urban dwellers and very wealthy
rural pcople who can afford permanent houses of stone rather than mud.

Water power for grain grinding mills will be considered in thic project.
These have been in Kenya most of this century but have since Independence
increasingly been replaced by diesel powered grinding machines. Rising diesel
fuel prices, howevel, mean that water powered options merit new attention.
However, diesel grinding machines have the advantage of being faster and more
conveniently locatable than water-powered mills, which must be at valley
bottoms.

A project component intending to simulate a return to water powered
grain mills might not produce significant immediate benefits for the rural
poor. The latter do nct own grist mills and it is unlikely any reductions

a
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in grain grinding prices occurring with a shift to water mills would signifi-
cantly affect their welfare. The poor would benefit somewhat, however, if grain
grinding equipment were improved (e.g., by using a modern grinding mechanism
with electric power) to reduce grinding time as well as cost, or if the number
and distribution of mills were improved to enable easier and quicker access,
Such improvements could reduce the labor burden on rural women.

Other water technologies such as solar pumps and solar desalination
systems are still in the testing phase in Kenya and insufficient data exist

to evaluate them. 1, addition, they are both extremely expensive,
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ANNEX C. ECONOMIC ANALYSIS

I. SUMMARY

Kenya faces two major energy problems, First, with no proven
hydrocarbon reserves and a comparatively large modern sector, Kenya is
héavily dependent upon 0il imports. The costs of such imports, together
with rising costs of imports of manufactured goods and of btorrowing in
international markets, have contributed to large and increasing balance
of payments deficits on current account. These deficits in turn increasingly
will limi. capital availability for domestic investment and thus constrain
naticnal economic growth., Second, consumption of wood for all purposes
including use as a fuel appears to excced fcrest replenishment rates hy a
wide and rapidly increasing margin. Continued deforestation has serious
implications for detcrioration of productivity of agricultural lands,
premature silting of rivers and dams (which are major sources of water
supply and energy), loss of wildlife habitat, and lessened retention of
climatic moisture.

lenya has limited options for dezliag with these problems. It can
expand its preduction of electricity from indigenous sources (hydro and
geothermal) somcewhat, althouzh silt buildup in the Tana River may limit
such potential. Prospects for substituting bicmass-derived liquid fuels
(e.g., power alecohol or liquids extracted from species such as jojoba or
euphorbia) are limited by technical and economic uncertainties and more
importantly by the urgzent need to expand acreagze devoted to foodstuffs and
eiport crups., Solar and wind offer limited prospects for substitution for
imported petrolaum products before the vear 2000. The area offering the
greatest potential for reduction of oil imports, particularly in the short
to medium term, is energy conservation,

focus primarily on means of increasing the efficiency of energy use in
accomplishing a given activity (e.g., producing a ton of cement or driving

a passenger one kilometer), with particular empbasis on measures which

reduce consumption of light petroleum products such as moter gasoline. In
the medium term, policy is likely to expand to encompass structural changes
in industry, agriculture, transport, and services to take iato account the
permanently clawnged cost of energy relative tc labor and, to a lesser extent,
capital inputs. Such structural adjustments both complement and reflect

the Government of Kenya's recent emphasis on labor-intensive industry and
agriculture.

With respect to the imbalance between wood supply and demand, policy-
making is clouded by the potential competition between energy and focd
production on sczrce productive lands, uncertainties regarding individual
or community willingness to either use firewood and charcoal more efficiently




or expand afforestation efforts, and a lack of clear definition of inter-
ministerial roles. A period of research and experimentation and of gradual
identification and expansion of successful afforestation and conservation
efforts appears necessary before a broad program to right Kenya's wood
supply-demand imbalance can be launched.

II. COMMERCIAL ENERGY

A. 0il Imports and Kenya's Economic Growth

Kenya consumed an estimated 1,677,500 tonnes of o0il in 1979, which
represented over 82% of its estimated primary commercial energy consumption.
Kenya's net oil import bill (import costs less revenues from exports of
petroleum products from the !lombasa refinery) totalled over i£ 68.9 million
in 1979. This equaled over 22% of Kenya's total exports, excluding exports
of petroleum products, and exceeded the value of Kenya's second largest
export commodity, tea.

While Kenyan oil consumption increased just over 297 between 1975
and 1979 (or an average of 4.706% per year), Kenya's net oil import bill
over this period increased by more than 75%. The increase would have been
substantially greater had not the price of the Mumbasa refinery's exports
of heavy fuel oils increascd at an even faster rate than did the price of
crude oll, thus offsetting part of the rise in import costs. As it was, in
1979 alcne, while oil consumption increased by only slightly more than 17,
Kenya's net oil import costs jumped by 46X.

The continued escalation in oil prices, ‘together with increases in the
prices of imports of manufactured goods and developed countries' depressed
demand for primary products (both due in part to the worldwide increase in
oil prices), already has damaged Kenya's economy. GDP growth adjusted for
inflation was only 3.1% in 1979, well below the average for the 1970's and
below the estimated population growth rate. Kenya's terms of trade have
declined 7.6% over this period

The impact of price increases and the sluggish international economy
is recognized in ''Sessional Paper Number 4 of 1980 on Economic Prospects
and Policies." Balance of payments on current account for the Fourth
National Development Plan period (1979/80-1982/3) were estimated at twice
those forecast in the Plan (KEf 1,026 versus 511 million). The target average
annual GNP growith rate was lowered from 6.3% to 5.4%. Since the Plan itself
projected employmernt growth of only 3.8% at the former GNP growth rate of
6.3%, the revised GNP growth rate implies a drop in annual employment growth
to well below the estimated 3.9% annual growth in population.

Moreover, due to cutbacks in the GOK's projected Recurrent and Development
Budgets, the GOK now projects a decrease in per capita expenditure on social
1. Ministry of Economic Planning and Development, Central Bureau of Statistics,

"Economic Survey 1980," June 1980.
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services over the life of the Plan.

The Fiscal 1980/81 Budget assumes even lower growth targets than those
above.

The pattern of threatened economic stagnation unfolding in Kenya is a
common one in developed and developing countries. Pising oil import costs
lead to an ever-larger balance of payments deficit on current account. At
first, such deficits, may be financed through increased burrowing in inter-
nitional markets. However, as the limits of such expanded borrowing are
reached, such deficits -- and the now-increased debt service costs to
finance past deficits -- must be financed by reducing domestic consumption
and savings. Typically, the burden has fallen inordinately on savings,
reducing the amounts available for investment, which in turn reduces future
econanic growth. The effects of the drop are enlarged by the rapid worldwide
price escalation in capital goods, which increases the amount of capital
investment required to achieve each percent increase in GNP. Kenya is
no exception,

' The savings rate in Kenya has fallen from 20.6% in 1970-72 to 18.1%

in 1976-79. At the same time, the incremental capital-output ratio (ICOR)
has risen: while in 1970-72 it took an estimated KE£ 3.24 to produce an
increase in output of X£ 1, since 1976 an estimated XKE 4.35 has been required
to produce the same Kf 1l increase in outpu:.l Merely to illustrate the

scope of the problem, a direct mathematical relationship (admittedly a gross
oversimplification) would imply a more than one-third reduction in the

annual GNP growth rate. In fact, Luhe growth rate has dropped by more than
one-third since 1973,

The projected 1920 balance of payments deficit on cuirent account is
expected tc rise to K Z212.1 million, or fully 72% of 1979 domestic cavings.
Evern this estimate may be optimistic in view of the estimated roughly 60%
increase (to K £ 110 million) in net oil import costs in 1¢80.

Some of che responses to this situation involve international or
domestic sconomic, not dowmestic energy, policy. For example, the GOK
recently has achieved notable success in negotiating increased concessional
aid from OPLC members. In terms of domestic economic policy, the GOK is
trying to develop policies to promote export-oriented and labor-intensive
industry., On the negative side, the Governmcnt itself has been a major
contributor to the decline in the domestic savings rate, by incurring
substaniial increased Recurrent Budget deficits and reducing the ratio of
Development to Recurrent Budgzet Expenditures.

B. Scope for Reduction in 0il Import Costs

Besides economic and international negotiating initiatives, the
Government of Kenya has begun to consider measures to attack the problem
of o0il imports directly, by substituting domestically available energy
sources, by increasing the efficiency of energy conversion and end-use,
and by encouraging gradual structural sdjustments to less energy-intensive
economic activities.

TEconomic Survey 1980. It is likely that the present ICOR is substantially
above the 1976-79 average.
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Table C-1 presents a breakdown of oil use in Kenya ia 1979 while
Table C-2 show trends over the period 1970-77.

Unfortunately, no one has yet conducted a detailed assessment of where
and how commerical energy is used within the Keuyan economy. The SUNY
StonyBrook Institute for Energy Research conducted a survey of household
energy use in Nairobi, stratified by household income level,

Thomas Tuschak, former UNDP energy advisor in Kenya, assisted in
designing and carrying out a rural energy survey, which currently is
in the process of being updated by Kenya's Central Bureau of Statistics,
Finally, Professor Lee Schipper has been examining energy use in the modern
industrial, commercial, and transport sectors. These examinations have
been carried out at different times for different purposes, to a great extent
by expatriates who have taken the raw data with them. A number of sectors,
such as agriculturc and the smaller-scale industrial and commercial/services
sectors, have not been analyzed at all.

The only attempt to integrate what is currently known about energy use in
Kenya into an overall energy supply-demand has becn make by Professor
Schipper (Table C-3). As Professor Schipper is quick to point out, the
balance is incomplete, it is highly aggregate (deriving primarily from the
information sources swmarized in Tables ¢-1 and ¢=2), and some of the
allocations involve little more than educated guesses.

Before intelligent enerpy pulicy and program rccommendations can be
developed, the Ministry of Energy will require morc detailed information on
energy use by sector. Such information must relate energy use, by type
of fuel/en2orgy source, to activity/output levels and to efficiency of energy
conversion and end-use devices. The StonyBrook AL-EDIS energy assessment
system developed by the State University of New York (SUNY) StonyBrook,
to be installed and used as part of the Beijer Fuclwood Planning Project
and supported longer-term as part of this Project, provides the system framework
for such use analysis. However, because the AL-EDIS system is only as good
as the data input, a number of energy survey or other data collection
systems must be introduced.

Despite data limitations, some conclusion regarding opportunities
to reduce oil imports can be drawn from existing information. First,
aviation fuels currently constitute almost 22X of total consumption of
petroleum products, and the proportion is growing. Most of this
represents jet fuel used by the major international airlines serving
Kenya; and it is they who make decisions regarding equipment selection,
routing, where to take on: fuel for other runs, etc. which determine energy use.
At the same time, because of the importance of tourism to the Kenyan economy,
the Gevernment must be concerned that the airlines do all that is possible
to conserve energy in order to limit what has been a steep rise in the price
of passenger air travel to and from Kenya. Conversion to jumbo jets has




TABLE C-1

KENYA CONSUMPTION OF PETROLEUM PRODUCTS1
. of annual

000 tonnes total change

1979 1979 1975-79 1978-79
TRANSPORT 2 1025.8 65.4%
Premium and regular petrol 302.0 19.3% 6.5% 3.9%
Arabian fuels 344.0 21.8% 4.5% 2.8%
Light diescl oil 349.2 22.3% 8.2% 7.7%
teavy diesel oil 30.6 2.0% -1.7% 5.5%
OTHER 542.1 34.6%
LPG 20.2 1.3% 10.2% 16 .8%
Kerosene 89.5 5.7% 12.6% 14.5%
Fuel oil 432.4 27.6% 2.1% -6.8%
TQTAL 1567.9 100% 5.2% 2.0%

*vEconomic Survey 1980," p. 129. Totals are before refinery usage

Some use shown is not for transport. However, transport is the
predominant user in each of these categories.
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TRABLE C-2 * DISTRIBUTICH GF FINAL FrIROLEUM PRODUCTS BY SECTOR, 1970-1977

1970 1971 1972 1973 1974 1975 1976 1977
Road Transport 20.0 25.3 23.7 23.8 27.2 27.0 25.7 28.5
Rail Transport 22.7 22.4 16.3 8.0 7.4 7.2 5.5 6.0
Marine 16.3 10.8 15.2 14.5 15.8 10.3 5.7 8.8
Aviation 7.9 10.6 9.3 18.1 22.2 23.6 21.9 21.6
Sub Total Transport 66.9 69.6 64.5 64.4 72.6 68.1 58.8 64.9
Agriculture 6.0 6.2 5.2 5.1 4.6 4.7 1.9 4.2
Power Generation 7.9 8.3 9.6 8.9 7.6 7.5 11.6 8.3
Industry and Coomerce 12.8 17.6 15.4 14.8 23.9 18.9 25.4 24.0
Other and Unallocuted 6.3 -1.7 5.3 6.3 -8.7 0.8 Q.3 1.4

SOURCE: SINGH (1978)
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has reduced energy use per passenger-mile, and gradual introduction of airbusses
and energy-efficient fanjet engines should result in further reduction in such
energy use. At the same time, the prospect of stimulating airlines' use

of Nairobi as an intermediate refueling point may provide some opportunity

to increase petroleum product exports, if this could be done without worsening
the Mombasa refinery's problems of imbalance in demand for light versus

heavy petroleum products.

Road transport constitutes a high Kenyan priority for energy conservation
and fuel-switching, particularly in the short-term. Although below the
proportions of developed ccuntries, road transport fuels (primarily petrol
and diesel), still constitute a large and growing percentage of total
petroleum products use, having increased from 20Z in 1970 to close to 302
(or possibly even more) currently. While in 1979 growth in demand for
premimum and regular petrol slowed considerably, petrol still itself accounts
for close to 207 of total consuuption. Morover, as a comparatively light
product used in great quantities, it is petrol, more than any other product,
which causes the problems of the Mcmbassa refiner's having to produce a surplus
of heavy products (primarily residual fuel oil) in order to satisfy the
demand for high and middle distillates.

Kenya currently has in Interministerial Transport Energy Conservation
Committee, chaired by the Ministry of Energy, to recommend initiatives for
reducing petrol use. Major options would appear to include conversion to
diesel matatus (for which studies already have been completed), dieselization
of the 50% or more of tha total automobiles owned by fleets (Kenatco,

Peugeot Car Service, etc.) and of light pickup trucks owned by fleets or by

arge industrial/commercialconcerns, and further changes in pricing and taxation
policies to encourage purchasers of new private automobiles to purchase more
encrgy-efficient cars or switch to diesel.

Recent Mombasa refinery yield statistics suggest that Kenyan petrol use
may already have reachod the no-growth staze and perhaps even be beginning
to fall slightly. An aggressive conservatian and fuel-switching program
should be able to achieve a reduction in pettol use of at least an average
2% per year over the next several years.

The other major area of potential efficiency improvement is industry, which
accounts for well over one-fifth of all petroleum product consumption.
Experience in the U.S,, OECD countries, and industrialized developing
countries suggests that, with aggreseive energy conservation, energy efficiency
improvements (that is, energy consumed per unit of output) of 20-307
are achievable within a five-year period without substantial new capital
investment. Such savings are achieved through such "housekeeping'
measures as plugging steam traps, improving boiler operating efficiencies, atc.
There are a few examples of efficiency improvements of this magnitude having
been achieved in Kenya. In general, however, Kenyan industry is only slowly
feeling the economic incentive and acquiring the technical knowledge
necessary before energy efficiency improvement will occur.




Reasonable energy efficiency improvement and fvel switching measures,
concentrating on transport and industry, should be able to achieve withip
five years a 20% reduction from projected "business as usual" oil consumption
levels. Thus, if Kenya achieves its revised Development Plan annual GNP growth
target of 5.4% and "business as usual' means an oil consumption growth
rate of 807 of this amount or 4.057, 1985 petroleum products consumption
would be 1,989,600 tonnes. The achievable savings potentially are 397,920
tonnes. At this savings level, the growth rate in petroleum products consumption
would have been reduced essentially to zero.

In fact, the above calculations are likely to understate both the potential
savings and what is likely to occur under'" business as usual" conditions.
Energy planners worldwide consistently have underestimated consumers'
economic response to higher energy prices, The above estimates are based on
very conservative response assumptions which are well below recent experiences.
Thus, an absolute reduction in o0il consumption == and thus in oil imports =--
is quite conceivable.

Such oil import reduction is essential if Kenya is to free up the capital
necessary to raise domzstic public and private investment to levels adequate
to support employment growth at least equal to Kenya's rapid population
growth.

ITI. FUELVOJD AND AGROFORESTRY

A, Costs of Decforestation

Although tha data do not exist in Kenya to permit such calculations,
studies in Sri Lanka and elsewlicre have sho'm a clear, quantifiable relation-
ship between deforestation, attendant soil erosion, and consequent economic
losses due to declining agricultural productivity, premature dam siltacion,
lessened extension of climatic moisture, loss of wildlife habitat, etc. World
Bank project feasibility studies in Mali and other countries strongly suggest that

in Africa the benefits of afforestation =-- expressed in terms of avoidance of
the economic losses due to deforestation =- far outweigh the costs of afforestation
projects.

As discussed in the Environmental Analysis, physical studies suggest that
this cost-benefit relationship applies to Keanya. Dr. George Ongweny's
studies of environmental impacts in the Tana River Basin establish a clear
relationship between deforestation and soil erosion and, by implication,
loss of agricultural productivity and premature dam siltation. While
there is divergent opinion on the issue, many experts believe that premature
siltation is largely responsible for periodic electric power blackouts
and certainly has both reduced the useful life of the Tana River hydropower dams
and contributed to the need to construct expensive upstream holding reservoirs.
It also appears that the coral reef off Malindi -- a major tourist attraction —--—
is in danger of dying because of silt buildup. Firally, deforestation ——
loss of both upland forest and savannah woodland =- means destruction of
wildlife habitat in a country in which wildlife-oriented tourism is a major
source of foreign exchange. The effects of deforestation are immediately
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Visible in areas such as Machakos, where farms established on steep slopes

must be abandoned in often as little as five years due to loss of topsoil and
where residents believe that rainfall has declined since trees were removed
wholesale to establish such farms.

B. Microeconomic Considerations Relating to Woodfuel Development in Kenya

Tree planting and care outside GOK gazetted forests must be done
by individuals or communal groups. The time and effort that thcy devote to
woodfuel development ultimately will depend upen individual socioeconomic responses
Also, the choice betwcen charcoal production or direct use of firewood -~ which
can sxgnLFLcantly influence the encrgy efficiency of the overall woodfuel system--—
ultimately 1s an individual, laruecly econcaic decision.

Production of Firewood or Charcecal as a Cash Crop

Presvmably owners of productive agricultural lard whose farms are
large cnouch to genvrate a surplus in excess of the houscholds' own needs,
will decide what to pliant based on percieved net econcmic returns after
costs of preduction, Let us as,ume, to simplify, that a farmer's three

1

choices are to prosduce firewood, charocal,sv grain.

Graina has a relatively hish value/weizht ratio and thus transport costs
are not a major factor in tetal deilivered graln costs.  weod, on the other
hard, hoas o low value/weisht ratio; and therefore, as mileaze o the point
of salz increaces, tronspert o tts rapidiy beceme a dominant factocr in
determinins total Jelivered ceosz. Conversicn to charcoal entails an added
processing ¢ aho in scme ¢ases amortization of capital egut gment and

energv lvsa

utilizatior.

function cof =z
1 1

Aot may uot be made up during ics
v, what to produce will be a
ces for which the delivered commodity

can be sold, and cranspore cosis.

ire C=1 presents generalizeg ica re icnships between woodf
Figuve ( nr 1tsog d price relaticnships betwe wood fuel,
charcaal and grain that may cocur in Kenva.

Let us first assume that land with peotential for production of wood,
charcoal or grain is lecated at A an d, for the sake of argument, that no
alternative sources of supply enter into Lb.pec1tlon The relative market
value for the tpree products at the place of production is shown as the

departing point for the chree valu e51t \ The value or firewood produced
from one hectare is less than that of charcoal, otherwise it would not be
worth producing the latter. Much higher in value at the production site,
the curve for grain does not climb nearly as steeply as curves for firewood
and charcoal. If sold at a rcrmote location, F, the grain will not fetch
much more monev than at the site of production.
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The above curves for production from one hectare are relevant to the
producer facing alternative uses of his land. liore relevant from a
consumption point of view is the curve showing the value of charcoal output
from two hectares, since this is about what would be required to equal the productic
in terms of energy, of one hectare of firewood.

Let us now try to draw some practical conclusions from these simplified
price relationships.

A consumer at A will use only firewood for cooking. It would cost him
twelve times as much to obtain the same heat content from charcoal. A
consumer at D, on the cther hand, would be able to purchasc the same amount
of energy as checaply in the form of charcoal as firewood, and he would
probably consider charcoal more cenvenient. At the remote location T,
charcoal would be the most economic fuel,

For the producer facing alternative uses of land at A, the situation
would look different. If all the land were of equal fertility, ir would be
most profituble to produce yrain, next but not far behint weould come
charceoal, and last firewocd except for his persevnal use.

At F, a Jifferent situation arises, If some land is availuble berween
E and F for cuizivation I the suburhs of this consumer cunter, it could be

used more profitably fo- |*wducin~ firewood than for growino 2 grain crop.
ALl forms of wondfuel are st at I' because of the lon> tronsport discance.
Fuelwood profuced withir 2 shorter dlstance from the town ¢ than from

the distance -5, would ?e::mc cheper fuel than charcoal zupplied rrom A

Firewoed supplied frem within a distance less than J G would be a cheaper
fuel than charcoal praolocced anvwheve,

The real life situation obvicisly Is cernsiderably more complex than what
has beea shown by this Jleerstraticn.  No broad wood marketing and Jdistribution
system exists 1n urban arcis, and =wost charceal proeduction uses "free”
wood from "public" lands. Fure rmeTe e have, as an oversimplificacion,
assumed that all land atv least teally is equally suitable for production
of grain crops, firewoad, or cn rccal. In fact, cert»in arcas gencerally are
particularly suitable for one kind of producticen whereas cother areas are sult-
abie for a different use. Such oversimplifications need not, however,
detract from general points.

ni
fo

All else beinz equal, firewnod is the most economical of wood—derived
fuels where it can be produced within a reasonable distance from consumer
centers. harcoal is an extremely wasteful fuel in terms of laind resources
necessary for its production. It becomes competitive with firewood onlv if
the distance from the forest to the consumer is e<cessively long -- or
possibly in urban areas where consumers are unwilling to burn wood because

1) This, agazin, 1s an oversimplification. In particular, grain requires more
b > p 1 p q
intensive cultivation, weeding, and fertilization, while wood harvesting/
processing costs are likely to be higher than for grains,
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of percieved inconvenience or other noneconomic factors, Close to a large
consumer center, firewood crops may offer greater economic opportunity than even
grain crops.

Table C-4 applies fairly realistic numbers for Nairobi to this example. Assume
productlve farm on the 1mmed1ate outskirts of Nariobi can produce 2.5 ton/ha
of maize or 14 tons/ha (20 m3/ha) of firewood, which alternatively would be
converted to a portable steel kiln (20% yield by weight) into 2.8 tons/ha
of charcoal. At the prices shown, this farm -- which we rnrealistically assume
incurs no transportation costs to ship to downtown Nairobl -- would be much better
off producing firewood than nroducing either charcecal or maize. Assuming round=-
trip transport costs of KSh i0 per ton-kilemeter, firewood shipped fo Nairobi
would remain the optimum crop for farms up to a radius of roughly 120 miles
(200 kilometers) [rom iairobi.

TABLE C-4
COMPARATIVE RE LES FRQOU
MAIZE, FIREWOOD, AND CHARCOAL

Yield Price Revenues
(tens/ha) (Ksh/ton) per hecrare
/
Haize 25! 9075 2268
Firewood 1~3 33¢ 4704
Charcoal 2.8 9936 2612
I. G. Tidei~, "Yernva: Issues in Azricultural Development”
1970: averag: targe farm yield 1z 2.1 zons/ha.
2. 2 m3/ha, rosg il whao GoX plantevicas 3gh1¢nc for sawtimber. Potential
3. e, %Sid“"?*‘rlsx}Jyffllﬁbglfb.}‘u')c usin, portacle
stecl kilns).
4o 8/20/80 producer price ~0 Esh « ney 97-nilo hag
5. Assumes chavcoal av 7070 Hral/tz, wreen weod o 3000 Keal/kyg, pricing of
s 137 bocause wood

firewond bases en price per Keal of charzoal les 5 ac
is convenient and costs » to distribute. Tho preseat retail
LT 1 13 Ksh., 300-350 per to vs. Ksh 100

price for firerocad in
per ten in eavly 1977
6. Price to distributor of Xsh

35 per 34-kilo bay. Delivered retail
price is Ksh 43-30 per 34-kilo

The point of the abeve analysis is that it can be profitable to produce trees
on cronland. A commenly held assumption is that fuelwood production must be
con{ined to land of lower agricultural potential -- that is, to areas outside
the highlands and the fertile scrip -- where lower rainfall or less fertile
soil or both render the land less useful for other purposes. There are three
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reasons for questionine this approach to land use planning. Most wood
currently covers from highland areas; and, as the above example illustrates, there
can be cases where wood is the best cash crop, Second, most marginal land is
for obvious reason located far from where the people who use fuelwood live.
Transport from such distance rapidly adds to fuel prices. Third, even where
marginal land is located near population concentrations (for example, south
and east of Nairobi or inland from Mombasa), the same conditions which are
adverse to crop production are likely to make the land poorly suited to tree
rroduction as well. The productivity of natural woodland in areas of Kenya
where annuajprecipjtation is less than 800 mm and/or where soil conditions
are unattractive to farmers probably rareiy exceeds 2,5m> per hectare per
annum; and over vast areas it is much lower. Producing tcns of millions

of cubic meters on such land would require enormous areas that would have to
be properaly managed on a sustained yield basis. The land requirement alone
would necessitate very long transport and hence high delivered fuel costs.

Integration of Trees with Food or Fodder Crops

To meet expected long-term needs discussed elsewhere in this paper,
it will be necessary to reforest at least 20,000 square kilometers. Out of
a total highland area of around 80,000 square kilometers, this secus far too
much to take away from cropfarming and animal husbandry in a country that
needs both to grow more food for its expanding population and to expand
export-oriented agricultural producticn.

Most farmland in the highlands includcs patches of marginal land covered
by natural shrub and grass vegetation of little value to farmers. Such
patcnes typically include stony ground, stecp slopes, or formerly good
farmland made unsuitable for cropfarming by.erosion. To reforest such land
and make it productive in terms of fuelwood, timber, fodder, beekeeping,
and related activities would often be profitable, in addition to preventing
further land degradation. How much land of this description could be made
available is unknown, but it would appear to constitute a significant
proportion of the highland areas. Not enough, however, to solve the fuelwood
problem.

The problem is this: How can e reserve an adequate proportion of the
highlands and better lowlands areas in order to assure adequate fuelwood
production while at the same time expanding food production at some 4 percent
per year through the remainder cf this century? It seems remotely related to
the problem of having your cake and eating it too. Nevertheless there seems
to be considerable scope for achieving just that.

Experiments carried out elsewhere, in particular at the International
Institute for Trooical Agriculture in Nigeria, in Rwanda, the Phillipines,
and Hawaii, suggest that under environmnetal conditions similar to those
characterizing most farmland is Kenya, it may be possible to increase
food production by devo:iing 107 or even more of the land to trees.
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In the east of Hawaii, Prosopis sp. growing on marginal land receiving
rainfall of arcund 300 om per annum, produces, in addition to on the
order of 10m3 per annum, 5-25 tonnes of pods per hectare per annum of a
fodder value comparable to that of barley. Comparable results could be
achleved in some arcas of Kenya, at low and intermediate elevation, where
the land at present is used for extensive ranching. If Prosopis sp.
could be introduced successfully inm such areas, their productivity might pe
enhanced not only in terms of livestock production but also in terms of
production of fuelwood of an excellent quality.

At the International Institute of Tropical Agriculture in Ibadan, MNigeria,
strips of Leucaena leucocophalis spaced 4-8 metres apart are grown in 4
two-year coppice rotation within agricultural crops such as maize and beans.
The trees may occupy close to 107 of the land area, and the fuelwood and
fodder output from the Leucarna 1s considerable. Nevertheless, the trees
exercise such a strong [oroilizing effect on the secil that the outpui of
grain crops 1s higher than on land devoted entirely to these crops with no
introduction of trees. Such an agroforestry cystem vhore trees ensure
the maintenance of fertility without requiring other inputs on any scale,
is of particular interest to farmers in countries such as Kenya that rarely
can afiord to use the large amounts of fertilizer that otherwise would be
requirazd to sustala productivity.

In FKonya, whore many £orms are located on steep slopes, azreforestry systems
can be ewnp2cted to prove even mere useful than on the gently relling hills
near Ibadan. Rows of sultatle multiple purpose trecs planted along contour
lines constitute cne of the most eifective methods for crosion control, in
addition to the other benafis discusscd above. Trees of a number of species
and varicties other than Levcaena could be intreducsd beneficially on many
types of Henvan farm and rangze land, erhancing crop and livestock production
while at the same tim2 producing needcd fuelwood.

The following are achievable production figures per hectare for alternative
fuelwoed production systems:

- Marginal land at lcw and 5-10 m3 fuelwood, 5-10 tonnes
intermediate elevation fodder.

- Marginal patches in highlands 10-15 m3 fuelwood.

- Within highland forest reserves 20~40 m3 fuelwood.

- Within agroforestry systems 10 m3 per hectare of land actually

covered by trees, 5 tonnes fodder,
5 tonnes mulch fbr erosion control
and maintenance of soil fertility.
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Data are not available to tell how much land for tree planting can be
obtained by making use of ''marginal patches" and by integrating trees into
farming systems where it would be profitable to do so. A figure of 10-157
of the high and medium potential land would appear to be at least
plausible. Together with improved productivity on existing forest reserves,
afforestation of marginal lands, and aggressive efforts to use wood more
efficiently, this conceivably could be sufficient to meet Kenya's needs.

III. OTHER RENEWABLE ENERGY

A. Cookstoves

Discemination of improved cookstoves offers perhaps the most rapid weans
of reducing the rate of growth of deforestation and its consequent
economic losses. At the same time, these savings (losses avoided) are external to
(that is, not reaped by) the conkstove user and thus arc unlikely to affect
his/her eaconomic decisioun making. ilcwever, based purely on individual economic
analysis, one still weuld conclude that improved cookstoves both potentially
offer significant benefits to their users (particularly the rural and urban poor)
and should be likelv to be adopted quickly. In fact, hovever, improved cookstoves
have not beern adopted quickly or easily, for reasons examined in the Social
Saoundness ~rnalysis,

Use of wood fuel for cookine imposes a direct cost to the user in either
of two ways. TFor mos:t rural h~us holds, including virtually all the rural poor,
wocd 1s collected from the forests and burned in a three -stone fire. Women,
vho collect virvetuallv all firewcod for household use, muay have to spond up to
twenty hours per weok! collectin: firewcod, in addition te what may be even more
time to collest water. This colleccion time represents a cost , since 1t
prevents rural women from undertaking other productive (or, less likely,
leisure) activities. For most urban households and a relatively small proportion
0of rural hcuscholds, on the other hand, cooking entails a money cest. These household:
must purchise charcoal, or in some cacges firzwocd, and a: least in the case of charcoal
also must purchase the cocking device { metal jlko). FEconomic analysis of
Improved conxsroves must take the differences in the nature of these two costs
into acccunt. In both cases the time or meney saved far exceeds the time/
money "invescrent.”

[

"Free" Ourer-Ruilt Woodstoves

On the assumption that most rural houscholds collecting firewood are wholly
or largely outside the meney economy, most extension organizations have
concentrated on development of owner-built cookstoves -- generally of mud,
clay, dung,or acombinatiecn of these materials -- which require no money
investment. As discussed in Annex A, in fact many stoves so developed (such
as the Karai stove) do require some purchased parts; and most involve a considerable
expenditure of time to construct (say, 40 hours). Most designs potentially
could improve the efficiency of the three-stone rireby 30-507 (from around
107 to 12-157). At the same time, Annex A illustrates that there is in fact
a spectrun of alternatives ranging from very simple, low-time expenditure
modifications to three-stone fires (e.g., the horseshoe alcove) to
more elaborate, time-consuming stove designs.

I The 1978 Kenya Rural Survey found that over 407 of those interviewed walked over
over 1 hcour to collect firewood, almost 207 walked over 2 hrs., and 107 over 3 hrs.
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Simplifying greatly from real life as describted in the Social Soundness
Analysis, one can visualize that, in deciding whether to invest time to construct
a new stove or stove modification, a woman reached by extension would access
the estimated construction time, likely/possible reduction in firewood collection
and/or cooking time, uncertainty and perceived risks, and "hassles'" involving changes
in cooking techniques. One ran express these in economic terms as a capital
expenditure (time to construct), stream of operating savings (reduction in wood
collection and possibly cooking time), and an internal rate of return (which
would be adjusted downward to account for perceived uncertainties, "hassles"
erc.) One then can use such analysis to assess the likelihood of various staves
being adopted.

For example, assuming a "typical” weman residing in rural Kenva spends an
average of ten hours collecting firewood, weekly, her total annu:al expendicure of
time arounts to 520 hours. Simplifying preatlv, assume that she knows of
two alternatives. OJae Iavelves an estimated investment of 8 hours to
construct a horschee alcove which she feels would be fairly likely to reduce
fuelvood censumption by 16%; the cther is a4 new stove design vhich requires
an estimated 40 heurs to construct and she feels could reduce fuzlwood con=
sumpticn by 307, Assurming both alternatives would last one year, the first
alternative (commit 8 hours to save 52 heours or 4.33hours per month) would
pay back after twoe menths and have an internal rate of return of over 17,00067%
(53.87 per menth).  The second (cormit 0 hours to save 155 heurs, or 13 hours
per month) would pay back after a little more than 3 months and have an
internal rate of coturn of over 26007 (31,37 per month), Jdiscounted by a
factor for hassies and uncertalnties!. On the face of it, both investments app-ar
extremely attractive, though the first appears much more attractive =-- yet,
even when extension effort has boen extensive, rural households have been
relativelv slov to bhaild their own stoves. thus, impreved trial and owmer built
stoves cuannot be Judgeoe soley on coencniz grounds,

Another impersant ecenomic aspect of cwnevr-built cookstoves is the cost of
extensica itself. In Senmegal, a team of three (onc Peace Corps person and
two lccal extension workers) spend a week in a village ol, say 50 households.
Their cost includinz support and expensecs chould be at least $500-31000
per village. Assuming that 407 of the householders eventually adopt an
improved cookstove, the extension cost per steve would be $25-$50 per stovn,
far in excess of the cost of commerical jikos, Asian prttery braziers, etc.
($3-510). Clearly, cne hopes that the adoption rate will exceed 407 and that
adoption will spread from village to village. However, such adoption must be
fairly widespread for cxtension costs per stove to reach reasonable levels,

Monthly, rather than daily or weekly, compounding has been used only to keep
the rares of return from being even imore absurd than those shown.
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Commercial Stoves

Presently, virtually the only commercial wood fuel stove sold in Kenya is
the metal charcoal brazier (jiko). However, conceivably Asian pottery
charcoal stoves, metal wood~burning stoves such as those used in Addis Ababa,
or even high-mass earthen stoves could be produced commercially.

Jikos currently sell for around Ksh 25-40, depending upon size and the
quality and thickness of scrap metal used, A high quality jiko may have a
useful life of three years, although critical parts such as the bottom
grate would require more frequent replacement. A poor quality jiko may
last only 6-9 months.

Rclative to the annual cost of charcoal, the jiko cost appears insignificant.
A "34 Kilogram" standard burlap bag mav cost KSh 1-1.5 per kilo at the retail
level, while a smaller quantities may cost KSh 2 or more. The 1978 Rural Energy
Survey estimated that average household charcoal consumprion by province is
625-911 kilograms per year. This would imply an annual charcoal cost of
KSh 625-1367 per year.

Same experts (such as Keith Openshaw of the University of Dar Fs Salaam)
project that a 407 more efficient charcoal brazicr could be produce® for the
same c¢o0St as a jilko. Even assuminz, bowaver, that an impreved jiko would
cost an additional KSh 50 and that 1f improved efficjiency by only 257, the
return on investment on a monthly compounded basis (assuming both jiko and
impryved jiko or other brazicer last one year) would be in excess of 13007 even for
the m3st conservative case. Tt appears economically attractive to spend
more than twice -- and prebably four to five times -- as much on an improved
jlxo. Again, however, the general fecling is that people will not act in this
way, whether because of inablility to accumulate that much cash at one time,
the psvchological shock of paving twice as much for what appears to be the
same device, or other reasons.

Commercial Rural Yoodstoves

A final category of stove could be commercial woodstoves which require the
user to invest cash to reduce collection time. One cannot produce a
conclusive econumic analysis in this case, since the rates at which households
at various income levels would be willing to substitute time for money is
unknown. Iatuitively, one would expect that poor hcuseholds might have a very
high time-mency substitution rate (that is, they would be willing to invest
substantial time) and that this substitution rate would decline as household
income increased. The absolute values, however, are unknown. We also do not
know at what iwplicit rate a rural householder would discount future savings.
Taking the "owner built stove" example discussed earlier, would a rural
household be willing to spend say KSh 350 (the quoted price of Karal stove)
to reduce collection time by 156 hours per year? KSh 1007 1{¢ is unerlear
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IV, CHARCOAL PRODUCTION

Though there are a few laTg: or medium scale industrial producers, charcoal
production in Kenya generally is carried out by small intermittent producers.
Most such producers are unlicensed, and virtually all using traditional pit
or earthen mound kilns of very ‘ow efficiency (typically 8-107 recovery
on a weight-of-wood basis). The number of such producers is unknown.

Almost all attention in Kenya has focussed on somehow changing from small-
scale intermittent production using traditional methods to larger-s:ale industrial
production using stationary brick or portable metal kilns. Despite numerous
industrial feasibility studies, demand for industrial kilns has not grown.

Burns and Blane (Kenya) , Ltd., producers of the Mark ¥ portable steel kiln,
reported.y sell only 1-3 units per year within Kenya, primarily to
industrial organizations which producze charenal as a by-product of their
primarv operations.

As discussed below, for a small-scale charcoal producer extracting his
wodd feedstock from someone else's land or producing charcoal on a one-time
basis as he clears his cwn land, only low-cost modifications to traditional
methods are likely to appear cconomically attractive, arnd they appear quite
attractive. Larger-scale production metheds are uneconomic when production
alone is cansidered. Thev make sense only as part of a sustained-yield plantation
management system,

Should the GOXK dcucide to pursue conversion to sustained-yield forest minajement
and charcoal producticn systens, larger, more expensive +1lns may hoth be
economicually attractive and provide a vehicle for premeting such conversion.

Without a policy to encouraze or force such conversion, however,non-tradicional
kilns are lilely to continue to play only a 'minor role.

Modification to Traditional Producticon .‘2thods

As discussed in the Technical Analysis, low-cost techniques have been
developed in Kenva and elsewherc to improve yields from traditional charcoal
production methods. An example is the use of flatteued debes to provide
a barrier between the wood stack and surrounding earth mound. At a cost of
KSh 25-30, the producer may be able to increase his yield by 30%. Thus a
producer formerly achieving 15 bags per firing could increase his vield pe: firing
to 20 bags. At a price frcwm the wholesaler/transporter of KSh 15 per bag,
he would net an additional KSh 75 per firing. Thus, the modification would
have earned a 200-3007 return from the first firing alcne. 1In fact, for a
producer operating with any frequency, such modificaticns would be
attractive even if yvields increased by only 107.

Metal Kilns
In contrast to the traditional kiln =-- representing a small, low=-cost,
low yield, high-labor, long-running time operation -- portable steel kilns

are larger, high-first-cost, high yield (15-207 recovery), low-running
time systems. The present cost of a Mark V, including 157 sales tax is
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KSh 27,000, It will produce 24-32 bags of charcoal in a 72 hour cycle versus
10-20 bags on a 8-14 day cycle for traditional kilns.! It appears conceivable
to construct a smaller, much less expensive metal kiln =~ a 15 bag kiln for KSh
9000 -- but even this represents a high capital cost,

It is not at all clear that there are any traditional producers that would
be capable of financing even the small steel kiln. If there were such a
producer, he almost certainly would be operating multiple traditional kilns
similtaneously, so the reduced operating cycle time would not be a significant
benefit, He probably would employ wage labor, unlike the great majority of
traditional producers. The savings thus would be in terms of wood collection
and processing time saved per ton produced. Per firing, he may save one day
of wood collection and cutting labor and perhaps 2-3 days of processing tiine.
Assuming almost continuous operation of the metal kiln, he could produce
1500 bags of charcoal per year from 100 firings. At 3=-4 days per firing,
he would have saved 300-400 days. Assumimg a five year kiln life and a
wage rate of KSh 20 per day for kiln laboerers, he conceivably could
save KSh 6000-8000 per year. Over the five-year period, this would represent
a 60-85% return on investment on a discounted cash flow basis. This return
cculd of course double == or more likely disappear completely -- depending
upon actual wage rates or labor opportunity costs, metal kiln maintepance costs,
costs to move the "portable'" kila (roughly 10001bs.), and other factors.

Large Scale Kilns

Larger scale kilns such as those at EATEC, which produce 50 toms of
charcozl per firing at a 25% efficiency (by weight), are not comparable to garth
kilns. They are stationary and hence require large sustained-yiecld plantatiocns;
tliey typically are high capital cost systems (although the capital cost per
ton may not exceed that of a metal kilm), and they ruequire an organized,
specialized work force. They connot be intreduced without simultaneously introduced
sustained-yield plantation systems

Kilus as Components of Sustained Yield Production Systems

Where an operator owns the land himself and foresces keeping it in forest
production (as opposed to, say, clearing the land for farming), he may or may not
perceive an incentive to preserve his preductive base through the introduction
of sustained-yield forest management techniques. This will depend on prices
offered for wood, perceived soil erosionm ot other effects if he destroys his
forest resources, and other factors. Presuming that he does desire to operate
on a sustained-yield basis and that he 1s imterested in charcoal production,

1. This time requirement may be misleading, since "large" traditional operators
may have more than one kiln, at various stages of firing/cooling, operating
at the same time.

2. Calculations by D.E. Earl showing much greater time savings assume the
traditional producer operates only one kiln at a time, which does not reflect
operations of the large traditional producers most likely to be able to afford
a steel kiln.
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he then has a substantially greater incentive to introduce more efficient
charcoal production methods than if he regards wood in other people's forests as
a "free good" which has but to be collected, In short, once a producer must take
into account the costs of forest maintenance —— costs currently borne by the country
as a whole in the form of the economic losses suffered as a result of
deforestation --then he will have a much greater incentive to produce charcoal more
efficiently., To illustrate, using kilns of the efficiency of thgse at EATEC
(25% yield), a ten-hectare highland plantation producing 16.8 m” of roundwood
per hectare on a sustained-yield basis (roughly the equivalent of the Forest
Department's highland plantations) could produce 30 tons of charcoal per year,
earning roughly KSh 12,000 per year (based on a price in the forest of KSh 15 per
bag.) With fraditional methods, the same plantation could produce only 12 ton of
charceal -- or KSh 4800 -- per year. Thus, the more efficient kiln would
increase his revenues by XS8h 7200 per year, or probably roughly the price
of the kiln, in addition to saving labor and other costs discussed earlier.

The above examples also illustrate why there is little sustained-yield production
of charcoal except as a by-product of other operations. In the context of the
Fuelwood and Agroforestry discussion earlier in this section, the return per hcctare
from charcoal production == KSh 1200 (USS171) per year if he sell to wholesalers/
distributors in the forest or roughly double that if he sells to distributors in
Nairobi -- is an inadequate incentive except on lands unsuitable for other
uses.

IV. WATER SUPPLY SYSTEMS

Distributors estimate that about 5000 water pumps are sold per year, Of
this number, roughly 60 percent are powered by electric motors, 20 percent
by diesel engines, and the remaining 20 percent by petrol engincs.l Electric
pumps are preferred because of their dependability and low operating costs.
However, large sections of Kenya, including most areas not precently served
by community water systems, lie outside the electric utility grid; and, for them;
electrie pumys are not an option. At the same time, diesel or petrol pumps
entail high fuel costs, and, generally more serious, fairly demanding maint=-
enance requirements, In fact, although figures are unavailable, same field
experts estimate that one-third to one-half of diesel pumpsets installed in
rural areas are out of service within a year of instellation because of lack
of spare parts or skilled maintenance engineers,

The high fuel costs and poor maintenance experience with diesel and petrol
pumpsets has prompted interest in windmills, hydrams, solar pumps, and other
renewable energy systems as alternative power sources for community water
supply systems,

1 Davis and Shirtliffe Ltd. and Jos. Hansen and Soehne (EA) Ltd.
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Windmills

Installed costs of windmills vary widely depending upon the make and model,
desired storage capacity, ef.c. Prices fcr three roughly similar windmills
are provided in Table (. Total water puriping systems costs could be 2-2.5
times this figure. For instance, in a cuvrrent project in Tanzania using
U.S. Dempster Windmills, the total system <nst including well, water storage
tank, piping, etc. is slight v more than twice the cost of the windmill alone.

TABLE C-5
COMPARATIVE CAPITAL COSTS
FCR THREE WINDMILLS
Delivered Cost(US$)

Dempster - 12 foot (U.S.) $2,500
Kijito - 12 foot $4,861!
12 PU 500 (Kenya) $3,9582

I. KSh 35,000
2. KSh 28,500

Of the two locally manufactured windmill types, the Kijito mill is by far
the best known and has been used in this analysis. The twenty-foot Kijito
mill is ccopared with a Lister LTI, one of the smallest diesel pumpsets used in
Kenya. ©Both systems are assumed to serve a water systcem of 20,000 gallons,
which could provide 90 litres of water per day to a population of 1000 people.

Table C-6 highlights the fact that capital costs of the Kijito pumping

systeom are tlmost three times those of the diesel unit. However,
the higher recurrent eosts of the diesel uvnit -- fuel, operating labor, and
maintenance -=- result in lower total svitem lifetime costs for the wind

unit. The rcosts of both systems meet im the sixth year of operation

and therczafter the wind unit is significantly less expensive. Investors

typically look for a shorter payback period than eight years. However, while the
payback period is long and the discounted return for the incremental ipvestment is
low, alternative assumpticns regarding fuel price escalation, diesel downtime,
etc., could make the windmill appear to be an attractive investment.

Comparison of a windwmill and diesel unit providing only 4000 gallons per day
or(90 litres per day)to 200 people -- make the windmill look much better. The
cost of the smaller Kijito system is only 1.22 times that of the diesel unit,
since this size is below the limits at which diesel units can be scaled down easily.
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TABLE C-6
Estimated Capital and Operating Costs

of Small Water Supply Scheme
(20,000 gallops per day)

Wind povered Diesel Powercd
(1) Windmill Kshs. 70,000%
(2) Diesel engine Kshs, 13,880%
Base and pulleys t,500
(3) Pump 15,900
Punip llouse 1,50¢
Pipes 10,000 10,000
(4) Sterage tank 45,000 6,200
Cotcrete foundation 500
lrctallacion 7,500 500
Transportation 3,000 200
Total 135,500 55,180
# Prices ar inclusive of 13 percent Lales tax
(1) Fijite w.oleill, 20 ftr, rorexr, Standavd 30 ft. tower, Ma. 4P output
(2) Lister LTL, air cooled engli., 2.5-7.0 BHP
(3) Seuthern Cross, 12V Sirole, BI-T
(4) Recommended storage capacity tor a windpir o .ag system is th ee times
dslly requiruoent. In this case it 1. asswoed to be 20,000 gals, per day,

II. Essential Recurreat Costs (Hshs, per year)

Wind povered Diescl powered
(1) Fuel Kshs. 8,250
Operation and Maiutenance Ke's. 2,080 (2) 8,277 (3)
Depreciation 7,033 (43 5,518
Total $,113 22,051

(1) At 1500 RPM fuel consumption is .87 litres per hour. The
diesel engine is assumed to run 8 houss per day, 365 days
per year. The present cost of diesel fuel in Nairobi is
Kshs 3.25 per litre.

(2) Estimated at 2 percent of capital costs per year.

(3) Estimatcd at 15 percent of capital costs per year.

(4) Bascd on a linear writz off of IS years.

(5) Based on a linesr write off of 10 years.
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Windmill recurrent costs again are much lower than for the diesel unit,
and the windmill pays for itself within two years of installation.

This analysis illustrates that the economic feasibility of windpower is
particularly seu_itive to the scale of operation required. Assuming adequate
witd regimes and other appropriate site conditions, windpower
will be increasingly z2ttractive as the scale of operation declines. At
the same time, since rost of the remaining unserved rural population is
scatTevaed, it is likely that the typical scale of requirement will decline
over vrlme.

It should be noted that "he Kijito mill is relatively new, and there are
questions rezarding its long-:zerm maintenance requirements, useful life, ete,
At the same time, for w.ny models 1t currently 1s less expensive to import
a weil-“nown windmill mcdel of prever reliabilicy from the U.S., Australia,
or Arge. ina. It also is poss.ble, as in Cape Verde, to producc such
standard windmill designsin small shops at approximately half the cost

of the Kiji-p or imported windnil!. It thus appears that there 1s scope

for production of wir’mills wishin Kenya which would be competitive with
diesel pumpsets ¢ vr .t least the low end of tle system capacity range.

Hydraulic Rams

If windmills are competitive at fairly small svstem sizes , hydrams may be
thought of as heing vomperitive at extremely small s stem sizes. They
also ave very site-specific, since they can enly be nsod where there is
a sufficicat supply of falling water to power the unit to lift some of the
water uphill. They thus, potentially fill a niche of requiremcents where
gravicy feed systems canvot be used (cypically becausce come people live
above the {lowing.water scurce) but the requirement is too small to be
met by dicsel. Such applications generally are found on mountain slopes,
often forested, where windpower cannot be used.

llydram costs generally range frem KSh 4000 to KSh 16,500, although wused
units often are availeble at substantially lower costs. This compares with
KSh 34,500 for the smail (4000 gatlon per day ) windinill analyzed above.

Hydrams generalliv are assuved to be especially suited to use in remote or
inaccessible areas, since they require no opcrator and little maintenance.
Also, the useful Life of a hydram generaliy is assumed to be 30-50 years.

In fact, however, the project team found thuat over hal{ of the hydrams
surveyed were out of service because of lack of simple maintenance (e.g.,
cleaning lecaves and other debris from the inlet) or because a worn seal
had not been replaced.

Solar Stills
Solar distillation units requirea relatively high capital investment
per unit capacity. However, if well designed and constructed trecurrent costs

are very low. Initial costs depend on a rumber of factors including local materials
availability and suitability, local labor costs and productivity, imperted materials
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required. size of plant, etc. Some indicative costs are the following: the
material and labor costs of building a solar still in India were $7.50/m2

in 1966 and$11.50 in 1975, including the cost of reservoirs. Solar still
capital costs in Greeee, Pakistan and the Caribbean have been reported

at between $16.00 and $32.00/m2 in 1977..

Recurring costs depend on amortization of the initial investment,
interest rates and the cost of operating and maintaining the unit., Depending
on the. durability of the materials used, the useful life of a solar still
is usually between 5 and 20 years. If glass, masonry and a durable basin liner
are uscd, the service life can easily be 20 years. Eased on experience in the
field, operation and maintenance coits should be fimured «t 17 of the initial
investment ‘with an additional 1 person day of labor per year for every 10 square
meters of still avea.

Solar still productivity is normally indepenient of the size of the plant.
It is,rather, dcependent on the duration and Intensity of solar radiation
received. Average annual productivity in potential areas of use in Kenya
will be about 3.0 liter/M#day.

It is difficult to be spucific abent the cost of water produced
unless the design parameters and materials and labor costs are known for a
specific project. In practice this cost has ranced from $1.00 to $3.00 per 1,000
liters produced. This cost 1is generally competitive when compared with the costs
of desirinated water from large fossil-rmel fired desalination plants., The
cost of scolar desalinated water {g well belcow the cost of desalinated water
from smll fos-i) fuel fired unics. The balance is centinnally swinging in
favor of sclar distillatica systems as fossil fucl costs increase,

Solar Pumps

Solar pumps are of wwo tvpes: thermodvnamic cnd photovoltaic. The
thermndynamic systems, typified by the Rankine ) cvele "sofretes' pump
generate on the temperature Jdifference ’etween a4 solar hecarted fluid and the
cold greund water. The apparatus to accomplish purping from such a thermodynamic
cycle 1is sophisticated and expensive. Typical costs of larger Sofretes pumps
is in the order of 320,000 per kilowatt of installed capacitv. The smaller
pumps 1 to 2 KW in capacity are consiberably more expensive. As with - 11
sophisticated technologies these purpins systems require a conside aole amount
of maintenance and upkeep to keep them working. The level of rechnical
expertise requived for such maintenznce is high thus, if they are to be uscd
they must be sited where adequate techaical service is available. Experience
to date with these systems has been variable. Vhere technicians are sufficiently;
trained and available, these pumps operate satisfactorily. Where technicians must
be brought in, to, for example, remote areas, these pumps have had major
maintenance problems and system shut down is common. For these
reasons, these thermodynamic cycle pumps are not recommended for this project:
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Photovolataic pumps, un the other hand, are reliable, require little
maintenance beyond routine inspections and fit in more with conventional
maintenance and operation procedures. However, they are costly. Present costs
are about $12 to $20 per watt of installed pumping capacity, however, this
cost is dropping rapidly. They are expected to be economically competitive
with cther pumping systems within five years for accessible sites
and are marginally competitive even today for remote sites. The pumps
associated with photovoltaic arrays are conventional electric water pumps.
Experience to date has revealed that maintenance i{s minimal and the
systems are well accepted where they have been installed. They depend on the
availability of adequate direct sunlight so their areas of use for year round water
provision will have to be carefully selected.

Biogas

Biozas units for individual or farm use are well beyond the means of AID
target population groups. Costs are roughly $48.50 per cubic meter for gas from a
Hutchinson Biogas digester and $52-55 for a gas from a Chinese digester.
The capital cost of Hutchinson's units, according to a time 1980 price quotation, vary
from KSh 15,000 ($2083) to KSh 40,000 ($5555). Also, Hutchinson estimates that, using
liis units, 30 cows would be required to provide encugh gas to replace one gallon
of diesel per day.

As estimated by a recent German technical assistance team, a Chinese dome -
type biozas plant couid be installed for roughly KSh 4000 ($550). However, the
cost of the gas per cubic meter is $55, or higher than the estimated cost from
a Hutchinson unit (Table C-7)

Power Alcohel
Like biumas;, nawer alcohol is beycnd the means of AID's target population
groups. Table C-B summarizes World Damk estimates of costs and other parameters

for various cthancl plants, Estimated capitai ccsts are roughly seven to eleven
million dollars for & medium cost country.)
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(Source: GATE MODULE- BIOGAS FOR DEVELOPING COUNTRIES, 1930y

Table C-7

ESTIMATED COSTS OF A CHINESE BIOGAS DIGESTER

List of Materials

Masonry 5.0 m3

Bricks (20 x S x10 cm)
Cement

Lime ;>>

Sand

Internal plastering

Cement ~
Lime "/>
Sand

Paint (Bituminous)
1" gas pipe
Gas tap

Plastic pipe

digester Digester
volume 6 m volume 10
5.0m> 6.4 m°
5000 6500
230kg 360ky
2700 kg 2100 kg2
A525m§ A- 51.m’
0.8 m 1.0 m™
200 kg 259 kg
1206 kg 1500 kg
70 kg 95 kg
1.5 m 1.5 m

(10 m3 plant) Labor 50 mandoys (Source ITDG-11E2

Chinese Biogas Plant)

C!HINESE Dome type biogas plants

Digesier

volume 50 m

Cost per unit

3 in Kenya for

Estgmuted Cost for
10m™ Digesta inKenya

20000

1100 kg

600 kg

4000kg
270 kg

1.5 m

1.25
sh 45 per
45kg bagp

sh 50 per ton

sh 45 per

45 kg bag

sh 50 per ton
sh 250/untt
sh 10/ncter
sh 30/unit

sh 100/unit

sS4 6GUO/month

sh1625/-

360/~

105/-

250/-
75/~
200/-
15/-
30/-

100/-
Sh 1200/-

TOTAL COST IN KENYA Sii3960/-

(US $550)

PRICE/C.U.M.--S11396, (US $55)
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Table G-8

EEY_PARAMETERS NF ETHANOL PRONUCTIN FROM DIFFFPENT BIOMASS MATERIALS

Tnte Molasses Susarcane Cassavat/
A YIELDS
Ethancl Tield/ton of Biorass 1i{ters/ton 270 10 180
Bic-ass Vicld/ha of land b/ tons/ha n.a. S0 12
[+% .ne) Yield/ha of land l{ters/ha n.a. 3,500 2,160
B, PFACHCCTVC TTANTS
Feenr-Y0 Plant S{sr Range liters/day £0-240,000 120.240,000 6N=120,009H
Nurher ef fperating Davs days/ycar 1R1 180 275
Anne L Praduction fn 129,000
Vitcrs/day Planc: - of)llen Viters/yvuar 21.6 21.6 33.0
- million US gallons/year 5.7 5.7 6.9
- tans/year 17,100 17,100 26,100
Tratalled Cost of 129,000
Yoo fday Plane In:
- levw Cost Cowntries =~ UsSrillifous 6.8 1.6 9.1
- N dfum Cost Countries < USirfllicns 7.¢ 9.5 11.4
- Hip% Cost Ccuntries = USSrillitnns 11.4 14,3 17.2
CLopee e AL CASPETY ADDITIVE
Vu Tt Fle~ass Kaw Materia  Cost
for ia ror df
- AL USEYI/LYY 1o Crude & Uss/ton h2 14 1]
- AUUTSIS/RL PR Crude £ uSS/ton 70 16 17
- AL USSGIEEY Kon Crude & USS/ton 85 20 23
Ex-Plot Sterass vauw Materfal Cost
for ¢ IRE _d_/
=AU USSTL/NL) 167 Crude & vsS/ton 65 14 16
- AU US$IS/LR) Ton Crude £ Us$/ten 7 17 19
- AL USSAI/LLY TOW Crude £ Uss$/ten 90 22 25
a/ Mescd ecn current deefyns und fuel ofl as fuel source.
b/ FPared e ocurrent averape vields (n Brazil, except for corn vhich {s bused on US averace.

4/ tor o dlum cost countrica,

o/ Aswundog etharc) value equal to that of pasoline {n volume terms,
ti~co that of ex-reffncey light

All costs {n late-1979 Dollars.

¢f lcw cost country data for sugircanc plants based on frazil costs, others on data supplied by
vt fous sovreens and extropolatioens v Bank staff.

Casoline price assumed as 1,3

Atabfan Crude price, by volume: this rclat{onship assured to go

deva o with heraased crnlde prices,

{/ Tecr corn V€S/bushiel.,

World Bank
Industyial Trojects Department
May 1980

One bushe)

veighs

Crude price assumed 2o increase at 3% p.a. in rcal tcrms,
racolize price at 2.5% p.a., and raw rmaterfal cost at 1.0% p,s,

56 1bs.
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One ton equivalent to 39.4 bushels,

s/

Corn -~

370
]
2,220

120-240,600
275

13.0
6.9
26,100
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ANNEX D. ADMINISTRATIVE/INSTITUTIONAL FEASIBILITY

1. INTRODUCTION

There are several administrative issues or potential constraints which
are critical to the success or failure of the project.

First, the Ministry of Energy is new, relatively small, and still in
the process of developing its policies and programs as well as its relation-
ships with other ministries. Since energy is an input to virtually all
human activity, many other ministries have ongoing operations wnich relate
directly to the activities recomuended in the project. The project presumes
that the Ministry of Energy is in a positior to act as technical advisor
to several ministries and to rely on other ministries operating programs
to achleve energy policy objectives. However, experience with other programs
suggests that interministerial cooperation is not easy. Both a formal
interministerial coordinaticon mechanism and close informal cooperation and
mutual trust must be established.

In addition %o interministerial coordination, coordination and commu-
nication lines must be kept open among the numerous donors which have initiated
or are planning energy related projects. Otherwise, there is a risk of
duplication, conflicting programs, and excessive derands placed on the MOE's
swall staff.

Arothecr critical administrative issue aznd a central component of the
project is extension of renewaple cnergy technologies to the poor. Many
ministrices, particularly the Ministry of Agriculture, have well-estavblished
rural extension networks. Still, while progress has becen made, thcre are
difficultics in reaching the poorcst families that constitute AIl''s target
gErougs.

The following sections address each of the major project components.

II. WITIAL PLANNING AND SURVEYS

Since the MOE is new, energy planning and policy capabilities are
in the formative stages. Its Policy, Monitoring and Planning Division cur-
rently has four full-time professionals and has budget approval for four more
during 1380. Two staff members, including the acting director, have
attended AID's Energy Management Training Program at SUNY Stony Brook and
are familiar with the AL-EDIS energy assessment system. One economist cur-
rently is assigned full-time to energy conservation, a new field for him.
Additional training will be required in operation and use of the AL-EDIS
system, in operation and use of the Data Bank and Library, and in energy
conservation analysis.



In addition to the Energy Planning and Conservation Expert and short-
term consultants to be provided under this project, the MOE is likely to
receive policy planning assistance from the UN, EEC and pussibly other donors.
The combined assistance should enable MOE to develop an effective energy
planning capability.

There are three potential problem areas. First, it is important that
the MOE be able to monitor energy consumption patterns in all sectors. It
should work closely with CBS in incorporating energy modules into existing
surveys, such as the Industrial Survey now being conducted and any urban
surveys which might be undertaken, as well as support CBS's efforts to
conduct rural energy surveys.

In addition, shaping national energy conservation policy will require
close cooperation with the Ministry of Economic Planning and
Development, Ministry of Finance, and those ministries paralleling the major
energy consuming sectors, e.g., Industry, Agriculture, Transport and Communi-
cations, and Commerce. Establishing such relationships will require time,
effort and considerable diplomacy. The MOE appears to have made a good start
through its iluterministerial energy conservation committees.

Second, economists and statisticians cannot be hired directly by the
MOE. Rather, they are seconded by the Ministry of Economic Plamning and
Develepment. MEPD has provided assurances that those secanded to MAF will
be kept there as long as the MOE is satisfied with their perforrance.

Finally, a multiplicity of donor efforts in providing planning assistence
runs the risk of not only duplication but inconsistent or even contradictory
advice and excessive demands on MOE management time. MOE appears to recog-
nize that it must aggressively direct and coordinate donor activities.

ITII. INSTITUTIONAL DCVELOPMENT

The Ministry of Energy presently has a total staff in place of less
than 100 and has an authorized staff of less that 150. With this relatively
small staff, it must launch initiatives in many different areas. Also, since
energy is an input into virtually all human activity, MOE's interests cut
across the interests and ongoing operations of virtually every other ministry.
At the same, these ministries generally lack technical information and
experience in the energy-related aspects of their programs.

If it is to launch effective intiatives outside those areas such as
electric power where it already has ongoing programs, the MOE must work
with and throuzh those ministries who already have directly related programs.
Ir some areas, non-governmental organizations also constitute important
resources on which the MOE can draw.



The MOE will need to work closely with other GOK ministries and non-
governmental organizations to help them identify and implement appropriate
conservaction activities, identify potential renewable energy applications,
improve the technical grounding and awareness of government extension
workers and field staffs of non-governmentzl organizations through technical
assistance and training/curriculum development, and assist in developing
projects and pregrams for financing through the Energy Development Fund.
Based on this role of MCE as an advisory and initiating organization working
primarily with and through others.the project at least initially will
place the four long-term experts (in afforestation/forest management,
agroforestry, wood/charcoal conversion and end-use devices, and renewable
encrgy water pumping systems) and short-term consultants 1in the MOE, with
the understanding that most of their time will be spent working with other
ministries or wich NGC's .

One of the first tasks of the long-term experts should be to work
with MOE and respective extension ministrics to develop specific implemen-—
tation schedules for development and introduction of renewable energy
curricula at the extension training centers (e.g., KIA, Coast Training
Institute, Karen VIU, Farmers Training Centers, and Forest Training Center)
and relevant training institutions (e.g., Egerteon College, Agricultural
Institutes, Institutes of Technology, and Villaze Polytechnics) and for
carrying ou: visits to and informal surveys of field extension activities,
Such joint implementaticn planning will serve both to program the efforts
of the long-torm and short-term experts and also to provide a specific
focus around which interministerial cooperation can take place.

FPursuingy such an advisory/initiator role poses risks for both MOE and
the project. Cperating ministries may spurn !OL offers of assistance, or
they may be reluctant to direct thelr extension or other resources to
energy from 'riatcver they currently are working on. Also, as in most
other countrics, in Kenya the power of a government organization generalty
is related tc its size and the nature and scope of its operating programs.
Over time, the MOE may become dissatisfied with an advisory role and
try to launch its own operating program, for example in fuelwood. Should
it do so, it is much more likely to be viewed by other ministries as a
competitor, and its ability to work with or through them in other areas
will suffer.

It is conceivable that interministerial cooperation is so difficult
to achieve--thether because of other ministries' reluctance or MOE's
desire to establish its own operating programs--that project experts can
be eftfective only if they are assigned to operating ministries. The
most likely such ministry would be Agriculture in view of its ongoing
programs in nursery development, agroforestry, small-scale irrigation,
farm extencion, and women's extension. Splitting up the project experts,
however, would make it difficult to achieve the desired integration among
the various renewable energv disciplines which the experts represent.
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The most important organizations in each major area of renewable
energy are discussed below:

Fuelwood/Agroforestry

The Forest Department of the Ministry of Environment and Natural
Resources panages Kenya's gazetted forests, from which over 10 percent
of the country's fuelwood is produced. Both it and the Ministry of
Agriculture operate rural affecrestation nursery and extension services.
The Ministry of Agricuiture also 1s involved in trying to gct farmers to
integrate trecs 1nto thelr farming practices (agroforestry). Finally,

a number of nongavernmental organizaticns have tree planting and in at
least vne case, nursery programs of varying effectiveness. All of these
represent potential resources in a fuelwocd program.

The Forest Department of the Ministry of .knvironment and Natural Resources
traditionally has concentrated its attention on preservatiorn of
natural highland forests as a water catchment area protection measure and
on production of saw timber and pulpwood from plantations or from a
few natural forest areas. As a consequence, most Forest Department atten-—
tion~-and virtually all its forest officer education-=-has been focussed an
the gazetted forests, Within the past three vears, it has launched a
Rural Afforcstaticn Extension scheme (RAES) which currently has an extension
officer and at lcast one rnursery per district. The Forest Departmeznt is
supposcd Lo werk with Ceunry Councils to help manage lands cet aside by the
County Council for affurestatlon, although so far the limited resources
allocated to RAZS have not cnabled 1t to do so.

The Ministrv of Agriculture, as part of its soil conservation program,
has expanded its nursery and afforestation-program, going from A siall
program concentracing on fruit trees to a program “ *W twn to four
nurscries in each of 28 districts, all producing .~ lings for multipurpose
trees as well as fruit treces. Because the progr:. . aimed largely at areas
of highest soil erosion potcntial, Agriculture n series tend to be located
in marginal areas undergoing rapid population expansion, while Forcst
Department nurseries are more likely to be found in the highlands. The
Ministry of Agriculture also is werking te introduce afforestation as an
important program element into its farmer training and extension efforts
and its small-scale irrigation schemes,

Nongoveruncntal organizations such as the NCCK, NCrk, Wildlife Clubs
of Kenya, and others have launched tree-planting programs, oriented primarily
to community and school groups.

There appcars to be some cooperation among these various government
and nongovernmental organizaticns, primarily at the District level or below.
There are a few instances of Agriculture and the Forest Department working
together on specific projects, and both organizatious' nurseries supplying
seedlings to nongovernmental groups.
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Since fuelwood development must address gazetted forests (Forest
Department), community planting (all organizations), and integration of
trees into cropping and livestock systems (Agriculture and probably also
Livestock Development), MOE must work with all these organizations. 1Im
working with the government organizations, MOE may run into suspicion that
it wants to get into nursery and fuelwood plantation operations itself.
This in fact does not appear feasible. The MOE currently is only about one
percent of the size of the Forest Department and a much smaller fraction
of the Ministry of Agriculture. To try to duplicate tkeir operation
potentially would mean a delay of many years. Thus, the przferred course
is to build up and where necessary reorient Forest Department and MOA
operations rather than launch a new operating entity in MOE.

Working with or through ncngovernmental organizations is a compla-
mentary step to wor<ing through Agriculture or the Forest Department.
While they lack the iarge-scale operations ability (e.g., nurseries) or
full-time extension staffs characteristic of government, these organizations
can mobilize local interest and activity and provide important local feed-
back. Since it is likely that some of these local groups are not reached by
government extension, these groups also rcpresent a potential vehicle for
broadening local 1impact.

The effectiveness of the full-time fuelwcod and agroforestry experts
prcvided under this project will depend to a great extent upon the MOE's
willingtess to work with the above groups—--rather than to try to launch
competing programs-—and on tlese groups' trust of MOE's intentions.

Cookstoves

There are two quite different approaches to cookstove development
and dissemination, both of which will be pursued in this project.

The first approach involves extension to stimulate local development
or adaptation of vwner-built cookstoves, generally mud or clay stoves
designed to btura wood. In this case, it is difficult to separate development
from dissemination, since potential stove users/builders (generally women)
must be intimately involved in the process. A few government and non-
governmental organizations--notably the Home Economics Departmanut of th»
Ministry of Agriculture, the Karen Village Technology Unit (VTU), and in
some areas the Peace Corps women's exteasion program--have supported
development and adaptaticen of such stoves. These efforts have been carried
out on a very small scale. There has been no large-scale program as,
for example, AID currently is carrying out in Senegal.

There unfortunately are few national groups with a proven ability
to reach rural poor women. The MOA Home Economics Branch is reasonably
well staffed and trained (although its training in stove-building is limited
and probably offers the best chance of success. The Women's Bureau and
Community Development Division of the Ministry of Culture and Social
Services have had only limited involvement in cookstoves but offer potential
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extension vehicle in that they hiave a less formal program of extension
activities. The NCCK and various _denominational church groups in some
cases have very effective local women's programs. In some areas the
women's program of the Peace Corps has launched or supported local cook~-
stove development programs. Finally, virtually everywhere, local

women appear to have organized themselves into very effective groups,
although their link to national organizations such as NOWK, Maendaleo

ya Wanawake, or YWCA appears quite tenuous.

A high priority should be placed on building up and supporting these
and other groups' local coockstove development/adaptation abilities, through
a combination of ncnformal education and participatory projects. The
only training now being offered in stove building is at Egerton College
and the Agriculture Institutes of Embu and Bukura. Training could also
be undertaken at the Village Polytechnics and the Kenya Institute of
Administration where Community Development Officers are irained. Stove
building also is one of the subjects addrcssed by che Karen VIU,

and the preogram there could be strengthened.

For training of traincrs of Home Econcmics Officers, Village Foly-
technic¢ instructors, Community Development Officers, and nongovernrent
organications, it may b nccessary to Lring in erperienced short-term
consultants such as the Aprovecho Institute or the Intermediate Technology
Dewelejment Groun. These groups also have stove Lesting capabilities.

The second approach is to work with local fundis to develop more
efficient charcoal jikos oi to develep new types of commercial wood-burning
or charcoal stoves. Village Polytechnics are well-suited to ercourage such
development sirncc many of their graduates become fundis and since their
projects achieve local visibility. 1In addition, the NCCK already has a
promising jiko improvement program. Finally, greups such as Partners for
Productivity vho specialize in assisting fundis and other small businessmen
may be in & positiun to pronote stove development.

Charcoal Production

There has been little effort to develeop or promote more efficient
charcoal production methods among traditional small-scale producers in Keaya.
With cthe notable exception of individual forester's work near Nyaharuru,
the little werk that has been done has examined the feasibility of portable
steel kilns (such as those presently manufactured in Kenya) or larger brick
kilns similar to those used by EATEC.

The Forest Department in many cases licenses individuals to remove wood
from gazetted forests for charcoal production. By virtue of this licznsing
procedure and their knowledge, field foresters should be in a good position
to act as extension agents to promote more efficient charcoal production.
Therz is, however, little indication whether they are interested in playing
such a role. The next most likelw exctension options are Agricultural
Officers and, since rural women increasingly produce charcoal, Home Economics
or Commwanity Development Officers.

So far, NGO's have not been involved in charcoal production technology,
but it may be that NGO's with strong rural extension networks could play a
useful role.



Community Water Supply

Numerous organizations are involved in community water supply projects,
including small Harambee Groups, CARE, the Salvation Army, NCCK, and
NCWK as well as the Ministry of Water Development. All of these groups
could use technical advice in determining what water pumping systems to use and
how to operate and maintain them. The Ministry of Water Development is
particularly short of water engineers and is behind schedule in surveying
potential new projects., Also, the MOWD program is oriented toward large-
scale systems and they appear less interested in hydraulic rams and
windmills because of their smaller pumping capabilities. Other organizations
seem to be much more interested in these types of sysiems: % number of
Catholic missions are using windmills and hydrams, CARE is experimenting
with a windmill in the northern part of the couuntry. and several Peace Corrs
volunteers are secking assistance on alternative low-cost systems.

Particular emphasic should be placed on working with the MOWD to
tacourage it to take a second look at renevable energy warer pumping systems.
Training courses for District Water Engincers and tcchnicians in the
installacion, operation and maintenance of these systems should be offered.
Assistance should also be provided in survey ing water projects to determine
where rencwable enargy systems are applicable and in preparing proposals for
EDF financine,

IV, APPLIED RESFPAYCH AND DEVLLOPMENT

Fuelwood/Asroforestry Centers

The project contemplates six fuelwood/agroforestry research, demon-
stration, and extencion centers. Nursery operations and extension farms
and comrunication are major components of the centers. Both MOA and MENR already
have ongoing nursery and afforestation extension programs in all or most
Districts. While they currently are not rearly sufficiently extensive to
satisfy 21l demands,they have demonstrated a capacity to expand and certainly
represcat a base on which to Luild. Particularly the MOA-~with the largest
farmer extension program in Africa, a network of multi-purpose tree nur-
series, and a strong interest in agroforestry as a soil conservation
measure--provides an excellent basis for the proposed centers.

Accordingly, it is intented that, rather than establish new operations,
the MOE contract with the MOA or MENR to operate such centers with funds
provided under the project. The Authority to Incur Expenditures (AIE)
for each center would be held by the appropriate operations ministry.

Each center would be built up from an existing nursery, using existing land,
facilities, operating manpower, and supervisory structures. Additional
manpower would be recruited, trained and supervised by the operating ministry,
with substantial support (particularly ir training and technical assistance)
from the long-term forestry and agroforestry experts assigned under the
project,



As in the case of extension, this project will require a substantially
greater degree of interministerial cooperation than is required of most
programs operating in Kenya. There are, hovever, examples of other
cooperative programs and, in the case of the Rural Development Fund for
example, of both contracting with other ministries and transferring AIE.

The MOE appears willing to operate in this manner, and the appropriate
organization within the Ministry of Agriculture supports the project con-—
cept and desires to participate on this basis. However, the risk of
interministerial coaflict, or simply inability to work effectively together,
does constitute a risk for this project component.

Presuming that the ministries can work together, there is reason for
optimism. Limited agroforestry extension experience in Kenya, as well
as in Rwanda, Senegal, and other countries indicates that, particularly
where traditional farming patterns and knowledge of indigenous species are
accormodated and incorporated, acceptance of agroforestry extension will
grow steadily. If the reception accorded the Hinistry of Agriculture's
soil conservation tree-planting program 1s any indication, Kenyan farmers
are favorably disposed to atleast limited introduction of trees. What has
happencd elsewhere is that, as farmers see the results of limited tree-
planting, they gradually are willing to go further. A very important point,
however, is Lhat where the (wo organizations are scparate it generally
has been agriculture, not forestry, extension officers who have succeeded
in getting farmers to plant trees in the first place. The agricultural
extencion officer bis pre~existing relatienships with the farmers, he can
offer advice not only on trec-planting but on the whole range of farm related
activities, and with training he is in a position to advise on how to use
various multi-purpuse trees in ways that enhance agricultural production.

Enzrgv Developmrnt Fund

The Energy Development Fund will require involvement of both other
ministries and District or Division Develorment Committees to publicize
availability of the Fund, encourage grant proposals, in some cases prepare
proposals directly, and make funding recocmendaticns to MOE. Again, the
Rural Development Fund providcs a model for such participation. The MOE
and its long-term experts also will have to work closely with nongoveromental
organizations both to help develcp and evaluate proposals for program or
project grant funding and t-~ encourage them to stimulate local project
proposals. Finally, MOE will have to cooperate with related “unding sources,
including the Rural Development Fund, the NCST research grant prcgram, and
the soon—-to~be establishad Nairobi office of the VITA/AID Small Energy
Grants program.

The MOE should devote a substantial portion of the long-term experts
time to assisting groups to prepare sound project proposals. This assistance
will pay off later in terms of the quality of the projects funded.

Grant administration is not vieved as a serious problem. The Fund
is small and simple enough that the MOE, with the assistance of the Energy
Planning expert, should be able to establish straightforward administration
procedures and to train the Fund manager and other staff. RDF and other
Kenyan fund experience is readily available. The VITA Nairobi office consti-
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tutes another source of assistance, since VITA recently has had to establish
its own grant procedures for AID.

V. MONITCRING AND EVALUATION

Because this project is heavily oriented toward extension and
institution-building and because of the deqree of interministerial coor-
dination required, monitoring will be both -~omplicated and extremely
important. It is proposed that, as interministerial agreements regariing
operation of the fuelwood/agroforestry centers are being negotiated,
an AID team be sent 1a to develop a detailed project monitoring and
evaluation plan. 1t is manditory that the team include a sociologist/
ektensioun expert. Also, since some monitoring functior ricy have to be
carried cut by the ministries operating the centers, 1t is impertant that
monitoring requlrements be included in the interministcrial contract.

The monitoring and evaluation rlan will address not only the fuelwood/
agroforestry centers but olso other sroject ccuponents, particularly the
Energy Development Fund ind extension apprnaches supported in fuclwood/
aérofores;ry cookinyy, charcoal preoductinn, water supply, and other renewable

energy technolog, Jeronstrarions,

The w-nitoring plan will provide the basis for at least annual project
reviews, wiich suould involve not only MCE but the other ministries involved.
The team also will develop the plan for the final project evaluation
vhich again should involve the other ministries.
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ANNEX E. ENVIRCNMENTAL ANALYSIS

In terms of potential environmental impact, the AID Kenya
Renewable Energy Project can be divided into four major components.
The first involves provision of technical assistance in collecting
energy utilization and in devising policies and programs to use
wood and petrolcum~based energy more efficiently. Second, includes
training, technical assistance, and extension assistance intended
to stimulate(l) expansion of tree-planting and integration of trees
into asricultural and pastoral ecosystems and (2) adoption of methods
and duvices to use fuelwood more efficiently, produce charcoal more
efficiently, or substitute other appropriate renewable energy systems
for wood or petroleum~based energy. As third component, USAID will
establish a network of nursery, species research, and afforestation/
agroforcestry demonstration and extension centers. The fourth component
is establiohment and provicion of initial capital for an Energy
Development Fund which will provide small grants, on a cost-sharing
brasis, to support renewable crnergy development or extension projects.

The only project componint which involves direct USALD s-=lection
and fiacncing of physical facilities is the third component--establish-
ment of a network of nursery, species research, and afforestation/
agroforcstrv demonstration and extension centers. As discussed below,
these ceaters will have a3 positive long-term impact on the ecology
of the area. Other project components are discussed only briefly.

In compliance with the conditions set forth under Section LI of
the approved ILL: 1) USAID Venya will review the environmentel
impact of each propcsed fuelwoocd and agroferestry nursery, rescarch,
and evtension certer prior to commitment to procced with that center)
2) as part of the criteria for Energy Development Fund financing,
required that applicants (assisted by the MOE) diccuss the environ-
mental impact of proposed projects and programs ; and 3) as part
of the final project evaluaztion, the evaluation contractor will review
the environmentel impact of those technologies demonstrated through th:
Energy Development Fund which are proposed for more widespread
disscnination.

Any planning involving a change in the number of trees, the
floristic composition of the tree cover or izs spatial distribution
rust take into consideration all these functions of trees within what
appropriately can be called the national ecosystem.

I. AFEORESTATION AND AGROTFORESTRY

Forest Cover, Soil Erosion, and Land Productivity

The indigenous forests are valuable tools in the preservation of
Kenya's ecological balance between competing land uses, as major changes
in established land use patterns can have widespread consequences. In
particular, the removal of the protective forest cover reduces soil



wvater retention capability. This in turn increases run-off and exacer-
bates erosion problems and reduces the regular flow of rivers which
supply agriculcural areas downstream.

The most serious threats to effective watershed management comes
from the inconsiderate clearing of forest cover and land uses which do
not conform to the pnysical landscape and characteristics of the water-
shed. These practices invariably increase the r.te of run-off by exposing
the soils to the natural elemants. This in turn increases the momentum
of rapid soil erosion processes.

There is a close relationsnip between the vegetative cover and the
soill erosion in any watershed. A change in the vegetative cover affects
soil erosion through changes in the rate of run-off. Soil erosion, in
turn, affects agricultural producticn, the volume of water in che river,
flood levels in the down-stream, the water-retaining capacity of the soil,
etc.

The soil erosion due to run-off varies from place to place depending
upon the vegetative cover. The higher the vegecta:ive cover the
lover the soil erosion and vice versa. A relatively small change in
plant cover can result in a large difference in soil erosion.

The most serious effect of soil erosion is on land use. As a
consequence of soil ¢rosion, changes in land use become inevitable;
and the changes generally are from good agricultural uses to an
agricultural use with lower pruductivity. Occasionally, soil erosion
affects land use to an extreme extent, e.g. the land becomes a
complete wasteland.

Obviously there is an economic loss resulting from changes in
one azricultural type to another. The main cause of this economic
loss is soil erosion, and this in turn is caused by deforestation.
Therefore, the economic loss resulting from changes in agricultural
type can be directly linked to the effects of deforestation.

Unfortunately very few rigorous studies of the significance of
preserving forest cover for such ecolo,;ical needs as the maintenance
vl water catchment areas, the avoidance of svil erosion, and the
protection of wildlife and unique-ecosystems in the context:of “othar
competing claims on land use have been undertaken. A significant
exception is the work of geographer/hydrologist Dr. George S.
Ongweny, of the University of Nairobi. Dr. Ongweny undertook a four=
year field and laboratory study of ercsion and sedimentation processes
associated with deforestat}on in the Upper Tana Catchment, wh'ch
covers an area of 9250 kms“., The study revealed an overwhelming
influence of land use o>n surface water run-off and corresponding soil
losses and sediment pruduction. By taking into consideration various
conditions of slope, vegetation density and soil types, Ongweny found



for example, that gsediment production increaseds from about 15-20
ton/kmZ/ year in areas of cultivated steep slopes and high rainfall,
with limited soil conservation measures.l Ongweny concluded that

the cutting down of trees in tropical catchments decreases the
infiltration capacity of the soil and results in water, which formally
flowed to the streams through the soil, traveling downslope as

erosive overland flow. Thus, not only was the productive value of
the steep, unprotected cultivated land in the catchment's upper reaches
impared, but streamflow further down in the catchment was diminished
in volume, was less reliable throughout the year, and prone to flood
during times of peak <rain{all. Furthermore, the acceleration of
erosion specded up the filling up of downstream reservoirs, thus cur-
tailing their economic life. A further impact of deforestation is the
reducticn of wildlife habitat, which in Kenya can be econcmically
significant due te the country's reliance on wildlife viewing, for
earning foraign exchange.

Dr. Ongueny's investigation of the relationships over time between
land use, hydrologic cyclies, and land productivity within & major
Kenyan watershed potentially could provide a l'asis for a method of
environmental/econcmic analysis which could be employed fairly routirely
as decision-makers are confronted with land management decisions in
specific catchment areas.

Deforestation Trends in Kenva

As discussed in the body of this Project Paper, fuelwood consumption
appears alreacdy to exceed the regenerative capacity of Kenya's forested
areas, and rapid population growth will worsen this situation,

Since recorded production from gazetted forests supplies only an
estimated 137 of total fuelwood demand, it can be inferred that residual
demand is being met Ly private woodlots, uncontrolled forests in high
potential areas, and scrubland within the lower potential areas. In
addition, evidence indicates that in fact significant tree-felling has
been cccuring illegally within gazetted forest areas and on other
publicly managed lands.

According to Kenya's Forest Depar.ment Pelicy, most of the
indigenous forest areas are managed purely for the conservation of
soil and water, based on the understanding of the delicate biotic
relations existing in nature.“ However, visual inspection suggests
substantial tree-felling both purely for fuelwood (usually as feedstock
to small, inefficient charcoal kilns) or as a result of land clearing for
"squatter" settlements.

LOnegweny, George S., Ph.D. Thesis
2Kiilu, J.E.1. "Forestry Resource Management in Kenya.'" GOK/UNEP/UNDP
Project on Enviromnment and Development, April, 1980
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In several instances the removal of forest cover followed by
uncontrolled grazing and cropping has already caused serious soil erosgion
problems, in both mountainous forest areas and the semi-arid slopes
below such areas where spontaneous smallholder 'squatter" settlement
have resulted in wholesale clearing of large areas of natural forest.

3

Long-Term Inpact of Afforestation/Agroforestry Centers

The Propused network of afforestation/agroforestry centers will
comprise seed acquisition (both for the center's use and for use by
other nurseries or, where direct sowing is feasible, by farmers or
community tree planting groups), an experimental nursery to determine
vhivh species and varieties are most appropriate for the ecology of
the regicn, a production nursery to produce seedlings of the most
appropriate species and varieties, demonstration plots for both
traditionzl afforestation and mixed tree-crop systems, and an extension
group which uill both work with tree-planting groups in the region and
also work with externsion officers and farmers themselves to promote
mired tree-crop or tree-livestock systems (agroforestry).

It is intended that these centers will both overcome important
existing obstacles to expanded afforestation -- namely, availability of
seeds or scedlings of appropriate species/varieties and access to exten=-
sion advice regarding post-planting maintenance —-- and also demonstrate
and promcte lutegration of trees into agricultural and livestock systems
in ways which improve long-term =oil characteristics, increase crop/
livestock productivity, and provide local self-sufficiency in wood for
fuel and cther uses.

While the centers are expected to have limited direct impact, it is
intended that they provide a basis -- in terus of knowledge of appropriate
species/varieties, appropriate agroforestry techniques, and alternative
extension methods == for a greatly expanded national program. Such a
program complemented by a major effort to promote more efficient fuelwood
conversicn and use, is necessary to avoid the extreme vegetative
environmental ccnsequences of rapid deforestation.

Possible Short-Term Impacts

Establishment of the centers conceivably could have limited short-
term impacts. Land-clearing necessary to establish the center rould
cause local run-off and consequent soil erosion, water degradation,
fugitive dust, noise, and other impacts. These impacts should be
minimal in view of the small area teing cleared (15-20 hectares), the
priority placed on expansion of existing nurseries rather than establish=
ment of centers from scratch, and the need to minimize such impacts in
order to protect the seedlings to be grownm.

Ibid.



The second possible negative impact is that some species tested will
be inappropriate to the region and therefore have negative impacts on
the ecology of the area. For example, some heavy water consuming
varieties of Eucalyptus planted in Machakos District have been known
to dry up surrounding wells. It is the purpose of the species research
to identify such impacts, reject such species/varieties, and publicize
such results throughout the region.

II. OTHER PROGPAM CONFPONENTS

Other preogram conponents will have negligible direct environmental
impacts and are intended to promote long-term ecological benefits.

Planning Assistance: Planning assistance to the Ministry of Energy
is Intended primarily to prumote measures to use fuelwood and petroleum-
based fuels more efficiently, thus reducing the negative environmental
impacts of deforestation and ¢f petrolcum refining and combustion.
Individual measures adopted by the Government of Kenya -~ for exanple,
incentives to promote diesclization of matatu and taxi fleets --
conceivably could entall necative envirenmental impacts. For this
reason, long-terwm experts provided by USAID should be experienced in
asscising the environmental, as well as the socioeconomic, impacts of
policy and prosram alternaiives.,

Extonsion tssistance: Extension assistance will be oriented largely
toward orgarizations promoting afforestation, agroforestry, more efficient
cookstoves, and more efficient charcoal production methods. All of
these are 2upected to have positive long-tetm impacts on the ecology
of the region in which they are undertaken.

Extersicn assistance also will be provided to promote use of other
appropriate renewable energy systems (for example, wind-powered water
pumps) for specific applications where other forms of energy -- primarily
diescl units -- were planned. Such substitution of renewable for non-
renewable is expected to mave a positive environmental impact. However,
the application itself =-- for example, a borehole in an arid zone =--
potentially could have serious negative impacts. The original decision
regarding each specific application presumably already has been made
and is the responsibility not of the Ministry of Energy of its experts/
consultants, but of some other Ministry (e.g., for boreholes, the Water
Development, Lands and Settlements, Agriculture, or Livestock Development)
Nevertheless, the experts and consultants should feel obligated both
to recognize such potential negative environmental impacts and, in
cases where such impacts could be serious, to encourage re-examination
of the original decicion to proceed.

E-5



Energy Development Fund

The Fund will provide small grants, on a cost-sharing basis, for
afforestation programs or for the development and dissemination of
specific renewable energy systems. Some such systems conceivably could
have a negative enviroumental impact. However, the low ceiling
($10,000) for each project grant, the guidelines regarding technologies
to be preferred (small-scale systems with low capital investment)
and the demonstration nature of the projects funded make 1t unlikely
that any project cculd have a substantial local impact.

Noneflw.lec™,in order to receive EDF financing applicants will be
required to briefly discuss the environmental impact of their proposals.
They should be assisted i1n this effort by MOL, and the project experts,
Wherc a given technology conceivably could have ar important negative
envireonmental impact 1s in the decision to go from demonstration to
national cr regional dissemination/extension. Thus, as part of its
evaluation of Lhe outline Project, the evaluztion contractor should review
the potential environmental impacts of those EDF-supported technologies

which the Governm-~ut of Kenya has selected or 1s considering selecting
for broad dissemination.



IMPACT IDENTIFICATION AND EVALUATION FORM

Impact Areas and Sub-areas

LAND USE
1. Changing the character of the land through:
a. Increasing the population.....
b Extracting natural resources....
¢. Land clearing....
d Changing soil character....
2. Altering natural defenses....
3. Foreclosing important uses....

4. Jeopardizing man or his works....

5. Other factors....

WATER QUALITY

1. Physical state of water....

2, Chemical and biological states....
3. Ecological balance....

4, Other factors....

ATMOSPHERIC

1. Air additives....
2. Air pollution....
3. Noise pollution....

4. Other factors....

NATURAL RESOURCES
1. Diversion, altered use of water....
2. Irreversible, inefficient commitments....

3. Other factors....

Impact
Identification
and Evaluation

W ottt X

2 wWw =2 % 2 =
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E. CULTURAL

l. Altering physical synbols....

2. Dilution of cultural traditions.... N
3. Other factors.... N
F. SOCIOECONOMIC
1. Changes in economic/employment patterns.... L
2. Changes in population.... N
3. Changes in cultural patterns.... L
4. Other factors.... N
G. HEALTH
l. .Charging a natural envirionment....
2. Fliminating an econsystem element.... N
3. Othcr factors....
H. GENZERAL
l. Intecrnational impacts.... N
2. Controversial impacts.... N
3. Larger program impacts.... N
4. Larger program impacts.... N
5. Other factors.... N
I. OTHER POSSIBLE TMFaCTS (not listed above).... N
N- No environmental impact I- Little environmental impact
M- Mpderate envirionmental impact 1 -High environmental impact

U- Unknown environmental impact P~ Positive environmental impact
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1. Project Descrioction:

The Renewable Energy Development Project provides assistance to
the Ministry of Energy (MCE), and to a lesser extent to the Ministry
of Environnment and Vational Resources, to permit those bodies to
address pore effectively questions of energy policy and development
and application of renewal and non-conventional energy sources for
rurzl areas of Kenya. Projcct elements include:

(1) Initial planning and surveys;
(11) Insticutional development and training;

(111) Applied resear:h and deconstration of renewable energy
sources such as village/household level reforestation and agrofores-
try; wood and charcoal stoves; charccal kilns; blomass; solar energy
devices for heating and crop drying; water pumping systems; food
processing systems and szall-scale electricity for clinics, school
and other rural cervices; and

"iv) Monitering and Evaluation.

I1. Tdentification of Impacts:

Elements (i) and (11) of the project, which include training and
technlcal assistance in developing G0ils capability to formulate energy

planning and policy, primarily for rural areas, do not raise environ-
mental issues.

This negative determination applies only to laboratory develop--
ment of rencuable energy devices, If 1t is determined that any device
is suitable for replicaticn and village level testing, the possible
environmnental effect of such devices will Le carefully assessed and ro
devices will be tested 3dn villages unless such assesszents are positive.
Durinp the testing phasc of such devices, the environmental effects
causcd by the devices chall be closely monitcred and documented. This
information will be used to determine the adviseability of widespread
replication., If adverse .effccts are detected during the monitoring
phasc, measures to mitigate such effects will be developed 2s a part
of the testing procedure. Under no circumstances will hydropower sub-
projects be developed in advance of an environmental assessment.

III. Recor=mendation:

For tke above reasons, a negative determination is recommended.



ANNEX F:

GOK AND NON-GOVERNMENTAL ORGANIZATIONS

WITH PRESENT OR POTENTIAL PROJECT-RELATED PROGRAMS

Ministry of Energy

The Ministry of Energy was created by Presidential Circular No. 1/80
(8 January, 1980) with the following function; "Energy Policy and Development
Electric Power Development, Oil and Other Fossil Fuels, znd Explotation and
Exploitation of Non-Conventional Energy Sources-Wind, Biogas, Solar, Geothermal
Woodfuel etc." The Ministry has an authorized 1980/81 Budget personnel ceiling
of 146, but the total staff on board as of August, 1980 was below 1CO.

The :finistry is entirely a headquarters organization, with nn staff
ar the District level or below. It thus must draw upon other Ministries for
field extension support.

MOE is organized into four divisions--Policy, Monitoring, and Planning;
Technical; Administration; and Kesearch and Development. The R&D Division
ex.sis on papel only, as a home for a contemplated quasi-independent Energy
Technology Instituta., The other three divisions, which are staffed to varying
degrees, all will be involved in this project: The Energy Development Fund
has been assigned to the Administrative Division; the long-term Enecrgy Plan-
ning and Conservation Expert and rclated consultants are to work under the
Policy, Monitoring and Planuing Division; and the other long-term experts
and consultants will be housed in the Charcoal/Firewood Section or Non-
Conventional Energy Section of the Technical Division.

Ministry of Environment aad Natural Resources

Forest Departmert

The Forest Department is responsible for management of the GOK's
gdazetted forests (roughly 1.7 million hectares) including both indigenous
forests aad roughly 130,000 of industrial plantations. The Forest
Department also operaces the Rural Afforestation Extension Scheme (RAES)
started in 1977, which includes one extension officer and at least one
nursery pcc district,

The Department has a professional and paraprofessional staff of roughly
180J0~-ircluding forestry graduates, intermediate staff (foresters and

senior foresters), rangers, forest guards, and others--and an authorized
labor force of around 10,000 persons.

Department staff receives most of its training at Forestry Training
Colleg2 at Londiani. In addition, while most graduate foresters were
educated outside Kenya, the Department is beginning to recruit graduates from
the recently-formed University of Nairobi Forestry Program,
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The Forest Department has been c¢riticized for concentrating too
much research and operational effort on highland species for production
of saw timber and pulpwood. The RAES is the Department response to
such critcism. While the RAES is too new to be evaluated fairly its
field officers appear to be trying to establish an effective program,
but facing serious budget constraints, shortages of apprupriate seeds
and other problems,

‘This project potentially will involve most operations of the
Forest Department including RAES (rural afforestation nurseries and
extension and possibly improved charcoal production methods), conservators
of gazetted forests (woodfuel management and improved charcoal production),
the Conservator of Reasearch (as the logical coordinator and clearing-
house for species research results), and the Forestry College (extension
training). The good-will and cooperation of the Department thus is
important to the success of the project.

National Environmenial Secretariat

This organization is responsible for advising all governemnt ministries
on the role of environmental resoyrcesin Kenya's development. It plays a
coordinating role for non-governmwental organization tree-planting
activities. The Secretariat has recently stressed the concept of
"integrated" develcpnent planning particularly in the arid and semi-arid
lands of Kenya. The Mational Land Use Commision is part of the NES.

Ministry of Agriculture

A number of the programs of the Ministry of Agriculture are directly
related to the project, including soil conservation, home economics,
and small-scale irrigation. In addition many of its training and research
activities could be modified to incorporate renewable energy-related
corponents, such as Egerton College, the Agricultural Institutes,
farmer training centers, and agricultural research stations. A few of
these programs are discussed below:

Land Development Division-Soil and Water Conservation Services
Board (SWUSB)

The SWCSB has been working on tree resource applications to soil
resource conservation. Simple handbooks and training manuals have been
produced for the small farmer to help conserve soils particularly on
steep slopes. Approximately twenty-five nurseries have been established
to provide seedlings for on-farm utility. Pine, Eucalyptus and
occasionally Acacia are the species normally propagated. Results of
conservation extension information vary depending upon socio-economic
factors within each district. Exceptionally well-managed small and large
farms can be seen throughout the country. There has been some limited
coordination between activities of the SWCSB and the Forest Department.
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It is essential that the project draw on the expevience of the
SWCSB and work through its already existing nurseries to the extent
possible.

Land Development Division-Small-Scale Irrigation Unit.

The Unit is experimenting with renewable energy water pumping
technologies in small irrigation schemes.

Agriculture Extension Service

MOA has over 10,000 cxtension agents at the District Division, and
Location levels. These officers either have a three-year diploma from
Egerton College or a two-ycar certificate from Embu or Bukura Agricultural
Institutes

Home Economics and Youth Services Branch¥

This section was initiated in 1963. 1Its focus is broad including
agriculture, nutrition, income-genercting activities, labor-saving tech-
nologies 3and demestic $kills. Beginning in 1968 women were admitted
to the Kenya agricultural training institaZes, including the three-year
diploma course at Egerton and two-year certificate level courses at
Ewbu and Bukura Agricultural Institutes. The curriculum of home
econcmics training is devoted 607 to agriculture and 407 to home economics.
Home eccnomists io Fenva number approximately 325 including teaching
management and conctact staff (total »0A contact staff number over
10,000). Those at the District Divisional levels receive training at
Egerton or Agricultural Institute. A number of those below the division
level receive only a few weeks of formal training. The Hcme Economics
staff works with Farmer Training Centers, rural women's groups and
individyal rural families, but group approaches have been found to be
most effective, due to resource and staff scarcities,

In addition to limited training in alternative cooking technologies,
at Egerton and the Agricultural Institutes, some home economics officers
have visited the Karen Village Technology Unit. Orce they are placed
in the field, however, they have limited access co technical assistance,
materials (and transprotation) to carry out .his activity.

Miss Wagema, the Branch Head ,would like to establish small demonstra-
tion cooking technology demonstration units in each of the Farmer
Training Centers, as well as at the various Agricultural Shows. She
may be receiving some assistance in this effort from the German aid
agency.

In addition,the U.S. Peace Corps, USAID and MOA have begun a five-
year, $175,000 project to enhance the quantity and quality of rural
extension services available to women. The project is providing 21
PCV-Kenya counterpart teams with their own transportation, in-service
training, technical materials, and technical assistance in monitoring

* This information was largely obtained from "Rural Women's Extension
Service", an AID Sub-project (689-0385.13)
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and evaluation.
Home Economics officers could play a central role in owner-built

mud (clay) stove development and dissemination if they had more
training and technical assistance.

Ministry of Economic Planning and Development

Functions of this Ministry include national development planning,
assistance to rural planning efforts, and the Central Bureau of
Statistics. The Rural Planning Section of the MEPD is working to decentra-
lize development planning through the training of district development
teams, assisting in the formulation of district development plans and
finanring of local projects through the Rural Developmwent Fund. The Fund
represents about 17 of the total national budget. District Development
Officers have been given tlie "Authority to Incur Expenditures'
Fund%ng applications are revicwed by the District Development
Committees before final approval by the MEPD.

The Central Bureauof Statistics undertakes all statistical work
for the government including data collection and storage analysis and
interpretution. As part of its Integrated Rural Survey, CBS is working
on a houschold energy consumption survey.

The MEPD could play an important role in the project by conrdinating
energy conscrvation planning and data gathering and helping to involve

district level planning personnel in the project.

The National Council on Science and Technology

The NCST is responsible for the development of science and tech-
rology for Kenya. It approves and coordinates all public sector research
activities and operates a small research fund.

Ministry of Livestock Development

This recently created Ministry is responsible for animal industry,
production and marketing, range development and management, e tc. MOE
should work closely with MLD to promote the incorporaticn of combinzd
fuelwond/fodder trees in livestock programs in the arid and semi-arid
zones.

Ministry of Culture and Social Services

Women's Division

The Women's Division was created in 1975 to increase awareness and
disseminate information on the position and needs of women. Other
activities include, training, data collection and support to women's
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groups through community development officesrs. In addition to its
handicrafts and small business projects, the Division initiated an
appropriate technology project in 1977. Over 30 community development
officers were trained at the Karen VIU. They have discussed the technol=-
ogies with women's groups and 35 groups have asked for technologies to
try out. The materials are now being ordered.

The Division has also established a technical advisory committee
composed of representatives from several government ministries and
non-governmental organizations. It receives support from a number of
foreign donors including UNICEF, DANIDA and NORAD.

The Division could also play a role in mud/clay stove development
and dissemination through Community Development Officers and Assistants.

Community Development Division

Cormnunity Development Division programs include assistance to
Harmabee seclf-help projects, family life training centers (primarily nu-
trition education), craft development, women's programs and family
planning activities. It has a large field staff consisting of District
level Community Development Officers, which are trained at Xenya
Institute of Administration, and Community Development Assistants which
are ernloyed by the District Development Communitées and generally re-
CelVe limited in-service training. This Division could potentially
be involved in community tree-planting activities and cookstove intro=-
duction.

Ministry of Labor

Karena Village Technology Unit

The VTIU was created in 1976 by UNICEF and the Ministry of Housing
and Social Services (since reorganized) to provide a focal point for the
development and demonstration of appropriate technologies to promote
better family nutrition. It was placed in Karen, so that the village
polytechnic imstructors and staff (trained at the Karen Center for Research
and Training) could benefit from it.

The VIU is now receiving several thousand visitors annually, primar-
ily teachers, students, people from non-governmental development
organizations and government ministries. The VIU provides training
courses for VP instructors, and other groups requesting training. The
courses and workshops are often on-site. Several similar, but smaller
technology units have been established at the Bukura and Embu Institutes
of Agriculture, the Nakuru Agricultural Showground, the Ahero Family Life
Training Center and by the Development Coordinator of the Diocese of
Kitui,
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The technologies have received limited acceptance by the staffs own
admission. One reason is that people trained there do not have the seed
money to get started. The VIU would like to becowme involved in extension but
has limited funding and staff. Another constraint is that the VIU and the
Village Polytechnics were recently transferred from the Ministry of Social
Services to the Ministry of Labor and it is uncertain if their functions will
be modified and whether they will remain under this Ministry.

TRAINING INSTITUTIONS

The network of trainin: institutions in Kenya is extensive and complex.
There are ov:r 2000 government and non-government institutions, more than 2C0
of which arc operated by the govermment to train its civil servants, teachers
extension workers, and field technicians. University education includes the
University of Nairobi and Kenyatta University Colleze. There are also several
teachers colleges. In-service training is provided by the various Ministries
and. also at the Maseno and Mombasa Government Training Institutes and
the Kenya Institute of Administration. Pre-service training for different
fields is as follows:

Agricuiture Training Institutions i.clude the University of Nairobi,
Faculty of Agriculture which has B.Sc. and some MSc. programs, Egerton
College which gives a three-year diploma and the Embu znd Bukura Agri-
cltural Institutes giving two-year certificates. Graduates of these
institutes generally serve as the extension and home economics officers
at the location level, graduates of Egerton serve at the in-supervisory
positions at the Divisional level and university gtraduates serve at the
District level and above. In addition, there,are:

?w;At)—r1Ve Faroer training Ceniers in the major agricultural districts
offgrlng one-week courses to farmers in a variety ol agriculture-related
subJegts. The Centers have dormitories, teaching facilities and often small
test tarms. They charge a small fee for the courses, thus it is generally the
aboveaverage farmer who has the time and moncy to attend the courses.

_FoFestFy Training Institutes include the Forestry Training School at
Londiani which offers programs for foresters, forest assicerants
and forest guards and the University of Nairobi, Department of forestry,
the Department graduated its first clasec of eight in 1979, all of which are

nowtnmployed by the Forest Department. Another 15 wil? graduate this
years,

Barambee Institutes of Technology institutes provide socational training
for.secogdary school Jevels in mechanical, electrical, and agricultural
engineering, building trades, food processing, irrigation, and busziness
studies. Fifteen have been proposed and 12 are operational. Many of them are
well-funded and well-equipped.
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Village Polytechnics were established in 1966 to provide technical
training to Form 1-4 levels to enable them to become self-employed in
their own areas. Courses include masonry, carpentry, metal working, etc.
The courses inrclude some classroom activities, but primarily involve
"on the job"training. Tailoring and home economics training are offered
but the materials and classroom space devoted to these activities is limited.
The number of femalestudents appears to be considerably less than male
students. The government is now assisting over 200 VP's while volu-- °ry
agencies and local government are assisting another 150. They are - .a by
local management committees and staffed by instructorsvho are traim  at the
Center for Rescarch and Training (CRT) in Karen. Many VP's are constrained
bty a lack of funds for materials.

Non=Government Organizations

National Christian Council of Kenya (NCCK)

NCCK is an umbrella organization for about 40 churches/organizations.
It serves as a conduit between the churches and international funding
agencies. As well as provides technical, managerial, planning and training
projects and services of its own. It employs over 100 people many outside of
Mairobi, and has an annual budget of approximately 22 million Shillings.
NCCK projects with reler.nce to renewable energy use include afforectation,
cottage industries (including bakeries, and charcoal and firewcod selling)
urban comrunity Improvement, adult education, village polytechnics,
rural training centers, inproved animal powevr and small-holder irrigation
schemes.

NCCK's trec seed distribution program was started in 1977, to spread seeds
and knowledge of trees useful for dry areas. Assistance was provided to
organizations such as church groups, Village potytechnics and other rural
development projects and a seed bank was established. NCCK estimated in 1979
that over 50,000 trees were growing in dry areas as a result of the
project, and that demand for seeds continued to grow.

NCCK appears to have good extension capabilities and could potentially
play an important role in may or all of the project's components.

Yourng Women's Christian Asscciation (YWCA)

The YWCA has a membership of 3000 and 4 major branches in Kenya, Meru,
Mombasa, Kisumu and Nairobi. Its activities include providing courses to
and assisting women's groups in raising money, running youth hostels for income
generation, and serving as a community center for a number of different
activities. In April, the Nairobi YMCA hosted an appropriate techuvlogy
workshop for all African Y's, which included a trip to the Karen VIV,
The Kenya Y is selecting technologies from the VIU and areas for demonstration
with training provided by the VIU. The YMCA has a national staff of 5,
a Nairobi Branch Staff of around and small staffs, (primarily volunteer)
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at the other branches. Itzy work closely with gdovermment ministries, such
as the Ministry of Culture and Social Services, in implementing projects.

In those areas where it has strong branches, the Y could become involved
in both wood and charcoal stove development,; dissemination and training.

National Council of Women of Kenya (NCWK)

NCWK was formed in 1964 as a co-ordinating body for women's organizations
of which there are 41 affiliatcd and associate member groups. The Council
serves as an information dissemination source on women's issues, assistc
members in obtaining funding for their projects, and
has some development projects of its own. Its two most notable programs
are comrunity water supply (in cooperation with UNICEF, CARE, ect.) and
"Save the Laond Harambee' tree planting on public lands. NCWK has a very
small, primarily volunteer, staf{ in Nairobi. It works through Govermment
ministries at all levels in implementing its projects. With additicnal
assistance the NCWK could expand its tree-planting and public education
activities.

Maendaleo Ya Wanawake

This is a national women's organization formed in the early 1950's
with a membership of 100,000 individual and group members. It is working
to build up its field staff and now has 18 representatives at the Provincial
level and onc represcntative in each District(voluntary). Its development
projects include a maternal and child hcalth program covering four
provinces 1n cooperaticn with Pathfinder (financed by Federation of Women's
Institutes of Canada ($33,000 last 2-3 years); and a training program consis-
ting of the training of womer trainers (voluntary) in nutrition, and
economic self-reliance and income generation.

The group works through Government ministries in implementing its
projects. However, it believes it could run its own projects if it had

the funding to hire some staff.

If Maendaleo builds up its extension capabilities, it could play a
potential role in community water and stove projects.

Salvation Army and other Church Organizations

The Salvation Army has over 200 churches in Kenya and officers at the
national district divisional and church level. 1Its churches sponsor a number
of activities such as education, women's and youth activities. In addition,
they sponsor rural development projects including support to Village
Polytechnics, and 4 gclubs. The organization believes its strong point is
its ability to reach large numberSof people through church activities.

It could play a role in wood and charcoal stove promotion, particularly
through women's groups and village polytechnics and possibly initiate tree
planting activities t hfough 4-K clubs.
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Numerous churches are active in Kenya and seem to be divided
geographically with the Methodist church strong in Meru, the Catholic
church in Embu and Meru, the Quaker meeting in the West, the Anglican
Church (C.P.XK.) in Embu and the West.

Churches play an important role in bringing people together for
educational programs, church upkeep, social and nther group activities
involving women's groups and youths. Many of the churches run hospitals,
clinics and schools.

In addition, some church organizations finance and manage development
projects. The C.P.K, for example, placed a Development Secretary in Embu
District last year. He acts as a conduit between donor funding and local
development projects such as a maternal and child health program. Many
other churches also have Field Development Coordinators.

Because of their ability to reach even the poorest people, the chuvrches
should be encouraged to participate in both operational and educational
aspects of the project.

CARE

CARE 1s c¢ngag:d in long-term community development program in cooperation
with the Ministry of Culture and Social Services to assist rural communities con-
structing “@sic facilities necessary for development. It is also engaged in
a long-term wiater develcpment program in cooperation witn Ministries of Water
Develepment and Social Services. From 1975 - 1977 they assisted 49 rural
communities with materials for self-help water projects .{partial USAID
financing). During 1973, 43 other projects were initiated. CARE's major
role is to act as a condui: between the community and the MWD. Its engineer
and program coordinator incpect cach request before funding and sometimes
Stweblwes provide additional supervision of construction of system,

CARE could become involved in promoting and demonstrating community
wvater pumpilng systems.

The Peace Corps

The Peace Corps has been active in ¥erya for many years. At present
there are apprcximately 250 volunteers throughout the country involved
in a variety of activities including rural women's extension, agriculture
extension, water development and teaching. According to the Peace Corps
Mission Director,many volunteers would be interested in helping to
establish rural nurseries and assisting in extending technical information
on tree uses and their potential to rural farms and communities.

A number of volunteers have submitted proposals to the AID Improved
Rural Technology Project to obtain funding for such projects as small-
scale water pumping for irrigation and community water using windmills and
hand-pumps.



Peace Corps volunteers could play an important role in several agpects
of the project, however, it is important that the Y work within an existing
organization so as to institutionalize their activities.

Freedom From Hunger

Similar to CARE, it has projects in nutrition, education, tree planting,
village polytechnics, youth development, and crafts.

Technoscrve

Provides technical services to local enterprises through ma.agement
assistance and training, transfer of technology and assistance in locating
capital funds. Prejects in Kenya generally involve assistance to coopera-
tive credit and savings organizations, e.g. Harambee Coopera.ive Savings
and Credit Society, Drunvale Farmers Cooperative Socicty Lrd. More research should
be ?o?e on Techéoserviceé' interests amd capabilities before soliciting
thelr invelvement 1in the project.

Fartnership for Productivity

PFP is a private voluntary organizaticn whose main purpose is to improve
and cxpand rural small-scale Kenyan owned and managed businesses and
manufacturing enterprises. This 1s done through two protetype projects:
(1) The PFurel Enterprise Extension Service provides "en-site" visiting
of a wide variety of rural enterprises as a supplement to cleszroom training;
(2) the Rural Market Loan Scheme is a credit scheme to provide small enterpreneurs,
who would notrtherwise qualify for a commercial loan, experience in receiv-
inz, utilizing and repaying borrowed meney. (They have staff of extension
workers and consultants in Kenya.)

PFP has a USAID Opcrational Pregram Grant which may be extended. It
has propcsed a women in development project to AIL, consisting of hiring
a cadre of women consultants and extension workers, working with women
entrepreneurc,assisting women's groups to lobby with GOK ministries
and parastatals, etc.

Institute for Cultur:l Affairs

ICA is a nultinational, private voluntary organization with a stuff of
approximately 20 "internationals" and 200 Kenyens (many voluntary)
in Kenya. 1Its major activity is to stimulate village development through
a process of "village animation'" where by a village meeting is held and a few
villagers are selected to be trained at the ICA Human Development
Training Institute. Training covers such areas as identifying human
needs, utilizing local resources, govermment services and appropriate
technology in resolving problems and working communally. The trained
people are then sent to a village to work with the villagers in identifying
and undertaking development projccts. They have done this in ten villages, and
are now expanding to about 5 others and hope to increase the number each
year.
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International founcil for Research on Agroforestry

ICRAF is an autonomous, non-profit international institute with equal
Tepresentation from the developing and developed world which was established
in 1978. 1Its objective is to improve the nutritional, 2conomic and social
well-being of people in developing countries through the promotion of
agroforestry systems. It has sponsored a number of seminars, and workshops
on agroforestry, responded to requests for information, developed a 35-hour
lecture outline for a general undergraduate course in agroforestry and
prepared project preposals in 7 countries, including one in cooperation with
the University of Nairobi.

ICRAF could potentially become involved in curriculum development,
training and other aspects of the agroforestry component.

Baohab Farms Limited

This private organization is responsible for land Te clamation activities
associated with the Bamburi Cement Company in Mombasa. The limestone
mining procesc leaves a landscape composed entirely of steril (corral)
rock fragments. Using ecological principles and innovative management
techniques, Baobab TFarms have reproduced a landscape more productive than
surrounding degraded pastures.

Many ligumincus trce species and other tree varieties have bcen tested
and intrcdiuced to their reforestation programs. Baobab Farms could be
contracted to supply seeds of selected tree species, particularly the arid
and semi-arid varieties for Governmental and pon-governmental organizations
reccommended for involvement iu this program. Training programs in tree
selection, nursery practices and establishment should also be considered
in additiocn to seed production.

_Aprovecho Institute

The Aprovecho Institute has extensive experience in West Africa, Latin
America and ‘sia in cookstove development programs. Aprovecho has an
excellert record of cocoperating with lo-al goverument agencies, private
voluntary organizations and rural people themselves, in the participatory
stove design and construction process. An organization of this nature could
train Peace Corps volunteers prior to or during their tenure in Kenya,
field workers in community organizations such as the NCCK, Home Economic
officers and other potential stove building trainers.

Intermediate Technology Development Group

ITDG has submitted a cookstove research and development proposal to
the Karen Village Technology Unit. They are seeking to develop working
relationship with a Kenyan collaborating organization willing to commit
at least two counterparts and a physical design and testing facility,
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ITDG's proposal includes survey, communication, testing and outreach components.
Ihe cost of this program would be primarily for two Kenya staff members,

test equipment 2nd rraveling and material cost during survey field test-

ing and extension phases. ITDG's technical assistance to the programs

wouid also be substantial,
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Renewable Energy Devclopment:

Project 615-0205%

LoCTON ety
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Narrative Summary

Objectively verifiacle indicarurs

lﬂcans of Vuriligil.ﬂﬂl LUaCTlanl wssumpliony

A.

Goal level

Reduced advorse impact of fossil
fuel imports on Kenya's balance of
payments and progress toward
achievement of a balauce in wood
fuel supply and demand.

Reduced dependency on imported
fusls for industry and trans-
portation.

Universal deployrent of petroleam
fuel conservation mes.ures an the
modern sector and wood and charcoal
conservation among the rural and
urban poor.

Increased woodfuel production.

Increased use of renewable encergy.

Survey:s, import
statistics

Pglficy document,
observarlon,
veys

sei e
sur

Survey, Rcmote
censiag, ground
checks

Survey,site visits

l.Energy coacervetion snd encrgy
projtacs to ex” lott rencwable
Cnergy TwwourZes are a high
COK priority trit prevatlls
throughout government prograss.

Purpose level

To establish a capability in the MOE
to formulate policy and to plan,
oversee implementation of, provide
technical assistance on, monitor

and evaluate renewable erergy pro-
grama and energy conservation
meagures in all sectors of the

econosy.

Identification and implumontacions
of measures to improve the cffi-
clency of use of perroleum znd wood
fuels.

MOE providing encrgy expertise to
support other govt. and privarte
entities.

MOE providing nursery/cxtenciorn cun{
ters as apunts for tcciinolegy trans+
fer on afforestation, forest manage
ment and agroforestry technigues
appropriate to each ecological wone.
Effective use of Encrgy Lavelopment
Fund to promote new ideus, enhance
existing technologies and to insti-
tutionalize energy saving and rencw-
able resource tech.in Kenya.
Capability in systematically aval-
uating cnergy technologics and
extension metheds to ensure that
lessons learned are intcgrated into
now and existing programs.
Formulation and establishment of
national energy policy.

Policy documents

OLservation, inter-
miniscerial
committee
obscrvation, annual

rs=ports

annual reportes,
roritoring, site
visics

monitoring and eval-
uation plan form-
ulated, MOE staff
trained

Policy documents

1.The COX is a%le to succestfully
marshall the cooperation ond
colloboration c¢f varifous Min-
istries, parastatal and private
entities to effecrively implement
its encrgy policies and progreas.




mpo-tant assumptions

Narrative summary Dbjectively verifiable indicators pieans of verdficard
8. Ovtput level

1.

2.

i

6.

10.

11.
12.

15 trained energy planning,
conservation and renewable energ
staff for MOE
Up..to 6 nursery/extension cen-
ters established in conjunction
with existing nurseries.
Info. and technologies in
afforestation, forest manage-~
meat and agroforestry dissco-
inated. "¢
Completed energy consumptior »
production surveys in indusctry,
transportation, households.
Analyses of encrgy resources,
pricing, marketing, distribution
completad.
An-.expanded renewable energy
curriculum {n Kenyan training
institutions, trained faculey
assigned thereto, teaching
materials printed.
Established Energy Data Bank and
Library.
Demn~nstration activitics in:
-agrofarestry
~-woodlot management
-improved coockinyg devices
~improved charcoal production
t2chniques
-other rencwable energy tech.
Evajuations of the effectiveness
of vartous technology decmonstra-
tfons and extension rathods,
tetablished Energy bLeveloprment
Fund to support progracs anrd
dexonstrutions iisted asove.
Feasibility study on metal cook-
stoves iar urban use.
Completed informal survey of
local nursery and tree planting
activities.

1.

h2.

Training courses attended.

Centers established.

Trees planted

Surveys complztad and analyzed.

Analyses ccmpleted.

Curriculum materials printed,
courses held, teachers assigned.

Fz-ilities estzblishoed, librarign
trainaad.

Trees planted,
charcoal production methods, and othe:r
technologies being used.

improved cecking devicce:

Evaluation reports, pirocess documenta~
tion, znnu3l reports.

Charter comnleted, o plicatisns re-
coived, loans and goonts moade.
Study cozpleted.

Report produced.

Inspect certificates
Fice visit

Informal field sur~

vey, records of

hurseries.

Read reports

Read analyses

trainingice materials,

Jisit

3,Moritoring and

evaluation, site
visits.

Read reports

inspect charter,
applicztions,
lgan/yyant pipers.
R..ad study

Read report.

MOL is fully staffed and
operational within 12 month
of approval of project.
U.S. contract personnel on
board by June 1981.
Contract arrangements made
with other Ministries by
Auzusc} 1981.

Organizations and groups
apply for Energy Developmen
Funding.



c.

Output level (continued)

13.

14.

15.

16.

Completed informal survey of
cookstoves use and cooking
methods, jiko and pottery makers,
and informal ~harcoal production.
Completed informal survey of
operation and maintenance
experience with windpumps and
hydraulic rams.

Developed material for and
conducted workshops on the
various technologies.

Other informational material
developed.

13. Kkeport produced

14. Report produced

15. Materials printed, workshops held.

16. Materials printed and available

13. KRead report

14. Read report

I15. Inspect mat-
erials, attena
workchops

16. Inspect mat-
eriale.

D.

1a
1.

2. Training

ut level
Technical assistance

a. Energy planner/project man-
ager (3 years)
b. Forestry/extension expert
(3 years)
¢. Agro‘orestry ¢xpcrt (3 yrs.)
d. Wood/charcoal expcrt (18 mo.)
e. Renewable energy water Lump—
ing expert (18 wmo.)
f. Short term consultants:
-implmentation planning for
fuelwood/agroforestry centers
-Enargy Data Bauk and Library
-Energy policy, informacion
systems, conservation
-curriculum development,
training, extension

a. 1n use of AL-EDIS system

b. energy planning and rencw—
able energy

c. extension officers for
centers, other extension
officers, field staff

d. informal workshops

e, observational tour training

1. Contract signed.

2. People hircd.

3. Scopes of work, duticc and
qualifications prepared.

1. Courses attanded
2. Workshops held
3. Trips caken

1.Ezamine contract
2. L[xémine
3 13

1. Inspect
certificates

2. Visit work-
shops

1. Project authorized.

G-3
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3. Commodities 1. Materials delivered 1. Inspect purche ¢

a. Books, periodicals and orders.
library equipment

b. curriculum and other edu-
cational materials

c. three vehicles

d. wonitoring and testing
ecquipment

@. 6 pick-up trucks

£. 1 station wagor

g. 1 Land Rover

h. 6 tractors with trailers
{. 2 disc ploughs

j. 2 disc harrows

k. 1 subsoiler

1. fencing material

m, tree seeds

n. survey equipment

o. tools

p. office supplies

q. photographic supplies




ANNEX H. ENERGY DEVELOPMENT FUND

The project will provide consulting assistance and initial capital
necessary to establish an Energy Development Fund. The purpose of the
Fund will be to promote development and dissemination of innovative
renewable energy technologies and extension approaches, with emphasis
on those technologies and extension approaches likely to benefit AID's
target population groups, as defined in the Country Development Strategy
Statement (CDSS).

Of the initial capital for the Fund provided under this project,
one-half is to be allocated to soft-loans or grants to govermmental or
non-governmental organizations to support broad renewable energy demonstra-
tion or extension programs. The other half will be used for soft-loans
or grants to governmental or non-governmental organizations to finance
specific demonstration projects. Both types of loans/grants will be
provided on a cost-sharing basis, with the recipient expected to provide
a minimum 257 matching contribution to the program or project.

I. General Grant Criteria

1. Technolozies

For both types of loans/grants, renewable energy technologies
directly benefitting AID target population groups are to be given priority
and will account for a minimum 757 of grant funds awarded. These technologies
include:

-Community afforestation/reforestagion;

-Small holder afforestation or agroforestry (including integration
of trees into cropfarming and/or'livestock systems);

-Improved wood or charcoal stoves (including owner-built and
commercial mud/clay, metal, and pottery stoves);

-Solar warmers (e.g. hay-box cookers);

~Improved small-scale charcoal production methods;

-Use of wind or water power for small-scale community water
supply systems serving AID target groups;

-Use of wind or water power for small-scale informal sector
industry (e.g. posho mills);

-Solar drying of cash crops or foodstuffs raised (but not
necessarily processed) by small holders;

-Low=cost human or animal-powered equipment for small holder or
rural village use (e.g., hand or pedal powered grain grinding
or water pumping);

=~Low-cost methods for heating/cooling traditional urban or
rural dwellirgs (e.g., improved thatch insulation);

~Low-cost heating/sterilizing or chilling devices for rural
health centers (e.g., solar water boilers); and

~Other technologies which can be shown to be useful to,
affordable by, and appropriate to the socio-economic character-
istics of any of the target groups.
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2, Orlanizatiggg

Soft-loans or grants under either component may be made only
to officially constituted organizations, including GOK, NGO's, registered
Harambee groups, and private sector corporations, partnerships or sole
proprietorship. In addition, the MOE may provide loans from the Fund
to the Agriculture Finance Corporation (AFC), Kenya Industrial Estates
(RIE), or other official financier agencies who may re-lend to private
farmers, private businessmen, or other qualified individuals.

3. Economics

An applicant for either type of loan/grant must show that the
technology demonstrated or disseminated can be produced and delivered
within a cost range which is likely to make it economically attractive
to the potential users. This economic analysis may take the form of
a simple payback or discounted cash flow analysis or a cost comparison
versus whatever system(s) would be displaced by the technology or
technologies being demonstrated or disseminated.

4, Cost Sharing

Grantees or loan recipients must themselves fund at least 25%
of the proposed program or project.

II. Program Grants/Loans

Specific Criteria

(1) No single organization may receive more than $75,000 in program
grants or loans under the AID-financed portion of the Fund.

(2) Organizations must demonstrate capability and experience in
the gereral field of the loan/grant application. That is, an applicant
proposing to test cookstoves must demonstrate an existing test capability,
an applicant proposing a tree planting extension must demonstrate
proven extension experience etc. Organizations already reviewed by
the AID Project Design Team and judged to be generally capable in specific
areas are presented in Table H~l. This list should not, however, be
interpreted as AID endorsement or recommendation for funding.

(3) No more than one-third of the AID-supported portion of the Fund
will be allocated to GOK organizations.

Application Review and Approval Process

The MOE will solicit program grant or loans applications at least
annually. The MOE will formally advertise for applications and will
meet with organizations such as listed in Table H-1 to solicit interest
well in advance of the applications date. Applications will be submitted
to and reviewed and approved by MOE, which will hold the Authority to
Incur Expenditures (AIE). Loan/grant approvals will be signed at the
Deputy Permanent Secretary level or above.



Copias of program loan/grant applications relating directly to
the activities of other GOK ministries will be forwarded bv MOE to those
ministries for review. A list of such review bodies is presinted in
Table H-2. Other ministries' comments are advisory only. Final grant
approval authority resides solely with the MOE.

I1I. Project Grants/Loans

Specific Criteria

(1) No single project grant or loan may exceed $15,000, and no
single organization may have more than two project grants or loans out-
standing at the same time,

(2) As discussed below, no project with a local demonstration or
extension component will be funded without prior written District
Development Committee (DDC) approval,

(3) To assure distribution of projects throughout the country,
each Province will be allotted a minimum level of project loan/grant
funding which it car expecc the MOE te commit to projects in its
Frovince unless project applications are totally unsuitable. Such
provincial quotas will take into account AID target regions and population
groups as defined in the CDSS. The MOE and the projects loug-term
experts will assist each Province to develop suitable projects up to
at least the Proviii..e's minimum quota level.

(4) Within each Province, preference will be given to projects
in areas where AID target population groups are concentrated and to

projects in which members of such groups are active participants.

Applicetion Review and Approval Process

The MOL and District Development Conmittees will cooperatively
solicit project grant applications at least annually. The MOE will
advertise loan/grant availability to all DDC's, and MOE representatives
will discuss the Fund personally with as many DDC's as possitle. Thesn,
a single pational solicitation, including both national and local
advertising/notification, will be held.

Grant or loan applications from Nairobi-based national organizations
where the proj~ct does not have a local demonstration/extention component
will be submittad to the MOE. All other grant or loan applications will
be submitted to the appropriate DDC or, in the case if Nairobi, the
Nairobi City Council for review and approval. DDC's and the Nairobi
City Council will, by a date specified, submit their approved application
to MOE. From this group plus non-local project grant or loan applications
which it has received directly, MOE will select project for funding.

IV. Fund Administration

MOE will provide both technical and schedule monitoring and financial
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management of all program and project grants or loans awarded under the
Fund. MOE technical experts or advisors will meet with each organization
receiving a progyram grant or loan and to the extent possible each
receiving a project grant or loan in order to provide technical assistance
at or near the start of the program or project. MOE also will provide

all grantees with standard quarterly and annual cost, schedule, and
technical reporting forms. Reports for all grants will be reviewed

as part of the annual Renewable Energy Development Projezct reviews

and as part of the AID Mid-Term Project Evaluation,

MOE will establish suitable accounting procedures for disbursing
funds and assuring that funds are properly spent,

MOE will conduct a simple financial, technical, and management
audit at least once Jduring each program or project, on or before the
eighteenth month from grant award or completion of the program or
project, whichever is earlier. For local demonstration/ecxtention
projects, participation of District or Division Rural Development Fund
(RDF) administrator or other designated DDC representative will be
golicited and encouraged.

MOT will provide for closing out all grants at the end of the
program or project, including receipt of the final report, final invoicing
and reconciliation, and MOE final program/project evaluation. Ten percent
of the RDF amount for any grant will be held back and disbursed only
upon receipt of a suitable final report and of all necessary financial
records.

Within the framework provided above, administration of the Fund
should be kept as simple as possible. The application review process
should provide for speedy approval at each, level. Financiel and admin-~
istrative reporting and other requirements should be kept simple and
appropriate to the small size of each loan/grant, due to the desire tn involve
local groups who may be better at local innovation and extension than
they are at filliing out forms, and the intent of using the loans or
grants to accomplish tangible results rather than to create paperwork.
Two useful models in this respect are the Rural Development Fund and
CIDA's "Mission-Administered Funds" Program.



TABLE H-1

TLLUSTRATIVE PROGRAM LOAN/GRANT CANDIDATES
ENERGY DEVELOPMENT FUND

AFFORESTATION MOA Soil Conservation Program
MENR Rural Afforestation Extension
Scheme
National Christian Council of Kenya
(NCCK)
National Council of Kenya Women
(NCKW)

Peace Corps

OWNER-BUILT STOVES MOA Home Economics Department
MCSS Women's Bureau
Peace Corps
Egerton College
Bukura, Embu Agricultural Institutes
Farmers' Training Centers
Karen VTU

COMMERCIAL STOVES NCCK
Village Polytechnics
Kenya Industrial Cstates
Partnerstip for Productivity
MENR Forest Department

CHARCOAL PRODUCTION Village Polytechnics
Kenya Industrial Estates

WATER SUPPLY SYSTEMS Ministry of Water Development
Peace Corps
Kenya Industrial Estates
CARE
MOA Small-Scale Irrigation Program



TABLE H-2

ILLUSTRATIVE GOK REVIEWING MINISTRIES
ENERGY DEVELOPMENT FUND

AFFORESTATION/ Environment and Natural Resources
AGROFORESTRY Agriculcture
Livestock Development
OWNER~BUILT STOVES Agriculture
Culture and Social Services
COMMERCIAL STOVES Industry
CHARCOAL PRODUCTION Environment and Natural Resources
Agriculture
Industry
WATER SUPPLY SYSTEMS Water Developaent
Agriculture

Land and Settlements



Table A-

KEY PARAMETERS AP ETHANOL PRODUCTINN FROM DIFFFPENT BINMASS MATERIALS

[}
Unit Molasses Suearcane E::g:xgil Corn ./
A. YIFIDS
Frhanol Yield/ton of Biorass liters/ton 270 10 180 370
Bicrass Yield/ha of land b/ tons/ha n.a. 50 12 6
Ettancl Yield/ha of land 1{ters/ha n.a. 1,500 2,160 2,226
Y. PROTFCSTNS TLANTS
Feen=te Plant S{re Range l{ters/day AD= 200 NNN 120-240,000 60-120 000 120-246.,7r00
Nu~mher of Cper.tine Tavs days/ycar 1RN 180 275 275
Annaal Production In 120,000
Iftoes/eay Flant - millton Mrcers/year 21.6 21.6 .o 11.9
- million US pulluns/year $.7 5.7 6.9 A,
- tons/ycear 17,100 17,100 26,100 26,130
In<talled Cost of 120,000
Tltess/day Thane tn:
- lcv Cost Crontries = o/ Ussmillions 6.8 7.6 9.1 9.1
Medig= Cest Ceountries o/ USéstllierns 1.6 9.5 11.4 11.4
- Hiyh Cest Crurtries =’ LSSmilltons 11.4 14,3 17.2 17.2
CLOFONIOT RS GASOLTTU SUDITINE
Fx-Plant Bfe=asas Taw Material Cnst
{1 FR </
- fp USSIL/YUL TOM Crude & Uss/een h2 34 13 reg. o
- AL USSIS/MUL Fod Crade £ Uss/ton 0 16 17 1.2 1
- At USSLI/NE] FUR Crude & UsS/ton 85 2n 23 1.9 &
Fx-Tlant 3Merzss Taw Material Cose
fo1 A7 FRR S/
- AU USEUL/IBL TR Crode ¥ rs$/ten a5 14 14 nez. o,
- AU USI¥3NNNL FOR CSrude £ Uss/ten 73 17 19 1.4 T
- At USELI/%E1 FOS Crude &/ S$/ten 20 22 25 R

a/ Rased on current desiyns and fuel oil as fucel souarce.

b/ kas.d on curtiunt average vields {u Prazil, except for corn which is based on US average.

¢/ iew cost country data for suearcane plants hosed con 8razil cests, others on data supplied by
savfous seurces and extrapelacicns bty Rank staff. All costs {n jate-1979

di lot covntiies,

e/ A ;itng cethanol valee equal te that of gasoline In velume terms, Casoline price assumed as 1,1
tires that ol ex-refinery lirht Arabian Crade price, by velume: thits relacicnthin assurced to gr
dewm vith fncreased crude prices. Crude price assumed te Increas~ at Y p.a. In real tevos,
yascline price at 2,57 p.a., and raw material cosc at 1.00 n,a,

f/ For cern USS/bushel, One bushel welghs 56 1bs. ne ten cquivalent te 35.4 tushels,

vollars,
rodlum cont

World Bank

Industrial Trojects Department

May 1980

BEST COPY AVAILABLE



ANNEX O. PERSONS INTERVIEWED

Mr. Mbote
Mr. Opundo

Mr. Wairegi
Mr. Kariuki
Mr. Nyoika
Mr. Mathenga
Mr. Bailey
Mr. Gathinji
rir., Std

Ministry of Energy
Nairobi

Mr. David Kamweti

Mr. Mbindi

Mr. Ciera

Foresters

Ministry of Environment and
Natural Resources

Nairobi

Dr. G.R. Rogalsky
Deputy Director
Wildiife Planning Unit
MENR

Nairobi

Dr. Walter Lusigi

Deputy Director

National Euvironmental Secretariat
Naiorbi

Mr. Moses Mukolwe
Head Land Development Division
Nairobi

Miss Grace Wagema

liead Howe Economics and Youth Branch
Ministry of Agriculture

Nairobi

Mr. Waithaka

Head Crop Production Division
Ministry of Agriculture
Nairobi

E.G.P.DeNooy

Land Develogment Division -
Small Scale Irrigation Unit
Ministry of Agriculture
Nairobi

Dr. Carl Wenner

Soil and Water Conservation
Services Board

Ministry of Agriculture
Nairobi

Mr. George Hunt
Planning Division
Ministry of Agriculture
Nairobi

Dr. John Cohen

Deputy Assistant/Program Head
Harvard Institute for International
Development

Ministry of Agriculture

Nairobi

Mr., S. Makondiege

Deputy Director

Ministry of Water Development
Nairobi

Mr. Munoru

Self-Help Division

Ministry of Water Development
Nairobi

Mr. Dixon Migwi

Geology Section

Ministry of Water Development
Nairobi

Mr. Masa Khalia

Ministry of Economic Planning and
Develcpment

Nairobi



ANNEX O.

PCRSONS INTERVIEWED

(cont.)

Mr. Aburu-Kene

Central Bureau of Statistics
Ministry of Economic Flanning and
Development '
Nairobi

Mr. Aleki-Dondo

National Council on Science
and Technology

Nairobi

Mr. Klaus Bethke

AID Rural Planning Project
Ministry of Economic Planning and
Development

John D. Gerhart
Program Advisor

The Ford Foundation
P.0. Box 41081
Nairobi

Mr. Richard Dussick
The World Bark
Washington, D.C.

William I. Jones
Economist

The World Bank
Washington, D.C.

Dr. Mikael Grut

Forest Economist

FAO/World Bank Cooperative Prograr:
Rome, Italy

Dr. Peter Newhauser

EEC Program Officer

Machakos Integrated Development
Program

Machakos

Ms. Coralie Turbitt
Director
Peace Corps

Ms. Sara Lucalo
Peace Corps

Dr. Hugh Lamprey
UNESCO

Integrated Arid Land Development
Program
Nairobi

Dr. Gordon Goodman
Director

Beijer Institute
Stockholm

Dr. Phil O'Keefe

Beijer Institute/

Clark University

Nairobi (National Environmental
Secretariate)

Cheryl Rounturner
UNIDO Office
Nairobi

Mrs. Chiuli
UNICETF
Nairobi

Mr. Merrill Conitz

Facility Director

Regional Remotc Sensing Center
P.0. Box 18332

Nairobi

Richard Manderu
Philip Hesreic
John Polgereern
UNICEF
Karen

Dave Mied
Peace Corp Volunteer
Kitui District

Stanton Smith
UN
Nairobi

Harry Rook
Engineering Advisor
EEC



ANNEX O.

PERSONS INTERVIEWED (cont)

Mr. James Kanyua

Department of Mechanical Engineering
University of Nairobi

Nariobi

Mr. deSousa

Department of Electrical Engineering
University of Nairoti

Nairobi

Mr. Donald Thomas
Agricultural Engineer
University of Nairobi
Nairobi

Dr. Dighy Swift
Department of Physics
Kenyatta University College

Dr. Steven Kiongga~Kamau

Department of Mechanical Engineering
University of Nairobi

Nairobi

Mr. ORoola

Institute for Meteorological Research
and Training

Nairobi

Gichuki Muchiri

vepartment of Agricultural Engineering
University of Nairobi

Nairobi

Prof. John Kokworo
Department of Botony
University of Nairobi
Nairobi

Dr. Fred Oweno
Faculty of Forestry
University of Nairobi
Nairobi

Dr., Rene D. Haller
Director

Baobab Farm, Ltd.,
P.0O. Box 90202
Mombasa

0-3

Dr. Wangari Maathai

Chairman

National Council of Kenya Women
Nairobi

Mr. J.M Nightingale
P.0. Box 23
Njoro

Mr. Norman Myers

Consultant in Environment and
Development

Nairobi

Mr. Harold Miller

Director Rural Development
National Christian Council
Nairobi

Program
of Kenya

Dr. Paul Paetkau

Ecologist

National Christian Council
Nairobi

of Kenya

Mrs. Kadzo Kogo
National Christian Council
Nairobi

of Kenya

Mrs. Margaret Mugo
General Secretary
YWCA

Nairobi

Mrs. Jane Kiano, National Chairman
Mrs. Onsando, LCxecutive Officer
Mazndaleo Ya Wanawake

Nairobi

Mrs. Sandra Rafas
Institute For Cultural Affairs
Kawangware

Roger King
NCCK Consultant

Mr. Dilg
German Development Assistance
Nairobi



ANNEX 0. PERSONS TNTERVIEWED (cont)

Mra. Walter

Head of Women's Programs
falvation Army

Nairobi

Randall Baker
(Advisor to NES)

Mr. E.G., Mugara
District Water Engineer
District Water Office
Nyeri

Mr. J.Kamau-Principal
Provincial Water Bailiff
Provincial Water Office

Embu Institute of Agriculture
Embu

Mr. Peter Young
Training Director
Village Technology Unit
Cmbu

Mr., Steven Wiggins
Assistant Planner
Provincial Planning Office

Brothers N
lfichale, Peter, Christopher
Muega Catholic Mission
lyeri

Andrew Clark
Technical Missionary-NCCK
Naryuki

Mr. Ndiritu

Lecturer in Botony

Kenyatta Univ +»sity College
Embu

0-4

Mr. Mwangi

Director

Karurumo Village Polytechnic
Embu District

Rev. John Keys
Methodist Missionary
Meru

Mrs. Beatrice Kiruja
District Home Economics Officer
Meru

Mrs. Sally Innes
Div. Home Economics Officer (PCV)
Meru

Mr. Nels Christiansen

Water Engineer

District Water Qfficer (PCV)
Meru

Mr. Kaburu

Director Meru Museum

Meru Group Fuel and Fertilizer
Coop~-Kitmirune

Mr. Richard Innes
District Agricultural Officer (PCV
Meru

John Davies

0l Pegeta Ranch and neighboring
Mutara Ranch

Nanyuki

Mr. Njiraini

Forest Officer

South Marmonet Forest Station
Nyahurvru

Mr. J. Kabura
Crafts Training Center
Nakuru



ANNEX O. PERSONS INTERVIEWED (cont)

Dr. Koech Mr. Davinder Lamba
Rift Valley Institute of Ms, Diana Lee~Smith
Science and Technology Ms. Lousie Buck
Nakuru Mazingira Institute
Mr. Onyeit Philoman Tones
District Community Development ICRAF

Officer

Nakuru

Mrs. S.A. Ombwara (Home Economist)
Dr. P.T. Obwaka (Principal)

Mr. E.P. Misiko (Technician)
Egerton College

Njoro

Mr. C.C. Wekullo
Provincial Planning Office
Kisumu

Mr. P.N. Muchiri
Provincial Water Engineer
Kisumu

Mr. J.T. Hansen

Provincial Planninc Office
(Rural Development Officer)
Kisumu

Mr. Nashan Qkwaro
Plough and Allied Products LTD.
Kisumu

Ms. Lucy Waithera
Divisional Home Economics Officer
Vihiga

Mr. Lubarga
Parnership for Productivity
Kakemega

Mr. Hutchinson's assistant manager

Hutchinson Co., Tunnel Farms
Ft. Ternan

0=5
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I. SUMMARY

The Renewable Energy Development Project (615-0205) provides $4.6
million over a three year period (FY 1981-1983). The project purpose
is to assist the Government of Kenya (GOK) in developing appropriate
energy policies, with an emphasis on renewszble and non-conventional
energy resources and technologies, especially as will benefit rural
areas., A draft Logical Framework is at Appendix A,

01l is the major source of conventional energy in the modern sector,
and with no proven oil deposits, the importation of oil is having a
crucial impact on the country's balance of payments. Hydro and geother-~
mal resources for genera'ing electricity are being developed, but with
the rising demand for electricity, the known resources will be sufficient
to meet the demand for only another 10-15 years, if all resources are
fully exploited.

Nearly 90 percent of the population depends for cooking and other
energy requirements upon fuelwood and charcoal. This situation is
causing depletion of Kenya's forests resulting in degradation of the
environment, e.g., soi' run-off and river siltation,

The GOK recognizes the urgent need to develop renewable and non-
conventional energy resources and tc arrest the depletion of wood stock.
The newly formed Ministry of Energy has been mandated to deal with energy
pelicy and with development and application of renewable energy tech-
nologies appropriate to the socio-economic, cultural and climatic
conditions of Kenya. Assistance is provided for preliminary planning
and surveys of national energy use, with emphasis on appropriate rural
uses of renewable energy including fuelwood, Initial staffing and follow-
on training is included to strengthen policy formulation, planning,
evaluation and services capabilities within the MOE, and for outreach
activities. Selected feasibility and demonstration projects are sup-
ported in order to permit MOE and the Ministry of Environment and Natural
Resources (responsible for the afforestation program) to deliver the
"state of the art" for use by the people, especially the rpral poor.,

Minor but cost-effective assistance will be provided to the Ministry
of Works in the energy-efficient design of public buildings. Monitoring
and evaluation ¢f project effectiveness will be conducted in a format
designed to encourage the dissemination of lessons learned.

Major project elements include (1) inmitial planning and surveys
($850,000); (2) institutional development ($1,700,000); (3) applied re-
search, demonstration activities and feasibility studies ($1,750,000); and
(4) monitoring and evaluation ($300,000). Principal inputs include
short and long-term technical assistance $2,800,000); training ($1,050,000);
and commoditie s ($750,000)., All elements are of course subject to review
and change during project design, '

USAID would expect to approve this project at post, following
AID/Washington PID approval and initiation and completion of project
design, Authority to include in th2 project authorization approval
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to permit purchase of non-U.S. source vehicles (Land-Rovers) at a total
cost not to exceed $100,000 is also requested., In view of the importance
of the project, it is proposed for FY 80 funding should funds prove
available,

IX. BACKGROUND

A. Kenya Energy Problems

1, Conventional Energy*

The sources and consumption of conventional energy in Kenya
in 1978 were as follows (all figures in '000 Tonnes oil equivalent);

Coal and coke imports - 34.8

0il Imports - 1659.9

Hydro Energy (local production) - 257.5

Hydro Energy (impoited from Uganda) - 52.1

Total Energy Consumption - 2004.4

Local production as percentage of total - 12.8

Per capita consumption in terms of kilogram of
oil equivalent - 135

(1) o0il:

0il is the major source of conventioral energy in Kenya =
it accounted for more than 80 percent of total conventional energy
consumed in 1978, The amount Kenya has spent on net imported oil has
increased from K£1"" million in 1973 to K£47 million in 1978, so that
now about 23 percent of the nation's foreign exchange earnings is used
for petroleum, Kenya imports about 13 million barrels of oil annually,
While exploration for oil continues, no major resources have been found
to date,

Following general patterns found in most nations, the transport sector
is the largest consumer of oil, accounting for 64% of the total use,
Industrial and commercial enterprises account for another 25%;and the
rest for lighting and generating electricity in thermal plants,

There has been a consistent upward trend in consumption
of petroleum products since 1974, the increase from 1974 to 1978 being
24 percent, Most of the increase in consumption in 1978 compare- to
1977 occurred in sales of motor spirits, jet fuel, illuminating kerosene
and light diesel oil, the most significant increase being in the sales
of lighting kerosene which went up by 21 percent compared to 1977. The
main reason for the increase in the sales of kerosene was because low

*Economic Survey 1979 ~ Chapter 10 "Energy'" For details, see Appendix B
** One Kenyan pound = approximately $2.74,
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income householdsrs, major consumers of charcaocl, substituted with
kerosene because of rises in prices of charcoal during the year.

(i1) Hydro and Geothermal:

The primary indigenous resource for electricity at
present is hydro, which accounced for 12.8 percent of the total energy
consumed in 1978. Kenya's hydro-power resources are now being developed
and the present hydro-electrical generating capacity of 295 MW* ig
expected to rise to 510 MW by 1983, Kenya's total potential power
resources are estimated to be about 1000 MW.

Kenya's geothermal resources are also now being
developed. The first generating plant at Olkaria, near Lake Naivasha,
i1s expected to come into productica in 1981, adding a capacity of 15 MW
to the electrical system. Providad funding is obtained, successive
plants will be built at Olkaria until its total capacity of 170 MW is
reached, Studies indicate that Kenya's entire geothermal potential may
be as much as 500 MW,

The demand for electricity is rising at the rate
of 9 percent; therefore, the demand for electricity at present and for
the next 10-15 years can be met from available hydro and geothermal
resources, if these are fully exploited, as shown in the following
table:

Table 1
1983 1988 1993 2000
Hydro 600 600 600 600
Geothermal 30 170 500 500
Total supply potential 630 770 1,000 1,000
Projected demand 362 517 747 1,267
Surplus/deficit 268 253 353 -167

Hydro and geothermal power in Kenya is consumed
primarily by the modern, urban sector. The main exception is the rural
electrification program. The GOK plans to spend about Kf£4.2 million
during the 1979-83 development plan period on rural electrification,
basically to serve densely populated rural areas, Furthermore, electricity
is used primarily for lighting and other commercial and develcped purposes,
rather than for cooking, which is the basic energy need for the rural
population,

*Other generating capacities and sources are: Steam (98 MW), diesel
(32 MW) gas turbine (30 MW), import from Uganda (30 MW),
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2. Renewable and Non-conventional Energy in Kenya:

(i) Fuelwood

Rural people, along with most of the urban poor
wvhich total 90 percent of Kenya's population, continue to rely on wood
and charcoal to meet their traditional energy needs. If such woodfuels
are estimated in terms of oil equivalent, they account for between 73%
and 847% of Kenya's total energy consumption. Yearly consumption of
woodfuel is more than twelve million tons, (or 1 ton per capita) and
ie projected to increase at a rate of at least 47 per year, in keeping
with the growth of population, It is estimated that one-half of Kenya's
remaining woody cover will be stripped in the next one to three decades,
thereby causing serious degradation of the environment.

Afforestation programs have been implemented in
Kenya for many years by the Forestry Department of the Ministry of En=-
vironment and Natural Resources and private voluntary organizations
and private enterprises. The Government's gazetted® forest areas are

managed by the Torestry Department, which sells forest products to
industries (such as a plywood factory paper mill and training factories)
and to public for fuelwood and charcoal. The total area under forest
plantation amounted to 158,000 hectares in 1978 compared to 152,600
hectares in 1977, The reserved forest areas supply only 700,000 cubic
meters (Statistical Abstract 1977) of fuelwood and charcoal which amounts
to nearly £ percent of the national cousumption. Therefore, there has
been uncontrclled cutting of trees in other areas such as trust lands
and private land holdings. Because of incufficient technical personnel
and resources for setting up tree nurseries and distributing samplings,
the reforestation of non-gazetted areas has not kept pace with cutting
of trees for fuelwood and charcoal.

Four main facto~s account for the rapid depletion of
wood stock: (1) the increase in population®®; (2) the inefficient
methods of converting fuelwood into charcoal for use in urban and high
density agricultural areas; (3) land demand for agricultural production;
and (4) the unavailability at reasonable cost of alternatc energy sources,

With over 80 percent of the country's land area
classified as arid or only marginally productive, and with only 12.5
percent of the land area supporting over 75 percent of the population,
Kenya's land frontier is rapidly closing. This situation has serious

*i,e,, formally and legally set aside,

**Kenya is experiencing one of the fastest population growth in the worid,
at about 4,0 percent per year, and an even faster rate in two of its
already most populated areas, which are esseutially rural, i.e. Western
and Nyaaza Provinces,

***Taken rrom proposal by Mazingira Institute, "A pilot project to develop,
implement and evaluate an approach for establishing agroforestry plots
in rural Kenva."
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implications for the rural poor as well as for the nation's long-term
development prospects, First, the need for agriculturally productive
purposes, to support the population's food requirements, has resulted
in massive and wasteful clearance practices. This exparsion of
cultivated hectarage combines with the rural population’s enormous
demand for fuelwood to cause significant deforestation in many areas
of the country, Preliminary studies on fuelwood supply and demand
conclude that the existing and planned production of frelwood from
forests is entirely inadequate to meet present and future demand on

a sustained yield besis. The result is that commodities which the
gsubsistence farmer has been accustomed to obtaining free of charge are
now costing him/her, either in the form of decreased agricultural
productivizy through labor sacrificed to extensive fuel gathering or
in actual cash for purchase of substitutes, usually charcoal. Second,
the depletion of forests has the effect of rapidly bringing about soil
erosion and nutrient depletion. These processes, in the absence of
remed’ al measures, can have devastating consequences for the long-term
productivity of rural lands and can bring about inter alia, river
siltation and consequent reduction of hydro-electric potential.”

(ii) 0Other Renewable Energy

An ethanol plant, a joint-venture between the public
and private sector, is under construction in Kisumu, The plant is
expected to produce 20 million litres of ethanol per year by 1984,

The first phase wiil come into production in 1981 and will supply
approximately 15 percent of Nairobi's fuel requirements, When the
.plant is in full production in 1984, it will supply 10 percent of the
country's fuel requirements, Ethanol will be sold to oil companies
for distribution to consumers,

A few GOK-~sponsored pilot prujecta on the use of bio-
gas, solar and windpower as alternate sources of energy have been
initiated, mainly in the rural areas. Fors example, methane digesters
are being tested in Meru, solar water pumps in Wajir, and wind machines
in Kisumu District. The UNICEF-sponsored village technelogy units are
testing solar crop dryers, wind machines, bicycle-pcwered pumps, and
biogas plants. These experiments have, however, been too few in number
to yield reliable data for broad-scale planning purposes, especially
with respect to adaptation to Kenya's cultural and other conditions.

There are some application of technologies in the
private sector, For example, methane digesters are used on a number
of larger farms in Kenya. Solar water heaters are precduced by several
companies in Nairobi and many of Kenya's hotels and lodges are equipped with
them, TFurther development of a private industry to manufacture alternative

*AID Project No, 698-0427, Environmental Training and Management will
provide scme data on environmental degradation of land due to deforesta-
tion and soil erosion,
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energy technologies may be possible, Regearch on alternative techno-
logies is also underway in the Engineering Department of the University
of Nairobi.

In brief, the development of alternative energy technologies
has not progressed far enough for tne Govermment to initiate wider ap-
plications. Considerable data gathering, feasibility studies and
experimentation, as well as institution building, are in USAID/GOK

judgement necessary before large-scale investment should properly be
undertaken,

B. Policy Considerations

The Government of Kenya has in recent years taken major steps
toward dealing with certain of the energy problems described above.
Already in progress are programs for developing geothermal and hydro-
electric sources of electrical energy, and for manufacturing ethanol
for "gasohol"., The GOK has also recognized the need to develop and
promote the utilization of non-conventional and renewable energy
sources, such as wind, solar and biomass, and to undertake afforestation
programs., Above all, the GOK has made a major commitment towards coor-
dinating all of these efforts within the context of a national energy
policy and of strategies to achieve such policy. The Ministry of Energy
has been established as part of the '"Nyayo" (pocst-Kenyatta) Government;
under strong leadership, and with technical and other forms of assistance,
the GOK can be expected tointensify these efforts, Policy considerations
which must be addressed in the process are summarized as follows:

1. Conventi-nal Ene.gy

Official Kenyan policy is predicated on the obvious necessity
of importing oil for the growing economy. One thrust of this policy is
to rationalize and conserve the use of imported petroleum; the other is
to develop indigenous resources to reduce dependence on petroleum. The
Development Plan for 1979-83 states that activities in the oil sector
will mainly consist of investments in the refinery at Mombasa to improve
product yields of crude oil; improvements in the efficiencyof distribu-
tion by the oil companies; rationalization of the use and conservation
of oil; oil exploration; and the development of power alcohol.

Conservation of oil, while important, would have only a
limited impact: The Development Plan estimates that at best 7% to 10%
of oil now being used could be saved, Possible conservation measures
include, e.g., increase tax on petrol and increased duty on cars with
large engines, Experts have suggested immediate conservation
actions, including construction of bicycle paths in Nairobi,
increased use of school buses, and petrol rationing or a
prohibitive tax on wuse of petrol for non-essential
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uses. In the longer term, an integrated spproach to fuel and eletricity
oricing and full market pricing of both, would help to rationalize energy
consumption. Social policy questions need to be discussed in policy
formulation such as the role of private automobiles vis-a-vis public
transportation and the congruity of regulations governing the construction
of new buildings and industries,

Flectricity will continue to be developed for thcse who can
afford it (Kenya is one of the developing countries with the highest
prices for electricity). Both major hydro and geothermal resources are
also likely to be exploited to the fullest extent allowed by economic
and technical constraints. Small hydro plants might also contribute
significantly.

As shown in Section I above, demand for energy is expected to
continue escalating at a dramatic rate and foreign exchange costs of
petroleum imputs are already straining the economy. Development of
renewable and unconventional energy resources is therefore clearly a top
GOK priority,

2., Non - Conventional Energy:

(i) Fuelwood:

To meet the demand for forest products by industries,
and for fuelwood, there is a need to expand afforestation efforts in
areas such as (a) Government owned forest reserves, (b) trust lands
held by county councils and (c) private small land holders, Establish-
ment of village lots and household lots for fuelwood should receive
immediate attention, It is believed that the Forestry Department at
present has sufficient technical personnel to manage the Governmant's
forest reserve areas, However, additional personnel and resources are
necessary for setting up tree nurseries and a distributing system,

Also, the supply and demand for fuelwood varies depending upon the
ecological conditions; therefore a fuelwood survey for each district¥*

of Kenya is required. Also, improvement in the efficiencies of charcoal
kilns and cocking stoves is necessary to reduce the demand for fuelwood.

(ii) Renewable Enerpy

Becguse the supply of hydro and geothermal power,
primarily consumed by the modern, urban sector, is limited, and because
increases in price of imported oil are draining badly needed foreign
exchange, the GOK must accelerate the application of renewable energy
technologies, especially in rural areas, To undertake such a program,
MOE's capabilities in the field of formulating policies and evaluating
various technologies must be strengthened.

*This survey would likely include, of Kenya's 41 districts, detailed study
of perhaps all 25 heavily populated districts and a representative study
of some, perhaps 5, of the remainder.



Various technologies, such as solar and wind power, and biomass,
have been tested in many parts of the world and to some extent in Kenya;
see Section II B 2(ii) above, However, for possible early application
in Kenya, it is necessary that these technologies be tested more exten-
sively and appropriate modifications made to suit Kenya's socio-economic,
cultural and climatic conditions.

. As a long-term program, the GOK wishes to establish a major
institute in Kenya for applied research in the field of energy. Also
under consideration has been a possible Rural Energy Bank (whether as
a new institution or a new lending facility a% an existing banking insti-
tution); this Bank would make concessional financing available to rural
businessmen and rural smallholders to stimulate their use of renewable
energy technology.

3. General Comment

GOK officials prefer, understandably, not to undertake major
energy commitments or investments until and unless the above outlined
policy concerns have been sorted out; Kenyan energy institutions
strengthened; and successful results, applicable to socio-economic,
cultural and climatic conditions of Xenya, are fairly certain. It is
to assist the GOK toward these objectives that this PID is submitted.

IITI, PROJECT COMPONENT SUMMARY

The Renewable Energy Development Project is intended to assist the
GOK in addressing effectively the range of problems and policy considera-
tion outlined above; and, more specifically to facilitate systematic
development by the GOK of renewable and non-conventional energy resource
policies and technologi:s, The project toward these ends includes four
interrelated components each discussed below:

(i) initial planning and surveys;
(ii) institutional development;
(iii) applied research and demonstration; and
(iv) monitoring and evaluation,

(1) Initial Planning and Surveys:

Long and short-term technical assistance, training, and
commodities are provided to develop GOK capability in the survey and data
areas, for preliminary planning, fuelwood survey and a national energy
plan, For example, it will be necessary to undertake a survey of energy
uses in rural areas for lighting, heating, cooking, water pumping and
processing of agricultural products. .
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Tor an effective afforestation program throughout Kenya, a fuelwood and
charcoal survey for represetative districts is required. In this regard,
under the auspices of Beijer Institute, Stockholm, a fuelwood study

group has been formed. This group met on January 8-9, 1980 and a USAID/K
representative attended the meeting as an observer, The group has formed
a comnittee to draft a scope of work for a detailed fuelwood demand/
supply study, A draft scope of work is expected to be ready for review
by the group on March 24, 1980. The draft will then be submitted to

GOK for review and comments, Some funding ($250,000) may be available
from the Swedish Agency for Research (Co-operation with Developing
Countries) and Rockefeller Foundation. To avoid duplication of efforts
and minimize administrative problems associated with that one group, it
i8 intended that the fuelwood study proposed by the Beijer Institute be
incorporated with the project proposed in this PID.

Also, provision has been made in this P1U for commodities, such
as publications, necessary to set up an energy Data Bank and Library in
MOE so that all information on matters related to energy will be available
from one source,

(1ii) Institutional Development:

Technical assistance will be provided for assistance in
organizational, management and policy making aspects of the planning and
evaluation divisions and one or more technical divisions of MOE and
the Department of Forestry. Major T.A. will be on a residency basis,
furnished by a planner, an economist, and an engineer (all renewable
energy specialists), and by a forestry/woodlot expert.* Short-term
technical assistance (in such areas as sociology/anthropology) will be
provided as needed, Training of Kenyan counterparts and limited
commodity assistance will also be provided.

(ii1i) Applied Research and Demonstration:

Support for several specific technologies is provided on
a pilot demonstration basis. In this regard, Government is anxious to
develop alternate energy resources for delivery to the rural poor.
Several technologies have been developed sufficiently to permit their
introduction on a modest scale., These might include: village and
household level reforestation and agroforestry; improved stoves and
kilns; biogas; small-scale alcohol or medium-scale methane generation;
solar devices for drying and heating; heating pumping systems; food
processing systems; and small-scale electricity generation for rural
clinics, schools, communications and in support of other rural services.
Further applied research might be necessary at existing institutions
such as University of Nairobi, the Kenya Agricultural Research Institute,

*Subject to a design team's finding, it is suggested that only one resident
T.A. planner at the Dept, of Forestry is necessary since that agency has

for some time been established and_functioning and needs assistance
primarily in one area, i,e., stimulating of village level woodlot developme
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Bgerton College, and/or the Karen Village Technology Unit. All techno-
logies to be demonstrated and tested will require in-depth socio~-economic
analysis so that technologies eventually developed for wider applications are
acceptable to rural people. In addition, to meet an ad hoc GOK requirement,
short-term consultants to the Ministry of Works will be provided to assist
in design of public buildings on energy-efficient bases,

(iv) Monitoring and Evaluation

The project provides for periodic monitoring and evaluation.
This project component will be fully developed during the design process
but, at this point, one external evaluation at the 18 month point and a
terminal evaluation at the 36 month point seem likely., Emphasis will be
on evaluations providing meaningful feedback and looking to dissemination
of lessons learned.

IV. PROJECT BENEFICIARIES

The development and thereafter application of renewable and non-
conventional energy policies and technologies will be intended to reduce
the demand for imported oil for activities, inter alia, such as cooking,
lighting, heating, water pumping and processing of agricultural products.
The resultant savings in foreign exchange due to reduced importation of
oil will benefit Kenya's people in general. Thus, at one leyel, mgcro-
economic benefits in terms of significant foreign exchange savings are
seen as flowing from the project,

Under the afforestation aspect of the project, the major category of
direct. beneficiaries will be those rural residents and urban dwellers (all
low income) who now depend heavily or exclusively on wood and charcoal
for cooking, heating and processing and who are thraatened with the loss
of this primary source of cooking and heating fuel. Such beneficiaries
include substantial numbers of women and children who spend several hours
a day in gathering fuelwood. Smallholders will also be primary beneficiaries
in that they will be able, ultimately, to devote more land and labor to
crop cultivation as opposed to fuelwood growing and gathering.

Another category of potential beneficiaries is the class of small
busiressmen, primarily rural, who should benefit from availability at
reasonable cost of energy-efficient equipment, i.e., powered by solar,
wind, biomass etc. This same class should benefit specifically from
credit available through the proposed Energy Bank, assuming that insti-
tutions upon study proves feasible,

Additional economy-wide benefits will come from improved environmental
conditions (reduced silt run-off and air pollution, for example) associated
with increased use of renewable energy resources.

*These savings are difficult to quantify but, to illustrate, at current
orices a 10% reduction in imported oil would mean about a $15 million
FX savings,
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v. ALTERNATIVE PROGRAM APPROACHES

Assistance could, poseibly, be extended for capital and commodity
assistance toward the development of particular energy technologies on a
large-scale investment basis. Swiss and Austrian assistance has taken this
form in projects to develop methanol plants. The World Bank has been
actively assisting development nf geothermal power sources. UNIDO has
expressed an interest in assisting Government in laucnhing a number of
pilot projects to produce energy fram bicmass (such as coffee, waste,
gugar cane waste, maize husks, pineapple, etc.). USAID/Kenya believes
that these capital investment projects are laready straining the GOK's
capacity to implement and evaluate specific projects and that training
of personnel and other forms of imstitutional development are necessary
before major new undertakings go forward. A second reason for USAID's
rejecting an approach which places heavy emphasis on a particular
technology involves our and the GOK's lack of knowledge of tie best
technology to emphasize; a period of planning, training and some
experlmentatlon seems, again, much needed befOre significant investment is
made in particular technologies.

The preferred approach for AID invelvement, therefore, as we see
it, is onme which will emphasize (a) institutional building and policy formu-
lation; (b) training of Kenyans in futherance of such institutional
development; (c) limited number of pilot projects, feasibility studies and
the like; and (d) dissemination and replicability of lessons learmed. Thus
the project proposed herein strikes a balance between the need to support
start-up activities through work at the headgquarters level and the need
to put usable technologies into field use at socme reascnably early date.

VI PROJECT TISSUES

A) Possible Follow-On Activities

This project does not include major investment activity in energy
development per se. By 1982 the shape of a Government fuelwood program may
be sufficiently developed for the U.S. and other donors to consider
substantial investment. In addition, assistance may be sought for the
construction and staffing of the proposed Energy Research and Development
Institute (to be studied under this project) and/or capital for the Rural
Energy Bank. The current USAID view is that (a) resources for Kenya from
the AID budget will likely prove tight in later years and (b) other donors
could perhaps be better able to meet such requirements. However, 1later
AID investment in such projects is not ruled out; see Section VIII below.

B) Trained Persocnnel

Lack of trained personnel is a serious constraint to the Ministry
of Energy and the Government as a whole, and may impede successful
accomplishment of project objectives. However, training of Kenyans is an
important ccmponenet of this project and every attempt will be made to ensure
that such training is received and disseminated.



C) GOK Policies

For project goals to be achieved (see Appendix A), the GOK will
have to formulate policies to encourage coaservation of conventional energy.
Possible areas of interventions by GOK are tax credits, use of railroads
instead of trucks for long hauls, improving public transport system, etc,
The technical assistance team proposed for MOE will be working with MOE
in these and related areas.

D) Coordination of Applied Research and Development Projects

The GOK is interested in pursuing the demonstration, testiug,
and implementation of several renewable energy technologies., Some of
these, such as minihydro and biogas, require initial feasibility studies
to determine the most appropriate scale and method of implementation of
the ventures. Others, such as improved cooking stoves, may be ready for
early implementation once cultural acceptability and other factors have
been examined more closely. It is important that these efforts be coordinated
and managed in such a way that delivery to the people is expedited, It
is also important that knowledge and experience already gained elsewhere be
applied to ecach new activity to prevenf needless and expensive duplication
of effort. Therefore, definition of a coordinating mechanism within MOE
for activities to be undertaken under this proposed AID-~funded project,
will be an essential aspect of project design. (See also Issue F. below).
In addition, full exchange of information with other donors as to their
plans will be necessary during the design stage, again to avoid duplication
and to ensure efficient use of scarce resources,

E) Technology Applications

Some technolagies associated with this project have to a large
extent been tried on a demunstration basis at the Karen Village Techno-
logy Center, located near Nairobi, Principal problems as to at least
some of these techrologies appear to be not ones of feasibility, but of
cultural acceptability. Through use of sociological/anthro anthropological exper-
tise, attempts will be made to overcome such cultural resistances.

F) 1Institutional Capabilities and Involvement

The various ministries concerned with the different uses of
energy technologies obviously have a voice, in addition to MOE's,in
formulating and implementing policy. For example, the Department of
Forestry (Ministry of Environment and Natural Resources) has already
been responsible for afforestation programs throughout the country; the
Ministry of Agriculture has sponsored research into improved charcoal
kilns; and the Ministries of Housing and Social Services and Works could
become responsible for promulgating and enforcing energy-efficient building
designs in all new Government housing, The difficulties associated with
familiarizing personnel of various Ministries with aspects of the energy
issues, and with courses of action to he proposed by MOE, will have to be
identified and addressed. Peahaps also, MOE's role and mandate in znergy
coordination will have to be clarified.
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There are also numerous small organizations which are or could
become involved in carrying out energy projects., Non-profit organizations
1ike the Association for Education and Development are experimenting with
alternative technologies, The Wildlife Clubof Kenya, which works with
the schools throughout the nation, is promoting a tree-planting program.,
Two other conservation groups, the East African Wildlife Society and
Wildlife Fund, are involved in forest conservation, One of the several
women's organizations iu Kenya has also conducted a tree-planting prog-
ram, Finally, there are several missionary groups in Kenya's rural areas
who could play a role in distribution and education. Coordination and
stimulation by MOE of the activities of these various organizations, in
the interest of cost-effective utilization of renewable energy resources,
is another issue which merits study at the design stage,

VII. PROJECT BUDGET COMPONENT (LIFE OF PROJECT)

The following budget is merely illustrative and subject to change
during project design. The figures include 20 percent contingency and
30 percent inflation and assume FY 81 project authorization,

T.A. LOP
(s-,L-T) TRAINING COMMDD. TOTAL
(5000)
A) 1Initial Planning Surveys 750 50 50 850

Consisting of: (i) preliminary planning; (ii) fuelwood survey; and
(1ii) national energy survey,

B) Institutional Development 1,000 600 100 1,700
Consisting of: (i) MOE organizational and management planning and policy
making; (ii) MDE planning and evaluation divisions (incl. L-T energy
engineer); and (iv) Dept. of Forestry extension divisions (Forester)
(incl, L-T Forester).

C) Applied Research and
Demonstration 850 400 600 1,750

Consisting of the following: (i) village/household level reforestation
and agroforestry; (ii) wood and charcoal stoves, charcoal/kilns;

(iii) other biomass (small-scale alcohol, medium-scale methane;

(iv) solar energy devices (water heaters, crop drier, etc.); (v) water
pumping system (wind mills, solar cell and hand pump, etc.); (vi) food
processing systems (e.g., grain grinders); (vii) feasibility studies of
(a) Energy Research and Development Institute and (b) Rural Energy Bank;
and (viii) short-term solar and windmill experts to assist Ministry of
Works,

D) Monitoring and Evaluation 300 300

Total Project: 2,800 1,050 750 4,600

(Note: At this time it is not realistic to offer illustriative budget in
greater detail than by main component, )
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VIII. RFLATIONSHIP TO GOXK DEVELOPMENT PLAN AND CDSS

The GOK (1977-1983) Development Plan strategy contains an energy
sector analysis (Appendix C to this PID). This analysis recognizes
and elaborates on many of the problems outlined above, The GOK also
recognizes that the development of energy institutions in Kenya is jut
beg.nning., In this regard, the newly created Ministry of Energy is res-
ponsible, under a recently issued Presidential Circular, for the planning
and development of energy policy. At this point, MOE is thinly staffed,
and most personnel that it does have are not trained in energy management.
MOE, with GOK endorsement, is actively seeking donor assistance for several
non-conventional energy projects (e.g.,, the IBRD~funded geothermal project
near Naivasha), With assistance to be provided under this project, MOE
further intends to stress its own institutional development; to consider
establishment of an energy-oriented applied research and development in-
stitute to further applied efforts; and to provide training in applying
non-conventional energy technologies.

The Mission CDSS for FY 82 identified energy requirements as one cf
the key development problems facing Kenya at this time. Assistance of the
kind envisioned by this project is proposed and justified in the CDSS, as
is possible additional assistance in years 1984 and 1985 for wider anplica-
tions of proven technologies and afforestation programs,

The project projected in this PID is thus seem as fully consistent
with both the GOK's Development Plan, other GOK planning documents, and
the CDSS.

IX., PRCJECT PREPARATION STRATEGY

Project conception as presented in this PID involved frequeast con-
sultations with the National Council of Science and Technology, the newly
formed Ministry of Energy and the Department of Forestry. Exploratory
meeting between USAID and these offices enable Government to define its
needs in terms of USAID ability to offer assistance, Representatives from
AFR/DR/SDP pa:ticipated in discussions leading to preparation of this PID
and, later, reviewing the draft PID with the GOK.

A project design team for recruitment and commencement of work as
early as possible in FY 80 is envisioned. The team would consist of an
energy planner (team leader); a solar energy engineer, a wind-power engineer,
an energy economist, two forestry experts (a silviculture expert and a nursery

*The feasibility study for afforestation and tree nurseries funded under the
Arid and Semi-Arid Lands Development (ASAL) project 615-0172 is integrated
with the study for the energy project. $90,000 has been budgeted in the
ASAL project for two forestry experts. See Appendix D hereto for justi-
fication and details,
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expert) a public administration/training advisor and an anthropologist,
The project design process will, if possible, include: (i) an energy plan-
ning workshop to be carried out in min-June by the Institute for Energy
Research (IER). Stony Brook, USAID, AID/W and Kenya officials will draw
upon IER's computerized "AL-EDIS" planning information system as an initial
step for the energy sector analysis, and (ii) review in late June of the
scope of work prepared by the fuelwood group under the auspices of Beljer
Institute, Stockholm, and recommendation for changes, if any, required to
integrate Beijer's fuelwood study with this project. The design team will
thereafter conduct in-depth consultation with appropriate Government
Ministries and institutions, and USAID/Kenya. Proposed Scope of Work for
the design team is attached hereto (Appendix D).

Based on the outcome of the PID review processes in AID/W, and the
speed with which a design team can be recruited and fielded, FY 80 funding
of the project would be possible, assuming availability of funds, Estimates
as to funding requirements used throughout this PID have, however, been
prepared on the premise of FY 81 authorization; thus FY 80 authorization
would result in some cost reduction as well as earlier realization of
benefits.

Froject Implementation would be within the USAID's Multisector and
Engineering Office, with a direct-hire engineer (USAID Fnergy Officer)
serving as Project Manager. All requisite skills are available within
USAID and REDSO to support this project as necessary,

As estimated project costs are less than $5 million, and assuming
this estimate is verified by the design process, USAIDL would expect to
approve this project at post, based on Delegation of Authority No, 141,

INITIAL ENVIRONMENTAL EXAMINATION

No negative environmental impact of the total project is expected
since the project does not include any major interventions which would
affect physical, socio-economic, or cultural environment in Kenya. There-
fore, a negative determination is recommended. (See Appendix E for IEE).

XI. WALVERS

A need for approximately five project vehicles is envisioned, for pro-
ject-related use of both U,S. technical advisors and GOK personnel, Total
cost should not exceed $100,000. These vehicles must be right-hand drive,
and should most likely be four-wheel Land-Rovers, assembled in Kenya from
parts made in the U.K., for the reasons that (a) spare parts for U.S.
vehicles are not easily available in Kenya; and (b) Land-Rovers are by
far the type of four-wheel drive vehicles most easily serviced and maintained
in Kenya.

A waiver approval request is at Appendix F. This would permit the
Mission, in approving the project, to include, as to project vehicles,
both (a) waiver of the U.,S. so.rce requirement and (b) approval of sole-
source procurement of Land-Rovers, Total authority to procure vehicles

would not exceed $100,000 without further referral to AID/W.
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LOGICAL FRAMEWORK (PID STAGE)*

Appendix A

Renewable Energy Development: Project 615-0205 Life of Project: FY 81 - FY 83 LOP: $4.6 miilion Date: February i980
NARRATIVE SUMMARY INDICATORS ASSUMPTIONS
A. GOAL LEVEL
Increase Kenya's agricul- 1. Availability of adequate energy resources for 1. GOK will implement relevant energy policies.
tural and industrial pro- agriculture and industry. 2. Renewable energy policies and appropriate technologies will
duction potential. 2. Reduced dependence on imported petroleum emergy permit viable and acceptable substitutes for petroleum-based
(achievement of energy balance). energy.

3. Controlled further environmental degradation. 3. GOK will estsblish institutions and undertake programs iden~-
tified and tested in feasbility studies and demonstration
activities.

4. Afforestation programs and pelicies will be implemented by
GOK and will lead to reduced soil erosion and degradation
of water sheds.
B. PURPOSE LEVEL
Development of renewable 1. Basic energy and related technology policies 1. National energy plan rvesults in basic policies formulated.
and non-conventional . established. 2. MOE staff training and MOE operational enhancedent facilitate
energy resources poli- 2, MOE capable of formulating energy policies energy policy formulatiza and review and identification o
cies and technologies. and managing appropriate technology develop- appropriate energy technologies. :
ments. 3, GOK implements recommendations on establishment of Applied
3. MOE identifies and enchances replication of Energy Research Institute.
specific energy technologies. 4., GOK ipplements recommendations on establishment of Energy Bank
C. OUTPUT LEVEL
1., National energy Plan. 1. Plan completed. 1. Inputs delivered in timely fashion.
2. Renewable Energy Divi- 2, a, MOE staff trained. 2. GOK resources allocated in timely fashion.
. s sy . s
sion of }pE expanded, b. ?Lvls}o? s duties and reponsibilities 3, MOE is central focus for GOK's energy policy and technology
staff trained, and identificd. s e e
. id i 3 development activities,

3 g:niisggss:rjz;l red: 4. f:rZEZuigmgiit::;elopment feasibility studies 4. TA identified appropriate to MOE needs.

+ FuelWoou, .. . s o 5. Training appropriate to MOE, GOK Ke ds.
4, Feasibility Studies completed on Applied Energy Research Institute & approp ' » nd Kenyan needs
5. Applied Research and and on Energy Bank.

Demonstration Acti- 5., Applied researcih and demonstration activities
vities, completed on village woodlots (fuelwood), solar
6. Evaluations. and vind power, and biogas and biomass (agri-—
cultural residue)
6. Evaluations completed.
D. INPUT LEVEL
1. E;:?ﬂlcal Assistance 1. $2.8 million for 12 person years of long-term Project authorized.
i TA, and 40 person months of short-term TA.
2. Tralnxgg for GOK Staff., 2. $1.05 million for 40 person years of short=
3. Commodities. terw and long-term training.
3. $0.75 million for relevant project commodities.

*Does not_inglude "weans of verification" at this
nor are indicators fully quantified or targeted.

preliminary stage



CUAPTER 10—ENERGY

. Ovenll consunption of encrgy in the country rose by a further 6 per ce
in 1978 as comparcd to an increase of 4 per cent in 1977. The in(;rr:;s&m
1978 can be attributed to the expansion of existing indusiries and constmi:%c;:
of hew ones as well as 1o general cconomic growth. The increase has -occurrcd
_mamly In consumplion of clectric cncrpy while consumption of oil' products
the oxhcr‘mam source of encrgy, went up marginally. On a per capita b:lsi;
consumption of encrgy was 2 to 3 per cent higher in 1978 as compared to
1977, The comparison below shows, in index nun.bSer form, the growth in

monciary GDP end consumption of enerry wi i i
Fomeiasy p 8Y with consumpiion of oil scparately

lucreas, ll972— %
Growih In . Calllumplril:: of C i rion of
Moanciary GDP  Conventlonal energy® onsumiption of Ol
1973 ., . 107 .
. 107
:3;; . ve .. 109 . 108 ‘IS;
R .o . 1 1t 103
1917 .e .. . 18 122 121
.. Ll 128 127 125
.. . . 136 118 . 129
*0il, eleciricity and coal and coke, !

10.2. Thc' figurcs above indicate that the increase in monctary GDP and
thg grow'lh i consumplion of encrgy appear to have a cne to onc rclation-
ship. This relationship can be attributed 10 the close ties which the m;dcm
economy _has with thc use of conventional sources of cnergy. GDP has
however, increased at a faster mic than the growth in consumption of oil'
pralucts. This is due to the lagged effected of price riscs, that have occurred
since 1973, on the consumption of oil. Without a structural chiange of an
§|g2‘|;|)c;xécc the critical relationship between oil consumptidn anfi growu);
in G oes never-the- i ' ial i
o iDP dc paymc"x:l:]c less continue to have a crucial impact on the country's

0il
10.3. Qil is the major source of conventional cnergy in espi

the lower growth rmte in its consumption in rcl:%tyion l:r f'z?:::l.;’\'rymg%;
and to total consumption of energy, it accounted for morc than 80 per cent
of total energy consunied in 1978. lts share of to1al consumption in 1977
was 8_5 per cent. The decline can ‘be attributed to the installation of additional
capacity for generation of hydro-clectric power which was added to the
system in 1978, As a result the share of hydro and thermal electricity in
the towl consumption of energy has increased from .2 per cent in 197¥ to
15 per cent in 1978, Coal and coke account for about 2 per cent of the

118

remainder. The noa<onventional sources of encrgy. i£. fuchwood and char
coal, which serve 90 per cent of the total population are excluded from ths
comparison. If they were included the relative share of oil in total consumption
of energy would be significantly reduced.

104. The modern scctor of the cconomy in Kenya, however, rehes very
heavily on oil as a major source of encrgy. and it has been adversely affected
by price increases and an insccure supply position for the Last few ycams.
The troubles in Imn in 1978 and 1979 led to shortages of aviation sparit
carly this year which affected 1lic tourist industry 3s many light aircraft used
by tourists for travel within Kenya were effectively grounded. The recent
farc incr.uscs on interpational air routcs have been forced on the operating
airlines by the ol price rises already announced this ycar. Such fare incrcascs
will further hit the Kenya tourist industry.

10.5. Table 10.1 shows that toal imports of crude petrolcum fell by 7
per cent, frum 2.55 niillion tonncs in 1977 10 2.37 million t1oancs in 1978
while their value decreased by 8 per cent f-om KE100.16 millon in 1977
e K£92.34 million in 1978 indicating a fall in ihe unit pricc of K£0.3 per
toanc from KE£39.3 per tonne in 1977 10 K£39 per 1onne in 1978, As a
result of technical probtems at dic Mombasa oil refinery in the fint part
of 1978 impors of refined fucls increased from 105,000 toanes valued at
K£R8.27 million in 1977 to 258.000 ionncs worth K£16.90 million in 1978.
Qa the whole the tatal bill for imports of oil producis went up from K£115.42
million in 1977 10 K£115.95 mitlion in 1978,

10.6. The full in coiice prices on the inernational market affected the
forcign cxchange position of Kcnya's expont markets for its ¢il products.
The share of cxports 1o Uganda which sulfered a criticat shoriage of forcign
exchange. dropped significantly from 28 per cent of the tota! of Kenya's
cxports of oil products in 1977, 10 22 per cent in 1978, There wus also
decline, though of a lesser significance, in exports to Rwanda, Burundi and
Zaire. Sales for ships bunkering too fell. As a result both the total quantily
and value of petroleum products exported to all destinations declined by 14
per cent from 1,365,000 tonnes in 1977 to only 1,173,300 tonnes in 1978.
There was a corresponding drop of 17 per cent in value of exponts of all oil
products from K£83 niillie~ in 1977 10 about K£69 million in 1978. There
has been a consistent decling in the value of cxports of oil products from
Kcnya since 1973, The net cost of oil products has as a result risen fiom
KEL.1 million in 1973, to K£48.9 million in 1978. It secms likely that the
net deficit will rise further in 1979.

10.7. The trade in oil products is not the only major cause of instability
in Kenya's balance of payments on its external merchandise account. Ii is,
however, a contributory factor to the widening of the deficit in the current
account of its balance of payments since 1975. Kenya hai had an avenge
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of pclror;:-um pmﬁg'}:ﬂbm?",j"?“ 1974, The 1ol dumeitx ale . qable 10.5 indicales (hat the total instalied gencraling capacity
sales will be influenced in the et per cent higher than in 1974, Tual and thermal electricity rose by 35 per cent from 3564 MW in 1
intention to introduce ways and mmrr:n} plan perind by the. Crovernment’s {831 MW in 1978. The bulk of the increase in 1978 i ted for
a particular impact on the growth 4 °h‘°"w"ms cnergy. This should have i commissioning 45 MW hydro gencration €apacity a1 Gitaru
as already indicated is a potent ,Du:.:; o: :"I' of petroleum products which i 1978. Additional capacity 10 gencrate a further 40 MW of hydro and
, A 10.13. Most of : alance of payments problems. ¢ of geothermal electricity—raising the level of total capacity 10 550 MW,
s xi)iri:mt'-t rll\;; increase in consumption in 1978 occurred in sales of : expected 10 be commissioned in 1582 md_‘l?l!. respectively. Ia
] 2] ‘}"ol' vel, ;Ilugmung kerosene ~ad light diescl oil, while there | run, as per the figures c_lclaul-:d below the inciease in supply of
£ of increased :_-_.[-‘ “"'I“_’lf II per ccnt in < s of fuel oil reversing e trend * (o mect the anticipated high growth in demand s n:b_u!ubd 10 be
: incrc:uci were r‘: 1:2?-3" sad beca prevaint smee 1975. The most significant hamessing the couniry's polcatial for hydro clectncily and
Vot s  Fec r ed in sales of lighting kerosene and jet fucl. The volu * creasingly by making use of ths geothernal resources.
- | of sales of these two prodhucts rose by 21 and 13 per cent respocti me
{ : :shortage of charcoal which had occurred in 1977 and ke to i e
,;:l:lg:;:ld ;:;:::;1 ll ?l?i."l‘l;: n_l.:mul}li gur the increasc in sales of hérosene \F:I::l: Projectedd Supply Potantial and Demand, 1943 -2000(Afegewatia)
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i ! :3:'-' :"l:t; in s:\-lcs. of ].:.l fucl can be accounted %:n- )t‘:y the 'cl;;::i‘:gh;:r“;];:??:; 19e3 0 198 000 i 20 v
_ significant rises of 122 and 28 ],3, D 1974 with particular S eyl . L0 126 Lo 1,100
; respectively. Sales of light diesel fue wing recorded in 1977 and 1978 Projecied demand  +e e wr 11 141 a2
: per cent since 1974 wiﬁ-‘ m;:-;—nIi:;-lrili::cb:_l:ululrlr mr.‘n;sml by nearly 30 . Sur_:!lu!}dclicil hor Rl SRR I/ 16
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rP;l iy z; 6 ucts and their net cffect on total demand, which in 1978 was Telated 1o the additions 10 capacity. The amount of hydroclectricity generated, |
y 4.6 per cent. rose from 407.7 Gwh in 1973 tn 649.1 Gwh in 1975 and then drapped 10
: ; 583.2 Gwh in 1976 duc 1o drought during that year. Good rainfall in 1977
IR and the additional capacily installed in 1976 raised m;;upul llo ‘:19&3 l{::l
10.14. Hydro-clectrici i in 1977 to be boosicd <l further in 1978 by the itional capacity that
: priniary dgmmic 5ou:;is-w§[ﬂ2;i:;m%s wo?dlf“d charcoal arc the only . e on siream in the middle of that yea. As a result while the
construction, when commissioned in “mid-1981 peotiermal plant, now under clectricity gencrated rose by 24 per cent from 1.113.3 Gwh in 1977 10 13819
will be the other major source. Gwh in 1978, the valunic of hydro power generated increased by 43 per -
IXSTALLED CaPACTTY AND GeneraTion of ELscrmiciry, 1974-1978 ; cent as compared 10 a risc of 28 per cent between 1976 and 1977, Conse-
Table 10.5 yuently despite 1he drop in generation of the thermal power, the
of electricity gencrated domestically has risen from 82 per cent in 1976
InsTALLID Caracriv® MWe* Gentzation® GWH1 10 86 per cent in 1978.
17e S ialf| EExoal | B0l iTbemeli| KT osal 10.16. Table 10.6 Indicates fhat tolal consumplion of electricity rose from
1975 :;;} 2 ::j:t" 354'1 54741 3226 869-7 995 million Kwh in 1974 10 1,370.5 million Kwh in 1978, an incrcase of
1976 o .| 174 | 117 = Bl B 9712 37.7 per cent. at an average rato of 7.6 per cent per annum. The highest
. 1STIR S oo | 173 'S 1829 3564 -,-.:;.% 333 1,1579 percentage increase was recorded in consumption of electricity for domestic
. 197 .. .. | IS 17146 4831 | 1,012:8 3089 }3;}; use which rose by 60 per cent from 205.6 million Kwh in 1974 10 3285
'- ~Tackades Gallmaies fo ladustrt Pre— b Kwh in 1978, Demand for industrial k6 o0 by 33 per cent from
f : S ieieaia] o ket with generatioa capacity. : T427 million 1o 7104 million Kwh duriag this period while
y 11 gigawatt hour=1,000,000 H;:' Rilowaits. ’ . by commerciai and light industrial enterpriscs increased by 30 per cent
. . watt hours. _ R . {rom 246.6 million Kwh in 1974 1o 3212 millioca Kwh in 1978.
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 Table 10.6 G
- [ 197 | 1975 | 1976 l 1977 | iom
Desano— | I ! H
Residential .. .. .. 2036 | 3009 | 3001 ' 3035 [ 3nes
Commercial  and  Jight . .
.5 Industriul .e ee ;. 66 263) 2129 ' 3012 212
* Industrial . . ee b INT 96 1 5649 6381 7104
 Sweel Lighing 11 11 Ciod 1 07 0 Cioe | i0s 104
CTeat L0 .l 950 | LOTIS | LIS2S | 12136 | 13705
Trommission  losses and ! i I =)

' w7 | 2m2

11397 ' L1926 : 13224 f 1,357-3 I 1.573-7

2060 zm-n.l 419 | mx 2170
LM 9318 10502+ 1,055 1.356-7

unallocated demand © . . m»r] 1200 | 1986

TovaL DEMAND=TOTAL
SurrLy e e e

Of which imporis* ., il
Net gencration <., ., !

*lmperrts from Uganda, s

10.17. The development in generating capacity for electricity has been
underiaken in anticipation of the potential demand which is expected to bs
high. A new power station was commissioned at Manabit in 1978 and the
power stalion in Mandera was nearing completion. In addition work on
extension of supply to lIsiolo and Vihiga is nearing completion. The Govern-
nient plans to spend an estimated KE4.2 million on rural electrilication during
the current plan period.

Energy Balance

\

10.18, Table 10.7 gives figures on usage of encrgy in the modem sector
of the cconomy in terms of oil cquivalent. As shown Kenya's modern sector
relics heavily on imported encrpy. The proportion of encrgy production
from hydro power has been increasing but in 1978 it still accounted for
only 12.8 per cent of total consumption although this is a substantial rise
from the 8.2 per cent recorded in 1974, The propaortion of eénergy generated
from domestic resources is, however, expecied to rise substatially in future
years as both hydzo and gecothermal energy sources are tapped.

Encrgy Policy

10.19. The National Council of Scicuce and Technology has sct up a
committee to advise the Governmert on a suitable energy policy for the
country. Since the oil crisis of December, 1973, high prices of oil have
continued to impede economic development. A satisfactory energy policy
will, it is hoped, play a part in resolving the problems which dependence on
imported sources of energy create. Meanwhils the modem sector of economy
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. : Encrgy Scclor 5 o —-—I
> £.120. The need to formulate comprehensive national encrgy devclopment b - ‘ C £
plans has baeome generally recognized by develuped and developing counltrics o
alike in the aficrmath of the 1973-74 cnerzy crisis. The rising costs of encrgy .
supplics, and niore particularly that of petroleum, have had adverse clfects !
on the forcign cxchange rcsoLrccs of many cconomics and raiscd costs of 1 il valent in 1976 ¥
; . ; i to 140,000 tonnes oil equi Imporicd
production. Kenya is no exception. Abuout 85 per cent of commercially traded cq\l.:;“"f;l .i: .lgl-..cimnuge of total clectricity consumcd dropped from 30
cNeIgY _ln .Kcny:! is derived from imported petrolcuni. Aboul one quaricr of o cent in 1973 to 10 per cent in 1976. 1t shouald be noted that the share of
the nation's forcign exchange carnings is used for petroleum imports. This high 1 out of the total ererey ~onsumed declined by 1.2 pef cent during the
dependance on !IOICH_:!‘I cnergy resources and the role encrey plays in all . <od 197377 whereas the share of clectricity in total encrgy consumed rosa
cconomic aclivities nacessilate high priority being accorded to the compre- J ll 6 per cent, As can be seen in Table 8.13, the consumption of coal and E
hensive planning of the development of the encrgy scclor. :zkc. wp:ich is used mainly in industry, declincd during the period at about
IZ.!!I. The rural population faces an cqually scvere problem duc to their 2.9 per cent per annuim. .
almost exclusive relinnce on firewoed. This dependency resulls in deforesta- T Exrarsun ot Toma Prusasy Sovscry
tion on a potentially catastrophic scale. Arresting this process will require a b oS 3 - |
combination of programmes such as realforestation, introduction of rencwable r'”‘.__._—"u 1
sources of energy, and chanscs in the management of available wood supply. . : - h“‘,ﬁ'J Par cont of Total
On I.Ih: posuivc side, Kenya has made important strides in developing some ol B ?%-;E ..':q" faror | Emersy Consumed Fosscast 198 %
her n]:hg.-mw cnergy sources. Over one third of the total estimated hydro- Ener g
electric potential of 700 MW has alrcady been developed. Geothermal poten- Spmrtnterme] . lmgv' e
tial is cstimated at about 500 MW, with the first geothermal station producing un prr | wn-n| Wl wn | O
15 M\ coming into operation in 1981, 3 ¥ 11
; : : e = 0 O -14 : ¥ ' -
8.122. lll)tl.;;mg this plan period, the development objectives for the encrgy g,-;’;::"“ . '—}%Ej e iy a3 1 él un;! ha
sxclor wi — = Elest - :
SRl . 3 e ) Torat Cxeacy [ Tisw03| 13063 43 1009 1000 2404 er
i. increasing the supply of encrgy to mest the requircments ol the economy;
ii. rationalizing the usc of imported petrolcum; o preet ) I T ) .
iii. dveloping indigenous encrgy resoureces; and oy Cw-n;; - v 3 ‘
iv. lessening dependence on imported fuels. 3 :;’,,’,:'q.‘.‘i‘,",'ﬂ,‘.'." rl| | 255 1 - :
gl . ] Encrgy Consuuiplion : A |
E - . 123. The demand for energy will continue to rise with the growth of the ' Elcctricity Consumption - l ; |
i e B P from
E : economy. Tiabk: 8.13 indicatcs the overall consumption of the major forms 8.124. Tolal consumption of electricily over the last _ﬁve years rose .
: o{ commercial energy during the period 1973-77 and projections for 1983. It 860 Gegawatt 1lours (GWID in 1973 10 1082 GWH in 1976. In view of .
1 will be observed that the consumplion of petroleum fucls during the 1973-77 the increased cconomic activily in urban and rural seclors, the demand for
'y period grew at an annu'al rate of 4.2 per cent Electricity consumption, on electricity is expecled to grow ata rate of 9 per cent pet annum over the next
i . the other hand, rosc during ths same period at an annual rate of 8.1 per cent- five years. In terms of Mezawatls (MW), demand will increase from 200 MW
; Consumplion of locally produced electricity rosc from 97,900 tonncs oil ! in197610352 MWin 1983. ? -
v : 442 8.125. In 1976, the domestic installed gencration capacily was about
Fl S 295 M. This will rise to 510 M\V in 1983. The total explaitable polential
] : - “t ihe Tana River is estimated 10 be 540 MW. In addition, the potential of
t O e aller rivers is estimated 10 be 230 MW, To th should be added the
: potential of geothermal resouress, which for Olkaria alone is ﬂll-lﬂ.ll-ﬁd 1o be
: about 170 MW. Table 8.13 shows the potential supply of clectncity SO .
. = — S— e — YTy ewr=""" | different hydro-power and geothermal sourccs. From the table, it can bs
‘ - . ' scen that demand for clectricity at present and for the next 10-15 ycars can
: i S - *  be met from availabls hydro and geothermal mourcﬁ.ll thése are fully
5T explolted RS I rlet i e Al eeesemmst i
G W 10 2 e M3 ' : :
'
: 1 . i
e :
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Tuble 114

. ExnTivg
Inssalled Actual Panned Total
River Location/Pawer Suatloa Capacity Average Potential | Caplowiably
oulput Foleniial
Tana/Wanjil .. . . n 0
Kindarumsa . . as “ 20
Kambura oo . e H 31
Gitare .. . . . 1435 9
Upger Reservole . . —_ - 40
Tana ee | Klambere e . s —_ _— 120
Mulonga. . . . e _— —_— 0
Grand Falls .. . .. —_— —_ B0
Kurura .o . . -_— _ 40
Adamson’s Falls . . -_— —_— 30
orch . . . . _— —_ .o
Usuenl .. . . . _ —_ 60
Torvat Taxa e 93 184 340 113
Meola .. | Broderck Falh T —_ b - 10
Yala o« | Kimundi Confluencs .. .. —_— —_ 40 7
Sondu .. | Sondu .. . e . —_— _ 60 "
Arror «s | Kaprownar s tas . -_— —_— 20 \
Turkwel .. | Turkwel Gorge we . —_— -— 100 \6
Tural Orran Rivias - _ 230 2%
Olkaria Valley .. s e _ — 30 174
Qeothermal Ohar Aresd 1 s s e _ —_ [] 26
TorAL OLoTHIRMAL - —_ 30 300
. Torar | Power .. .. . e 3 184 100 1,565

*Under average river-low conditloas.

Fuel Consumplion |

8.126. Table 8.15 indicates the consumption of petroleum fucls in 1976
and estimated for 1978 and 1983. From the table it will be observed that the
ratc of growth of consumption of all petrolcum fuels was 7.2 per cent per
annum batween 1976 and 1978 as comparcd 1o 4.2 per cent per annum for
the 1973-77 period. In the 1978-83 period the highest growth rate will be

registered in the turbo Tucl which is used by aircraft. Its consumplion will
Growru o Dossic Consusriion or Piraotavs Fuma
Table 3.13 Litres 009
1976 1978 Growlh 1933
g, Fuels Actual Estimaed Rares - (Forecas()
(Demand) Percentage
Liquetied Pewroleum Gas .e .. . 14,700 16,533 72 21,081
Maotor Sprit . . .. - e 311553 376.267 &3 301,30
Aviation Spirlt .. . . e .. 251 0.5 127 19,145
Turbo Fudl oo s oamoar N svase | om0 140 1,020723
Lighting keroseng . . e - 67,798 74,508 4-9 95,029
Power herasene .. .o e ' ae e 54 1 =138
Light Diesel Oil ae  we  wa  =s == | 320506 407,033 93 £41977
Veavy Diciel Oll .. . ™ ws .. 32511 39,102 58 70,434
Fusl Dl ae  as oe av v | mdoiz | swane i3 922
Torar Fuus.. . e vs | 1759705 2,026,461 72 - _—
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rise from 407 million litres in 1976 to 1,001 million litres in 1983, Most of the
dicsel oil and motor spirit which grew at abouit 9.5 per cont per annum aad
6.3 per cent per annum respectively, between 1976 and 1978, are forecast
1o risc to about 644 million litres and about 504 million litres respoctively

*in 1983.

Wood amd Charcoal Consumption .

8.127. Wood and charcoal are the main sources of encrgy in the ruml
arcas and in some indusirics. It is cstimaicd that the annual consumption of
fue! wood and charcoal is well in excess of 10 million tonnes per annum and
will incrzase at a rate of at Jeast 3.5 per cent per annum unless alicrnatives
can bz ofered 1o the rural population. The programmes for the development
of indiacnous encrgy resources discussed below aim at providing these alier-
patives.

Development Programmes for Petrolcum Fuels . :
8.128. Development activitics in the oil industry will mainly consist of
investments in the refincry, improvement in the cfficiency ol distribution by

_ oil compunics, txpansion programmes of oil companies, rationalization of

us¢ and conscrvation of oil, oil exploration, and the development of power

" alcohol.

8.129. Rationalization of Use of Oil.—According 1o the data on con-
sumplion of petrolcum iusls, 15 par cent is vsed in Industrial and commercial
enterpri. cs; 64 par cent in transport, of which 24 per cent is in road transport,
and 8 per cent in rail transport. More rational use of petrolcum will be cffected
especially in the transport secior which consumes the largest percentage of
patroleum fucls. As indicated earlier, road transport consumes more oil per
freight ton haled than ril transport. Measures to be taken, as stated in the
rail-road-oil-pipcline co-ordination section, will rationalize railroad and oil
pipeline modes of transportation and have the cffect of reducing oil con-
sumption in the transport scctor.

8.130. Oil Refinery.—The Kenya oil nefinery at Mombasa has a capacity of
refining 4.8 million tonnes of crude oil per annum. Throughout the plan
period, the refinery will operate with excess capacily, and no cxpansion s,
therefore, planned. However, K£810,000 will be used to install a compuicrized
process supervisory sysiem Lo improve the overall eflicicncy and recovery of
the finished products. This, along with the secondary processing units 1o be
installed at the refinery, will improve product yiclds of crude oil imports.

8.131. Power Alcohol—-Alcohol can be used as a substitule for petrol.
Somc of the sources of power alcohol which are locally available arc cassava
and molasses. Two enterprises for the domestic manulacture of alcohol will
be implemented during this plan period. The power alcohol produced
will bz blended with petrol. This will result in some reduction in imports of
crude oil from overseas. [
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. 8.132. Oil Exploration—Approximately one third of Kenya's land arca is
considered geologically 1o have oil bearing potential. A total of KE11.0 million
has been spent since 1970 by the oil companics in their scarch for oil. While
oil discovery has been unsuccessful, the scarch for oil and natural gas con-
tinuzs. These clorts will be intznsificd with planned Government participation,
as the importance of being able (o assess, with greater certainty, the country’s
resodrce potential is clearly recognized. The development of a national energy
policy requires a thorough understanding of the resource base so that develop-
ment planning can lake into account realisiic cstimales of the potential

Development Programmes for Electricity

8.133. The completion of Gitaru Power Station has added 145 MW to
the installed capacity. The Upper Reservoir (Masinga Power Slation), which
is being financed as a mulli-purpose project costing nbout KESO million, is
to be completed in 1982, and will add 40 MW to the sysicm. This will also
increase the firm capacity of the cxistling hydro-stations uuring the dry
periods, as the Tana River fMlows will be more uniformly regulated.

8.134. The construction of the next hydro station on the River Tana (at
Kiambere Gorge) is scheduled to start in 1981 and 1o be comple'ed by 1985.
The project will co.t about KEGO million and will add another 220 MW of
installed capacity to the systen.

8.135. A 220 kV. single<ircuit transmission line will be constructed
beiween the Tana River Ilydro Station and Mombasa, to transfer the surplus

- hydro cnergy to Mombasa in order to save fuel costs on thermal gencration.

This transmission line, together with terminal equipment, will cost about KE16
million. Furthermore, about 250 km. of 132 kV. lincs will be constructed in
the Western and Mt. Kenya areas 1o reinforce the cxisting system and mect
the future industrial demand in these areas. -
Geothermal >

8.136. In the next five to six ycars, further exploration of geothcrmal
potential of the country will be carried out in arcas other than Olkaria. This
will involve a total capital outlay of nbout K£2.0 million. Exploitation of the
cxisling potential will include the construction of onc 15 MW siation st
Olkaria which is planned for completion in mid-1981 at a cost of some KE12
million, followed by another 15 MW station the following year at an addi
tional cost of K£8 million. .
Rural Electrification -

8.137. The Rural Electrification Programme is a Government initiated
scheme for the provision of eleciricity in rural arcas. This will help develop
these areas and raise the standard of living of the rural people. The pré-
gramme will require an estimated K£4.2 million for the period 1979-83
comparcd to KE1.4 million for the period 1974-78. The sclection of cenlres
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Centres (see Chapter 2. However, prioritles among the various centres will
for electrification will in general support the hierarchy of Designated Service
be determircd on the basis of the following:—

L main rural centres with potential customers in denscly populated swr
rounding arcas;

ji. all important administrative centres in sparscly populated areak o
jii. remaining rural centres in densely populated arcas; and .
iv. arcas with interconnccling lines.

8.138. The rural electrification programme during the plan period comprises
48 projects. Table 8.16 indicatcs the number and costs of projects in each .
. -
Rumal Eutcrmancanon Peoscys, 1978/79-196290
Teble 806
l . Previess Norapea | comxe
Comtral  «o  we  3e ] 810, 2
e oowfl o8| ;
:?:"E- ot | L 1 73,000 :
Wi AT t | e £
TotaL .. - an ‘.'ll!\.l_'__

Electricity Tarifls

8.139." A ncw larie structure which is both rational and simple was intro-
duced by East African Powar and Lighting Company with eflect {rom Ist
Janvary, 1979. It has only 5 ¢ icgories of consumers as against 7 in the oM
tari/[ structure. The categories an: as follows: —

i, consumers with monthly consumption not excccding 7,000 kWh.

ii. consumers with monthly consumption between 7,000 and 100.000 kWh.;
. iii. consumers with consumption exceeding 100,000 kWh. per month;

iv. of-peak supplics; and

. ¥. public lighting.

8.140. Each category of consumer will be charged at a mate tbat reflects
more closcly the cost of providing the supply to that customsr. Consumers
under category (iii) are also offered a reduced rate for units consumed daring

ofl-pcak hours. This will bo possible as their electricity supply will be provided

when demand is low. by 3 )
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* Institutional Armrangements

Develonment of Indigenous Resources

8.141. To rcduce dependence on imported fucls, indigenous resources of
enzrgy have o b: developed. As indicaled earlicr, cxploration findings on
the geothermal fields indicate that the electrical power which can be cxploited
from these resources are as high as 170 M [or Olkaria. There arc indications
that the country has a potential of over 500 MW of geothermal energy. There

ill be a phascd development of geothermal cnergy resources in the future,

8.142. Other forms of cnergy will be explored and developed. Afforestation
proarammes will bz implemenied to provide the required wood and charcoal
fuel. Plans are undzrway lo plant, as a pilot project, 20.000 heclares of
cucalyptus species mainly for the production of fuclwood and poles in scmi-
arid areas during the plan period. Rescarch on nonconventional sources
of enerpy such as biogas, sun and wind will be intensificd. Pilot projects on
these forms of cnergy are alrcady being implemented, mainly in the ruml
arcas.

|

8.143. The Ministry of Power and Communications has overall responsi-
bilities for the development of the energy scctor. This includes responsibility
for [ormulation of the cncrgy policy. Because of its heavy responsibility in this
ficld, it will strenzthen its capacity to p'an comprchensive energy develop-
ment. The recently established Inter-ministerial Commitice on Energy Re-
sources, now functioning under the auspices of the National Council for
Science and Technolozy, will be sapporicd by an adequately siaffed division
in the Planning D:partment of the Ministry of Power and Communications.

B.144. The petrolcum industry, a major component of the energy scclor,
Is largely composed of large international oil companies which import their
crude oil supplies. The crude oil is refined at a fec, and the refined products
are then distribuicd throughdut the country. The companies will, during
this plan period, be called upon to co-operate in implementing proposals
described carlier to transport oil by mil 1o cenlres north and west of Nairobi.
The implementakion of this distribulion prozramme will nacessitate oil depots
being constructed at selected terminals along the milways network and at
Malaba for siorage of oil 10 be exporied to countries to the West of Kenya.

B.145. The Kenya Power Company and the Tana River Development Com-
pany, whosc main funclions are the development of resources for the gencra-
tion of electricity, will investigale other power resource polentials from both
hydro and geothermal sources. In performing this function, they will ¢ llabor-
ale with such organizations as the Tana River Development Authority and
the East African Power and Lighting Company, the main distributor
clectricity. Kenya is one of the countries with the highest prices for electricity-
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This may limit the usc of electricity as & major form of encrgy. All organiz.
tions enzaged in the gencration and distribution of power will, therefore, b
yequired to effect eflicicncy in production and distribution 50 as 1o lower these

costs and thus cheapen the price of power.

Conservation of Encrgy ;
8.146. In the past, insuflicient altcntion has been given to the subject of

conscrvation of energy. As @ developing country. the prospects are that the
use of encrpy will increase, particularly in the commercial and industrial
scctors. To make the best use of the limited encrgy resources, the following
measures will be taken. Firsily, most of the imporied fucls are consumed in
the transport industry. In order to save on fucl in this sector, emphasis will
bc put on encouraging the use of public transport as opposcd 10 privale
transport. Secondly, the cnergy use foutput ratio will be improved by all users
of cnergy. The public, through the mass media, will be educated on encrgy
conservation techniques. Thirdly, afforcstation programmes will be speeded
up particularly in the semi-arid arcas. Fourthly, other fiscal mcasures will be

introduced 10 help rationalize the usc of imporied fucls.

Environmental Impacts —
8.147. The gancration and use of cnergy ofien has adverse cnvironmental

ellects which should ba avoided. Smoke and fumes from faclories, houses
and vehicles cause air pollution which affects the ccological patierns of an
arca. The construction of dams for electricily gencration changes the patiern
of the aquatic life downsiream and the geological balance in the surround-
ing arcas. The devclopment of geothermal resources for electricity develop-
ment produces poisonous gascs, cfflucnt walcr and noise. The uncontrolicd
felling of trees for charcoal burning produces pollution, desertification and
soil erasion. All of these faclors will be considered before different forms
of encrgy are developad or exploited. During the plan period, standards will
be prescribed that will be observed by all enterpriscs that gencrate and
transport of transmit encrgy. Existing anti-pollution laws will be strictly
implemented. Environmental Impact Reports will be required before new
projccis are approved (see Chapler 2).

Ministry of Power and Communication Forward Bodgets

8.148. The devclopment and recurrent expenditure forward budget for
the Ministry of Power and Communications are shown in Tables 8.17 and
8.18 respectively. Development expenditures cover all the corporations and
departments under the Ministry. However, although the development
expenditures of the sclf-inancing corporalions are shown in the table, they
are not included in the total of the allocations o the Ministry. The sell-
financing corporations arc Harbours, Posts and Tclecommunications, and
Kenexicl. The allocation to Kenya Railways amounting to K£31.75 million
includes K£26.75 million which is part of the funds already passed on 1o the

Corporation for the purchasc of Jocomotives and wagons.
. ; 449 :
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APPENDIX D

SCOPE OR WORK
FOR AN
1QC OR REQUIREMENTS CONTRACTOR
(1) USAID/KENYA RENEWABLE ENERGY
DEVELOPMENT PROJECT (615-0205)
AND

(2) APFORESTATION AND TREE NURSERIES
FEASIBILITY STUDY PROJECT (615-0172)

This document contains scopes of work for two AID financed studies in Kenya:
(1) Renewable Energy Development Project (615-0205) and (2) Afforestation
and Tree Nurseries Feasibility Study Project (615-0172), The two studies
should be carried out by one_consulting firm because ~ome components such
as nurseries for fuelwood and woodlots program undecr Project (1) will be
very similar and related to the requirements of Project (2), Moreover, the
use of some of the same personnel required for the project study (1) on the

project study (2) will avoid duplication of effort and otherwise result in
efficiencies,

1. RENEWABLE ENERGY DEVELOPMENT PROJECT:

I. INTRODUCTION:

The Government of Kenya (GOK) and USAID/Kenya are considering under-
taking a renewable ond non-conventional energy development project, with
particular emphasis on the energy needs of rural Kenya. The U.S, contractor
will be required to assist the GOK and USAID/Kenya in articulating the pro-
ject purpose and outputs and identifying the project inputs, The study must
be sufficiently complete to permit the GOK and AID to make their own
independent appraisals of the project's soundness on the basis of data
collected and recommendation made, The final report prepared by the con-
tractor shall be in the form of an AID "Project Paper" (guidelines for a
Project Paper are set forth in Handbook 3). It is presumed that this pro-
ject Paper will support a GOK request for AID funding of the project, with
funding in FY 1980 or 1981, depending on availability of funds, envisioned,

Before arrival of the contractor's team in Kenya, 3 to 4 members of
the tram (including the team leader) shall attend a 3 to 4 day workshop
to be held in Washington, D.C. in June 1980 to provide participants from
AID and the GOK with a demonstration of the computerized "AL-EDIS" energy
planning information system developed by the Institute for Energy Research
(IER), The State University of New York, Stony Brook. Given the incomplete
state of both Kenya's energy data and the AL-EDIS system, the workshop would
not be intended to provide a comprehensive energy plan for Kenya. instead,
the intent would be to:



APPENDIX D-2

-- flag the key energy issues likely to face Kenya in the future;

«= 1indicate in general the energy implications ofalternative policies
which the GOK may consider, and,

~~ sghow major information gaps which will have to be filled before
more conclusive answers to these questlons are possible,

The Beijer Institute of Stockholm has financed the preparation of a
scope of work for a system study of the fuelwood cycle in Kenya, which
will be carried out in association with the Government of Kenya. The team
preparing this scope of work plans to have a draft available by March 10,
1980, which will be reviewed at the Beijer Institute on 24-25 March, 1980,
Detailed comments will be taken at this meeting for incorporation into the
final scope to be prepared by June 1980. The study team should become
familiar with this scope of work, The Beijer Institute has energy data
on Kenya available in its library which is available for use by the study
team., Some team members may find it useful to review this material en
route to Kenya.

II. SCOPE OF SERVICES:

The contractor should refer to the attached AID's Project Identifica-
tion Document (PID) and AID/W's review comments for project statement,
background, energy policy considerations, intended project beneficiaries,
suggested project component summary, and tentative project issues.

The required study shall contain, but not be limited to, evaluation,
analyses, findingsand recommendations, as appropriate, of the following

project components,

(A) 1Initial Planing and Surveys:

The study shall identify the need for long and short-term technical
assistance, training of GOK officials and commodities toward the following
objectives: (i) development of Ministry of Energy (MDE) capability in ex~-
ecuting surveys of rural and urban energy needs, in such categories as
fuelwood «charccal, electricity, etc; (i) review und comment on the draft
scope o. work prepared by the Beijer Institute, Stocitholm, for a fuelwood
supply/demand study; (iii) assistance to MOE in foru:lating energy policy;
(iv) refinement of the IER "AL-EDIS" program for the Kenya ~ specific
situation; and (v) establishment of an Energy Data Bank and Library in
Kenya.

{B) Institutional Development:

The study sh:ll: (i) evaluat- MOE's capabilities to formulate energy
plans, and policies, and to provide technical services to GOK's ministries,
local governments and institutions in the area of renewable energy. In
particular, identify MOE needs for long and short-term technical assistance,
training and commodities in the following areas:
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(a) Policy formulation;

(b) Organization, administration and staffing
(c) Planning and evaluation, and

(d) Technical services.

As regards formulation of energy policies, identify, to the extent
possible, areas which are critical and can be implemented immediately
and those which require further studies. For the latter, recommend
approp-iate procedures for undertaking the studies.

(ii) consider and make recommendations concerning appropriate linkages
between MOE and other Kenya bodies (including but not limited to the
National Council for Science and Technilogy, the Ministry of Works, the
Ministry'of Housing and Social Services, the National Environmental Sec-
retariat and the Ministry of Environmental and Natural Resources).
Identify levels and types of “assistance, if any, needed to develop and
enhance such linkages.

(iii) evaluate and identify technical assistance, training and commodities
required by the Forestry Department of the Ministry of Environment and
Natural Resources for reforestation and agroforestry programs through-

out Kenya, including Arid and Semi-Arid areas with emphasis on fuelwood

and soil conservation. Specific objectives concerning this aspect of the
study will be to:

(a) Formulate procedures and systems, including organization and
management, suitable for program needs.

(b) Recommend plans for development of nurseries, and distribution
of seedlings.

(c) Outline a nursery research program, aimed at improved species
for attaining goals in fuelwood and soil and water conservation.

(d) Design a forestry information and monitoring system as a manage-
ment tool for evaluating progress and assessing costs.

(C) Applied Research and Demonostration:

Identify, on the basis of available information, appropriate renewable
energy technologies applicable to the needs of the rural and urban poor and
having promising cost/benefit ratios under Kenyan conditions. Identify most
suitable organization(s) and locations for undertaking, if necessary, further
applied research in, and/or demonstration of, various renewable and non-
conventional energy resources. Evaluate the need for technical assistance,
training and commodities; identify most serious problems with appropriate
and applicable technologies. Emphasis in all research categories will be
on rural areas of Kenya, but will also include alternative energy needs of
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lowv-income urban dwellers. The specific objective is to demonstrate and evalu-
ate effectiveness of some (say, three to four which have been rank—ordered

as noted under Section G, Economic Analysis of this Scope of Work), of the
following technologies which are considered most suitable in the socio-
economic structure, climatic conditions, and cultural practices in Keanya:

(a) Village/household level reforestation and agroforestry.

(b) Wood and charcoal stoves; charcoal kilns.

(c) Biomass/Biogas for rural areas; smalli-scale alcohol, medium-
scale methane.

(d) Solar energy devices for water heaters, crop driers, etc.

(e) Water pumping systems such as windmills, solar cell and hand
pumps. '

(f) Food processing systems such as grain grinders.

(g) Small-scale electricity for clinics, school and other rural
services.

2. Review with MUE the role of the proposed Energy Research and Develnp-
ment Institute. Prepare Scope of Work for the detailed planning of Institutsz,
inlcuding questions or organization, staffing and term of reference, together
with order-of-magintude cost estimates.

3. Evaluate the need for technical assistance and training to develop
capabilities of the Ministry of Works and the Ministry of Social Services
and Housing in designing, in collaboration with the MOE, energy efficient
Government buildings and housing.

4. Review with MOE and the National Council for Science and Technology
proposals for establishment of a Rural Energy Bank and offer general find=-
ings and recommendations on the need for establishing such a Bank, whether
as a new institution or as a new "window'" at an existing institution.

(D) Monitoring and Evaluation:

1. Recommend methodology and prepare scope of work for two independent
evaluations of the Renewable Energy Development Prnject as follows:

(i) interim report, 18 months after the activity starts and
(ii) final report.
2. Identify baseline date to be collected and recommend appropriate

GOK organization for collecting such baseline data and monitoring project
effectiveness.
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(E) General:

1. The contractor shall evaluate and recommend the most appropriate
approach to "Project Issues" identified in the PID, in AID/W's comments
on that PID, and aher issues ebout which the team becomes cognizant during
the course of the study.

2. The contractor shall provide detailed scope of work for the
technical assistance elements of the proposed project, including details
of qualifications and duties for each technician.

3. The contractor shall provide detailed specifications for all
commodities proposed for procurement in furtherance of project objectives,
The contractor shall, to the extent possible, identify at least three
possible sources (suppliers) of commodities, and in cases where the source
and origin of the commodity must be other than U.S. or Kenya, the con-
tractor shall prepare justification for such purchases, following con-
sultation with USAID/Kenya.

4, The contractor shall prepare training plans and identify locations
for the training (long and short-term) of GOK officials.

(F) Financial Analyrcis:

The contractor shall:

1. Prepare detailed cost estimate for the proposed project broken
out into the four proposed components identified above. Cost schedules
should show U.S, dollar costs and local currency costs for each item and
should include all costs (to be finunced by GOK and AID) related to the
proposed project such as transportation, technicians, housing, allowances,
GOK support, counterparts etc,

2. Prepare a cash disbursement schedule indicating biannual U.S,
dollar «nd local currency' requirements,

(G) Economic Analysis:

The contractor shall prepare a comprehensive Economic Analysis on a
cost effective basis consistent with Handbook 3 guidance, to include:

1. A macroeconomic overview of the project, taking the following
factors into account:

~= role of energy in the Kenya economy;
== 1identification of the need for the project;

-~ future demand for energy (conventional and non-conventional);
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estimate of additional energy demand likely to be generated as a
result of the project (changes in consumption, new users, diffe.ent
types of users);

additional investments which could be made (by GOK, other donors
or private sector) which will complement the project;

estimate of arresting s0il erosion and depletion of forests;
project impact on GOK's development goals, particularly on income,
employment, regional development, income generation, agricultural

production including agroforestry, health and general welfare;

recurrent cost implications of the project for the GOK budget and
community resources should be identified, quantified, and analyzed.

The economic analysis must be made based on the assumption that
the technologies to be demonstrated under the Applied Research and

Demonstration component of the proposed project will be introduced, after
sufficient development, on a much wider scale in Kenya, especially in rural

areas.

(a)

(b)

(c)

(d)

(e)

In particular, the analysis should:

Identify and quantify (where possible) the direct, indirect
and external costs and benefits of the project. Costing should
be done on market prices and economic prices (if appropriate)
with any deviation from market prices explained and defended.

The allocation of potential benefits between different beneficiaries
must be identified and discussed, indicating benefit shares
accuring to different economic and social groups.

Energy systems to be recommended for field testing will first be
appraised on the basis of benefit/cost analysis, using Kenyan
cost data and shadow prices, where warr..nted. See '"Economic
Analysis of Renewable Energy Systems" by David French (AFR/DR/SDP)
for examples of the methodology to be used.

Based on the foregoing economic analysis and other socio-economic
factors (with all assumptions fully expalined and defended),
prepare a priority ranking for technologies which should be further
developed under the Applied Research and Demonstration component

of the proposed project for wider application in Kenya.

The cost effectiveness of the project must be demonstrated and
should be compared with reasonable alternatives. The design
choice must be justified against reasonable alternative design
for different scale, timing, or approach.
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(H) Implementation Plan:

Prepare an implementation.plan for the project identifying the imple-
mentation and monitoring responsibilities of Government of Kenya (MDE and
other ministries) and USAID/Kenya. Describe in detail how the project
should be implemented, e,g., procurement of technical assistance, and com-
modities, and participant traning. Identify constraints,such as GOK/AID
policies, administration procedures and personnel, which may have an impact
on the implementation of the project.

Prepare an implementation schedule for the project, taking into
account lead times to procure commodities and technical services and to
initiate tra ning programsf The schedule should show approximate dates
when various activities related to the project should commence and end.

(I) Environmental Analysis:

1. An Initial Environment Examination report for the project has
been prepared recommending'"a negative determination", i.e.,, that an en-
vironmental aralysis or impact statement is not necessary bacause AID
believes that the project concentrates on institutional development studies,
pilot projects and the like; and does not include any major physical inter-
ventions which would have significant impact on Kenya's physical, socio-
economic or cultural environment. However, during the study if the con-
sultants conclude that the project as a whole or a ccmponent of the project
would have significant impact on Kenya's environment, then the consultants
should analysis and explain the impacts., The design of the project should
be such that the environmental impact of the project is minimized, or made
benign exclusively,

2. The consultant should recommend procedures and technical assistance
and training needed to monitor and evaluate envirommental impacts of various
tecunologies proposed for further development under the project.

ITI. CONSULTANT'S TEAM:

1., The consultant's team should consist of the following technicians
with estimated level of effort for each technician as noted: Personnel
requirements for both Study 1 (Renewable Energy) and Study 2 (Afforesta-
tion and Tree Nurseries) are incorporated below:

(a) One Energy Planner - 3 months in Kenya, and % month in the U.S.

(b) One Solar Energy Advisor - 1 month in Kenya,

*Training nominations, for U.S, academic institutions, must be received six
months In advance of the commencement of such training.
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(c) One Wind-power Energy Advisor - 1 month in Kenya.
(d) One Energy Economist - 3 months in Kenya, and % month in the U.S,

(e) Two Forestry Experts - Silviculture Expert - 3 morths in Kenya,
and ¥ month in the U.S. One Nursery Expert - 3 months in Kenya.

(£) One Public Administrator/Training Advisor -.1% month in Kenya.

(g) One Anthropolegist - 2 months in Kenya, (preferably Kenyan or
residept of Kenya).

Total - 19 person months. Add contingency 1 p.m. = 20 p.m.

2. Each technician should have broad expericnce in renewable and non-
conventional energy technologies. He/she should have at least three years'
experience in his/her field .{ expertive and must be qualified to responu
to the scope of services. He/she must have worked a minimum of six months
in a developing conntry, preferably in an African country, on a related
project. Note: ThLe anthropologist must have a minimum of six months'
experience in Kenya,

3. One of the team members, preferably, the Energy Planner, should
be designated as a team leader, The team leader should have experience
in preparing designs of projects financed by AID and he/she should be fully
versed with the AID's requirements for a Project Paper as set forth in
AID Handbook 3, The team leader should be present in Kenya during the
full study period.

4, The period of assignment for each team member specified in Para-
graph 1 above is an estimate, The consultant may recommend changes, based
on consultant's prior experience on a similar type of project, for AID's
consideration,

Moxreover, during the progress of the study, if the consultant's team
leader believes that a change(s) should be made in the assignment period
of a technician(s) to successfully complete the study, the team leader
should at once advise in writing to USAID/Kenya of the change(s) necessary
explaining in detail reasons for proposing the change(s).

IV. REPORTS:

1. Report Format:

The body of the report, comsisting of the major subjects included
in Section II, Scope of Services, shall be prefaced by a summary which
shall provide an overview of the proposed project. The summary shall
present briefly, the Consultant's major findings and conclusions relative
to the technical, social, economic, and environmental soundness of project,
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Statistical data, calculation sheets, economic projections, detailed
specifications for commodities and scope of work for techiwical services
to be procured for the project, etc., shall be bound as appendices to the
body of the report, if more convenient, bound sepazrately.

The Repert shall also recommend particular activities, with stated
selection criteria, for implementation under the Applied Research and
Demonstration component of the project. These recommendations shall be
accompanied by estimated costs and source data and, to the extent practical,
by preliminary specifications.

2. Report Submission:

The Consultant, working in coordination with USAID and the GOX,
will be prepared to issue a draft of the Project Paper within six weeks of
the commencement of field work in Kenya. The draft shall be submitted in
five (5) copies each to the Ministry of Energy and USAID/Nairobi for review
and ccmment. Consultant shall allow USAID and GOK three working days to
read and provid« preliminary comment on this draft report. Thereafter,
the Consultant will undertake, during the remaining time if its personnel
in Kenya, to elaborate on (r advise the draft Project raper to the extent
reasonably requested by USAID/GOK. The objective in this regard is that
all parties will cooperate fully toward production no later than early
September 1980 of a Project Paper which could be approved for AID funding.

3. Report Language

All report and correspondence relative to this contract shall be
in the English Language.

V. RESPONSIBILITIES:

1. The team shall work in close consultation with the Ministry of
Energy (and other Ministries and Institutions through MOE) and with USAID/
Kenya, retaining, however, full responsibility for all findings and
recommendations. The MOE and USAID shall provide to the Consultant or assis!
the Consultant obtaining copies of all available reports, data, etc., as
may be pertinent to the study.

2. Liaison officer for MOE, uther GOK agencies and USAID/Kenya liaison
officer will be identified to the contractor upon arrival of the team in
Kenya.

3. The Consultant's team leader, and other members of the team to the
extent possible, should brief GOK and USAID officials jointly at least once
a week on progress. If, ar any time during the stucy, the Consultant con-
cludes that the project objectives cannot be met, the Consultant should
immediately advise USAID and GOK of such conclusion, with reasons, and
seek instructions whether to proceed, modify, or terminate the study.
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VI. LOGISTIC SUPPORT:

I. All U.S, dollar and Kenya shilling costs for the above services,
including logistic support, shall be provided from AID funds available
from the Project Design and Support account.

2. The consultant shall be responsible for arranging for all support
services required to accomplish the study, such as, but not limited to,
office space, secretarial services, supplies and equipment, local trans-
portation etc.

2, AFFORESTATION AND TREE NURSERIES:

1. INTRODUCTION:

The Forestry Department has three programs in Kitui District:

A, Forest Planting Program.. The goal is primarily for timber pro-
duction, It entails planting 5,490 hectares on gazetted hills and
17,859 hectares on ungazetted hills, The length of time this takes
depends oa how rapidly constraints are removed,

B. Rural Afforestation Extension Scheme. The goal is to plant 450
hectares per year under two Forest Department programs:

1) Small numbers for planting along hedges and gullies,

2) For creating small woodlots on farms that have low potential
land.

This will require 7.2 million seedlings per year, In addition, seed-
lings are to be provided for soil and water conservation activities of the
Ministry of Agriculture.for planting along cut-off drains and gullies,

C. Protective Forest Plantation Program. This is a new program. For
soll and water conservation purposes, forests will be planted in the upper
regions of river catchments on land unsuitable for crop cultivation., The
goal is soil and water conservation rather than timber production; this
calls for different species and different planting and husbandry techniques
than where timber is the main objective,

Eightnursery sites are strcogetically located in the District to service
the three programs. Five of the nurseries require further development to
bring them up to standard. All eight are critically short on labor for
preparing the land and seeding the nurseries., Some are short on water.
Perhaps partly because the nurseries are undeveloped underequlpped and
understaffed, the cost per seedling is high (5h.0.95 each.)
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II. SCOPE OF SERVICES:

The purpose of this gsgiébilﬁEyaggudy is to assist the Forestry Depart-
ment of the Ministry of/ atural Resodiffes to formulate a detailed plan for
the 8 nurseries in Kitui District, so they can provide appropriate kinds

of seedlings on a cost-effective basis for both soil and water conservation
purposes and for timber production, (While thz specific plans will be for
the program in Kitui District, the principles will likely have application

in other ASAL districts).

The detailed plan called for above should incorporate enough specificity
to permit the subsequent development of a project that would warrant AID
assistance., In this connection, the contractor should review the Project
Paper for the ASAL Development Project (615-0172) under which AID is cur-
rently providing assistance to the GOK in the area of afforestation and tree
nurseries, In additionm, the contractor should review Kenya: Marginal/Semi-
Arid Lands Pre-Investment Inventory, "Forestry,", Volume 5, August 1978,
which was prepared by the Consortium for International Development under an
AID contract (615-0164), Finally, the contractor should consult with
officials of the International Center for Research on Agro-Forestry whose
headquarters is in Nairobi,

Much of the information required to develop a project in the area of
afforestation and tree nurseries will be collected in the contextof study
1 described above (Renewable Eunergy Development Project); in this sense,
the two activitiecs are complementary. However, more specific objectives
and requirements of this study are as follows:

1., Formulate procedures and organization/management systems
suitable for program needs.

2. Develop long-term plans for each nursery, with details regarding
species and quantities of seedlings needed each year to attain
program goals,

3. Outline an effective seedling distribution system.,

4, Outline a nursery research program, aimed at developing
improved species or combinations of species for attaining
goals in soil and water conservatiocn, timber production,
and nutrition,

5, Design a forestry information and monitoring system as a
management tool for evaluating progress and assessing costs,

6. Prepare detailed cost estimate for implementing the detailed
plan, using Section II, F. above as a model,
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J. arry out an economic analysis for the detailed plan, using
Section I1.G. above as a model.

8. Carry out an environmeatal examination of the detailed plan
based on AID guidance and requirements.

II1. CONSULTANT'S TEAM:

The team described in Section III. above (study 1 - Renewable Energy)
includes two forestry experts to carry out this particular study. However,
while two studies are involved, the consultants should work as a single
integrated team. As stated above, the '"Study 1" Project Paper must be
ready by early September 1980. Study 2, while i1mportant, 1s subordinate
in terms of submission date to study 1.

IV. REPORTS:

The results of the study should be incorporated into a separate
written report which will treat comprehensively the information required
under Section 2 II above, The draft report shall be submitted to the
Ministry of Environment and Natural Resources and to USAID within ten weeks
of commencement of the work in Kenya. Within three working days of receipt
of the draft, USAID and the Ministry will comment thereon. The final report
will be mailed to both parties within two weeks of the Team Leader's de-
parture from Kenva.

V. RESPONSIBILITIES

All responsibilities outlined in Section V. above apply, as appropriate,
to this study as well.

VI. LOGISTIC SUPPORT:

All U.S. dollar and Kenya shilling costs for study two shall be provided
from AID funds available under the ASAL Development Project (615-0172).
The consultant shall be responsible for all support services required to
prepare the study, such as, but not limited to, office space, secretarial
services, supplies and equipment, local transportation, etc.
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INITIAL ENVIRONMENTAL EXAMINATION

Project Location: Kenya

Project Title: Renewal Energy Development Project (615-0205)

Funding: Three year (81-83), $4.5 million

Life of Project: 3 years

IEE Prepared By: Satish P. Shah, General Engineering Officer,
USAID/KENYA

Date: February 15, 1980

Recommendation: Negative Determination

Concurrence: (%cé/ f i//Date 3 /ldﬁ f2

Glenwood P. Roan
Director, USAID/Kenya

Assistant Administrator's Decision:

APPROVED:

DISAPPROVED:

DATE:




I. Project Description:

The Renewable Energy Development Project provides assistance to the
Ministry of Energy (MOE), and to a lesser extent to the Ministry of Environment
and National Resources, to permit those bodies to address more effectively
questions of energy policy and development and application of renewal and
non-conventional energy sources for rural areas of Kenya. Project elements
include

{i} Initial planning and surveys;
(ii) Instituticnal development and training;

(iii) Azplied r=gearch and demcnstraticn of renewable energy
sources such as village household level reforestation and agroforestry; wood
and charcoal stoves; charcoal kilns; biomass; solar energy devices for
heating and crop drying; water pumping sy:tems; food processing systems
and small-scale electricity for clinics, school and other rural services.

(iv) Moni<oring and Evaluation.

II1. Identification of Irvacts:

Elements (i) and (ii) of the project, which include training and
technical assistance in developing GOK's capability to feormulate energy
planning and policy, primarily for rural areas, do hot raise envircnmental
issues,

Demonstrati n and testing of various renewable energy resources
under element (iii) of the project will not have significant impact on
the physicel, socio-ecanomic and culburzl environment of rural Kenya.
Rather, if demonstration projects such as village/household level
reforestation program prrove successful, so1l erosion will be reduced
and further depletion of forest areas for fuclwood will be arrested.
The project technical assistance team will include an anthropologist to
study socio-econcmic ard cultural impact of technolcgies bheing tected.
Should any of the specific technologies proposed for testing eventually
be selected for major adcption within Kenya, the need for further
environmental analysis wcuald ther. be addressed.

II1. Recommendazion:

For the above reasons, a negative determination is reccmmended.
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SOURCE /ORIGIN WAIVER FOR COMMODITIES

A source/origin and proprietary procurement waivers are requested for the
procurement of five vehicles of Code 935 source and origin.

(a) Cooperating country: Kenya
(b) Project: Renewable Energy Development Project 615-0205
(c) Nature of Funding: Grant

(d) Description of Commodities: Five, 4 wheel drive land rover
vehicles
(e) Approximate value: $100,000

(f) Probable Procurement Origin: U.K.
(g) FProbable Source: Kenya

Section 636(i) of the Forecign Assistance Act of 1961, as amended, prohibits
A.1.D. from purchasing motor vehicles unless such vehicles are manufactured
in the United States. Section 636(i) does provide, however, that "...where
special circumstances exist, the President is authorized to waive the
provision of the act in urder to carry out the purpose of this act.”
Additicnally, in accordance with A.I.D. Handbook 1, Supplement B, procure-
ment o motor vehicles of other than U.S. manufacture requires a waiver.
The Handbook provides that a waiver may be granted when necessary to carry
out the purpose of the FAA and if, inter alia, there is & present or
projected lack of adequate service facilities and supply of spare parts

for U.S. made vehicles. The authority to (1) determine that special
circumstances exist for purpose of Section 636(i) and (2) that there is
adequare justification for a waiver under Handbook 1, Supplement B, has
beer delegated to AA/AFR. ‘

The Government of Kenya has requested A.1.D. assistance to asgist in
developing appropriat: renewable and non-conventional energy resource
policies and technologies.

The above project vehicles are required to provide mobility for project
technicians who will be required to work in areas where roads are usually
rugged, unimproved tracks. While U.S. manufactured right-hand drive
vehiz:les normally would have been satisfactory for this project, it has
been determined throuzh experience that the constant shortage of spare
parts and non-availability of qualified mechanics to work on U.S. vehicles
in rural areas has caused major implementation problems where U.S.
vehicles are utilized. The Government of Kenya depends primarily on Land
Rover vehicles for its transportation requirements for which service is
available throughout the country. It is for this reason that we recommend
purchase on Land Rover vehicles on a proprietary basis. Unless project
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vehicles are compatible with the country's maintenance system, adequate
maintenance and ability to obtain spare parts are virtually impossible.

For reasons stated above, it is recommended that AA/AFR: (1) find that
special circumstances exist justifying a waiver of the requirements of
Section 636(1) of the FAA, (2) certify that the exclusion of the proposed
procurement from Free World Countries and countries included in Code 941
would seriovusly impede attainment of U.S. foreign policy objectives and
objectives of the foreign ags’stance program, and (3) authorize procure-
ment of Land Rover vehicles on a proprietary basis. '
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