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INTRODUCTICN

by David Prench

During 1979 and 1980, the African Bureau of the U.S. Agency
for International Development worked to establish guidelines for
its energy program, As part of this process, papers were
commissioned on the following issues: the relatlonship of
energy to Africar development, energy surveys, the economics of
energy systemaz, technology transfer,; community involvement in
fuelwocd activities, and the monitoring of energy projects, In
order to reach & wider audience, these papers (somewhat condensed)
are reproduced together in this volume,

In the opening paper, Marthe Novick questions the common
assumption that Africa's future will in most essentlials be an
extension of past development trends. The people holding this
view concede that problems now exist with respect to oll and
fuelwood, which together account for 90-1C00% of energy consump-
tion ir most African countries and which% are rapidly becomlng
uriavaliable. Nonetheless -~ or so goes the assumption -- new
trees will be rlanted and renewable energy substituted for
petroleum products. Given a necessary perlod of readjustment,
modernization will proceed as before,

Novick, on the other hand, ralses the possibllity that
scarce, expensive energy may be a permanent condition in Africa.
In this view, deforestation cannot readily be reversed, and
renewables will provide energy only at much higher cost than
prevalled in the cheap-oll era before 1973. If thils proves
correct, it 1is imperative that we begin to consider the question
of what African development may be like 1n a period of scarce
and expensive energy.

Novick reviews Africa's energy crisls specifically in terms
of balance-of-payments effects, traisportation problems, fuelwood
‘availlability, and agricultural ou pvt. In most of these areas,
current prescriptions for growth have been modelled on the
development experience of Western nellicns. Under new energy
conditions in Africa, these approzches are l1likeliy to prove
unsustainatbtle. Fcr varlous rcasors, however, fundamental
adjustments 1n national Gevelcpment strategles cannot take rlsce
overnight. As Novick implies, the fact that such adjJustments
w111l have t. be slow and incremental is all the more reason that
they be carefulily thought through and begun at once.

One area where actlon 1s esseritial 1s the provision of
fuelwood, whlch provides 60.90% of all energy used in most African
countries, In his paper on fuelwood surveys, James Thomson



concentrates on the way that fuelwood decisions are made and
enforced by individuals and groups. When the basis for local
decision-making is understood, aid donors and government
officials can design better fuelwood projects.

Thomson notes that an African family has 1little incentive
to protect or replace trees on the common lend where it typi-
cally finds i1ts wood or which 1t clearsv;o grow crops. This
made little difference when forests grew as fast as pecple
could cut them down. Now that wced is gcarce, however, the
family's need for wood or cleared land 1ncreasingly conflicts
with soclety's need to preserve its trees.

The answer lies eilther in "privatizing" land and trees or
In strengthening the abllity of local groups to manage common
r€sour~cs.  Hach of these solutions poses problems. By gather-
ing the kinds of informatior. which Thomson specifies, officilals
can gauge the approach most likely tc succeed in each of the
Aareas surveyed.

Thomas Graham lonks more broadly at “he ways in which
tdarveys can help governments know what to do in the face of
changlrg energy conditions. TFor Graham, surveys are means of
ldentifying new technologies of potential value, especially to
the poor. 1If a government moves systematically to support
such technelogies, it will automatically be carrying out a
correct energy pollcy. Curvey, policy, and action at the local
level are thus *rdissolubly llnked. '

To 4o thls work, according to Graham, surveyors should
start b; asking people what the'lr problems are. After prelimi-
nary consideration of local economic and soclal conditions,
proposed solutions can be discussed with the people belng
surveyed. Data are then collected to a’low analysis of the
ecorromic, social and technical feasibility of systems under
review. Systems which appear feaslblie on all three grounds
can then be 1nstalled and tested.

Key to thls process are what Graham calls the "analytical
fllters" through which data are passed tc Judge a proposed
system's feasibility. The economie "filter," for example, 1is
benefit-cost analysis, adjusted to reflect the economic outlook
of the system's potential buyers. Comparable filters exlst
for social and technical analysls. Any energy survey must start
with agreement on what these fillters wlll be; only then can we
know which data should be collected to help us precdiet the
appropriateness of new systems ir the area surveyed.

Aslf Shaikh louks in detali at the economics of energy
systems. In part, he reiles on thLe usual rates of return:>4,[ 



financia? (as seen by the individual buyer) and economic (frcm
the standpoint of society as a whole). Before finally choosing
among competing systems, howvever, decision-makers may also wish
to know which would yield the greatest total benefits from a
given outlay of government funds. To help with this judgment,
Shaikh introduces the 1dea of a "dissemination cost ratio,"
which compares (a) the ineremental budgetary cost of intro-
ducing one unit of a given system and (b) the net present value
of that unit to soclety.

According to Shaikh, the application of these measures in
practice requives close cooparation among economists, technolo-
gists, and sociclogists. This is especlally true with respect to:

- Incentive to Buy: Villagers may choose to buy (or not buy)
new systems for reasons that have little to do with economics.
A new mud stove, for example, may save preclous wood and yet
be rejected 1f mud items are traditionally identified with
extreme poverty. To take account of such factors, the
economist must carry out a wide-ranging "demand analysis"
of the proposed system, including social as well as economic
aspects of demand.

- Scarce Resources: A lack of aveilable cash may prevent
people from buylng an otherwise attractive system. This
wlll be especially true where the technology generates no
Income to defray initial expenses. To predict such a
system's appeal requlres an understanding of avallable
resources and credlt mechanisms in areas where the system
might be sold.

- Ease of Dissemination: Some technologies will spread
rapldly once their usefulness becomes clear. These may be
made by industry, bty local artlsans, or by the final users
themselves. Other devices willl have 1little apreal to industry
or artlsans and will be too complex for users to construct
and maintain without outside assistance. (Shaikh fears
that mud stoves might fall into this category in much of
Africa.) 1In this latter case, governments could be faced
with high and persistent dissemination costs. To predict
the outcome will require detailled knowledge of the economy
and culture where the technology 1s to be tried.

To expand economlc analysis in these ways makes 1t almoat
impossible to find a single rnumber (rate of return, present
value) which will tell whether a technology should be supported.
Instead, Shalkh suggests, such analysis can best serve as
feedback 1in a continuilng process of adapting and redesigning
technologles to meet local conditions. For example, mud
- stoves may have a high paper rate of return but offer 1ittle
"ineentive to buy" and pose great dissemination prchlems. "o »
meet thelr basic objective of conserving scarce wood, governments
might trerefore wish to think instead about metal cooking stoves



or colar ovens for baking bread. Considerable time and monay
may de saved by going through this analytical process both
before prototypes are constructed and while they are being

ed in the field.

If sound technologies are identified in these ways,
Africans are likely to adopt them. As Becil Cook points out,
Africans throughout history have accepted appropriate new
tools, crops, weapons, clothing, patterns of government and.
commerce. If our technological ideas are rejocted, it 1s not
through any African unwillingness to innovate.

Drawing on case s“udies of technology adoption in many
parts of Africa, Cook argues that change 1s most likely to
occur where the "spontanelty/coercion ratio" is high. That 1is,
villagers chould feel that a new technology coincides with their
self-interest and that the process of 1ts sdoption 1s under
their control. They should not feel that the technology 1is
being forced into their lives by powerful outziders.

According to Cook, this means that "The btest development
strategy 1s the one that develops the least: the smaller the
outside interwvention, w..ether by a host cowntry government or
donors, the better." If energy programs are to sBucceed,
villagers and outsiders must learn to understiand each other
well enough that any exchange will draw on the resources and
meet the objectives of both.

Marilyn Hoskins exanines this process in terms of the
role of local groups in dealing with fuelwood problems. Such
a community-based perspective 1s essential in Africa, according
to Hoskins, since "it 1s increasingly apparent that the top-—down
approach 1s now working." 1Instead, "efforts to sclve lccal
fuel needs in ways that protect or re-constitute a healthy
environment require support from local people." Such support
must be genulne, and it must be present at every stage from
project deslign to the ultimate distribution of benefits.

This 1mplies close cooperation among donors, national
forest services, and villagers. According to Hoskins, however,
such cooperation 1s extremely hard to achieve, 1in part becsuse
of' the very different perspectives from which the major actors
vie.r the problem. Donors, for example, often worry about
integrated resource planning and interagency cooperation, issues
to which forest services may attach much less importance. For
thelr part, forest services think of how to create new institu-
tions and projects which willl work over the long term -~ in the
face of donor insistence that results be visgible in two or three
years. Villagers, on the other hand, wonder why greater attention
1sn't glven to the local issues they think are most urgent - (e.8.,
water, health, food, or jobs). When forestry activities pr RS
agreed upon, villagers may find both foreign donora and ‘thelr gun-

. A SR 4 *’.,‘?3]1 :

.



governments somewhat unpredictable when it comes to promised .
asgistince and the distribution of projeet benefits,

To ease some o7 these miaunderstandings, Hoskins proposzs
that fuelwood activities start Wwith a "project management agree~
ment," to be prepared Jointly by villagers, donors, and forest
services (or other government agenicies), Such an agreenent would:

- establish long~-range and short-range goals,

- 8select a site for the project,

- outline ctart-up and maintenance plans,

- speclfy the distribuvtion of project benefits, and
- create procedures for monitoring and evaluation.

To negotiate such an agreement 1n advénce would help
ensure that all parties were in accord on the project's basic
nature and the means of its implementation. As equal partici-
pants, villagers would have iwuch more Infiluence than 1s common
in the shapring of rural development projects. According to
Hosking, 1t is only by involving villagers in this way that we
can expect to succeed with large-scale fuelwood programs 1n
Africa.

Once energy projects are underway -- in support of woodlots
or of "harder" technclogles -- 1t is extremely importani to
keep track of the results. To ensure that systems being tested
are 1n fact appropriate, George Burrill proposes that five
questions be asked about them:

"1) How well does a given device perform technically within
the physical conditions or the village where it 1s being
tested?...

"2) What costs are associated with the 1installation and
operation of the technology, and how do these costs
compare to the benefits received...?

"3, How does the technology interaet with the local culture
and with the social organizaticn of the village and
family?...

"4) How appropriate is the technology for the village institu-
tlons or individuals who could own, operate, and maintain
it?.ll - .

"5) What can be learned about transferring or EQ.Ptintftk‘;p<H
technology to the village?..." A




In seeking answers to these qQuestions, Burrill suggests,
we should think of pilot energy nrojects as "learning iabora-
tories." This implies a serious commitment to gather and
ovaluate informaticn throughout a project's lifetive, The
proocess is a dynamic one, since menagers will adjust the project
an ther go along in response to information collected.

In order for results to be significant, the "learning lab"
approach impliec full participsation on the part of donors, host
governments, contracturs -- and the villagera who are %o usz the
new technologies. According to Burrill, lack of such participa-
tion will jJeopardize botn the project's success and our abllity
to know whether 1t has succeeded or not. As a framework for
organizing the common effort required, Burrill endorses the
"proJect management agreement" outlined by Marilyn Hoskins.

The Africa Bureau of the Agency for International Develop=-
ment does not necessarily endorse all the above ideas. None-
theless, the general Jine of argument of these papers 1is very
close to the energy policies which the Parezu has evolved. We
are grateful toc the authors for their coitribution to the way
we view African energy issues; we hope that other reader. will
find this work as useful as we have.



ENERGY SCARCITIES AND AFRICAN DEVELOPMENT

by
Martha Novick

INTRODUCTION

A3 the century draws to a close, the sub-Saharan countrias
of Africa will be confronted with the challenge of promoting
sconomic development in the context of increasingly scarce
and costly energy vrescurces. If oil price increases in 197%®
were indicative of likely future trends, the developing caun— -
tries of Africa will direct an increasing percentage of valu-
able foreign exchange to pay for cil imports. As for renewabls
sources of energy, conditions of fuelwood scarcity in Africa
are already well-documented, and solutions which propose to
rely on the new renewable energy techriolqgies may require
bhigh initial investrents of capital whicH ¥iliage and town—
dwellers can little afford.

A number of studies have cautiously wertured to discuss
the future effects of hiagh energy costs and conditions of
scarcity on the development of African LDCs. By and large,
analysts have approached the problem with the assumptian that
traditional patterns of deveiopment will continua unaltered,
with some adaptation as required by exigencies of supply or
pressures on foreign evchange reserves. The traditional
pattern of developinent encompasses those activities contri-
buting to tbhe sustaiaed growth of GDP: productive industry
and commercializad export agriculture, practiced in the
manner prescribed by former colonial metropoles and developed-
country donor agencies. From this perspective, concern for
the future of development as conditioned by the global energy
situation focuses on the nead to assure and finance reliable
supplies of petroleum-based fuels and fertilizers.

This paper will argue that a broader framework of analysis
is crucial to an accurate understanding of the energy dilemma
facing Africe in the next thirty yvears. There are a number
of questions which need to be addressed, if only at the general
and highly speculative level, in order to rec<gnize the issues
that will be the most salient in the African context:

e What types of rhanges will be imposed cn official
developyment p.ans as a resulc of increasing cost
and scaccity of energy resources? If existing
development plans are cut back substantially as



oil price increases require more foreign exchange,
- :hat portione of davelopmant plans will be trimmed
irst?
= will internal political and economic realities
in African countries ullow policy-makers to curtail
development plans and simultanecusly retain the
goals of income distribution and rural development?

® What might bw the future alternative paths for develop-
ment in an era of scarce and expensive energy resources?

What kinds of structural changes in development might

be envisioned for Africa?

= Will individual countries be able to mitigate the
effects of political, economic, institutional and
resource ccnstraints in order to initiate a compre-
hensive re-evaluation of development plans?

~ How will energy conservation and adaptive innova-
tion be built into future planning without effac-
ing the importance of economic, sccial, cultural
and politjcal factors in the decision-making process?

- What will alternative development paths suggest for
the role of international donors in the next twenty
to fifty years?

- What will be the predominant sources of structural
innovation in the pace and scope of davelopment
efforts? Who will write and execute the blueprints
for new patterns of growth?

® How will we need to alter our present views of develop-
ment to accommodate the rceed for more creative and
"imagination-intensive" approaches to development
issues?

These questions have besn &approached only tentatively in the
development literature. Some of the 1ssues have been articulated;
a few brave souls hava called for the examination of potential
alternative paths, but che challenge has not been taken up

with any great urgency or enthusiasm. Persons consulted in

the preparation of this paper were interested and concerned,

but many had not been able to devote serious time or thought

to the questions.

Experienced development practitioners will smile at the
utopian quality of the approach outlined above. Indeed, the
cozlitions under which development administration and imple~
mentation take place in Africa present formidable institutional
and structural barriers to successful planning for re: surce
management. To plan for integrated intersectoral study of
energy flows and to incorporate such information into national



devalcpmant plans seems possible in the abstract; but in
the field, a whole array of administrative, information,
human and material constraints prevail. And, too, the
style and quality of policy-making appropriate to the task
by Weste.n standards may not be suited to African needs

and priorities. (Rothchild & Curry, 1978: 18-23) Aas

most African countries cannot afford to allocate sufficient
resources to achieve a high level of policy-making perfor-
mance, their efforts at plan implementation seem likely

to entail an inappropriate use of scarce resources and
hence, remain comparatively costly. (U.S. citizens should
note in this context their own government's inability to
produce an effective and coherent energy policy.) For the
developing countries anxious for a soclution to the energy
dilemma, programs designed on the outside, by the standards
of the developed countries, will often have too high a price
tag, even if they can be implemented with satisfactory
results.

Demand management and enerqy conservation are frequently
held out as important partial solutions for the developing
countries in their struggle with enexrgy crisis conditions.
Will conservation and demand management be sufficient or
even marginally effective in reducing the growth in energy
expenditures and consumption (all types), or are basic
changes in the structure and direction of development actually
necessary in order to alter patterns of energy consumption in
a more lasting way. The answer to this question is crucial
for the planning and investment programs of African govern-
ments and international donor organizations in the next twenty
to thirty years.

Thie paper will briefly survey the above issues for the
following sectors in the African context:

I. The Increasing Price of 0il -~ Effects on Economic
Grovwth and Adjustment Processes

II. Transport, Spatial Planning, Decentralization: The
Intersectoral Linkages '

III. Fuelwood: The Rural Impact of Scarcity

IV. Agricultural Productivity: Energy Constrainte and
the Goal of Food Self-Sufficiency

* * * * »
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Attempts to conduct research on enerqy issues in the
African context are hampered by the lack of even the most
basic data concerning energy needs, uses and resources.
Countries at relatively low levels of industrialization,
with large populaticns engaged in subsistence agriculture,
are not studied as much as the rapidly-industrialized, upper-
income developing countries. Xn fac%t, they are often lumped
together with all other LDC's in general discussions of their
energy problems, discussions which emphasize commercial enargy
usz and supply problems. In the studies which do attempt to
deal with the lower-inceome oil~importing LDC's, the results
are often disaggregated only by levels of per capita income
without providing breakdowns according to regional, geograph-
ical, or resource=endowment criteria.

Even for sectors which make greater use of commercial
fuels, varying methods for emnergy accounting, difficulties
of data collection in developing countries and controversy
over efficiencies, conversion coefficients and the nature
of intersectoral linkages have made for confusion and sharp
disagreement. There has been a strong tendency to rely on
methodology and tools of analysis that were devised to measure
energy consumption and end uses in the developed countries.
This may not be the most useful approach to the study of
energy consumption patterns of less~developed countries.

Another data problem is that the bulk of research in
the field of energy and development has been performed in
or about Asian countries; the results are not automatically
transferable to the African context.

The bias toward commercial energy ir the literature is
not entirely appropriate for an intelligent appraisal of
energy and development linkages in Africa. In the rural
areas, where the majority of African populations live, the
most alarming scarcity problem concerns renewable energy -=-
specifically, firewood. However, it is still imrportant to
investigate the efficiency and the future demand patterns
of petroleum-consuming sectors in African countries, although
mest do not import large quantities of commercial fuel.

Lack of hard data and sound methodology is not the only
reason for the dearth of writings on the development implica-
tions of energy scarcity. Understandably, there has been a
reluctance o overemphasize the "energy element” in theorizing
about development strategies, because it might imply that
the enerqy "crisis" sheould take primacy over other resource
constraints. It is important to reiterate that the enerzgy
sector alone is not all-determining of the directions in
which development will turn. Other comsiderationtr -~ economic,
- cuitural, and pelitical -- will intervene and overshadow
enerygy as a predominant concern. However, the structura of
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Africen oconomies dictatas the importance of determining
the costs and uses of energy over the long run. Energy should
not be viewed as a separate variable in development but rather,
as an integral element of every sector *hat cor.tributes to
ecenomic growth or expansion as well as to the provision of
people's daily needs. Although this essay is intended to
examine the role of the energy situation in determining

the future shape of development for Africa, it does not
embrace an "energy theory of value" in which energy is claimed
as the only variable which could justify profound structural
changes in an economy.

A more integrated approach to energy issues, rather than
the current emphasis on specialized, sector-by-sector studies
of energy consumption and demand, would provide much useful
information on the role of energy in development. The attempt
to look at the total energy system of an sconomy from rural
subsistence farming to modern urban and ifdustrial vse would
entail close examination of the linkages between various sec-
tors and between rural and urban ways of life and work. 2n
integrated approach to research and analysis would heip to
narrow the rural/urban schism in the view cf decision-makers
and perhaps suggest areas in which demand can be reshaped with
the goal of saving energy.

This essay does not presume to suggest the peifect solu~
tions or answers to the many difficult questions posed above
and in the body of the paper. Rather, it is an attempt to
traverse gsome of the significant sub-issues within the larger
questions, to examine the potential for alternative paths for .
development, and to suggest new ways of looking at what is
essentially an old problem in the history of developmernt:

What can be done in the face of scarcity of natural resources?

I. THE INCREASING PRICE OF OiL ==
EFFECTS ON ECONOMIC GROWTH AND ADJUSTMENT PROTESSES

Whole ecnonoinies of sevaral third world nations are about
to be put out of business. The very security »f nations, to
say rothing about the welfare of millions of third world
people will be at stake. OPEC nations appear to be oblivious
to the haxm they are causing.

The Nairobi. Times, June, 1879
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The 16 percent to 24 percent increase announced last month .
is expected to add $2 billior to the trade deficits of Afri-
can nationg . . . the higher costs leave the developing coun-
tries +7ith politically difficult options. They can scale
down (ivelopment plans. They can forca citizens to make
painful zacrifices in coasumption through higher prices or
rationing. Or some, the wealthiest, can go deeper intc debt
by borrewing from commercial and multinational barks.

Tue_New York Times, 3 July 1979

Recent increases in the price of petroleum products have
had detrimental effects on the balance-cf-payments positions
of many sub-Saharan African countries. Direct and indirect
effects of the oil price increases will have to ke absorbed
by (often) already-shaky economies. pirect costs include
the higner oil import bills to be paid by these countries and
the resulting increases in their trade deficits. Indirect
costs, far more difficult to measure or predict, include the
results of higher inflation and lower growth rates generaced
by the impact of higher 0il prices in the productive, indus-
trial sectors of the developed nations.

Opinions as to ‘he magnitude of the adjustment problem
vary. Rigorous inquiry into the implications of the adjust-
ment process Ior Africa and the other developiny regions has
been ncticeablyv lacking. How is it possible to assess the
many effects of 0il price increases on development? Any such
preliminary analysis must break down the problem into a number
of sub-issuas. This brief overview serves merely to highlight
the areas of greatest concern.

Balance-of-Payments Problems: Origins, Effects, Potential
Solutiens? ,

Although it is extremely diffirult to disaggregate patro=-
leum imports from the other factcrs active in a country's
balance-of-payments dilemma, it js clear that, for meny ‘sub-
Saharan African countries, 2il imports have exacerbataed if
not precipitated crises. All but the strongest exporters
have experienced growing deficits as a result of the price
increases and some, ircluding Madagascar, Tanzania, Mozam=-
bique, Kenya, Central African Republic, Zambia, "hana and
Sudan have %Yad acute difficulties with payments. (Quarterly
Economic Leviews, 198C) In Sudan, the finance minister, in
a January 1980 report to parliament, cited bad planning and
lack of productivity in the past for the current crisis;
but he then statzd that the balance-of-payrents was being
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adversely affected by imports of 0il and petroleun products.
The minister had calculated the cost of cil imports for
1979/80 at $306 million, at a price of $24 per barrel. This
was based ~n a price for Saudi crude that has since beea
raised to $2€ per barrel, hut even the earlier cost figure
was 50 percent w.re than Sudan expected to earn from exports
of its cotton.

What effect does a balance-of-payments (current account)
deficit have on the economies of these countries? The nature
and intensity of any effects will vary according to the size
and structure of the economy in gquestion:

"The degree of impact varies with the share of petro-
leum in tlie overall import bill, the prospects for
exports of goods and services, the cushion c¢f already-
accumulated foreign exchange reserves, the prozpects
for capital inflow, particularly of a long-term char-
acter, into theze countries, and measures to restrain
the demand for imperted fuel, either through conserva-
tion or through substitution, wherever possible by
indigenous energy supplies." (United Nations, 1979)

Man; of the sub-Saharan African countries fail into the category
of oil 1importing LDC's which are "most seriously affected"

by the o0il price increases. They are unable to sustain their
essential level of imports (petroleum products and the other
inputs needed for development) on the basis of their expected
export revenues. Sizable current account deficits force these
countries to depress the level of their imports for development
and many have seen a deterioration in their overall terms of
trade as the price- of the goods they import rise steadily

with oil-based inflation while the prices received for export
may fluctuate, decrease or stagnate at unpredictable levels.

Increased costs for c¢il imports, combined with mounting
debt service payments, will leave many of these countries less
and less able to finance needed investment to stimulate econo-
mic growth or to provide for even the minimum basic human needs
of a large segment of their populations. World Bank estimates
indicate that LDC growth rates in the aggregate fell by more
than 60 percent (from 7.6 percent to 3.0 percent) between
1973 and 197., after the first round of OPEC price increases.
(Palnedo, 1578) This may be seen as a direct result of the
increased energy financing burden, but also, in part, as a
result of lowered growth rates in the developed countries, which
are markets for their exports during the recession which
followed the OPEC embargo.
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The extent of the debt burden as well as the formidable
problam of repayment and rescheduling, has become a aource
of sericus crncern to international bankers, (New York Times,
1979) Some argue that if the internatic .al firance system
survived tue imbalances of the 1974~75 adjustmeat period,
the current situation does not present a major danger. Bat
for the African countries which have added considerably to
their debt burden in the past two years and have little possi-
bility of building up foreign exchange reserves against future
payments crises, the situation appears bleak. Of those coun-
tries able to draw on bank loans, many have reached the upper
limits of financing and refinancing -~ in Africa, Zaire is
the most fre-ruently cited example, with debt service in 1977
adding up tc¢ 42 perce... of the value of ‘c8 evports. (Palmedo,
1978)

Many other African countries are in a particularly unen-
viable position in the face of petroleum~related payments
deficits. It is far more difficult for them to obtain the
critical loans from private banks to ease them over the period
of crisis. Although it is true that assistance flows from OPEC,
the developed economies and even from centrally-planned econo-
mies have cushioned the balance-of-payments impact of increased
oil-import bills, the lower income countries have had to depend
almost entirely on the largesse of these sources. For example,
in late 1379, France provided financing to the Central African
Republic in order to help the new regime pay for imports of
0il, flown in from Kinshasa. (Quarterly Economic Reviews, 1960)

The exact dimensions of this lessened ability to invest
in development have not been investigated with any attention
to detail -- perhaps the history of the new oil prices is too
brief fcr accurate analysis to be possible. Yet it seems clear
that the oil price trend will have important ramifications for
development planning, sector by sector and overal., and for
growth.

In the short run, the lower-income developing countries
of Africa can do little to alter their situation with regard
to imported energy. These countries are expected to continue
to be dependent on petroleum inports in the near future; their
long-term prospects for relief of balance-of-payments pres-
sures can really only emerge with a re-examiration of their
long-term energy policies. The possibilities of economizing
on o0il consumption without affecting growth or liviny standards
are comparatively narrow, since the bulk of petroleum consump-
tion is concentrated in such crucial areas as electric power-
generation (where other sources of electric power are lacking),
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truck snd rail transportation, lighting and cooking in the
urban areas, water pumping (where powered by diesel o0il) for
irrigation, and essential industrial activities. Thae lack
of any significent margin to reduce esgantial eneryy consump-
tion implies that reducticns in oil imports may have serious
consequences for levels of production. employment, transpor-
tation and consumption in the poorer develocping countries of
Africa. (United Nations, 1979)

Too often, analysis of this issue stops with this sbort=
term realization to proclaim tha situation hopeless and pre-
dict that the only solution to the African enerqgy problem is
more aid, more loans and better attempts to conserve. But it
seems clear that the medium~ and long-term effects of con-
tinuing with this strategy will be seen in slowed growth and
limited resources for development. With less foreigr exchange
to spend on development investment, and demand for oil in-
Ccreasing even at siowed rates of growth, .fiore and more finan-
cial resources are divertel to payments for il and less are
apportioned to development programs aimed at providing the
basic needs for survival to the rural and urban poor. How
can African countries revise development planning in order
to counteract some of the expected future effects of this
alarming cycle?

Alan Stront has suggested thre broad categories or
problem areas which are useiul when trying to identify the
major issue areas:

1) What kind of energy supply and delivery systems
are feasible and economic for widely dispersed
populations such as usually characterize rural
areas?

2) What are the trade-offs among energy, capital
equipment, production time, and product charac-
teristics in the production of bulk materials?
Is it a technological necescity that future pro-
duction of many of these materials will be as
energy-intensive as appears to be the case today
in the United States? What alternative produc-
tive processes and systems might be considered
which would be more appropriate under today's
relative price structure? How important appear
to be the technical, industrial, and other link-
ages which have led countries to believe that
domestic production of most of these commodities
is an essential step in their own industrialization?



- 16 -

3) What are the amounts consumed and the functions
performed by enerc: in cities? This is whers
most of the mater:i:l-using and related productive
activities of economies take place, and there is
strong evidence that the urbanization procsss it-
self has been causally linked with incnistriszl
growth. As witn bulk materials production, e
would like to know the ranges for substitution
among capital, energy, and tire, and whether
patterns that evolved in the low-coét energy past
will continue to make economic sense in a higher-
cost energy future. (Strout, 1976: 148-49)

In other worda, African countries will have to find new answezs
to the question: "What is the true opportunity cost/shadow
price of foreign exchance spent on imported petroleum?"” The
answers will probably vary as the price of oil increases.

In the long run, an alternative view of the relationship
between e.ergy consumption and the process of development
will probably emerce. But the distance in time and imagin-
ation between today's energy dilemma and a changed visian of
energy supply, needs and productive processes is very <reat.
Policy-makers move incrementally in the planning process and
it is difficult for them to conceive of a way to change the
pattern of energy consumption in their countries, partially
because it seems impossible to achieve development goals at
lower levels of energy consumption. In the short to intermed-
iate run, twc more time-honored and reliable strategies will,
in all likelihood, be most effective and pragmatic: supply-
oriented and demand management policies.

Supply-Oriented Strategies and Demand Management Policies

By expanding the rate of growth of +heir domestic energy
supplies, African countries lessen their deps=udence on inter-
national petroleum markets, but this strategy dzpends on two
important resources: natural deposits of renewable and non-
renewable energy, and coilateral resources to develop them.
With the World Bank and private petroleum companies taking
a renewed interest in African oil deposits which were previous-
ly (at lower prices) written off as marginal, a number of
African countries face the prospect of becoming self-suffi-
cient in petroleum, if not modest exporters, by the mid-
to late-1980s. This list includes Chad, Cameroon, Congo,
Tvory Coast, Ghana, Senegal, Sudan, Mali, and Madagascar.
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Bowever, there are corstrzints to the full developaent
of African dAiscoveries. 1In ascme countries, political uncer-
tainty and generally risky investment climates may impede
drilling; in otherz, the iack of infrastructure sufficient
to hand’ e discoveries could cause oil companies to postpone
investments. These argumernts would alss apply to investment
in the coal-mining sector.

Supply-oriented policies would cptimally also involve
a4 concerted effort to increase efficiency in the economy.
Governments and private enterprise would learn how toc make
local resources more productive, and how to adapt industrial
technolouy so that it may be employed more etficiently in
productive processes. Supply management will become increas-
ingly important for African countries with petrolem or coal
resouices.

Careful management will also encompass policy initiatives
in the area of renewable energy resources. Individual coun-
triea need to develop better data on energy needs, resources
and uses, particularly for non-commercial energy sources such
as wood and crop residues. Attempts to increase grodaction,
improve recovery and processing 50 as to facilitate transport
to nearby towns and villages, and to improve the efficiency
of rural stoves, all! fail under the general category of
supply management, and will become increasingly important
in sub-Saharan Africa.

Demand management attempts tc¢ curtail the rate of growth of
aggregate demand for energy, partially by shaping the patterns
of demand by altering the struccures of industrial production
and individual consumption. This is complicated by the his-
torical trend that increases in income, shifts in consumer
tastes toward energy-intensive items, changes in producer
technologies that favor energy-intensive inputs, and changes
in the patterns of relative rrices (sc as to price energy
low relative to nori~energy items) all act to increase the
aggregate demand for energy.

African governments may tread the risky path of limiting
the rate of growth in demand for energy, but not sc thoroughly
that it will either impair the rate of overall economic growth
and development below that dictated by the availability of
other resources, or limit the rate of increase below what
is vital to meet basic human needs. This requires a delicate
balance of policies from price and taxing initiatives to longer~
range planning considerations.
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Oufortunately, low-income ccuntries have the leasgt to
gain from even the most effec.ive demznd management scheane
sinoe they require a basic minimum level of energy inputs.
Bven with a workable schems for demand msnagement, these
ocountries sre iikely to experience energy gaps which will
bacoms more &nd more serious to the longer-run; imports of
oil will have to be increased in order to meet shocrtages.
As cheir capacity to impor: without aid for firnancing is
quite limited, future growth using imported energy supplias
could ba sevsrely constrained. In these countries, demand
and suppily management have only a limited raage in which
to solve the energy and devalopment dilemma,

For African countries without indigenous 0il or coal
vegources, alternative strategies for development could
hold out a means cf reducing the outflow of precious re-
sources to pay for imported energy. It is hoged that future
research and exploration in the area of energy and develop-
ment will bring forth new and workable solutions for lower-
income developing countries. Until then, demand and supply
management will have to be practiced as carefully anrd
asgidiously as is possible given political and institutional
constraints. (Michalopoulos, 1979)

II. TRANSPORT, SPAT(AXL PLANNING, DECENTRALIZATION:
THE INTERSECTORAL LINKAGES

The transport sector is integrally cornected with all
significant ._conomic develcpment in a country. Transporta-
ticn potentially binds the econory of a country together into
a single market which is crucial to the achievement of econo-
mies of scale in industrial production. It also transforms
urban regions into single functional units by enabling per-
sons to commute to workplaces that may be widely separated
from resident.ial areas. In Africa, where transportation ir€ra-
structure is underdeveloped and even lacking in some regions,
its future patterns and mix of modes will be influential
in generating employment, distributing essential goods and
services, facilitating communications, and linking together
distant regions of the countries. In addition, transporta-
tion will ultimately be an important factor in unifying African
countries socially and politically.l

The transport sector is the second largest consumer of
energy (after incustry) in the economies of the developing
countries: the energy intensity of transportation in developed
and developing countries alike is higher than that of induetry;:
and the developing countries show a higher energy intensity
in the transport sector than their industrialized counterparts,

lThis essay draws heavily from an important paper by Thcmas
Vietorisz, Perspectives of Transportaticn and Liquid Fueals = ..
in the Less Developed Couptries, first draft of a cons “q»*
report prepared for the Brookhaven National Laboratory, 18
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World Bank studies reveal that the average share of transpor-
tation in economic output is significantiy higher for the
develoning countries than it is for the industrial market
economies. (Blitzer, 1979; 13-14) Although these aggre-
gate figuros are not broker down specifically for Africa,
where industry with its rela*ed transportation needs is

less developed than in hsia o1 Latin America, the enerqgy in-
tensity of the favored transportation modes in Africa suggests
that the energy demands of the Sector are considerable,  and
increasing steadily. In the Sahelijian countries, it has been
»3timaved that. 30 to 50 percent of all oil imports are con-
suried Dy tiie transportation sector. Estimates of the trans-
percation share in consum;tion of comme.~cial enerqgy for the
lowest iacome-developing countries (aggregate) reach as high
as 70 percent and a good number of African countries are
ranked in this category. (Palmedo, 1978)

As the price of petroleun increases, the cost of operating
and maintaining the existing transportation systems in Africa
is w©scalating, with imported fcssil fuels taking vp a larger
and larger portion of foreign exchange. Suhsidized prices
for gasoline and diesel ftuel in many countries also places
Severe pressure on the country's fiiancial resources. More-~
over, given the energy intensity of construction and increasing
enerqgy costs, the ccgt of expanding the existing transporta-
tion networks will increase steadily over time.

One planner has theorized that, in the long-run, coun-
tries may be forced into painful and destabilizing struc-
tural adjustments or transport systems designed and conceived
in a period of readily available and low-cost oil supplies.
(Vietorisz, 1978) 1In the short- to medium-run, rapid in-
Creases in transport costs suggest the need for a re-examina-
tion of planning and bud¢etary assumptions which affect
the magnitude and type of infrastructure investments for
African countries in the 1980's and beyond.

It seems inevitable that African countries will be faced
with a series of complex planning decisions in the next twenty
to thirty years. The remainder of this essay will discuss
the transportation situation for Africa in general terms and
then move on to Suggest the potential for planning based on
a recognition of the linkages which exist between transporta~
tion, spatial pPlanning and urban design. Because of the paucity
of data from Africa, it is not possible to present apecific
country examples, but perhaps this absgtract discussion may
Ssuggest the need for a framework for an integrated planning
effort oriented toward a constructive exploitation of inter-
sectoral linkages. o
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Fotential snergy savings in the transport sector may
bs beat realised through policies which take account of the
interdepesndence of several secters. There are powerful
institutional, political and economic barriers in the way
of sstsblishing an actual planning group to carry out the
studies, analysie and implementation of solutions in the
contaxt of such an integrated framework. Yet in the spirit
of investigating alternative development paths, the exer-
cise has its (albeit intangible} benefits, if only to
kuggest the need fcr further research and conceptuul work.

The Shape of Puture Change: The U.S. Model, or Structural
Shi¥te in Demand?

For better or worse, the growth of transport in the
United States has served as a model for that of the less
developed countries. In this century, transport in the
United States has grown highly dependent on liquid fuels.
Some analysts question whether the developing countries,
particularly in Africa, must follow the pattarns of transport
energy and liguid fuel usage set by the United States and
other developed countries. (Vietorisz, 1978) Other experts
assert that there is little scope for effective response
to the oil price increases within the transport sector.

They argue that one can only hope to improve the fuel effi-
ciency of petroleum-based transportation; the difficulty

of finding oil substitutes is too great to surmount. (Pal-
medo, 1978) A related argument contends that developing
countries still use relatively little of the world's liquid
fuel energy in transport and that conservation would deprive -
them of important opportunities ior growth, particularly

in the urban areas. Alternatives to a highway and road
network are characterized as inflexible, unable to accommo-
date the expected future changes in population, employment
and residential patterns. Th less energy-intensive modes
of transport, sucn as rail, are criticized as having too
high an initial capital coust of conversion.

In the case of transportation, what was practical and
efficient in the era of cheap and readily available petro-
leum may not be the optimal pattern of consuming this
Precicus resource in the decades to come. But policy-makers
at the individual country level tend to shrink back fr~—
the prospecit of sweaeping changes in the transportation sy~
tems of their citiesc and regional centers. The constrainis
of capital and planning capacity inevitably loom large R
for African governments; the World Bank chooses major infra-
structural transport projects very selectively, hence capital
is not aiways readily available. The izsue nead not be seon



as an igplicit trade-off between the future costs of continuing
to develop an energy-intensive systam and the capital costs

in the near- to medium-term of investing in new transport
systems (which would entail structural changes in demand

for transport). DBetween the two extremes, there are policy
options which could ecase the growth in demand for petroleum
without major sacrifices in "normal" growth in demand for
transpcrtation and could be implemented incrementally, at

lower capital costs than the more all-encompassing structural
reforns.

In making transportaticn policy, African countries shcould
take into account their rescurce and capital endowments, esti-
mated future demand for transportation services, and the oppor-
tunity cost of the foreign exchange that pays for imported
oil. Using this information, individual countries could detar~
mine the approximzte point in time in which the current sys-
tem would become too expensive as a consum{ of imported oil;
policy-makers could then focue on potential changes to be
implemented before that time arrives. Even tentative esti-
mates of this nature would be invaluable to decision-makers
responsible for determining the patterns of investment and
structural change within the sector. (Vietorisz and Meier,
1578)

Present Trends in the Transport Sector -- The Sahelian Case

The CILSS* has called for a policy for transport which would
use imported energy sparingly, and even a curgeory review of the
existing transport networks reveals the reascn: a profile of
high energy-intensity. According to the CILSS/Club du Sahel
. study:

-- Road transport is deminant, even for long-distance
haulage of heavy products.

== River transport is practically nonexistent.
== Railroad transport is limited.

-~ The constructien costs of rail transport are hig*
in comparison with rgad transgort, and roads com-
pete for the same routes even where a railroad
already exists (i.e., between ports and capitals).

== Few new railrcad projects are underway, whereas
the number of road projects is increasing. (CILSS/ .
Club du sahel, 1979: 83i-8§2)

*Comite Permanent Inter-Etats De Lutte Contre La Secheresge
Dans Le Sahel.
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Road transport will remain necessary for reaching all the
regions of a country, particularly the more remote localities.
On the heavily travelled major routes, such as those which carry
the heavy gooda, countries do have a choice between road and
rail systems. These countries need to assign prinrity and
resources to either railroads or highway networks, i first
priority goes to rails, the country may conceivably digcourage
the growth of long-distance highway transport by tax and tariff
disincentives. For land-locked countries, where it is espec-~
ially crucial to determine a means of access to seaports, transg-
port costs can be almost double those of coastal countries.

For the Sahel, the CILSS has a long-term recommendation for
". . . a system whose main arteries are rivers and railrocads
with roads used as radial channels to distribute traffic and
fill in infrastructural gaps. . . ." (CILSS/Club du Sahel,;
1979: 82) The rationale for this recommendation is that rail
transport is one-half to one-ihird as expensive as highway
transport for heavy pr-ducts, and river transport may be even
cheaper. Trains would consume .ess than one-third as much
energy as trucks per ton-km, and river transport on barges uses
still less. The initial investment is higher for rail than for
a road network system, yet the difference in investment costs
is narrowed if one takes into account the requirements of road
networks for substantial additicnal investment (stocks of trucks
and parts, garages and repair shops, road maintenance facili-
ties, etc.) which are generally included when costing railroad
investment projects. Railroads alsec tend to have a longer tech-
nical lifespan than rovad systems used by heavy trucks.

If a country o: region plans to inves'. in either a rail
or road system, it should be prepared to ensure adequate traffic
to draw the greatest benefits from the inherent economic advan-
tages of each. 1In the sahel, the policy decisions taken in
the next five to ten years regarding the development of impor~
tant transport routes will largely determnine the condition of
the Sahelian transport system at the end of the century and
beyond. They will alco have a substantial impact on the extent
of individual countries' energy consumption.

Alternative Paths fcr Transport ~- Toward a Framework for
Research and Policy

For proponents of alternative transportation patterns, it
is tempting to view Africa as the great tabula rasa for untried
new transport systems, as most of the countries have relatively
little transportation infrastructure already in place. John
.Herbert has observed:
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". . . the develcping world's cities still have oppor-
tunities to achieve resource-efficient and vari=d
transportation services, which most developed citles
have long since lost or can recover now cnly at enor-
mous expenses. Levels of automobile ownership are low,
and street systems often serve the residential, com~
mercial, and other spaces of the city rather than
duminate them. There is no need to repeat the mistakes
of the developed world." (Herbert, 1979: 139«40)

Although the constraints cf financing, planning, management and
design are formidable, there is scope for innovation and the
implementation of energy-saving systems. However, it is diffi-
cult for developing countries to make decisions concerning an
appropriate scale for change in the transpo.t sector cf a
developing country, because the magnitude and life of the
investments are so large. The iarce~scal€é projects, such as
the building of a railroad line or the revamping of an urban
transport network, require large investments of time, plan-
ning expertise, foreign exchange, and management skill, and

may even require substantial operating subsidies in*to the for-
seeable future.

In many countries, resource constraints and the dicta of
neo-classical economics have jointly resulted in a paucity of
investments in the transport sector. Often the expected rate
of return on railroad investment is insurtficient to justify
the expenditures of scarce capital resources. Many of the
expatriate advisors who counsel developing countries believe
that the optimal allocation of scarce economic resources re-~
quires that the cost of large, indivisible fixed items be
rc.oovered in the form of lump-sum taxes that are independent
of rate of usage, rather than from direct user charges (other-
wise the fixed investmert remains under-utilized).

However, in the case of transport projects, there is the
additional considcration that transport investments, by bind-
ing a region or country together and allowing the expansion
of markets, division of laber, and capturing of economies of
scale, confer enormous benefits on many other economic activ-
ities that are not properly expressed by the functionming of
the private returns of transport enterprises. As Thomas
Vietorisz points out:

"Theoretical considerations suggest that there will

be an underinvestment in transport activities unless
society subsidizes transport enterprises to an extent
commensurate with the external benefits that transport
activities confer in a widely diffused manner on
society as a whole." [(Vietorisz, 1978: 21)
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Subsidies on this scale may be difficult for developing coun-
tries to undertake and projects may never be undertaken £
the rate of return is judged tc he tco low,

In the context of existing economic constraints, it mey
be defeating, psychologically &nd econemically, to approach
the notion of change in the transport sector from the angle
of the largest, capital-intensive projects. A more incremen-
tal and less costly beginning is not only more comfurtable but
more reacily tranzglatable into policy. Vietorisz has devised
an effective framework for thinking about the problem; he cites
three program alternatives:

-~ Increasing the efficiency of energy and liquid fuel
usage within a given transport mode. This may involve
conservation of standard i11el, or substitution of a
non-standard fuel for the fuel now used. When such
substitution involves a substantial change in the
design and operating characteristics of a given mode,
it will be treated as a:

-~ Change of transport mode: substitution of a mode that
uses less energy, particularly in liquid fuel form.
No change of the structure of transport demand 1is,
however, assumed under this program alternative. If
a change of mode is impossible without a simultaneous
substantial change in the structure of transport
demand, the program alternative will be treated under
the next heading. For example, a substitution of the
bicycle mode for much of inner~city automobile traffic
involves enough of a qualitative change in demand to
warrant treatment as a structural transformation.

-- A change in the structure of transport demand. This
program alternative embraces fundamental changes in
such aspects of economic development as urban-rural
migration, income distribution, urban and suburban
design, the location of workplaces in relation to
housing, and other factors that determine the demand
for transport of passengers and freight, both quali-
tatively and quantitatively. (Vietorisz, 1978: 23-24)

FPor the formulation of an alternative path for transport, pro-
gram alternatives two and three are the most significant; but
gsome of the first steps toward this goal will take place within'
the purview of the first alternative in many developing countries.
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Vietorisz recommends four major possibilities under his
second alternative, involving chaanges in modes of transport;
1) basic changes in the automotive transport mode; 2) water
transport options; 3) rail opticns to limit highway transport;
and 4) options to replace urban car and bus use. For example,
he suggests that the use of electric city vehicles -~ taxis,
jitneys, buses, commercial and delivery vans, public zervice
vehicles ~-- shows considerable promise for energy savings.

It would seem that all these suggestions could find poten-
cial applicaticn in African countries in the intermediate-run.
However, it will not be easy to initiate these changes given
prevailing institutional constraints (planning and policy-
making capacity may be limitcd) and the need to avoid adverse
effects on redistribution cf income. Many African cities
will need to be concerned with designing projects to provide
transportation services for the urban poor directly, in order
to provide access to jobs, to facilitate the distribution of
essential ccmmodities used by the poor, to facilitate access
to essential urban services, etc. These varying and even
conflicting goals will not be achieved in perfect. congruence,
and the system with the imost potential for effic.ent use of
liguid fuels may not recessarily be optimal from the point of
view of redistribution. Resolution of contradictiec. and
priority~setting with regard to varying objectives will be
among the most perplexing tasks of African policy-wakers.

Structural Change in Demand and Energy Economies --_Intersectoral

Linkages

The thiyd program alternative, calling for structural
changes in the demand for transportation, poses the largest
challenge, as the scope of the changes described is difficult
to envision. Vietorisz suggests that urban redesign and re-
development could significantly affect the average commuting
distance to work with the predominant goal of increasing energy
and liquid fuel efficiency. He implies that these results
may only be achieved in an environment in which planners have
a certain degree of leeway in moving industries, planning for
decentralization and clustering of workplaces and residences
(with distinct centers or "nuclei"), and applying the prin-
ciples of urban design for a more efficient design of outlying
urbar areas (shantytowns). Vietorisz' vision of the energy-
efficient city after vrban redesign includes a transportation
system combining pedestrian, bicycle and light-rail modes, with
commerce and shopping planned in close relation to residential
areas, and with related energy economies tc be realized in A
construction, heating, cooling and other aspects of urban design.
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This ambjtiously-conceived plan relies heavily on the
ability of planners to exploit the appropriate intersectoral
linkages, particularly between transport and industry/commercs.

While the response times te changes in urban design
might at first appear so slow that structural changez would
be relevant only tc the far distant foture, experiences in
Mexico City suggests otherwise. Vietorisz asserts that:

"Policy measures that change the structure of new
additions to urban areas today will have & signifi-
cant. impact in the near future. Within five years,
they will affect a quarter of the urban population;
within ten years, almost one half, assuming an urban
growth rate of 6 percent per vear -~ a realistic figure
for many Third World countricu«." (Vietorisz, 1978:
45-47)

Vietorisz may well be overly optimistic as to the poten-
tiai for rapid developments in effecting changes in the structure
of transport demand itself, changes that originate in transfor-
mations, planned or unplanned, of the economy as a whule or
of its major urban and industrial sectors. Yet in self-copn-
tained urkan areas, as his paper convincingly argques, there
is scope for the reorganization of patterns of commuting,
industrial location and, hence, liquid fuel consumption.

The concept of intersectoral linkages has also been
suggested as a guiding principle for large-scale plans to
tie together rural and urban regions Dy means of integrated
spatial planning on a country-wide scale. The literature on
this issue tends to be somewhat futuristic and jargon-laden,
but the overall concept could be integrally related to the
possibilities for alternative transport paths discussed above,
In praise of integyiated spatial development, two planners have
stated:

"A national economy requires the organization of space,
the concentration of development activities in urban
centers of the different sized spatial units, a system

of infrastructure within and between spaces, and the
integration of agricultural and industrial developrent.
Each level of urban center would contain the activities
appropriate to its size. This would overcome the current
gross imbalances between investment in the large cities
and the rest of the country." (Rodineili & Ruddle,

1978: 22)
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Development theorists and aid officials have recognized in

the past few years that spatial planning could have a crucial
role in increasing food production, relieving energy scarcities,
and promoting employment and social welfare in developing coun-
tries.

Transportation networks are ameong the most important
linkages for inteqgrating spatial systems. They reduce travel
time, lcower shipping costs, widen marketing, commuting, and
migration opportunities, allow greater access to nonagricul-
tural employment, improve communications, and extend areas of
gervice delivery. 1In some cases, already~existing settlement
patterns may form a workable backdrop against which the advan-
tages of new forms of transport may be effectively imposed.

In Africa, for example, market and district towns are important
centers which serve as intermediaries between the village/rural
sector and the larger urban areas. Studies of tropical Africa
indicate that, where they exist, province towns and intermed-
iate cities attract migrants who either move to them instead

of going to the capital city or use them as temporary way
stations before moving on to the metropolis. Flanners have
noted that market towns and small cities are the most critical
settlements in what they call a well-articulated spatial system
for linking rural and urban functions. For many reasons,

it would seem that there is great potential in Africa te
enhance and support the role of market towns by means of im-
proving the transport links as well as other local services.

On the other hand, one may wonder whether decentralization
schemes would prove efficient in terms of energy consumption
in the longer run, or whether the large amounts of resources
required to build up regional towns would not include increasing
amounts of energy of all types. There is as yet no satisfying
answer to this question. Decentralized centers could become
virtually energy seilf-sufficient with appropriate investment
in renewable energy technology, and with an energy-efficient
transport network linking them with other regions; but the
energy bill for the inevitable transport and construction cr sts
during implementation could be formidable.

A successful effort in the direction of integrated spatial
Planning and decentralization would involve not only country-
specific but region-specific reseaich and planning studies
within countries. A formidable obstacle to this kind of research
effort is the lack c¢f information in many rural areas as to
local conditions, which makes evaluation of investment deci~
sions difficult, increasing uncertainty and risk of failure.

In Africa, the lack of organizations that collect, aggregate
and analyze data on regional social, economic, technological,
and resource-~consumption trends will hamper efforts by policy-
makers to act to meet regional development needs.
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Although the energy-related considerations will not be
the major and compolling motivation for African governments
to move ahead with studles relating to decentralization and
integrated spatial planning, there may be greater potential
for energy efficiency, particularly in terms of new transport
inveatments, than policy-makers initially suspect. Because
the transport sector censumes s large propertion of the
liquid fuel imported by Africar _cuntries, it will be essen~
tial 1in the next decades for each country to 1lncrease its
awareness of the energy cost of new transport investments.
Whether these decisions are made in the conteit of urban,
regional or country-wide pelicy, opportunities for altering
the structure of demand surh that petroleum use is diminished
must not be overlooked. With increased attention to energy-
efficient urban design, innovative spatial planning, and
community and government commitment to policies of resource-
conservation, increases in the consumption of liquid fuels
could potentially be kept at manageable levels, at great
savings in foreign exchange.

The dcal of development has always been to arrive at a
social and economic situation at least comparable with what
exists in the most advanced countries today. Policy alter-
natives aimed at achieving structural change in the demand
for transportaion, where the nature of proposed changes runs
the deepest against the traditional, conventional grain of
assumptions about development, will produce the most disson-
ances. The broad categories Vietorisz suggests (e.g., rural
and hanlicraft stabilization and decentralization of work-
Places and residences) are not only suggestive of an anti-
spontaneous movenent toward new objectives, but may involve
development planning and implementation of the most instru~
mental and insensitive sor+*,

To take one example, Vietorisz notes that:

"Urban design representing an integration of pedes~
trian, bicycle, and light rail traffic is a post-
industrial corception contrary to the structure of
achievement motivations in developing areas where

bicycle riding is a symbol of lower-class status,

and motor vehicles, especially luxury automobiles,

embody the idea of personal success and social progress. "
(Vietorisz, 1976: 68)

An African government attempting to curtail the use of auto-
mobiles in order to promote the use of bicycles and jitneym
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might not maintain nower long; in some countries, serious
riots have been touched off over incremental increases in
the price of gasolire.

With policies of this type there is so . potential
for reliance on tvoercive measures to achieve the goal of
eneryy efficiency. However optimal the result desired,
this may have werious and detrimental social and political
ramifications that cannot be overlooked. Develcpment theor-
ists might well ask themselves whether instrumental or
potentially repressive development policies are a desirable
corollary to objectives desicned to achieve energy-efficiency
and lessen dependence on expensive imported oil.

III. FUELWOOD SCARCITY: THE RURAL IMPACT

The writings of Erik Eckholm and others have served to
alert tre developimment community to the nature and dimensions
of the fuelwood crisis in Africa and other parts of the
developing world. (Eckholm, 1975, 1979; French, 1978: Spears,
1978) The situation is critical when we consider that for
most African countries, fuzlvood provides the main share
of total energy consumed: in Tanzania, for example, fuel-
wood supplies 96 percent of total energy and in Nigeria,

90.6 percent. (BEarl, 1975: 10) The challenge of devising
solutions to stem the trend toward rapid deforestation has
been treated thoroughly in the literature. Because the issues
of technology fix, AID interventions, and reforestation pro-
grams have been discussed elsewhere, this essay will focus

on the related but broader development issues ruised by

the fuelwood crisis:

® What does the chronic firewood shortage imply for
future rural development? This encompasses the
following sub-topics:

-- Potential for disruption of the social fabric in
villages with changing patterns of:

- access to wood

- harvesting wood

- division of labor for collection

- storage

- distribution

- conrumption: heating, cooking, local industry

== Impact of gradual transition to a view of wood
as a market commodity:;
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-~ Bffects on nutrition;
-- Poséibilit'es and effects of substitution,

== Cyclical pattern of deforestation: degradation
of the environment, lowering of agricultural
yields, deforestation.

® If we assume that village dwellers will be forced to
make a series ¢f adjustments in their daily routines,
what forms will those adjustments take? Can we make
pPredictions about the shape of responses to scarcity?
What will be the impact of these adjustments and
responses on the pace and pattern of rural development?
What types of indiaenous innovations might arise spon-
taneously as adaptive responses to conditions of rbrctage?

To discuss the firewood problem predominantly in rurai
terms does not deny that African urban dwellers who use fire-
wood for cooking and space heating have also suffered under the
prevailing conditions of scarcity and higher prices for wood.
While there is growing urban use of fuelwood, this urban demand
is not the only contribution to deforestation and its attendant
problems. Urban dwellers experience far greater potential for
substitution of other fuels for firewood, albeit at higher prices,

Firewood: Patteins of Collection, Substitution and Purchas{gg

At the village level, various adaptive behaviors may be
exhibited in reaction to fuelwood scarcity. Not all of these
Will be harmful; some may merely represent incremental changes
in customaxry practice.

Under conditions of firewood scarcity, most villagers spend
many additionel hours collecting their fuelwood in order to keep
pace with daily consumption. The gathering of fuelwood is
usually the task of women and children; the more time they spend
in search of wood, the less 1$ available for the performance of
other essential tasks. TIn areas where wood is not sold or
bartered as a market good, villagers turn to substitutes ag
wood supplies dwindle. As fossil fuels are either too expensive
or unavailable because of transport difficulties, people turn
to locally available fuels such as dried dung or crop residues
like millet stalks. Elsewhere the scarcity has forced Africans
to spend limitec household cash reserves on fuelwood or locally
available substitutes. These range from charcoal to the burnable
residues of local industry (furniture, sisal) which may be sold
in the form of wood chips, shavings or woody fibers. In the
urban areas which have nhad a tradition of commercial firewood,
pPrices are escalating; it has been estimated that in parts of
West Africa urban families spend one fourth of their income
on wood or charcoal for cooking. (Eckholm, 1979: 28-29)
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In towns of intermediate size, people will often shift
to other fuels &8 the price of firewcod goes up, Lbut only
if they can afford or obtain the substictutes. Turi Digernes
found in Bara, Sudan that cooking patterns had undergone
changes over the past ten years owing to the doubling in
the price of wood and the clearance of the town perimeter.
Whereas women all collected their own wood ten years ago,
the distance to wooded areas has increased so much as to
make individual collection impractical. Most women have made
the adjustment to dealing with the professional wood sellers
(some have been unwilling to pay for this formerly free good),
but tlie increasing difficulty ar.d expense Bf obtaining wood
(and charcoal) in Bara have encouraged a shift toward the
use of kerosene for familiies at a higher level of income.
However, supply is uncertain and the price has increased
rapidly. Turi Digernes noted that many families consume
less kerosene now than ten years ago because the black market
price has become impossibly high; they claim their standard
of living has deteriorated as a result. (Digernes, 1977)

Brokensha reports that Kenyans in the Mbere Division have
been forced to modify their former wood~burning habits and that
wood use changes depending on availability of supply and pat-
terrs of land adjudication. Firewood first appeared for sale
at markets in 1976; previously firewood was gathered as a
free good, althouzh persons with higher incomes could make
financial arrangements to be supplied. Local views had
changed, too; while the sale of firewood for income had
previously been considered a sign of poverty, trees are now
géen as an acceptable source of cash revenue. (Fleuret)

Increasing shortages of firewood and a reluctance to
spend scarce household cash to purchase it eould result in
a return to the barter system. Conceivably, food or labor
could be exchanged for fuelwood; in Tanzania, the exchange
of wood and wheat has been observed. (Brokensha & Riley,
1978) However, when villagers are eventually forced to treat
wood as a market commodity, serious adjustment problems can
be fcoreseen. 1In many African cultures, womern earn separate
cash from their own income-generatiung enterprises. Would
their income be spent on fuelwood, or would their husbands
be responsible for purchasing it? What would the decision
imply for the division of labor concerning firewood:; would
total responsibility for providing cooking fuel shift froa -
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the women to the men? Changes in time-honored patterna of fuel-
wood collection could be potentially disruptive to the social
fabric of village cultures, with ripple effacts throughout the .
village economic and energy systems,

David Hughart has observed that the poorest (landless
migrants, others) of the poor in rural areas will be the
hardest hit by energy scarcity. The pocr are denied access
to community wcodlots, to dung collectien, and to agricul=-
tural inputs. They tend to adjust by using less energy or
by spending more time developing energy sources or by reducing
other necessary expenditures. Attempts tu institute communal
woodlots, collect animal or plant residues for energy proces=
8ing, or contain indiscriminate fuelwood gathering may be
blunted by the inability of the poorest villagers to take the
same perspective as others concerning resource conservation
for the future. (Hughart, 1979)

Effects on Nutrition and Health

Changes in cooking patterns, conditioned by fuelwood
scarcity, will have important ramifications for nutritional
levels and hence, maintenance of health and strength. There
is already evidence in West African villages of a trend to
reduce the number of daily couoked meals from two to one.
Another fuel-saving response involves ccoking focd for less
than the traditional length of time; this is damaging nu-
tritionally as many grains need longer cooking times in
order to break down nutrient substances. In parts of West
Africa, observers have noted a tendency to cook meat less
thoroughly, increasing the likelihood of parasitic disease.
It is possible that African villagers will alter agricultural
practices to grow more crops that do not require as much or
any cooking, such as fresh vegetables. In one area, African
women claim that beer produced from grain is more nutritious
than the grain itself and they feed their husbands the beer
because it fills them up faster. (Hoskins)

Ir addition, the fuelwood crisis poses a threat to the
supply of one of the most important sources of protein in -
the African diet: dried fish. The fish is gold by patty
traders, who trek it hundreds of miles inland from tho villages
where it is caught and processed for sale. (Graham and Gorden,
1979) TFish processing in Senegalese villages can involve wood~
smoking as well as salting and sun-drying. As wood becomes
more scarce and expensive in these villages, dried fish could -
be less available in other parts of Africa; this could creats
conditions of protein deficiency miles away from the spegi~r. .
fic fishing centers. : oA

O
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Solar dryers for fish have been suggested as an a :
priste technology for fish processing. The use of solar dryers
would cut out excessive wood consumption and dry the fish more
thoroughly, forestalling further waste or illness resulting
from spoilage. However, the local people must be able to
atford this new technology. There is also concern that women
would be eliminated from an income-generating activity in
which they now have a substantial role,

Finally, it 1s possible that demand for the dried fish could
be altered: prices could change if villagers perceived differ-
ences in the taste of fisli processed with the new alternative
technology. The smoke from wood-dryinrg gives the fish a distinc-
tive flavor, in addition to keering buys away and solar dryers
wonld niltigate these effects. In some cases where new fish
ponds were installed as a development initiative, villagers
dried the fish for local consumption even though they could
hzve eaten it fresh; hence established tastes may be significant
barriers to innovation.

Rural Industry and Traditional Manufacturing

Solar driers may also provide a soiution for the tobacco
industry in areas such as the Tanzanian region of Tabora,
where farmers consume large amounts of firewood to dry and
cure the tobacco leaves. Although the Tanzanians have attempted
‘c substitute indigenous coal for wood in some instances, they
are also making efforts to alter their techniques in order to
congerve firewood in the curing process. In Malawi, tobacco
curing is estimated to require about 17 percent of national
energy consumption. Demand for fuelwood in concentrated procesg-
sing uses may even outstrip household demand in certain regions.
(Arnold, 1979)

As population growth puts increased pressure on the land
in rural areas, the generation of off-farm local employment
opportunities will become crucial. World Bank projects and
other donor efforts to encourage off-farm employment may result
in the proliferation of more rural industries whicih will put
pressure on existing supplies of fuelwood. Traditional manu-
facturing industries such as blacksmithing, charcoal-making,
pottery-making or textile manufacture require large quantities
of fuelwood. Not enough is known about each activity: who
engages in it, how and where it is done, and how much fuelwood
is ured. For example, the amount of wood required to produce
charcoal will vary accordirg to local practice; research will
have to be conducted at the village or regionally~specific
level to determine the actual potential for conservation and. .
the most suitable means of achieving savings. Traditional kilns -
or retorts for charcoal are inefficient users of firewood but: .-
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they require no capitul outlay as they are conatructed from
local materizls. The xdvanced kilns are more efficient, but
they require sigynificant cash outlay and must be transported
to the site of use. The use of the newer systems, if they
could be made affordahle, would raise the efficiency of wood
use in the charcoal industry, which is important because it
supplies fuel for urban and rural households.

Environment, Agriculture and Deforestation -- The Vicious Cycle

The depletion of fuelwood reserves has causes other than
the ubigquitous demand for cooking fuel; the spread of a»ricul-
ture is in fact the major cause of deforestation. As popula-
tion pressure increases, larger areas of forest wiil be cleared
to create land for cultivation or grazing. Continuous fuelwcod
collection and the harvesting of commercial timber acd to the
pace of uncontrolled deforestation. The results, particularly
in densely settled areas, include soil erosion, flash flooding,
drying up of perennial streams and desertification., As soil
fertility is lost, cultivation may decline or be discontinued.

The problem is compounded by another factor. As villagers
substitute animal dung and crop residues for scarce firewood,
they are decreasing the fertility of their land. (Spears,
1978: 4) Because comnercial fertilizers are unavailable
or too expensive for rural use, the diversion of dung and crop
residues for fuel use contributes to declining agricultural
productivity. Yields are low per hectare, which creates addi-
tional pressure to bring more land under cu'tivation for sub-
sistence crops. Thisz involves felling more trees and the cycle
is indefinitely perpetuated. As Erik Eckholm has noted, the
cycle of environmental degradation and deforestation is not
simply a firewood proplem:

"Usually, uncontrolled deforestation is a symptcom
of a society's inability to get a grip cn other funda-
mental development problems: agricultural stagnation,
grossly unequal land tenure, rising unemployment, rapid
population growth, and the incapacity to regulate private
enterprise to prciect the public interest." (Eckholm,
1979: 1¢) '

* * * * *

The continuing fuelwood crisis suggests that rural people.
will be influenced by circumstances to make a gradual sories . .
of accommodations in the way they harvest, allocate, store and .
consume fuelwood resources. We can expect to see changes -in...
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the weys cooking &nd heating are orga.ized, in the roles and
responsibilities of varicuz household members, and in tech-
niques of fuelwood uses. As “raditional sources of fuel become
more expensive and more difficult to obtain, villagers will be
more willirg tc change their customary ways. This trend will
probably encampass acceptance of small-scale renewable energy
technologies if they can be introduced with sensitivity to
cultural factors.

In order to make more rational assertions about future
patterns ¢f accommodation, we need to know more about the ad-
justments that village dwellers are making under conditions of
scarcity. It would be of special interest to know of spontan-
gous innovations in the efficiency of drying, storage, and con-
sumption of firewood in all its uses. Since patterns of fuel
use, substitution and even scarcity vary from village to
village, more information is needed before generalizations
ahout future wood use and the ensuing development implications
may be mada with any assurance.

IV. AGRICULTURAL PRODUCTIVITY:
ENERGY CONSTRAINTS AND THE GOAL OF
FD0OD SELF-SUFFICIENCY

Introduction

At present, the agricultural sector in most African countries
is not a large user of fuel energy. Overall, only a sm:ll per-
centage of African farmers use chemical fertilizers and meachanized
plowing or irrigation, and most of their produce {often specialty
and vegetable crops, if not export crops) is intended for sale in
the cities, not for consumption in the villages. Furthar, only
ten to fifteen percent cof all crops move in the commercial markets;
if expanded to include village-to-village marketing, this figure
is twenty percent. (Jochnson) However, African agriculture is
a large indirect consumer of precious fuelwood reserves and sub-
stantial increases in the use of petroleum-based fuel energy are
planned in a number of countries.

Cursory analysis ¢f the difficulties plaguing the subsis-
tence agriculture of Africa suggests why Africen governments
have intiated modernized agriculture programs. Other reasons
include the high cost of imported rice and wheat subsidies
and political factors favoring the goal of focd self-sufficiency.

Programs to increase the use of energy-intensive inputs
~in large~-scale commercial agriculture promise higher yields, but
at the cost of building energy inefficiency into the lgticultutll
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systems of countries unable to shoulder the financial buxden

of importing the petroleum-intenaive inputs. (See Stryer, 1979)
In the African context, how can the goals of increased food
production be :oconciled with the need to conserva fossil fuels?
It is important to consider the realities, the trade-~offs and
the possidle alternatives confronting policy and decision-makers
in energy and agricultural planning. (See Frederick, 1976)

Any discussion of agricultural productivity in Africa is
complicated by the differentiation within the sector and the
large variation hetween techniques of production used in the
"sub-sectors." For the purpcses of this discussion, I will
make the distinction between subsistence farming, small farms
producing some cash crops, and large-scale comercial agri-
culture (plantation or large-~farm).

Increasing Food Production: Dilemmas of Scale and Cost

Many rural areas of Africa are caught in a vicious cycle
of population growth, ecological deter:cration, increasingly
extensive agriculture and continued deforestation. How will
it be possible to increase food production in Africa, in the
face of declining conditions in the rural subsistence sector?
The solutions that are often suggested require efficient govern-
ment planning, organization and implementation. Given the
limited effectiveness of government extension services up to
now and the paucity of transport infrastructure as well as
the pressing need to keep the large cities supplied with food
at the lowest. possible price, it is unreasonable to assume
that large-scale development programs will penetrate to most
portions of the African hinterlands.

The acceleratio. of agricultural development and the intro=-
duction of advanced agricultural systems will involve the con-
comitant use ¢f fuel energy inputs which have been primarily
responsible for the large increases in the productivity of
labor and land which are associated with such systerrs. The
introduction of fuel energy inputs takes many forms:

". . . mechanizatjon replaces muscular energy inputs
in land preparation, planting, irrigation, cultiva-
tion, and harvesting; fertilizers help crops convert
solar energy into food energy; pesticides reduce crop
losses to insects and weeds; and other fuel energy
forms are used in the processing and distribution of
food." (Frederick, 1976: 93)



- 37 -

Advancsd aystems tend to be conceived and executed on a
grand scale. In most areas of Africa, land is not the pr
constraint tc these activities. Could less energy-intensive
methods work in such cases? Many analysts think not., Even
wherz iand rescurces are still relatively amgle, low~energy
agricultursl systems can rarely be expanded without resulting
in declining yields tc land or labor. Generally, the most
access ble ard fertile lands are already being cultivated.

The choice of options then becomes a matter of scale: will

the African government in questton opt fcr large-scale invest~
ments with high-energy requirements to open up the virgin lands,
or will it choose to intensify the level of on-Ffarm invest-
=~nts to counter the decline in land and labor yields in a

«. cuation of poorer natural growing conditjons? For many

areas, additional though related investments .-uld also be
necessary; and these might rely on technecleogical advances

like improved manage&ment of tropical soils er eradication of
the tsetse fly.

The Sahel and Green Revolution Agriculture: Benefits, Costs,
Traae-offs

One analyst has offered the following summary of the prob-
lem facing African deve opment planners in the area of agriculture:
". . . the technologies associated with high labor

and land yields have required large increases in fuel
energy inputs. This has been true regardless of
whether the development has occurred in countries

with high or low land:labor ratios or in developed or
developing countries. Moreover, the fuel enerqgy

used in these high yielding agricultural systems has
generally come from fossil energy sources which would
have to be imported by most developing nations. These
characteristics of advanced agricultural technologies
are hardly surprising since the technologies were
developed under conditions of inexpensive and seemingly
abundant energy supplies. However, in view of the
dramatic increases in fossil fuel costs and the uncer-
tainties regarding future energy costs and availabil-
ities, the high fuel requirements of these technologies
could pose serious obstacles tc accelerating agricul-
tural development in the developing areas," (Frederick,
1976: 101-102)

Despite this gloomy outlosck with regard to energy costs,
Sahelian countries, the Ivory Cocast and others have declazed
their food self-sufficiency programs a&s central develcpmesat .
priorities. Internal political and economic motivaticus have .

Y
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dictated this policy choice affdA an obvious trade-off is in-
volved:s the continuous progress of the foocd self-sufficiency
programs will act to intensify dependence on imported fuels,
although it will lessen dependence on imports of rice and
wheat. (CILSS/Club du Sahel, 1979} Extended dependence on
foreign energy imports has apparently been considered as

an inevitable cssociated cost of agricultural development

in this region; as a Club dAu Sahel/CILSS study states:

"Thne orders of magnitude involved, say 500,000 tons

to 1,00C,000 taons nf 0il a vear are only a small

percentage of the Sahel countries' total energy con-

sumption in the year 2000. e
This use of o0il is an obvious priority for the

Sahel countries to achieve food self-sufficiency.

It is therefore out of the gquestion to subject it

to an arbitrary limit." (CILSS/Club du Sahel,

1979: 73)

The Sahel food self-sufficiency programs are designed to
require the following energy-intensive inputs:

~- dirrigation
-- mechanized plowing

~- petrochemical fertilizers and pestigides
'
-- transport of agricultural inputs (improved seeds,
fertilizer, moteor fuels)

-- transportation for extension services

-~ fuel for fishing boats (where part of program, i.e.,
Senegal)

As these Green Revolution techniques are adopted in Sahelian
agricuvltural development plans, many of these inputs will be
imported at high end increasing cost from the developed world,
although it should be noted that the modern sector of coun-
tries like Senegal and the Ivory Coast is increasingly able

to pronduce fertilizer and other needed inputs. Because
countries have opted firmly for fouod self-sufficiency without
careful attention to the energy implications of their plans,
they could encounter some difficulty in financing the imports
necessary for implementation. Potential impediments to the ..
smooth progress of these projects include the rising cost : '
and periodic world-wide shortages of fertilizers and the.
future uncertainty of oil supplies, not to mention- uﬂpid&,
escalating petroleum prices.
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Moreover, adoption of the new technologies forcea farmerg
to rely primarily on outside sources of supply for improved
seed varjeties, fertilizer, pesticidea, fuel and credit, as
well as markets for their products. Inevitably, the degree
of risk that farmers come tu cssociate with this process is
an important influence on the rate of innovation. Many of
the necessary inputs are compiementary; fertilizer, pesti-
cide, irrigation, and good seeds must be used together, as
Green Revolution techniques are bazsed on the use of seed varie-
ties which respond well only to favorahle growing conditions.
Therefore, it is scarcely worthwhile to supply farmers with
irrigation unless the seed and fertilizer are available to
take full advantage of the water. By the same token, if
water supply is uncertain because of the lack of a syatem
of irrigation or difficulties with fuel supply (for pumping},
the use of fertilizers and improved seeds becomes a riskier
and less attractive investment. As Kenneth D. Frederick has
observed:

"Both the price and the reiiability of access to

inputs are important factors in a farner's willing-
ness to become dependent on purchased irputs. Farmers
don't care whether these inputs are imported or are
produced domestically as long as the supply is reliable
and the price reasonable. However, a nation's wililing-
ness and ability to provide its farmers with reliable,
low-cost inputs is likely to decline if foreign sources
are involved. . . . [The] availability and cost of

the fuel-intensive inputs are commonly determined by
foreign suppliers and a country's foreign exchange
reserves. The sharp increases in international energy
prices and the global fertilizer and pesticide shortages
of recent years illustrate the risks of being dependent
on foreign fertilizer, pesticide and energy sources."
(Frederick, 1976: 104)

A situation ot increasingly scarce and expensive enerqgy
also raises the issue of the cost of food self-sufficiency
programs to the individual government in question. In most
programs, the government is involved in subsidizing some or
all of the new techniques to a certain extent. Subsidies
to encourage farmers to use the imported fertilizers and
mechanized inputs put a strain on the government budget.
Middle- and high-level distillates are already heavily sub-
sidized in all African countries. 1In many countries, govern-
ment extension services have very little mobility in the
forwm of transport for field staff; rising fuel costs will
inevitably cut the effectiveness of extension efforts presently
in place. 1In the event of sudden and/or drastic oil price '
increases, the governments are forced further into debt as
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they cannot pass on the cests to producers or consumers; toO
vraise food and fuel prices in most capitals is politiczily
disascroua and overall food production will not increuse

or even continue at consistent levels without some degree
of yovernment subsidy. Irrigated rice schemes, planned in
geveral Sahelian countries, appear to be highly dependent
on subgidy:

rExcept for the Office du Niger, where most invest-
ment is considered as sunk, the costs of irrigated
production appear to be very high. This is espec-
ially ¢rue of eome of the large-scale, mechanized
schemes along the Senegai River. Furthermcre, there
is a close relationship between the costs and the
amount of subsidy furnished by government. Tavs not
cnly do these schemes decrease economic growth and
efficiency directly, but they also are an important
drain on public revenues which could be used to
finance development elsewhere. Because of their
need for substantial subsidies and the limited
resources available to the Saheliar governments . . .
it is unlikely that these schemes will be able to
contribute much to the achievement of & !f-suffi-
ciency." (Stryker, 1978: 43)

This is not to imply that food self-sufficiency programs
are inherently wrong-minded as development initiatives for
Africa. However, the decision to undertake such a program
is generally made in the absence of any extended analysis
of energy costs, a good indication that energy constraints
are not considered sufficient deterrents to the plan. Few
analysts would advocate that energy costs and availability
should be the predominant factors in the food self-sufficiency
decision. But in an essay concerned with the interconnections
between energy use and development, it is important to
understand what is implied when a country deliberately under=
takes large-scale programs which utilize a highly energy-
intensive set of inputs.

Mlternative Technigques of production: Costs, Research
and Develcpment

How will it be possible for countries committed tc the
goal of focd self-sufficiency to enjoy the potential benefits
accruing from Green Revolution agricultural techniques in the
lorg-term withcut locking themselves into an energy-intensive
agricultural path that could have detrimental ramifications
for other development obhiectives? Potentially, there are two
options:
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-~ to adopt a resource-conserving approach to the
practice of Green Revoiution agriculture, or

-- to investigate the development of alternative
agricultural technolcgies which do not rely
solely on energy-intensive inputs.

The realizaticn of the first option is ade more diffi=-
cult in many cases because the Sahelian countries often lack
detailed, long-term national energy policies. Therefore,
the energy needs of the food self-sufficiency programs have
'not been carefully analyzed from the perspective or poten-
tial conservation or program re-design. There is scope for
more efficient use of chemical fertilizers, and rising energy
costs will discourage the somewhat indiscriminate mechaniza- .
tion which has occurred in scme cases. (kbercrombie, 1978: 14)
An overall attempt to conserve fuel energy in agricultural
development planning would involve an input-by-input examin-
ation of the energy-intensive technologies ir order to deter-
mine areas of potential substitution or adjustment. Experiments
7ith gravity, wind, and photovoltaic irrigation pumps have
been undertaken in several areas in Africa; so far, results
are expensive and not encouraging. (CILSS/Club du Sahel,

1979: 73-76)

It has been suggested that schemes to accelerate agri-
cultural development couid do well to concentrate on
developing food and cash ciop oroduction on small, rainfed
farms by introducing improved seeds, fertilizer, animal-drawn
equipment and other inputs. (Stryker, 1978: 45) This
general approach might be cumplementary with the goal of
reducing energy intensity in agriculture, although it would
be necessar; to introduce at least one fuel energy-consuming
input (fertilizer). This tactic would save energy in compar-
ison to a highly mechanized technique of production, but
the yields would almost certainly be less spectacular, varying
according to natural rainfall.

The limitations «f a resource-conserving approach
suggest the second and complementary option: the challenge
of develaving alternative technologies to enhance agricul-
tural productivity. Technologies requiring less fuel per
unit of output and alternative energy sources for farmers
could be instrumental in easing the food and energy problem
of African countries in the next fifteen to thirty years.



Research has focused recently on the need for more effi-
cient conversion of solar energy to plant matter. Plants
are inefficient converters of solar energy into food energy.
Even at highest rates of efficiency, crops which produce
record yields now rhotosynthesize at only half their poten-
tial rate. Fesear-h 1s presently underway to improve upon
this performance. Scientists have expressed optimism that
this research w:ll produce significant results and one expert
suggests that tnere are three possible routes to success:

~- tc select genetic vg;ieties with greater phctosyn-
thetic «ff.c1encies;

=~ to modify plant architecture for better lignt
reception ;

-= to apply chemicals to suppress glycolate biosynthesis
and inhibit photorespiration. (Frederick, 1976: 216)

Clearly the first two choices would act to increase food yields
in proportion to fuel energy inputs,

Research 1s also in progress to increase the capacity
for biological nitrogen fixation in certain plants, such as
legumes. Tt is cven possible that nitrogen fixati.n ability
might be transferuble genetically to grain crops that do not
now possess this characteristic.

* * * * * ®

It is 1nevitable that a certain percentage of African coun-
tries will choose to take the Green Revolution path to increase
the productivity of agriculture as rapidly as possible. It is
to be hoped, howover, that such energy-intensive techniques
will not be adopted indiscriminately or without careful energy
assessment, i1n ltight of the rising cost and increasing uncer-
tainty of supply of petroleum rescurces. For the long run,
African governments may find that it pays to evaluate food self-
sufficiency programs very carefully with an eye to conserving
fossil fuels and, wherever possible, reducing the level of
structural dependence on non-renewable, imported energy. Sahel-
ian governments have made it clear that they will prefer in
the future to rely on irrigated perimeters, nitrogen fertilizers
and mechanized inputs to achieve the goal of seli-sufficiency
in rice. With careful attention to technology choice, alter-~
native paths, and economies of implementation, they may not
have to exchange dependence on food imports for a system that
relies on fuels and products whose price and availability will
be determined in the volatile climate of international petroleum
markets. :
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PIREWOOD SURVEY:
THEORY AND METHODOLOGY

by James T. Thomson

INTRODUCTTON

This dccument presents a framework for a survey of fire-
wood problems in Africa. Using survey data, host countries and
A.I.D., Missions should be able to more effectively identify and
design appropriate projects to either increase firewood supplies
or reduce firewood demand.

The document contalins two parts. The first, an overview
of firewood problems in Africa, lays a theoretical tasis for
the second part, a recommended survey package consisting of
four questionnaires and two inventory instruments for use in
host countries.

The overview presents an analysis of African firewood
problems, focusing especlally on institutional constraints and
problems which may discoufage production of adequate firewood
supplles. It addresses as well two approaches to reducing
fuelwood demanrd: switching to alternative fuels and improving
combustion erficiencies in charcoal-making and cooking.

The survey package contalns two groups of instruments
which are desigried to reveal official and individual producera!
and consumers' perceptions of firewood situations - do ’
problems exist? where? why? how serious are they? - and the
feaslbility of various solutions. Group I focises on rural
aspects of firewood problems and includes interviews of
rorestry officlals, rural producer-consumers of wood, 2ad
charcoal makers. Greoup 2, which focuses on urban firewood
problems, consists of an urban consumer questionnaire and
an alternative fuels price form.

I. OVERVIEW OF FIREWOOD PROBLEMS

Demand for firewood has outstripped supply in muck of
contemporary Africa. Arid and urban areas now face the worst
pinch, but population growth will soon create scarcities in
many regions where supplies remain temporarily adequate.

Since firewood will almost certainly contiriue to be the staple

cooking and heating fuel of most African Yamilies, sustained '
severe shortages will sharply reduce many Africans'’ living -
standards. : 1
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The Problem: What Strategies
for Firewood Production?

The pertinent problem, thus, becomes identification in
particular settings of best strategles for preventing serious
firewood shortages. Solutions fall into two classes, depend-
ing on the relationship between fuelwood supply and demand.
Where supply exceeds demand and the resource is held in common,
resource management 1s not yet indicated. Costs will be held
to a minimum by merely allowing individuals to serve ‘hem-
selves at will.

Once demand exceeds supply, management becomes indispens-
able. Sustalned yleld management of fuelwood resources can be
achieved in three ways: grow more, use less by making wood
fires more efficient, or use less by shifting to other fuels.
Which will work depends on technical, economic, financial,
political and legal factors shaping contexts within which
solutions might be implemented. The firewood survey proposed
in this paper will assist in identifying individual's percep-
tlons of both natural resource supply situations and relevant
social and institutional factors. This will help in under-
standing why people act as they do, including obstacles they
see to changing current firewood production and use patterns.

The present analysis therefore highlights technical,
legal, political and economic impediments to reforestation
and then suggests several strategles to reduce or overcome
them. Drawbacks as well as advantages of individualist,
collective and mixed approaches to woodstock management are
considered. In a concluding section, firewood conservation
possibllities are discussed in terms of both more efficient
cooking and charcoaling processes and the substitution of
alternative fuels for firewood.

Six Potential Constraints to
African Firewood Production

Assume an African state wants to promote local
participation in firewood production. Assume home and market
demand suffice, all else equal, to e..courage peasant production.
Certain constraints may nevertheless hamper sustained yield
management of the local woodstock. Major problems include:

l. Avallability of seeds and/or seedlings, whether
nursery stock or natural regeneration, of S
appropriate species. In land-scarce and food-. AR
short areas, "appropriateness" will reflect . Ve
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species' compatibility with crops, effects on
801l fertility snd valuable by-products.

2. Land tenure, tree tenure and associated
residential patterns which may:

&. blunt farmers' intereat in wood production
if they don't own land they farm, and

b. affect ease of protecting trees and thus
choices between woodlot &nd on-fleld
production schemes.

Peasibility of protecting tre.  from foraging
livestock.

(R
Y

., Feasibility of protecting trees from unauthorized ‘
cutting by humans.

5. Enforceability of property rights in land, which
‘affects risk and advisability of growing such a
slow-maturing crop as trees, and in trees, 1i.e.,
damage remedies when protection fails.

6. Collective action capabilities at the local level,
glven distribution of political (rule-making)
authority there and in overriding regimes.,

Each of these issues may affect African peasant's
salculations of the desirability of agro-sylvo-pastoralism.
The following i1llustration hlghlights some of these constraints.

Hedging the Law: A Case Study of
Wood Production Problems #

Abdu Issa runs a peasant farm on ten arid acres of West
African Sahel. One recent dry seasori, he decided to start a
fuelwood plantation/windbreak through the middle of his sandy
fleld; by planting the break counter to prevalling east-west
winds he planned to reduce wind erosion on part of his land.
As his fleld 1ies close to his home, Abdu also felt the hedge
would simplify 1ife for his wife, who gathers all firewood.

* This 1c a partially fictionalized account which illustrates
gsome of the constraints to fuelwood production in a
Sahelien context. ol TR L
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Abdu put in Commiphora africana, a small tree often used
for live fencing because It can be started in the dry season
from cuttings off existing stock. Trimmed hedges become dense
and grow up without shading out adjoining crops. Modest
nutrient requirements further reduce competition with crops.
Trimmed branches burn nicely and, though 3low growing, the
wood 1s hard enough for saddle making. Finally, C. africana
1a not on the protected species 1list in Abdu's country. He
‘could cut 1t without fear of being fined by a forester, as
hs might be were he to plant Acacla albida or any of fourteen
other species on the 1ist. Nor would he need permission,
available for_a fee (or a small bribe), each time he wanted
to trim 1it,

Unfortunitely, other villagers at first took too little,
then too much interest in the hedge. Livestock roam freely
here after tu: harvest. Once flelds were bare goats browsed
the C. africana leaves and tender twigs in the daily struggle
to fill thelr stomachs, thereby stunting the little trees.
Many villagers saw animals chewlng on the hedge, but no one
shooed them away: after all, local rules allow animals to
rove freely during the dry season.

Local interest picked up, however, when the hedge put out
larger branches. Village women, too busy to comb surrounding
fields for fuel, lopped off many for firewood. They all knew
Abdu had planted the hedge but rationalized their actions by
saylng they were local residents at liberty to cut any
unprotected speciles. These species are by national law urn-
regulated common property unless title has been established
to specific trees (planting formally vests title 1n the
planter, by forestry code provision, but this rule is not
universally respected in rural areas). Those who did rot cut
Abdu's hedge never told his trimmer's names for fear of
being labeled troublemakers.

Abdu's wife complained; he finally got angry, caught a
woman "trimming" his hedge and called a case against her
before the canton chief. Since he lived in the same town,
time and court costs were minimal. Had Abdu lived ten miles
from the canton seat in a village with no local moot, such
court action would have been much more expensive in time and
money.

17 '
The forestry code in this country 1in fact vests ownership
of planted trees in those who plant them. But peasants are
often reluctant, for a variety of reascns, to formally
establish title. Many forestry guards see there an illegal
opportunity to increase fines or bribe income ... and take
it 1if they can.
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In odurt, Abdu presented his compleint. In reply, the
woman's huasband publicly ridiculed hLim for being so petty as .
to haul an honest housewife to court over something so minor
as a stick of wood. Moreover, he asserted, there really was
no law preventing local people from trimming unprotected trees.

The canton chilef, as Judge, tried to decide after hearing
the parties. The case perplexed him: what did Abdu expect?
The woman had certainly taken the wood, but it was worth almost
nothing. Did he want two cents' worth of compensation?
Embarassed, Abdu sald he didn't care at all about that pilece
of wood, but he did want an end to unauthorized trimming of his
hedge. He asked for a two-dollar fine. The chief declined.

He had no legal suthority to impose such a fine. Nor could

he legislate new rules, even were they to apply solely within
his canton. Only hls administrative superilors at the national
level could make such decisions; at most he could only con-
ciliate the parties.

True, he might have let Abdu pronounce a Quranic oath to
prohiblt further hedge trimming without permission. But
penalties violators would face (leprosy, or poverty) were too
draconian for the value involved. Moreover, he knew his
superlors would rebuke him 1f he consented to the oath. It
really offered no solution to AbdGu's problem,

The chlef's admonitions finally convinced the husband
that hils wife should give Abdu fifty cents in damages. She
did, after all the fuss, Abdu had to accept. For his troubles,
he made himself a laughing stock of village gossips. Damages
did not even cover court costs, to say nothing of his lose of
face. Worse still, the amount would not deter future trimmers,
the more so because everyone knew Abdu could not afford, in
personal terms, to call another such case. Nor were others
likely to, after this debacle.

Later, somebody cut two good trees out of the windbreak.
Abdu 1gnored the incident, though he could have used the wood;
and the hole channelled strong air currents through the trees,
severely eroding topsoll on both sides of the opening. He lost
both ways.

Fuelwood windbreaks have not become popular items in
Abdu's village. Implications of this example for firewocd
production using other unprotected specles are only too clear.
To raise protected species for fuelwood would require the
reglonal forester's written consent - difficult to obtain, if
only in walting time. Otherwise, a standard permit would be
needed to authorize cutting or even trimming above the three-
meter level.
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This account suggests some of the social, legal, political
and technical constraints which may affect firewood policy and
proGustion schemes. Systematic examination of these and other
obstacles to sustained yield management is now in order.

Constraints on Firewood Production: Details

1. Appropriate Tree Seeds or Seedlings

To pervert a proverb, great oaks from little acorns grow
... only. Seeds, seedlings or saplings, from natural regenera-
tion, direct seeding or transplanted private or government
nursery stock constitute the starting point of reforestation.
They must be adapted to the Job at hand, 1.e., reproduction
must be technically ard economically feasible, survival rates
adequate in rainfed { r irrigated) plantings, and wood mus?
be adequate as fuel. All else equal, faster-growing species
will be preferred. But other things are not equal. 1In
addition to firewood, some specles produce good construction
materials, as well as valuable by-products such as foods,
medicines, gum, tannin and fibers.

Non-consumptive uses served by various specles also vary
markedly, and these may sharply influence a farmer's decision
to grow one ratner than another, or to grow trees at all. In
land-rich areas, crop-competitive characteristics - space,
light, nutrients and water requirements - may be immaterial.
But in infertile, land-scarce areas villagers will be extremely
sensitive to these aspects: fuelwood for cooking 1s a basic
necessity only if there is food to cook. Thus, there are
undeniable advantages to species which fertilize cirops through
nitrogen fixation, reduce wind or water erosion, or act as
nutrient pumps in bringing soil chemicals leached below the
reach of crop roots to the surface agaln as leaf mulch or
manure. [Poulsen, 1979a:4] These on-site uses and growth
characteristics will influence farmers' decisions to plant
fuelwood or stick exclusively to crops.

If disseminated to farmers, improved varileties could tip
the balance in favor of more wood production. Greater cash
income from tree by-products and replacement of market by
homegrown items might well compensate for less cropland. Yet,
much remains to be done in approprilate species research,
development and dissemination.

2. Land Tenure, Tree Tenure and Residentlal Patterns

Land Tenure

Land tenure can be succinctly defined as "those 1eg§1'lnd
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contractual or customary arrangements whereby people in farm-
ing gain access to productive opportunities on the land"
(Dorner, 1972:17]. Land tenure systems allocate productive
opportunities. Those who firmly control land they farm can
plan with security. But the tenant who expects his landlord
to evict or shift him to another plot after several years to
prevent him establishing title by prescription cannot plan
improvements with the same security. He may be perfectly aware
that terracing, live fencing or windbreaks eventually improve
land productivity, and yet certain he will gain nothing thereby.
Thus, he may rationally opt for short-term investments in
greater fertility. Manure or chemical fertilizer promise
retirn to investment at the next harvest, assuming he gets a
reasonable share of the crop produced. Although such attempts
to maintaln soll fertility are probably inadequate in the long
run given undiminished wind or sheet erosion, the farmer who
expects to move on will find them preferable to longer-tern,
more rundamental improvements.

This logic applies with equal force to wood production
schemes, since trees take at least four or five years to reach
useable size. The potential fuelwcod farmer whose view of
the longer-term is cluttered with land tenure-related risk
factors cannot be faulted for hesitating to grow trees.

Tree Tenure

African tree tenure terms often add another risk which
inhibits investments in firewood production. Land ownership
and tree ownership don't automatically go together. 1In pre-
colonlal times, he who planted a tree usually owned it. If
he also owned the land under the tree, either might be sold
without parting with the other. Trees growing willd in the
bush, by contrast, often counted as "free gceds" (or "bads",
since they had to be cleared before cultivation).

Probable Indifference to Woodstock Management When Supply
Exceeds Demand. It seems probable that few rural Africans
were Inltially disturbed by deforestation. Accustomed for
centuries to slash and burn agriculture, tpey Judged woodstock
levels by availability of free bush land.Z2 So long as
forested lands remained for colonization, a frontier mentality
prevalled. When farmland and surrounding bush failed,

2/

~  Pelitical boundaries drawn along ethnic or state lines
clearly put some "available" lands off limits to aliens
of the political communities involved. Such politically~
lmposed land shortages induced active conservation
practices in many areas [Ware, 1977:174-751.


http:opportunitl.es
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Critical Issue: Changing Attitudes abcut Conservaticn?
Do ahrInEIng Firewood auppEIes make conservationists of peasants?
If so, policy implications are far-reaching. Popular readiness
to innovate, tc experiment and to do added work necessary to
use new techniques succesafully may sharply reduce efforts
needed to "sensitize" people. Peasants who want to reforest
because they foresee shortages should make a willing audience
for forestry extension workers. Conversely, premature efforts
to make actilve corniservationists of villagers not yet convinced
by personal observation of a resource crunch, may merely waste
everyone's time and money. Scattered fragmentary evidence
suggests this 1s the case [Thomson, 1979a; Thomson 1980b], but
more research on the question is indispensable.

Note, however, that pro-conservation attitudes by no
means lead automatically to conservation actlvity. Intervening
variables dis:cussed in this paper shape farmer's final
estimates of feasibility of sustailned vield management, what-
ever their desire for this.

Resldentlal Patterns: Close--Settled versus Dispersed

Some African peasants live in villages at the center of
the community's fields. Others live in dispersed family units,
each on its own fleld. If, as seems likely, trees have to be
protected from livestock pressure and 1llegal trimming,
dispersed settlement cuts survelllance costs for scatter-sited
trees (windbreaks, live hedges, trees interplanted with crops).
Close-settled communities, with many more eyes and ears, can
better patrol village woodlots located close to population
centers. But such sites are often hard to come by: agricul-
tural competition 1s great for the rich fields, constantly
fertilized by compound sweepings, manure and nightsoll, which
lie in the first circle of land around villages [Raynaut, 1978].

Assume only protected seedlings survive. Then ralsing
them in sites beyond range of costless survelllance by viliagers
golng about their everyday tasks implies either hiring a guardg,
enduring unauthorized depredations, or giving up. Because mcst
locations in dispersed-settlement communities can always be
Seen by someone, such localities may enjoy a tactical advantage
in wood production over close-settled villages.

3. The First Protection Problem: Trees versus Livestock?

Many knowledgeable observers maintain that African arid
area reforestation 1s feasible cnly if trees receive adequate
protection from browsing livestock, particularly goats., Others
argue the contrary [Poulsen, 1979¢: 6-8]. The issue is, thus,
problematic; research should seek data to help decide when,
where, and if various species must be fenced to prosper. Given
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oross-Africar varisiions in grazing pressure and tree species'’
self-defense mechanisms (thornless, thorn types, etc.), few
sveeping generalizations about fencing are likely to be valild.

ggJor Interdependencies in Traditional Sylvo-Agro
astoral Systems

Symbiotic relationships between highly productive herding,
farming and tree-growing activitles unquestilonably exist
[See Funel, 1979; Thomson, 1976]. To maintain this system of
mixed farming under a tree canopy at peak productivity,
interrelationships mus{ be managed in mutually-reinforclng ways.
When antagonistic competition replaces harmonious complementa-
rity, the ensuing nregative dynamic degrades the productive
capacity of the system to the point of sterility. Desertifica-
tion may well result.

Centrolling Grazing Pressure

If livestock can destroy natural regeneration of trees,
reforestation depends on control being exerted over livestock
movements. In most Sahelien African countrles, animals forage
during the rainy season only under guard. After the harvest,
however, they often roam at will. This cuts feedling costs;
investments in herding, enclosures or iodder stoucking are
avolded. ‘

Treating dry-season fieldsas a comron property encourages
overstocking. Each additlonal animal means more profit for
the owner. But when pasture carrying capaclity 1s exceeded,
each additionsl animal marginally reduces food supply for every
other animal. Hunger drives them all from the lush to the rough
grasses and eventually to saplings, curtalling natural regenera-
tion of the woodstock. Thnls 1s the classlec tragedy cf the
commons, Iin which a once valuable renewable natural resource 1s
reduced to dust or hardpan laterite by uncontrolled overgrazing,

Two kinds of so0lutlons to overgrazing exlst; making
pastures private property to encourage each owner to take
account of the full costs of overstocking his own land; or
political controls, tc keep grazing pressure at or under cerry-
ing capacity. Both 1nvolve problems,

Contrclling Livestock Movements

Short of these solutions, fuelwood resources can be protec~
ted from livestock by regulating ilvestock movements through
herding, enclosure or stabling and tethering, or by somehow
protecting trees, whatever happens to pastures.
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Herding requiree pasturage, herders and returns to
herders' investizents. Full-time transhumant herders, e.g.,
Pulbe and Twareg, ere harder to control i~ terms of protecting
the woodstock from abusive cutting of woody browse than are
sedentary herders who have a greater incentive to respect
local regulations concerning explcitation of tree forage. For
herders, keeping hungry animals from gardens and woodlots is
easier than protecting scattered natural regeneration. Local
goats often are not herded, however, since thelr limited value
does not Jjustify the labor 1nput.

Fencing 1is always difficult because 1t 1s expenslve,
Traditional fencing materials - thorns, mats and live hedges -
may be in short supply, elther because they are protected by
forestry code provisions [Thomson, 1977: 64-65] or because
population pres: ire has largely eliminated free bush lands.
Enclosing larger areas reduces per unit cost, as some ethnic
groups who maintain consolldated forms of land tenure have
found [Souleymane, 1979]. Typically, however, this cannot be
achleved when fields are small and scattered.

Stabling requires substantilal labor 1nputs to collect
fodder. Generally thls 1s feaslihble only during the growing
season, when grasses and follage are plentiful near at hand.
Tethering on pastures 1s agaln only feasible when forage 1s
plentiful, 1.e., when trees need no particular protection from
livestock.

Where lack of approprlate sites precludes informal poli-
cing (see above, p. g) seedling survival may depend upon

active guarding. Local funds (rates or voluntary contributions),
money from overrlidlng governments or international aid donors

may permlt hilring guards. Or, assuming adequate political
organlzation, guard duty might be shared on a rotating basis
within the village.

Woodlots can be fenced gilven sufficlent traditional
materials or units large enough to reduce wire fencing costs to
acceptable levels. Reuslng materlals on other sites once trees
have outgrown stock pressure will further reduce costs.

Scatter~site, in-fleld wood production may also be possible
using browse resistant specles or fenced saplings, if tree
growers are committed to protecting them and if they have legal
access to enough thorns from mature {rees.

4, The Second Protection Problem: Trees versus People

Doubts may exist about when, where and o what extent
foraging animals threaten wood production. But people
unquestionably destroy innumerable trees looking for fuelwood
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and other forest products. Whether the woodstock will be run
down or not depends on institutional incentives to balance
supply end demand.

Trees as Private Property: Protecting and Producing
to Guarantee Supply

Where trees are private property, tree owners either
protect them or bear losses occasioned by theft. Two conse-
quences flow from private ownership of trees. Firts, a "do to
others as you would have them do to you" ethic 1s impiicit,
i.e., don't steal wood if you don't want yours stolen. Second,
tree owners and thelr dependents function as an informal local
police force. Community members thus help enforce tree tenure
rules instead of leaving the entire Job to foresters. Treating
trees as private property also motivates individuals to produce
them for their own use., Where all trees are privately owned,
he who doesn't provide for his future wood needs by growling now
willl later pay the going rrice for lumber and firewood.
Forestry service heads in Niger, Upper Volta and Mali are all
interested in exploring individual investment in tree produc-
tion along with collective approaches to reforestation.

Unregulated Common Property Trees: Consumption
Without Producticn

Where trees are common property, wood will be harvested
on a first come, fiist served basis. This reduces *iicentives
to pr- duce, since the tree planter has no guarantee he will
reap cthe benefit of his investment. In this case, demand ean
exceed supply without automatically pressuring individuals to
act 1in thelr enlightened self-interest by investing now in
supplies to meet future needs and thus avold total deforesta-
tion and environmental degradation.

Environmentai Destruction through Peasant Stupidity or
Inappropriate Rules? People often admonisu African peasants
to becoine aware of environmental degradation. Yet, 1t is
highly unlikely that peasants fail to see ecological break-
downs occurring around them. They may be aware, concerned
and yet simultaneously immobilized by inappropriste rules.

What motivates an individual to insure regeneration of #sn
unregulated common property woodstock threatened by excessive
demand? Very little, in fact. The peasant who values trees on
his field as windbreaks, forage sources, soil fertillity regenera-
tors and‘the like will at most try to get his firewood elsewhere.
If free bush exists nearby, he will use that. But once bush goes,
desire for trees on his own field goads him to harvest those on
his neighbor's fields to meet his own construction and firewood

needs [Thomson, 1979b]. Given excessive demand, the unregulated

R
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commoi: property system leads to a "cut anywhere but home" ethic
of forest exploitation. Instead of encouraging each landowner
to invest in future supply, this ethic leads peasants to cut
their losses by not investing in regeneration of common property
woodstock which scmebody else will most iikelv consume.
Instead, people spend more time, energy and money meeting daily
needs from the dwindling supply. To overcome the dissociation
between investment in supply and reward inherent in all common
property systems, special management capabilities must be de-
veloped. Some political community must control use and promote
supply. Conceptually this 1s aiways possible; practically 1.
is often difficult and costly ... often, but not always.

Spontaneous Conversion of Common Woodstock to Private

Property

Assume the woodstock 1s formally unregulated; any tree 1is
legally falr game for anybody. Given resource scarcity, will
conversion of trees to private property replace the first come,
first served rule? Economic theory argues the coumons will be
parcelled int« private units when it 1s both technically feasi-
ble to enforce property rights and economically advantageous
to do so. Fileld data from a rural region of Upper Volta not
patrolled by the Forestry Service support the prediction. 1In
addition, formerly common property crop residues (peanut vines,
millet stalks, etc.) are now treated as private property in
parts of Nilger and Upper Volta where destruction of bush has
made livestock forage a scarce commodity. This change encourages
more individual investment in wood supply; other alternatives
also exist.

Common Property Woodstock: Formally Regulated,
Effectively Unregulated

Assume a woodstock 1s formally but not effectively regulated
because of 1nadequate enforcement. Even though firewood demand
exceeds supply, incentives still discourage a move to better
wood supply management through informal conversion of trees to
private property. Everybody 1s in the same boat: all have to
cut protected specles 1llegally to satisfy urgent needs for wood.
It 1is, therefore, difficult for anyone to protect his "own"
trees by preventing others' cutting on his own land. 3/ Worse,
nobody can morally afford to assist foresters in protecting

37
Given a formal permit system, an individual could in principle
acquire one and then legally cut trees on his own land. But
since foresters are thin on the ground (a) it is expensive in
time and energy to find them, at which point one must pay for
the permit, and (b) since they are thin on the ground, it 1is
often possible to get away with llegal cutting. When this
becomes everybody's least-cost solution, unregulate:d
deforestation proceeds apace.,



- 60 -

trees except where such "collaboration" is the only way to
avoid unjust punishment for others' illegal cutting on one's
own land. This leaves the forestry service with total
responsibility for defending the woodstock.

Reducing Disincentives to Invest in Supply of Common
Property Woodstock

Disincentives to producing common property trees can be
reduced by sudbdividing common property trees into exclusive
units allocated to specific user communities. Formalizing
local control should encourage village investment in policing
and increasing the woodstock by explicitly allocating manage-
ment responsibility to village residents. Thils strategy seems
especially attractive where some flelds are already treeless;
reducing potential hardship some would suffer through priva-
tization of trees currently maldistributed on village lands
should ease transition to sustalned yleld management.

Village governments or auarter committees could regulate
access. Local, management units would be empowered to exclude
non-residents.i/ By reducing information costs and facili-
tating consensus required to maintain a local regulation
system such units might well cut policing and lnvestment costs
involved in building collective supply.

Equitable Management Requlres Accurate Information.
Adequate collective management decisions depend on accurate
knowledge about who's doing what with the woodstock. Wood
Zust presumably be distributed under some locally acceptable
formula which would equitably apportion supply and hardships
associated with short supply. Details of distribution formulae -
appear an intimatcly local matter, defined by each village's
consensus about wnat l1s right and proper. Two general condi-
tlons hold, however.

Ly

~ Where scattered quarter or village land holdings inter-
penetrate each other, interesting boundary problems can be
expected. If they are sufficieitly intractable and collective
management 1s considered a must, special woodstock management
districts not necessarily contiguous with existing villages
or quarter boundaries might offer a solution. Each district
would regulate wood on a group of contiguous fields no matter
where fleld owners resided or were registered for census and
tax purposes. The approach is not without problems; however,
they will not be explored here. :
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First, such formulae must be enforceable tc be effective,
If those who run short are permitted to raid the collective
woodstock, the now inappropriate first come, first served rule
will replace group management.

Second, a formula will only work it it is seen by villagers
to achieve equity. Arrangements that don't, will be violated
by aggrieved peasants pressed for fuel. Considerable room for
local experiment exists here, but the smaller the user group
and the greater their daily interaction the lower will be
information costs [Olson, 1965]. It may only be possible to
control use of guarded woodlots; monitoring wood gathering from
on-fleld trees not in woodlots may be simply too expensive.
If so, privatization of trees not in woodlots may be the only
workable way to manage them for sustained yileld.

Achieving Consensus. Consensus on distribution formulae
and investment 1n new wood supplies will be easier where the
quarter or village is accustomed to taking collective decisions,
if the same process and persons can handle woodstock management.
Otherwise, organizational difficulties must be surmounted
before local collective management will be feasible. This
issue 1s discussed in greater detail below.

New Supply Increments. Local collective management for
sustained yleld assumes sustained investments in new supply.
Planting trees and protecting natural regeneration require
labor, perhaps money.5/ Management units thus require authority
to impose user charges, labor service or taxes on group members.
In many parts of Africa, such authority does not now exist,
at least for purposes of collectively producing trees.

User Fees. User fees might provide a way to censitize
users to the social impact of their indiwvidual demands on the
woodstock. They could promote conservation by adding a price
to the time and energy invested in harvesting fuelwood. They
could also generate funds to pay for more supply in the form
of woodlots or by protecting natural regeneration (fences,
guards' or herders' salaries). Again, adequate information
and effective enforcement would condition feasihility.

5
Acquiring access to woodlot sites poses fascinating problems.
Location of sites, terms of cession (sale? loan? rent? condi-
tions of reversion to owner?), possible effects on distribution
of product must all be examined ... but not here. Local '
political authority seems indispensable. Overriding regimes
should offer a dispute resolution process only to settle
intractable local deadlocks about woodstock problems.
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5. Enforcemsnt of Property Rights in Land and Trees

This section treats the critical prcblem of rule enforce-
ment. It builds on earlier discussion of protection problems,
particularly arguments about informal policing mechanisms and
local collective action organization.

Enforcement: The Indispensable Minimum

Laws are man-made artifacts designed to organize human
conduct for certain ends.. Laws, Lhowever, are not self-enforecing.
Formal laws only become effective when individuals and officials
uphold them in cases of dispute or violation. Absent enforce-
ment, laws remain mere formal orderings, paper rules, without
the capacity to shape realities of human conduct. Effective
laws, by restricting choices open to individuals, railse odds
that desired actions will occur. ‘

collectivizing management of a common property woodstock -
when demand exceeds supply illustrates the process. Individual
users' choices ahbout where to harvest are reduced by the
management unit, and investments in Bupply promoted. If rules
are effective sustained yield results instead of resource
degradation.

Whether officials command the necessary power to enforce
rules 1s problematic. Assuming they do, whether they will use
thls power to uphold formal laws depends (1) on whether their
declsions are subject to review by sunevior officials (and 1if
so, how those officials exercise their powers); and (2) 1if
thelr declsions are not subject to review, whether they consider
a particular law should be upheld in light of their own analysis
of the situation. Where an official has the last word, or
determining power, the danger always exists that this capacity
to enforce laws may be abused to promote the official's
interests at the expense of at least some members of the going
concern.

Information about wor:ing rules, and the enforcement
process that underlies them, is thus indispensable to accurate
understanding of why people act as they do.

Legal Costs. Legal costs include time and energy
necessary to litigate, official and personal costs of coming
into court, lawyers' fees and 1llegal payments to court personnel.

All else equal, the lower are legal costs, the more
vigorous one can expect litigants to be in protesting rule -
violations and perceived unjust rulings. Officials! exereise
of power will thus. face greater serutiny, diminishing the : -~
potential for abuses. R
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Village moots to resolve disputes and maintain local rules
probably offer the most efficient, low-cost solution to
enforsement problems. Village moots by no means guarantee &
Just legal process. Yet appeals to overriding regimes are
usually possible. This provides a partial check on local
court-holders and makes rule manipulation less attractive in
their er:s 1f superiors consistently correct abuses. Although
necessary as a control lweasure, however, appeals can threaten
integrity of the local )egal process if sued too frequently.
They may then make village-level rule enforcement impossible
[Thomson, 1976].

Enforcement of Property Rights in Trees

Where excessive demand threatens the woodstock, are trees
valued enough by somebody so rules promoting sustained yleld
management can be upheld by enforcement when necessary? What
are the costs, and therefore the likelihood, of =nforcement?

Land disputes usually don't face thls cost deterrent to
effective litigation because land is so obviously important as
a factor of production most peasants will jump to defend it,
whatever the price of litigation. Trees are another matter.
Where supply exceeds demand peasants will not likely complain
about cutting. Even when the balance changes, it may be some
time before people perceive the loss of a tree as one the
suffer. Sooner or later, however, lack of wood will bring the
questions of tree tenure and enforcement processes become
pertinent. Who owns what? What kinds of peolicing deter
violators? When formal rights are violated, what kinds of
recourse are avallable at what costs?

Policing: A First Order Solution. Policing is an
indispensable scart towards management. It demonstrates some-
body's concern with trees directly and puts potential violators
of notice they o e 1llegally infringing collentive or individual
interest in the woodstock.

State control and policing of the woodstock tc the
exclusion of all local involvement in management 1s a major
weakness of many contemporary Sahelien reforestation schemes.
It dissoclates policing and harvestirg interests: foresters
police alone and everybody else harvests on the sly. Moreover,
the flnancing now available to most African forestry agencles
is insufficient to permit the masnive staff increases necessary
for effective control. Thus, exclusive state policing will
not encourage sustained yleld woodstock management.
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Local policing, where trees are collectively owned by
local units or held by individuals, appears to offer a useful
alternative. However, unless enforcement is effective there .
will be & return to the working rule governing unregulated
common property woodstock use: "Cut anywhere but home,"

Local Enforcemznt: Calculations. Insistence on enforce-
ment of tree tenure rules will be heightened if clear remedius
exlist when 1llegal cutting cccurs. If user.fees are in force,
reimbursement should be provided in kind or cash for wood taken.
Tree tenure rule violators, having paid the appropriate fee
for wood taken, should also compensate owners for the loss of
non-consumptive uses they suffer when live trees are fellegd.

As an added deterrent, punitive damanges might also be imposed.

Comblned sanctions must be adequate to deter but not so
draconian as to hinder application, Only the local sense of
equity can set appropriate standards. Local autonomy in this
respect 1s a necessary element 1in effective local management,
as 1s authority to modify penalty structures in light of
changing definitions of equity. ‘

Judicial Costs. As with land tenure enforcement, Judicial
costs to the 1litigant will affect his willlingness to prosecute
violators of tree tenure rules. Unless these costs are minimal,
wood owners aren't likely to bother litigating.

cvollective ownership, because 1t spreads any loss sustained
over &ll group members, probably means the management unit will
have tc designate an enforcer to represent the community in
proceedings agalnst violators. The representative should be
compensated for shouldering this responsibility.

6. Issues of Collective Action

Governments or external donors often assume villages will
handl: the local organizational and managerial aspects of
fire = ° projects, not recognizing that many villages cannot
handic nese matters. In many areas, traditions have eroded
and informal collective action capabllity has greatly weakened
or expired, or there 1s no legal authority for making local
decisions. Unwillingness to grapple with the implications of
thls local disorganization and consequent dependence on outside
decision makers and declsion-making processes simply means
programs are highly likely to fail.

Erosion of traditional forms (and their replacement by
informal modern alternatives in some Instances, e.g. religious
communities and voluntary organizations) 1s extremely variable
across, but also within, ethnic groups. Organizational
capacity i1s a village-specific, even a village group-specific
phenomenon. (See Thomson, 1980c: 14-16) Projects should be
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designed to take account of thia local complexity, by drawlig
on villagea' organizational atrengths where possible and respoc-
ting others' limits by not arlitrarily imposing collective forms
on those which now lack such capacity. Designs should build in
local options to choose reforestation strategies from & range

of possibilitinz., PFor certain kinds of reforestation programs,
1t will be necessary in some locales to invest time and energy
reconstituting or creating local autonomous capability.

Collective Action Costs

Two kinds of costs associlated with collective actlion can
b~ identified: (1) costs of taking collective decisions, e.g.
t.me and effort required to establish a management structure
and to obtain authorization from higher government levels; and
(2) costs flowing from decisions taken, e.g. land loss sustalned
by villagers whose fields may be expropriated for community
woodlots or user fees which pecple may be required to pay.
(See Ostrom, 1968) These costs vary with degrees of eflective
local autcnomy and organization in any particular community;
however, the higher the costs, the less likely that collective
action will be taken. : '

Where local structures can achleve consensus and uphold
decizlons with or without officlal authorization to enforce
rules, time and effort required to establish a woodstock
management structure may be relatively low. But in consequence,
some people may bear substantial costs. They may lose land,
or have to buy wood, or invest 1n new supplies when they would
prefer to do other things with thelr time or money.

On the other hand, where loccal government 1s weak, con-
sensus may be extremely difficult to achleve and decisions
impossible to impose. In consequence, people may escape
immediate costs assoclated with decisions they dcon't like. It
is probable, however, that fallure to manage woodstock for
sustalned yield will lead ultimately to desertification in
much of Africa, costs of which are probably 1ncalculable,

If to manage thelr woodstock, local communitles require
authorization from higher government levels, e.g., district,
county, state or national jurisdictions, in general one can
expect costs of getting authorization will rise as the autho-
rizing level becomes more remote. Since officlals only have
as much tlme as anyone else, they typlcally cannot deal with
all problems presented, but only with those they conslder most
important. A village petitioning for permission to manage
its own wocdstock (in the absence of special enabling legisla~
ticn) 1is likely to face great difficulty acquiring the
requisite authority. Thus, one can expect villages to be:
uninterested in formulating and presenting such petiticns. -
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The problem will be dealt with, if at all, in a top-down manner
by officials who view it as sericus enough to merit their
attention.

Alternative Fuel Sources

Preceding sections have explorsd ways to produce more
firewood. Reducing effective demand for wood offers another
means to sustained yield management of African woodstocks, Two
obvious strategies exist: shift to alternative fuels; improve
cooking and charcoaling combustion efficiencles.

Alternative Fuels: Possibilities and Problems

Contemporary discussions of African firewocod issues
commonly list five possible alternative fuels to firewood: (1)
charcoal, (2) manure and crop residues, (3) fossil fuels -
butane gas and kerosene, (4) solar energy and (5) electricity.

Charcoal. Recent studies show charcoal gaining importance
as a cooking fuel, especilally when wood socurce areas lie a
certain distance from consumption centers. [French, 1978:27-28].
Lower transportation costs of charcoal compared to firewood
compensate for higher preparation costs. Impact of charcoal
use on wood supply remalns unclear because researchers disagree
about heat energy lost during charcoaling and cooking.
Estimates range from 7.5 percent to 84 percent. Even if losses
are as low as 10 percent, increased charceoal use will translate
into significantly higher demand for wood. The rural and urban
consumer surveys recommended in this paper assess use and
market data for charcoal.

Manure and Crop Residues. Both often become fuel in many
parts of contemporary Africa. It is highly questionable whether
they should since, as potential fodder and fertilizer, they are
much needed for animal and soil fertility maintenance. S3Stricter
privatization of both may evolve, pricing them out of the fuel
market. OSurveys should determine working rules governing access
to and use of both manure and crop residues.

Fossil Fuels: Butane and Kerosene. Until the recent
petroleum price hikes fossil fuels offered an attractive alter-
native to wood among relatively affluent urban Africans who
lacked time to cook because of employment cbligations. The
trend has now reversed in some areas [S.A.E.D., 1977].

In many African states any massive shift from domestic wood
to imported fossil fuels would seriously threaten an.alrecady
shaky balance of payments position. Credit ratings and avail-"
. abllity of development loans would ba adversely affected.
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Afriocan atates having domestic petroleum reserves could market
butane or kerosene at domesticelly subsidized prices withcut
directly risking belance of payments difficulties; but thsy
would forego valuable foreign exci.ange domestic petroleum
products would otherwise command if sold abroad at world market
pricea. Against this background, only serious fuelwcod criser
would Justify classifying domestic urban demand for subsidized
fossll cooking fuels as an indispensable need. ‘ :

Rural dwellers will not shift to fossil fuels unless there
is a severe wood shortage and both fuel and conoking apparatus
are highly subsidized. New modes of food preparation, perhaps
new foods, and changes in rural domestic life rhythms implied
by subsatitution of hot, quick-cooking fossil fuels for low
heat, slow-cooking firewood could also gererate resistance to
changes.

Solar Energy. Solar energy has yet to prove itsel: as a
viable fuel for cooking anywhere in Africa. Soccial feasibillity
depends on cooking patterns. If cooking takes place early or
late in the day, sclar energy falls because the sun will not
generate adequate heat. Unless timing can be modified and
accompanrylng dislocations in other domestic patterns accommo-
dated, solar successes will be few.

rven 1f timing poses no problem, expense and efficlency
of solir stoves often hinder adoption. Design problems also
dampen local enthusiasm for solar stoves: intense heat prevents
use of traditional utensils to properly stir cooking foods.

Electriclty. Electric stoves are e:pensive but techni-
cally feasible; however, generating current by burning fossil
fuels again raises balance of payments probiems if fuels must
be purchased at world market prices. Distribution grids out-
side densely populated urban areas will probably be prohibi-
tively expensive as well. Where cheap hydroelectric power
becomes avallable, as 1t iIncreasingly will in certain African
urban areas, electricity could feasitliy substitute for firewood.

Cost Comparisons

In each survey country, general cost data will be gathered
for firewood and for each alternative energy source. Converted
to standard energy units, cost comparisons will provide a
partial basils for poliey planning.

Where people harvest their own fuel sources (firewood,
crop resldues, animal droppings), surveys will record time
devoted to fuel collection. Respondent's attitudes about this
activity will also be checked to assess willingness to switch
to other fuels and motivaticn to engage in greater fueiwood
production. '
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Improving Combuation Efficiencies

Surveys should 1d=ntify (1) range of conking stove types
traditicnally employed is the country, (2) rough efficiencies
of each, (3) range of charcoaling processes; and, if possible,
(8) rough efficiencies of each. Such data may be readlly
available in some survey countries. VITA may have relevant
information on these matters, as will the CILSS Forestry and
Ecology Section for the West African Sahelien zone.

Cooking Stoves

Where no data exists, surveys will identify range and
distribution of stove types and approximate amount of fuelwood
required to do a week's cooking for the respondent's family.
Once prevalent stove types have been identified, a combustion
expert should establish reliable efficiency data through
laboratory and field tests. Special funding for such tests
must be allovcated 1n any survey country lacking appropriate
and reliable information.

Charcoaling Processes

The charcoal maker's survey will be used wherever charcoal-
ing is a speclalized occupation. Survey teams will record the
range of charcoaling processes and approximate efficiency of
each. This will be impossible in some areas without special
field equipment and budget supplements because charcoaling
amounts to nothing more than firing and then smothering stand-
ing or fallen dead trees. Without prior sectioning wood cannot
be welghed before firirng to establish process efficliencies.

It may be simpler tu zrrange tests with charcoal makers near
an adequate scale aiii other equipment, rather than rurining
field tests.

CONCLUSIONS

In addition tou considering firewood conservation through
improved combustion techniques or substitution of alternative
fuels for firewood, this analysis of African firewood produc-
tion problems has addressed technical and institutional issues
which may impede woodstock management once dwindling wood
supplies convince local residents that active conservation
measures are reasonable. Clear possibllities exist in Africa
for greater tree production and sustained yield woodstock
menagement, but realizing these will depend on awareness of
and ability to overcome the problems discussed.

. Technical advances - more appropriate species, production
techniques, etc. - remairn critical; peasants already hard-
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pressed to survive will shun species and projects they know
to be unproductive or threatening to short-term crop producticn.

The kind of woodstock management strategy appropriate for
any perticular user community depends on land and tree tenure
rules, political organization capabiliities, the judicial proceis
and woodstock protection possibilicties. Some villages or
village quarters can master both individual and collective
approaches to wood production. They may prefer one, o:r the
other, or a mix. Others, lacking appropriate local institutions,
are restricted to individual enterprises. Probabilities that
either will succeed can be greatly heightened by legal changes,
particularly in some African national forestry codes. Reforms
should give villagers greater incentives to participate in
woodstock management by authorizing local communities to make
and enforce management rules necessary and relevant in light
of local conditions. Reforestation project designs should also
address these critical issues as the most efficlent way of
promoting effective reforestation and environmental management
in African states.

II. SURVEYS AND IMPLEMENTATION®

The Survey Package

The recommended survey contains two groups of instruments.
GROUP ONE, which focuses primarlily on rural aspects of firewood
problems, contains:

Forestry 0fficial Questionnaire

Rural Producer-Consumer Questionnalre
Charcoal Makers' Questionnaire
Village Background Data Form

W
L] o - .

GROUP TWO, focusing on urban aspects of firewood problems,
comprises:

1. Urban Consumer Questlonnaire
2. Alternative Fuels Price Form

In general these questionnaires will seek the following
kinds of information:

Foregstry Official Questicnnaire

This survey will gather data from officials about wood
resexves by reglon, including estimates of deforestation rates,

. * The actual questionnaires and detailed guldelines on survey
implementation were included in the original paper and may
be requested from the Energy Adviser, AFR/DR/SDP, Agency for
International Development, Washington, D.C. 20523
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firewood consunmption per capita, fi~ewood availability by region,
and all ruslwood management projects planned or operational.
Copies of formal rules governing wond production and use
(forestry codes and other regulationa) will be collected.
Nationsl and regional foreoters' willingness to adopt collective,
individual or family, and mixed strategies of woodstock manage-
ment will be assessed. Informatior. about technically desirable
reforeastation sites (approprilate soil quality, rainrfall and
temperature) will be obtained from forestry officials if
possible; otherwise, other government agencies and research
institutes will te approached for this information. It will
subsequently be used to map approprlate reforestation areas.

This multi-purpose survey instrumznt will collect Zata in
rural settings about villagers' perceptions of:

1. desirabllity of local fuelwocd managament projects;
avallabiliity of specles villagers ccnsider appro-~
priate,

land tenure, tree tenure and local residence patterns;
need to protect fuelwood trees from animals;

need to protect fuelwoad trees from other humans;
possibilities and problems of enforcing land and
tree tenure rights;

village collective action possibilities;

fuels currently used, how acquired, avallabllity

and cost (in money or labor);

fuel use trends and explanations for these;

stove types and approximate combusticn efficlencles;
and

cooking patterns (meal preparation times and cooking
periods during the daily cycle).

O\ a0 [o2N 02 IS —g W)
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Data produced by this survey wlll allow policy makers to
generallze about perceptions and characteristics of firewood
problems within surveyed villages. The data would not permit
rigorous generallzation from surveyed villages to surrocunding
communities even though the latter may share many common
problems.

From this range of cases, however, certain guidelines for
effective fuelwood management projects can be extracted. Assum-
ing planners and administrators pay careful attention to local
detalls 1n subsequent projects or - better by far - create
implementation systems supple enough to permit villagers to
tallor solutions to thelr particular problems, these guidelines
wlll greatly facilitate later project identification and
planning.
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Surveyed villages will produce data most useful for futuire
planning if they accurately represent conditions typical of
particular areas. Two of the ten villages should be located
in surplua firewcod areas as identified by forestry officials.
Assuming such villages are representative, data from them
should reveal the effect of percelived surplus firewood supplies
on peasant willingness to participate in firewood management
proJects. The remaining eight villages jointly should meet he
following criteria:

1. location in deficit firewood areas as identified
by forestry officials;

2. location in areas of actual or potential local~
level fuelwood management programs;

3. representative of as many ethnic groups, major land
tenure and residence patterns as possible; and

4. otherwise representative of their immediate areas.

If possible, among the ten communities investigators
should identify two village pairs similar in all respects
(environmental setting, polltico-legal, cultural relations)
except fuelwood avallability. Comparison of data from such
palred surplus-deficit firewood communities would critically
test the hypothesis that villager:z become interested in woo/i-
stock management projects when they perceive firewood scarcities.

Charcoal Makers' Questionnaire

Thls quota survey of five charcoalers per survey village
will be administered by the rural producer-consumer survey
team. It will inventory types and approximate combustion
efficlencies of charcoaling methods currently employed 1in each
survey site.

Village Background Data Form

This form 1s designed to coullect general information, such
as village population, size and location of households, the
organlzation of local legal and administrative systems, crops
grown and livestock raised. Working with local political and
administrative offlcials, each enumerator will complete the
form for his/her survey site.

Urban Consumer Survey

This survey will gather data in two cities about urhban
dwellers' perceptions of: o



1. fuels currently used, how acquired, availability,
and cost (in monoy or labor); :

2. fuel use trends, and explanations of theaé trends;
3. stove types and approximate combustion efficiencies;

4., cooking patterns (meal preparation times and cogking
periods during the daily cycle). :

A stratified random sample will reflect taree major urban
socio-economic divisions: :

- elite residential quarters populated by affluent
nationals and expatriates;

- popular guarters comprising houses, frequently
numbered, situated on numbered lots (city nall should
have lot and house numbering data); and

- Bhantytowns created with no official regulation.

Data produced by this survey will permit analysis of fire-
wood demand in the two survey clties and projection of probahle
fuel use patterns. Petroleum price escalations during recent
years have changed urbanites' perceptions of probable future
costs of fossil fuels (butane and kerosene). If demand remeins
unchanged, this is a significant development; 1f i1t has shifted
back towards firewood, increasing pressure on fuelwcod supplies
can be predicted. Such data will be useful in deciding about
the desirability, size and location of fuelwood production
plantations and will inform policy makers about the advisability
of efforts to promote fuelwood management in areas further
removed from urban centers.

Alternative Fuels Price Form

The team will collect data from major suppliers in both
urban areas on the evolution of butane, kerosene, electricity,
charcoal and firewood prices over the preceding five years,
These data will facilitate construction of reliable cost
compariscns between firewond, charcoal and alternative. fuels.

Survey Schedule and Budget

The Firewood Survey will take eight months to complete,
one month for preliminary contacts between the project coordinator,
host country officials and other interested purties, and seven
months for survey sdaptation, administration, data tabulation,
and analysls. The estimated cost per country is $85,000, include
ing $67,000 for the ten-village rural survey and $22,000 for
"the two-city urban survey.
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SURVEY RESULTS

Surveys will produce data about rural and urban demand for
firewood in the context of competing fuels, feasibility of
different firewood production strategies (individunl or
collective; plantation, wecodlot, windbreak, etc.), impact of
firewood scarcity on willingness to conserve, already initiated
sonservation strategies, and stove and charcoal combustion
efficiencies. This information can be used in firewood policy
planning and project design. It will help determine appropriate
areas for firewood prcduction projects, organizational format
for projects, material inputs needed, where forestry extension
work 1s desirable, what species are appropriate, and the pos-~
sibilities for fuelwood conservation.

Meetings to Disseminate Survey Results and Plan Flrewood

Projects

The Project Coordinator, in consultation with USAID Mission
and supervising host country personnel, will schedule a series
of feminars and conferences with interested parties during the
last two weeks of the survey. Seminars should be geared to
examination of data and their policy implications, and to
preliminary negotiations on firewocd projects appropriate and
feasible in light of survey data.
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CRITICLL ISSUES FOR DESIGNING ENERGY SURVEYS IN AVRICA
by Thomas Graham

Y INTRODUCTION

This paper discusses a number of igsues important to energy
program officers involved in the design and implementation of
energy surveys, as well as impressions gained through survey
work in Swaziland and Cameroon.

A survey consists of information gathered and analyzed in
the field concerning the demand for and supply of energy sources
and conversion technologies. There are several ways in which
such information can be acquired: direct interviews with
residents, experte, officials, artisans, etc; group discussions;
observations of peoples' behavior and taking scientific
measurements. * The need for such information in Africa is
greatest in the rural sector, where most of Africa's poor
people 1live and work. We have a comparatively firmer grasp
of energy realitles in the modern commercial sector, where the
bulk of fossil fuels are used.

Surveys are important in asslsting host government and
forelgn donor energy planners in the formulation of comprehen-
slve energy policies and in identifying fileld projects.

Similar information may be gathered in the course of implement-
ing energy projects; but this 1s considered part of the
monltoring and evaluation process, a topic covered separately
in the accompanying essay by George Burrill.

I . Issues

Priority issues which should be kept in mind during the
design process are as follows:##

¢ Energy assessments shculd fully reflect the
needs, wants and preferred solutions expressed
directly by people being surveyed.

For a detalled review of survey design issues, including

objectives, data base, ways to collect and analyze data

applicable to Africa, etc. see Donovan, Hamester and Ractien,

Inc., (Graham, Delasanta, Reliquet) Africa Energy Survey

gethgdology. Wash., D.C., A.I.D. Africa Bureau, June 1§79,
volumes.

% The djagram on the following page outlines the stepl,rgpiil,
for the design of energy surveys and will be referred ty.
throughout the paper. N
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®  Avoid collecting & surplus of data.

¢ Technical data should be collected after, not
before, infitlal “socio-economic data.

® Subject energy conversion devices to formal
feasibillity tests prior to building and
.Anstalling them for demonstration.

. Stagger a series of technology-specific surveys
with field tests.: '

1., It is essential that surveys reflect needs, wants
and Qreferrea solutionu! as expressea airectly by

people being interviewed or observed.

What villagers and poor townspeople tell us is critical
in finding out which technologles are moat relevant to their :
local needs and financial capabilities. In designing renewable’
energy surveys, the following suggestions are offered to insure
maximum contributions from local people:

¢ Listen to minority as wéll as to majority opinions;

e Concentrate on the proper way of talking with
people to obtain important information from them;

i Respect the positive reasons people tell us why:p Co
- they act as they do in dealing with fuel shortages.

® Try to involve the same respondents throughout the
entire survey process: needs identification, data
collection, feasibility and analysis.

The first suggestion 1is based on assessment methodology
itself. Normally one attempts to interview people so that -
conclusions on their attitudes and behavior reflect those of
& larger population and area. Statistical procedures accentuate
the importance of finding the averege, in order to make
generalizable recommendations. However, in specific cases, we
can learn a great deal from those individuals who do not
reflect average opinion. They might be people who are trying
out new 1deas in a village. For 2xample, a survey might
identify a local entrepreneur who has found an easy way to
manufacture and distribute charcoal. There might be people
who have found ways to conserve their efforts in collecting
fuelwood. A number of women may be sharing the same efficient
grain grinder. Of course, 1f such initiatives are to be
emulated, we must be sure that the people carrying them out are
viewed positively by other members of the community, '



-79 =

Another way to involve local inhabitants in the energy
survey is to focus on the beat style of communication with
them. In the preliminary stage of survey design, local
respondents should be asked who should ask them quest ions.

Who would have their confidence -- a local influential person?
a university student who comes from the local area? a govern-
ment extension agent? a social scientist? Normally, selection
of interrogators is made hy outsiders for professional and
logistical reasons. But these reasons are secondary to the
urgent priority of eliciting candid and accurate responses

from people. It woculd be preferable to avoid using expatriates
in face-to-face contact with respondents. Ideally, the survey
should be carried out by a local institution experlenced in
dealing with rural development problems. Such an irnstitution
can then recruit and train those interrogators preferred by
local people.

Communication will also be enhanced by determining the
best setting in which to ask questions. In some cases, group
discussions are more effective than interviews between two
single people; in other cases, 1individual interviews will be
best. Normzlly, single interviews using precoded questionnaires
are easier to standardize, process and analyze. Group dis-
cussions, if they are open-ended, are particularly difficult to
analyze for common findings. Observation, not questioning, by
an effectlve outsider may result in portraying well what people
do but not so well in finding out what they think. It may be
useful to try out the same questions initially using all
approaches to find out the one test. However, an easier way
might be simply to choose the interrogator so carefully that
he or she could work out with the respondent(s) the hest
setting for guestioning.

Rural energy surveys should determine the positive reasons
why reople take certain actions in dealing with an energy
shortage? For example, it would be very useful for an energy
survey to tell us why people went to continue to cut down
trees: they perceive wood as a free good; an alternative fuel
is too expensive; they do not see the need to buy stoves;
they like soclalizing with one another around wood filres; etec.
All this does not exclude the possibility that pecple may
suggest an explicit solution, e.g., organize a nearby woodlot. .

Finally, people will be more invelved in energy surveys
if they participate in several aspects of the process:

d They could comment on what surveyors conciude
about their behavior.

. They could react to what outside analysts
determine through feasibllity tests tu ko
economically and socially acceptable
technologies.



o The same people could be the users of those
technologies under field test.

. They could advise evaluators how their devices
are working.

In order to use the same people for a pralonged time, some
sacrifice of methodological rigor cr logistical convenience
might be necessary. To be representative, for example, a
survey might have to be conducted in remote areas. The people
responsible for testing new systems, on the other hand, may
wish field trials to be carried out ricar the major cities
where they live. To avoild starting over with new people at
each stage of the process, it may be necessary to find a
compromise between these conflicting objectives.

2. Avoid collecting surplus data.

The role of energy in development is such a comprehensive
subjJect that a preliminary 2asessment can be a complex
undertaking. However, planners have scarce rescurces and need
to apply survey findings efficlently. There are several waya
to avold having to collect and analyze extraneous data:

o Focus an obJjectives.

Careful choice of specific policy and research
objectives will narrow the information base required.
The level of precision and detail Judgzed necessary
will also 1limit the data base. For example, planning
growth in the total national energy sector, investi-
gating specific energy development schemes, and
quantifying rural energy needs will require different
amounts of data.

d Do secondary research first.

Planners can undertake a reconnaissance of previous
surveys and field studies to find out fuel-specific
data, end-use characteristics of energy-conversion
devices, and related soclo-economic information.

hd Consider ways in which the data are to be analyzed.

If we know how we are eventually going to analyze

the data, ther the questionnaire can be designed to
collect tre siecific data needed for analysis. For
example, 1f benefit-cost analysis 1is to be used to
Judge eccnomic feasibility of new systems 1n the
areas surveyed, what data are needed to perform such
analysis?
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g Listen to peopile.

Once a particular need has been expressed by
people, only relevant data need to be collected.
As an illustration, 1if the overriding need of a
particular area is for cooking fuels, 1t is une
likely that some form of wind conversicn power
would be relevant, although the same srea mAay have
high and regular wind velocities. Hence, wind
data need not be collected. Of course, 1f the
survey area 1s large, other needs may be identified
where wind measurements have a nlace; but to find
the total raw energy potential for specific
villages before identifying needs may be an ex-
pensive proposition.

3. Technical data should be collected after, not before,
initial socio-economic data.

As we sald earlier, assessments should start by ascertain-
ing what local people need, want and prefer to do about their
energy-reiated problems. The next step would be to collect
data that would provide more information on what can be done
about these problems. Among questions to be addressed might
be the follewing:

b What kinds of energy is being exploited and
used (fossil fuels, biomass, human animal and
mechanical c¢onversions)?

hd How are people coping with shortages of fuel?

How do use patterns change berause of these
shortages, and how are they affected by links
to the cash market economy?

b What are the degrees of complementarity and
substitutability among alternative fuel uses?

. What are the perceived, nominal, and real costs
of such fuels to the individual, the market, and
the soclety at large?

The intention here 1s to arrive at hypothetical solutions to
meet the expressed needs of the villagers; these potential
solutions can then be discussed wlth the villagers.

At this point 1t would be wise to initiate technical
measurements to determine engineering feasitilities. As
mentioned earlier, such physical measurements need ¢0 bhe Ca

selective since only those data which are relevant to peopla’s
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expressed needs should be collected in the locel area. Where
appropriate, such physical data might include:

¢ Water stream flows and head (e.g., for micro-hydro
techrniologies);

hd Solar energy intensities;

¢ Wind velocities, variability and direction;

. Energy officiencies of particular devices; and

. Spollage factors of focds,
Such information applicable to specific ites could well
supplement those objective data already {(and ideally) gathered
in some form of handbook of end-use conversion ¢=vices. Both
sets of data could the: se used by the survey enumsrator when
technological optlors are discussed with local people.

4. Undertake ‘ormal feasibility studies of technologles

identified In the survey pefore the devices are
bullt and installed for testing and demonstration.

Let us suppose that a preliminary energy assessment has
Just been completed for a particular region of the country,
with a focus on local systems for food production, distribution
and marketing. A reconnaissance of exlsting data and consulta-
tion with people resulted in gathering data on four options
where fuels might be used more efficlently, or where new
sources of fuel could be applied. Three of the four general
options are removed as being found not reflecting people's
wants, needs or preferred ways of dealing with the problem.
The remaining option, say, food preservation, could be
facilitated with five candidate technologies worthy cf further
investigation.

Do we conclude the energy survey at this point, publisk
the results and recommend that field practitioners go ahead
and build and install the five specific devices for field
testing? No, the survey needs one additional step: subject
all five devices to objective frasibility tests. We shall
refer to these tests as the "analytical filters" througn which
survey data are passed. The Tirst filter is a qualitative
checklist ~- a socio-cultural feasibility analysis. The
second fllter is benefit-cost aralysis which is used to predict
financlal benefits to the investor-user and economic benefits
to soclety at large. A third fii1ter, engineering feasibility,
is more coummonly understocd and accepted and will not be :
discussed here.
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The sonio-cultural "filter" will look &t the propossd
tesohnology in terms of:

? The existing technological and environmentgl systen
{subeigtence technology, sheltar and crafts,
the cycle of the economic year and tranpportation).

’ The econonic system (sllocatinn of productive
resources, organizatlon of work, distribution
and patterns of censumptipn and distribution of

income).

¢ The social system (kinship organization,
associations, and system of stratification).

hd Political organization (authority, law).

° Belief system (religion, observances, religious

hierarchy and power).
° Languages. [Donovan, Hamester and Rattien, 1979%]

Such a zocio-~-cultural cataiogue should answer these
crltical questions:

¢ What are the incentives for taking the risk
for acceptance and use?

b Who would benefit and how?

. Who would control the time saved by use of the

device, and what alternatively would be done
with such time?

d Who pays, owns, controls, and inherits the
deviece? (Tinker)

The second "analytical fllter" - benefit-cost analysis-
should be based on the following kinds of financial and
economic data, reflecting both private and national benefits:

. Value of output from the technology;

. Alternative empicyment opportunities foregone;

¢ Costs of site preparation and installation;

o Direct cperating coste in labor hours and in
cash;

e Extension cdsts borne by outside agents for

introduction and maintenance of the system;
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g Local rates for borrowing money; and,
g Charscteristic local investments. (French, 1979)

The objective here is to answer the following questions:

o Does the proposed system have & positive rate of
return from the national ("economic") point of
view?

i If 8o, does the system alsv prumise positive

returns from the ("financial') point cf view of
the person who 18 expected to buy it%

A If economic returns are poesitive and financisl
returns negative, can & case be made for public
subsidies tc make the system more attractive to
investors?

For fileld project designers and managers, there are very
real advantages to carrying out feasibility tests before and as
well as during field testing. Most obviocusly, it may be possible
to save money by screening out at least a few technologies. It
i1s probably cheaper to engage the very short-term services of
a local soclologist and economist to provide the analyses than
to pay for buildlng, installing, and demonstrating what could
have been earlier predicted to be an unwarranted, risky and
unacceptable device,

Another reality of pilot field tests 1s a bit more subtle.
We need to encourage unsupervised dally use of the product
rather than oversell initial acquisition. Pilot projects tend
to be resource-intensive: funding is often lavish; the best
equipment 18 allocated at a high priority; the best staff
usually gets assigned; subsidies to lessen the user's risk
tend to be excessive. All these factors tend to emphasize the
acquisition of a device to such a degree that actual use
patterns get disgulsed. Pre-test feasibility analyses help
to further the objrctive of permanent adoption of a new
technique because what 1s being promoted has already passed a
proxy test for acceptance.

In order to use such analytical filters in the field
during the course of & aurvey, certain problems need to be
considered:

First, one might ask how benefit-cost messures can be
accurately applied before the device is actually installed
and ueed? In particular, we refer to two items: cests of
site preparation and installatlon and direct operating coats
in labor hours and in cash. To meet this problem, economists
have devised a technique called "sensitivity analysis".
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Simply put, such anelysis looks at the possible range within
whicu costs (or benefits) might fall, in order to predict
whether the aystex would be feasible, under any realistic set
of assunptions. ' '

Second, benefit-cost analysis can be a costly and overly-
rigorous feesibility test. In some cases, what 1is obviously
cheap and yields easy-to-perceive benefits may not require pre-
pilot test analyses. But 1f the private investor has a lot of
money &t stake end the resultant change is going to be profound,
project designers can save a lot of trouble by hiring an
economist as early as possible, o

5. Stugger a series of technolcgy-specific sdrveys with
field %*ests,

Normally, an entire preliminary survey is completed before
fleld teste commence. All data on needs, characteristics and
solutions are gathered, processed, analyzed, and then findings
are published. There are problems with such a process. Full
preliminary surveys take months -- in some cases, years -- to
get published. Meanwhile, local and official enthusiasm for
renewable energy projects slacken; funding prilorities change;-
resources get allocated elsewhere.

How can we get to fleld testing activities faster, without
compromising the integrity of preliminary survey findings? It
is proposed there be a series of tecnhnology-specific surveys
staggered with field tests. On the next page 18 4 graphic
explanation contrasting the ahove approaches.

For example, the focllowing needs might be identified in
a prellminary survey in th. order of villagers' priorities:
something to provide clean water; easler cooking; better food
preservatlion. Data would then be gathered immedlately on water
supplies and use. Various technological systems would be
ldentified to pump clean water close to home, The systems
would be screened for economic and technical feasibility and
then fleld tested. During these field tests, data would be
collected and systems could be identified and screened fer
second identified need-easier cooking. While demonstrations
related to cooking (stoves? wocdlots?) are taking place,
preliminary surveys start on food preservation, aid so forth.

The entire process can then gtop when the added cost
matches the added benefit galned from further investigaticns
and field tests. Otherwise, if one were to start additional
survey and rield installation with the first four needs expresgned
by villagers, there may be no noney left to survey and field
test a fifth (and possibly critical) need identiffed later,



« 36 -

od Saguance for fegts to Pollou Survers

(Mot this: )

Survey identifying all Yield testing for all
nesds, &ll characteristics candidate technologies
and all proposed technolo- for all needs passing
giss. preliminary tests.

(But this: )

Survey identifying all needs, Field tust first set of

but characteristica and candidate technvulogies

relevant candidate technologies for first need passing

for first need only. preliminary feasibility
tests.

Survey identifying

charactaeristics and Field
relevant candidate test
technologies for second ...

sacond need.

su"ey L )
Third nesd

' TIME



- 87 -

In scae cases, it might be possible to demonsirate an
energy device even without a fully detailed preliminary survey.
The need and acceptabilily may be evident from a reconnaissance
of previous surveys taken, and from discussion with influential
pecple and local groups. When such an immediazte demonstration
tal'es place, more time and effort could be reserved to unecever
additional needs and ways of dealing with problems. With this
staggered approach, a momentum for official acceptance of
edditlional surveys could be built up when local people ses
evidence cf at least one tast activity going on.

IT . Experience in Africa: Swaziland and Cameroon

Descriptions of field experiences in two African countries
are offered to 1llustrate the points made above.

Swaziland

In practice, project designers may find that fine points
of survey methodology are less important than the question of
whether a survey is possible at all. 1In Swaziland, one clear
reaction people expressed was their exhaustion with surveys -
in this case, “Le usual household interview process using
precoded questionnaliress. Field practitioners, government
officlals and univirsity researchers informed the author that
no one in the countryside knew what many of the past surveys
had concluded ahout people's behavior and attitudes. Survey
findings could have been discussed at regular meetings of the
local elite and other rural dwellers, but this was not done.
Surveyors considered dissemination of findings to be the
Government's job; extension agents thought this was work for
the surveyors. '

Another frustration expressed was that no one could see
much: connection between surveys and subsequent action programs.
Key people interviewed d1d not know how thelr responses would
later be used in the design of specific project proposals,

Previcus survey approaches met with difficulties. One-
on-one 1nterviews were found not to be an effective medium
fler expression. Designers had to worry about how much wouid
have to pe paid tc tnose being singly interviewed, erpecially
where lengthy questionnaires were used. Such interviews took
up to three hours to administer. Some respondents would either
courteougly race through the answers to get through, or tell
the interrcgzator what they thought he or she wanted to hear,
In some cases, respcndents would interrupt the questioning to
g0 onto other activities and never return.

In addition, there is the problem of non-response with
- one-to-one interviews. In one survey, 40 percent of the women:



questioned would not discuss proposed solutions te their
problems. As one investigator concluded:

",.. this survey has revealed that a topic such

as this cne - PROBLEMS AT HOME - would have been
best investigated through group discussions rather
than the questionraire technique we used. Thls
offered very little or no freedom of expression;
and as a result, most women preferred to gilve

this negative answer..." Nxamalo)

Another question to resclve in Swaziland was the use of
university students for administering surveys. They had been
used in a Tew surveys, but there were limits on the usge of
their time; they could only be used full-time during college
vacations. This factor alone heavily influenced the statistical
design of one key homestead survey. The vacation month of
June was approaching and there was not sufficient time to design
a larger, more '"sclentific”" sample. The choice of sample areas
was also influenced by the fact that students undertook inter-
views in areas near where they were living, some of which had
characterigtics that varied greatly from the rest of the
country. Survey findings based on averages had to be constantly
adjusted. ' '

Another impression galned was the difficulty of creating
a representative sample for collecting data. Swazl rural house-
hold characteristics are quite diverse. A very large s aple
size of thousands of households would have to be covered, in
order to include all significant variations. Such an effort
would heavily tax existing managerial, loglstical and financial
resources. Hence, one must accept the realivy that very, very
few surveys can represent a "perfect" sample of the pcpulation.

The trip to Swazlland did illustrate ways in which energy
assessments can be abbreviated in particular cases. After
interviewing many informed people and reviewing all pulbished
surveys and secondary sources, one need was identifled as a
clear priority for rural homssteaders -- clean water. It was,
therefore, recommended that a renewable energy device be
demonstrated in an existing project to deliver clean weter to
homestead taps. It was proposed to substitute a miecro-hydro
pumping system for a proposed diesel ground-water pump. In
terms ot surveys, preliminary efforts could "~ 1limited to the

taking ol objective measurements. Rural c . . ity participa-
tion in the maintenance of the proposed oy Jould have to
be assessed. In addition, one would have . - .sure that local

homesteaders accepted use of this new source of electricity

for pumping water, rather than for. some otker preferred purpose
not foreseen by the pro/ect authorities. In light of current
attitudes in Swaziland on energy surveys and one tre use of
formal analytical tools to screen devices under test, such an
initial demonstration of a micro-hydro turbine might create a
more favorable atmosphere to legitimize other survey activities. -
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Cemsroon

In April 1980, one of the Government's scientific and
tachaical research institutes initiated a survey of rural
and urdan energy demand and supply in the Northern Provinge.
At ths time this paper 18 being revised, the survey is only
about one-third completed; yet, some preliminary observations
can &lready be made:

4 At least in its first stages, the survey
succeeded in marrying two seemingly disparate
objectives. The objective of A.I.D. - the
donor agency - 18 to use the survey results
to determins possible energy projects. The
government organization hess agreed to this
approach, because its objective - to identify
field-oriented scientific and technical
research topics - requires similar kinds of
data. Nonetheless, if an "action" project is
to follow, determining what action agercy ..
would implement the project should be done as
early in the process as possible.

. There has been an impressive sensitivity to
soclnl scierice concerns on the part ¢of the
geologlist, chemist and physiciast who are
running the survey in Cameroon. tHowever, if
enalytical work using social and economic
filters 1s ultimately to be carried out, trained
social scientists will soon have to be found
to do this work.

¢ A very important trade-off took place in the
gelection of interviewers. Originally, univer-
81ty students were considered likely candidates.
However, given the difficult problems of access
to villages and households in the Northern
Province, the scientific authorities finally
declded to use local people with less than a
high school education. Some sacrifice to
scientific rizor and interviewar "efficlency"’
might already be resulting. Nevertheless; the
decision to place emphasis on rapport with
interviewers by selection of people closer to
field realities is worthy of consideration.
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A FRAMEWORK MOR EVALUATING THE ECONOMICS OF
RENEWABLE ENERGY TECHNOLOGIES

by Aeif Shaikh *

A. AN APPROACH TO ECONOMIC EVALUATION

l. Introduction

The objective of this paper is to develop a simple and
usable frzmework for the eccnomic evaluation of renewable
energy technologies (RETs) in developing nations. Until
recently, limited attention has been paid to the need to
evaluate the economics of technologles bheing offered to
"heneficiaries” in the Third World. Even once the need 1s
recognized, howaver, an appropriate defiunition of the
criteria by which the economic soundness of RETs should be
judged can be gquilte eluslve.

Many ol the new technologles entering rural areas of
LDCs are being consclously introcduced as part of donor
programs. Donors may be domestic or foreign; public, semi-
public or private. An important implication of donor-funded
technology 1s that it sharply alters the financial constraints
within whach technology diffusion would otherwise occur (o
fail to occur). A common characteristic of this altered
financilal picture 1s the absence of any economlc criterion
for determining when a technology should not be introduced.
Because the funds and the needs being satlisfled by these
funds emanate fronx different sources, they respond to
dif'ferent imperatives. It 1g not structurally necessary to
verify the existence of a need before spending funds on 1it.
Therefore, the first and most fundamental issue for economic
evaluation 1s to determine the perspectives from which
feasibllity should be analyzed.

A second, related issue 1s one of scope. The term
"technology" 1s too easily interpreted as implying some kind
of "device" or gadget which exists independently of a social
envircnment. In fact, new techrnology historically has been
a major vehlcle for social change ~- desirable or undesirable.
In recognition of this bagiec fact, wmulti-disciplinary teams
(technologists, sociologists, economists, ete.) routinely

# I am especially indebted to David French for his very.
valuable comments and encouragement. Samuel Hale, Philip
Palmede and Patricia Larsgn alzo provided useful counnuts
on earlier drafts of this paper.
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perfora joint analyses of potential projects; yet; there is

‘ttie intsraction batween the disciplines. The task for
ecconomic evaluation here is to crzate a framework which is
open to and makes productive use of the non-economic factors
which are key ingredients in economic decision-making.

A third issue, and one that underlies the entire
framework for eccnomic evaluation, is that of incentive:
what 18 the incentive to possess a technology, to promote
it, and to transmit 1t? These may or may not be material
incentives, but they must ldentifiably exist in order for
there to be a reasonable expectation that a teechnology will
be acquired, promoted or transmitted. Moreover, to be
adequately considered, the issue of incentives nust be ,
addressed not only for the pilot stage of a project, but also-
and most importantly- for an eventual implementation phase.

2. The Economic Cost/Benefit Framework

Three economie judgements are necessary in order to
determine that a proposed Renewable Energy Technology (RET)
is an economically sound undertaking:

© it should be financially attractive for
the purchaser or investor;

© 4t should be in the economic interest of
society as a whole;

its dissemination should he an efficient use
of limited project (development) resources.

The last point requires further explanation. The
fundamental tenet of economic thinking 1s that resource:
are scarce. Choosing to make a given use of them necessarily
implies the willingness tc forego some other use of the same
resources. The value of the opportunities foregone must be
welghed in the decision to commit resources to a given
technology. In economists! terminology, we must look not
only at the net benefits to the investor and to soclety,
but at the opportunlty cost as well.

* In practice, "soclety as a whole" is usually defined.as
the "nation". However, there iz no rsason in prineinles
why 1t could not refer to village, a region cr any:other
social grouping, as long as costs and benefits were :: iz
realized at that level. BIRNRRTE S
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Clearly the question of opportunity costs can be Fosed
at several levals. Alternative RETs which serve the sapn
need can be judged against each other; comparisons cf s
effectiveness can be made between RETs which serve Qifferent -
purposer {wocd-burning stoves vs. windmills for water pumping);
or, indeed, expenditures cn RETs can be evaluated against
expenditures on some entirely separate activity, such as
education or health services. Economic evaluation of
technologles cannot make such choices, which depend, instead,
on policy objectives and national priorities, However,
economic anal/sis can contribute & more limited Judgement gs
to how effectively a given technology project is likely to
achileve ita own objectives. This in turn provides & basis
for comparing the efficiency of one or more potential
investments.

The tools applied to carry out the three levels of cost/
benefit analysis (investor, social, project) should be
flexible enough to capture their diverslity as well as to

integrate as much useful information -~ quantifiable and non-
quantifiable -- as possibhle. The most commonly used technigque~-~
investment analysils to calculate some rate of return" -- should

be used wlth great caution in judging the feasibility of
alternative technologles in the context of rural socio-
economic development. Calculations of NPV and IRR*#* zre rairly
unambiguous when 1t can be presupposed that an expendlture 1s
viewed as an investment and that the principal motivation 1ie
financial gain. In this context, costs and benefits can be
converted into common units of measure and the t:elaneing of
these units accurately depicts incentive to invest.

However, decisions to acquire RETs should be viewed not
only as investment decisions, but as consumption decisions
as well. This is true for a number of reascris, including the
scale of the investment, personal ownership, use in domestic
activitles and so on. The likellhood that an affluent
urbanite will want to buy a given make of automcbile cannot
be accurately predicted by long-term savings in bus fares.
In the same way, the economic viability of mud stoves must
factor 1n such economic considerations as “"consumer preference"”,
This 1s a well-developed concept which forms the basis of much
of micro-economic theory. That 1t has not been used more
frequently in this kind of analysis 1s probebly because it
is not quantifiable. In practice, there is no way to measure consumer

¥ The term is used broadly here to include such techniques
a8 Net Present Value (NPV) and Internal Rate of Return (IRR).

##% Net Present Value (NPV) and Internal Rate of Retuprn (IHR).
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preferences, but this dces not prevent them from being an
important part of the decision-making process. We must,
therefore, incorpcrate an element of what economic theory
calls "demand akalysis”, even at the cost of losing some
of the comforting precision of purely quantitative
manipulations.

In order to address these and other problems, the
methodology proposed here makes full use of the techniques
of 1nvestment analysis, but at the same time incorporates
them into a broader framework which takes account of as
much relevant information as possible. This information 18 .
integrated into a systematic -- though less formal —-
economic analysis, the obJectives of which are:

© At the level of investor/consumer analysis, to
depict more accurately the actual deéoision-
making prccess of inventors.

© At the level of social cost/benefit analysis,
to deal more effectively with non-quantifiable
benefits.

° At the level of dissemination efficiency analysis,
to establish criteria which contribute to the
more efficient use of scarce development resources.

The inevitable result of greater analytical breadth 1is
that the results are necessarily crude in some respects.
Because the information being consldered cannot all be
converted Into common units of measure, the end-product of
the economic evaluaticn is a range of information rather
than a single rate of returr. However, the very lack of
analytical elegance 1s the prime advantage of this framework
when 1t 18 i dged 1n terms of the cbjectives it 1s designed
to serve: tc use all relevant information; to organize it in
such & manner as to facilitate an explicit judgement on
economic feasibllity; to maximize feedback concerning
adaptations needed to make a technology work in a given
environment.

-

3. Characteristics, Feedback end Technologx Adagtation

In order for technology development and adaptation to
be related to local needs and conditions, technologies ahouyld -
be evaluated in terms of their ccmponent characteristics,
rather than as unchangeable wholes. The concept of viewing
& particular good as a set of characteriatics is not new to .
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economic literature. It has seldom been applied to economic
evaluation of goocs or technology, however, although it has
potential advantages in the context of village~level '
development technology. Instead of a single rate of return
that says a technology is viable or not viable, we can have
information on which of a technology's specific aspects
mzke economic senwre,

Let us return to the example of the mud stove, and
consider its feasibility in Botswana, where an AID teanm
recently evaluated RETs using the methodology deveioped in
this paper. Mud stoves are fiaanclally attractive for most -
Botswana households in that the value of time and wood saved
far outwelgh purchaase-costs (approximately $10). This tells
us that a technology which cuts wood use in half and which
costs about $10 is a sound financial undertaking for a
Botswana family.

However, mud stoves have several drawbacks in the
Botewana setting. PFirst, mud 1s consldered socially un-
attractive. It 1is assoclated with poverty, and many people
are reluctant to spend cash (even if they have 1t) on mud.
Second, mud stoves require protection from the rain, yet
most cooking is traditionally done in the open air. Third,
evening gatherings around open fires are a social actlivity,
yet mud stoves fully enclose the flames. Finally, only a
part of the year 1is spent 1n the village, with the remainder
spent living on agricultural lands or at cattle posts. Since
mud stoves are not portable, they would be idle for several
months a year.

A number of possible conclusions could be drawn from
the atove information. If the stoves were analyzed on invest-
ment grounds alone (as 1is most often the case), they would
likely be judged economic. If the economic evaluation also
encompassed demand*, one might conclude that mud stoves are
not economically viable. On the other hand, an economic
Judgement that evaluated 8pecific characteristics might reach
a conclusion which is very different from the above two,
both in its content and in 1ts form: that 1t is economiczally
desirable to provide villagers with a new cooking device
which costs about $10 or less, reduces wood needs by one
half, 1is not made of mud, is bortable, and provides some
lighting. The implication of this economic conclusion is
that the technology proposed to satisfy village needs can
be adapted to be more appropriate to its setting. Several
points should be made 1in this regard:

¥ Or,alternatively, if the investment analysis were combined
with a sociological analysis. :
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The outputs of this level of analysis can then be
susmarized and precented as follows (using the exampls of
mud stoves in Botswana): ,

ECONUMIC EVALUATION

INVESTOR/CONSUMER PERSPECTIVE

Sensiti- Scarce

Financial vity Resource Demand

Technology Analysis Analysis Analysis Analysis

Mud St+oves Highiy Very sen- © Cash ° Limited

. attractive sitive to cost/ perception
financiai how time benefit of benefits
return 1if is valued analysis . :
labor time highly ° Mud social-
valued at negative ly unate
15¢ per hr. tractive
® Cash

often un- ©° Stovoi ﬁot
available portable
for this

purpose

The analysis of specific technology characteristinss is not .
formalized at any particular step in this approach. Rather, it
underlles the entire analytical framework, and may also arise
in the sensitivity, scarce resource and demand analyses.

b. Soclety's Economic Perspective

The steps in the economic evaluation at the social level
are as follows:

(1) FEconomic analysis, using the same techniques as
the financial analysis at the investor level, but with
several l1nput substitutions:

~= Labor time 1s valued at shadow waEel, which oqu§1fz[

the soclal opportunity cost o

-- Shadow diecount rates are used to refleet pé¢
rather tnar i1ndividual, preferences a8 %o i
growth vs. immediate benefits. B
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18.82j-~»

NET PRESENT VALUE: P89.36

Mud 3t010! :
Year 1 Year 2 Year 3. _Year 4 Year 5§
. Revenue ;
labor saved 39 39 39 -39 35
in wood S
collectiqn
Costs
Construction
materials 7 - - - -
labor in :
training and
construction 1.92 - - - i o
labor in R
maintenance 9.6 7.2 7.2 7,? 7.2
- Net Benefits 20,48 31.8 31.8 31.8 31,8
Discounting
Factor 1.00 .769 .592
Discounted
Benefits 20.48 24,46
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. 6. Dissemination Efficiency Perspective
(1) - Dissemination Costs

Any earthen technology requires instruction by a
trained specialist, as well as close monitoring in construec-
tion and maintenance. It requires significant labor input by
the purchaser as well. Close follow-up by the exteasion
specialist 1s especially important in the first several weeks
to prevent cracking and other Fotential problems that can
geverely reduce efficiency. The basic introduction/dissemina-
tion mechanism 1s through village~level extension. 7The
incremental coasts (exclusive of the fixed costs of an
extenslon network and of support incrastructure) are extremely
high relative to purchase price. However, the dissemination
cost ratio is clearly favorable.

Incremental Labor Costs for Extension: Pf.00
(12 hours at 50t/hour)

Net Present Value of Stove to Society: P41.00

Dissemination Cost Ratio : 0.15

The incremental extensiorn cost used here does nct
include any of the fixed costs of maintaining an extension
network. If these were included, the dissemination cost -
ratio would be higher.

(11) Changes in Dissemination Mechanisms Over Time .-

- " Earthen stoves cannot be transported. Therefore,
‘ ~they cuanrot be bought and sold as exchange goods.

- Any affordable price to the rural poor 18 too low
to warrant an individual's constructing them as a
commercial service, particularly given their labor
intensity.

- For these same reasons, to the extent that they
could spread through some "informal social pro-
ces~ ' dissemination is likely to be extremely
tlow. It seems vntirely likely, in fact, that
some Aalternatcive technology would supplant them
before they had any significant impact ( in the
absence of extension).

- The costs of a.tively spreading earthen technology,
therefore, would remain high even after a success-
ful pilot stage. A R
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(111) Overall Dissemiration Effort

Let us consider the implications of this retio. If
the pilot stages of a RET prcject rhow mud stoves to be worth
difiusing more widely, it would reguire & major nationil effort
to disreminate them. The total populaticn of Botswana is '
about 700,000, or approximately 100,000 to 150,000 households.
If we assume there to be 75,000 target households in the
country, nearly one million hours of incremental extension
time would be required to reach and train peofle; several times
that would he used ip channeling the efforts of existing :
extension structures; and a major coordinating effort would
be needed. In addition, at least another one-and-a-half
million person hours would be expended by villages in order -
to leern to use and maintain mud stoves.

This 18 not to suggest that this large labor input i3
either good or bad, but rather that it is unlikely governments
will devote this much effort to wood stove dissemination and
that this may not be an efficient use of scarce manpower and
money. It would seem worth asking, for example, 1if the limited °
avallability of skilled trainers, of managerial talent and of
individuals? capacity to abhsorb training would not be better
spent on acquisition of some other, more versat.le skill.

While the dissemination cost ratio cannot answer this question,
it does provide 4 point of reference for comparing alternatives.®

L ]
2. Earthen Solar/Wood Ovens

The unit being analyzed here consists of a mud structure
with a bakirgz chamber and a wood-burning chamber. The baking
chamber has metal racks and an angled glass panel that admits
sunlight. The oven uses a combination of solar heet &and heat
from the wood fire. Compared with units which rely on solar
energy only, this unit has greater baking capacity per dey
(shorter baking time), can work on wood alone on cloudy days,
leaves capital cost virtually unchanged, 2nd adds Pi per day
in recurrent costs (for wood). The hasie motivation in adoggln‘
this technology 1s income generatiorn. ‘

a. Investor/Consumer Perspective

(1) Investment Analysis

We make the following aczumptions, based on‘avsillbld"
information: . R

- The cost of building the oven in P15,
- Labor time in learning «nd build;ng,g.;;‘g,_ghj

¢ For a summary evaluation of lud'atoi-qg_ﬁgg 2?
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NUD STOVES POR DOMESTIC COOKING

Economic Evaluaticn Summary

Involtor(ConaFmer Ferspective

Dissemination Efficiency Perspective

- Dissemination OvercIl
Dissemination Mechanisms/Costs Dillalinltion
Costs Over Time Effort '

Extremely high

Senslti- SCarce —
Investmant vity Resource Demand I
Analysis Analysis Analysis Analysia
Highly - sensitive to strongly - limited consumer '
attractive time valua- negative rerception of
financial tion cash cost/ benefit
return benefit
-~ positive - socially
return under unattractive
most assump-
tions - not portable <J
T‘
Social Perspective - : :
| Sensiti- Scarce Natlonal
Investment vity Resource Policy
Analysis Analysis Analysis Objectives
attractive - - strongly serves
return national objectives.

Likely to remain
costly in long run

NnJor tational
commitaent re-
quired to ressh

a-cmu










interviswed have recetved seversl 1uqutrint on =how t awquime
tham. Vomen using ovens extendad to thes bty A reseamel/ @

" P.. Social Perqpccttvq

‘(1) Econamic Analysias

. From the soclal perspective, the following new N
assumption 1s introduced: the sacial opportunity coat af
labor (shadow wage) is 20t per hour. This reduces labor

cost in training, building, and most cignificantly, inm
operation. The sccial economic reture is, therefore, signifi-
cantly higher than the individual financial return, and yieids
an NPV of P2041,2. -

(11) Scarce Resource Analysis

The most important scarce resource upon which solar/
wood ovens draw 1s wood. Use of the ovens increases rurai
cansumption of wood. However, several factors distinguish
wood use for these ovens from wood consumption for domestic
cooking: -

° Wood-burning in the oven is quite efficilent
relative to an onen flame.

°® Because wood-burning serves only to complement
solar heat, consumption is quite low relative
to cooking output.

° Even 1 solar/wood ovens were widely diffused,
they would reach a very small number of targeted
entrepreneurs, not a large population of rural
households.

(111) National Policy Objectives

National policy objectives served are:

= 1increased energy in rural areas;

- 1ncentives to rural entrepreneurial efforts; '
= dincreased self-sufficiency in villages, ﬁéVﬁ;ﬁ%‘
which bread is now brought from urban cwniters a9
from South Africa. | e

i e
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o, Dissemination Efficiency Perspective

" (1) Dissemination Cost Ratio

As with mud atoves, the basic dissemination mechanism
for these ovens, at least at the outsct, 1is through village-
level extension and training. Considerable labor is required
in construction and maintenance, particularly in the early
stages of use. The incremental extension costs can be assumed
equal to those for mud stoves, yielding a much lower dinsemins-
tion cost ratio due to the higher net present value.

e

Incremental Labor Costs for Extenaion:P6.d0
N ¢ ours at t our R

Net.fresent Value: P2041 - -

Dissepination.Cost Ratio: 0.003 -

~(11) Changes'in Dissemination Mechanisms Over Time

Although solar/wood ovens cannot be transported, . they
generate enough cash revenue for purcihasers to warrant paying. .
for training which might otherwise have been provided by .. ,
village extension. Such payments could take several potential
forme:

© Someone in the village who has been trained (by
- extension services) can train purchasers of ovens
for a suitable fee.

° Purchasers could aimply hire soineone to construct
and maintain &n oven. :

°© . Potential investors could pay their transport and
a fee to attend training sessions offered at some
centralized location.®

Village surveys and interviews with Village and District
officials reveal considerable interest on the part of several
village women to raise the cash (through informal cooperative
financing which 1s repaid from the investment's proceeds) to
undertake the necessary training.

(111) Overall Dissemination Effort

- It ahould.be underscored that the objective of .
introducing solar/wood ovens is not to reach all rural house~
holds, but rather to place these ovens with a small targst

* In Botswana, one location offering just such fecilitida
the Rural Industries Innovation Center lt'llq'.;‘a4
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group in each village. Although this group may number less than
& thousend nationwide, many times that number would receive -
indirect benerits (fresh bread, employment, etc.). A number

of leveln of incentives are likely to coue into play in the
production and dissemination processes. The target group has
sufficient incentives to bear the costs of technology :
acquisition. The organized dissemination effort 18 cherefore
likely to focus more on making information available to
interested entrepreneurs. ®

3. Wind-Powered Systems for Pumping Village Water Supplies

The system described here is a windmill and water pump which -
uses wind power to raise water from a depth of approximately 100
meters. The system examined is capable of supplying the domestic
neede of approximately 500 people plus a very limited number
of livestock. It is worth noting that similar systems could
be used for pumping water at private cattleposts, but that the
economic evaluation for such an end-use would be extremely -
different than for village water supplies being financed through
the public sector.

a. Investor/Consumer Perspective

No analysis 1s required from this perspective, as
windmills would be provided as a social service to villages by
some level of government. Therefore, the social leyvel analysis
incorporates all necessary economic assumptions.

b. Social Perspective

(1) Economic Analysis

From an economic/financial viewpoint, this system
makes sense 1f 1t competes ravorably with the best available
alternative, which in this case 1s a diesel-powered pump. At
present, the Government of Botswana is in the process of a major
national program to provide plped water supplies to all villages
in the country by 1985-86. The vast majority of these systems
Willl rely on diesel pumps to raise water from underground sources.
The following table presents cost assumptions for diesel and
wind-powered systems.

* For a summary evaluation of solar/wood ovens, see chart
on next page.
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" BARTXEN 30LAR/WOOD OVENS
e luation 8
vestor/ r Perspective
- 1 Sensiti- ‘ carce
Investment vity. Resource
Analysis Analysis Analysis Analysis
very profitable remains profit- highly favor- j-good demand
: able under most ble cash appears to exist
' reasonable cost/benefit :
assumptions -use of "mud”
- socially unat-
- tractive, but
Jinancial return
is primary
motivation
Social Perspective
Sensiti- Scarce Natilonel
Investment vity Resource Policy
Analysis Analysis Analysis Objectives
very attractive - increases -increases energy |

use of wood

options of rural
areas without
fossil fuels

-enhances econo-
mic seif-suffi-

elency of
villages
Dissemination Efficiency Perspective '
Dissemination I~ Overall .
‘Dissemination Mechanisms/Costs Dissemination
Costs Over Time Effort -
very favorable Likely to diminish minimal

zation

through commerciali-

budgetary drain
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both systems are designed to satisfy the same water SUpply needs.
Therefore, although the value of thesc nesds is unquantifiabdle
&s indicated by.the "X" in columns (1) and (2) of ths row
labelled "revenue", the incremental benefit of using wind rather
than diesel 1s zero (as indicated in column (3) of the same row).
Similarly, the extra capital cost of a wind system is P6500,

but the incremental annual fuel cost is -P1000, because wind
systems do not have the recurrent fuel costs of a diesel

systen,

This incremental approach permits a comparative evaluatior
of both systems within one investment analysis: 1incremental
revenues are entered as zero, because the windmill provides no
greater or lesser water supplies than the diesel alternative;
incremental costs are entered as positive for items where wind
system costs are greater than diesel system costs; they are
entered as negative for cost items where wind systems are the.
cheapeir alternative. When this system is solved for Net Present
Value, a positive NPV implies that the small wind-powered system
is more economic than the available diesel alternative; a
negative NPV implies the opposite. .

As shown in the table on the following page, wind is an
attractive alternative to diesel from the social economic stand-
point. As indicated, the Incremental NPV is P1902. In fact,
this figure underestimates the firancial advantage of windmills,
as the useful 1life of such a system 1is likely to te longer than
the 10 years assumed here. '

(11) Sensitivity Analysis

One sensitivity factor 1s fuel cost. However, since
the only direction in which this is liicely to move is up, the
relative advantage of windmilis would only increase,

The economic feasibility of wind-powered systems is also
very sensitive to borehole depth and todaily water volume
required. Tor wells much deeper than the 100 meters assumed
here, wind systems are, at present, technically inadequate.
1f much more than 6000-8000 liters per day of water are needed,
two windmills and two boreholes become necessary, more than
doubling capital costs and making windpower uncompetitive with
diesel pumps.

(111) Scarce Resource Analysis

The introduction of windmills would require train
of maintenance personnel at the district level who are now
.equipped to maintain diesel engines. This would further bumg

L
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There are several hundred targoet villages, encom-
passing the entire rural population. The full sost of bring-
ing pumped water supply to these villages 1s & major national
effort. However, it is one ths Goverrment of Botswans has'
accepted and 1s already undertaking. The extra resources . .
required to direct that effort toward wind vs. diesel o
powered systems is quite small.# S

For a summary evaluation of wind-powered’ pumping.systmme;
see chart next page. - - ! ERER S 5
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WIND-POWERED SYSTEMS POR PUMPING VILLAGE Ul!ll 30!’5!!8
ECONOMIC EVALUATION SUH!ARY )

Investor/Consumer Perspective

Not applicable

Social Perspective

National

Scarce

Investment Sensiiivity Resource Policy
Analysis Analysis Analysis Objectives
attractive re- |° rapidly rising draws heavily reduced depen-
turns relative fuel costs can on already dence on impor-
to diesel pumwps sharply en- taxed main- ted diesel

hance attrac- tenance

tiveness capability

° not economic '
for deep wells
° not economic

for over 8000

liters per

day
Dissemination Efficiency Perspective

Dissemination Overall
Dissemination Mechanisms Dissemiration
Costs Over Time Effort
Extremely low Likely to decrease Ninor extra
' over time Ifort, given

existing procrn-
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$OCIO-TECHNOLOGICAL CHANGE -~
A MODEL OF LOW FRICTION TECHNOLOGY
" ADOPTION IN AFRICA
by Cecil Cook

"Development to Europeans is the placing of square beds in
round houses."” Paraphrased from a Tswana chief: "Inaction
is better than ignorant action," Meher Baba in Listen Humanity.

INTRODUCTION

The paper which follows is inspired by the hypothesis
that most of the real and enduring sozio-cultural changes .
going on in the world are not planned, guided or subsi-
dized by any supervisory body or "agent of change." I
would even go so far as to argue that often direct effort
to help a people develop in a particular direction craates
its own resistance in proportion to the push by an outside
party. Imagine a Japanese management expert from Sony going
to Harvard University to help improve inter-disciplinary
communication between the departments by recommending the
high-yield collective decision-making methods proven in
his country. To lecture is one thing; to fund and to push
a Japanese style of operation is quite another.

Most fiascos in the overseas development field are
iatrogenic. This means they are caused by development pro-
fessionals and organizations, both foreign and LDC, through
the launching of projects with uninternided destructive im-
pacts on client communities. For example, the present fran-
tic U.S. concern over the fossil energy shortage which is
menacing the U.S.'s highly mechanized economy and way of life
leads directly to the isolation of energy sources and tech-
nologies as a high priority in LDC's. This donor country
fixation upon energy shortages creates an isolated focus
around which a whole mini-generation of development programs
are designed. It is a poor way to approach client communi-
ties or LDC governments because energy is an abstraction and
energy technologies are meaningful only as means, never as
ends in themselves.

A minimum goal of all development programs should be
that the resulting state of affairs in a community under-
going a directed change process not be retrogressive; the = -
quality of individual and community life should not be re-
duced by local or world standards. Unfortunately, thers
is ample evidence that development programs often ressit ia:
more costs than benefits over both the shoxt and tha lamy -
run. o




- 126 -

. Thoe purpcse of this paper is to examine wome of the
literature on the change process in Africa, before, during
ané after the colonial period, to determine whether thers
is a factual basis for supposing that specific items o~
technology and technique, or whole socio-cultural patterns,
have been adopted by African communities largely or entirely
on their own initistive acrcss major cultural and sccie-
tal frontiers. A '--ond purpose is to. isolate some of
the mechanisms, ca:iie:s and contexts wherein such spontan-
eous adoption occurs, which might provide some guidance
for AID in qapisting developing countries meet their enargy
needs. Before turning to the substance of the paper, some
biased language, which has become prominent in the develop-
ment dialogue, must be cleared up.

The concept of technology transfer expresses a narrow,
Western materialistic focus upon development as a capital
accumulation process and vur experience of technology as
a weapon that conveys power on the battleground of the
market place. Technology does not transfer £rom one society .
to another and then bring about major institutional adjust-
ments in the superstructure as a consequence; rather, a
society under external and internal pressures begins to
reorganize itself and in the process makes use of new tech-
nology available to it from the outside world. 1In place
of technology transfer, which assumes comparable donor
and donee technology-using crganizations, it makes more
sense to speak of the "evolution" of a community's recep-
tivity to or willingness to explore the use of a given
technology or technique. Next the technology must find a
soclal organization home for itself, someone or some
group to give it legitimacy and to own it. The technology
does not transfer until a societal interest and organiza-
tional capacity exists to make use of it. The "transafer"

is the effect, the last step in a complex but sometimes
lightning-fast process of societal adaptatZ’on.

A related biased concept is that of technologies as
ends. Using energy programs as an example, there 1s no
clear acknowledgement by donors that energy technologies
aimed at villagers must assume the role of dependent variables
in a more comprehensive community and economic development
package to which there is indigencus commitment by a signi-
ficant segment of the target population.

Another misconception may be the enthusiasm over
Schumacher's thesis that intermediate technolog* is beau~
tiful because it is small, Intermediate technology-oriented
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e eCaSr taen thinking of Africans as tradition- -

. directed people berpetuating an ancient and stag-
nant culture; we might more accurately regard
them as pragmatic frontiersmen with a persistent
hiatory of migration, settlement aad resettlement
on new lands, and responding to the challenge of
inter-tribal wars and the slave trade. 1In this
historical perspective, Africans were experienced
in adapting to and taking advantage -+ chunge,
inatabilicy and movement, so that they were more
prepared to adopt new paths of advancement offered
by European institutions than were the populations
of some of the more stable non-Western countries., "
(Robert Levine, 1966€)

The most superficial reading of ths history of pre-coloniai
Africa reveals ample evidence of Arrican receptivity to new
influences and opportunities: the trans-Saharan cultural
and trade interchanges from the time of Christ onward; the
Moslem impact on the Sudan and resultant horse and camel
based empires; the extensive trade in goods and slaves
between Europeans and African states on the Guinea Coast

Most sensitive cbservers of the contemporary African
scene would probably agree that the problem of most African
national societies is not too little change, but too much
change, albeit the wrong kind of change.

The Quality of "the -Change Process

Development planners tend to be concerned with easily
quantifiable results of projects ~- higher productivity,
more hLousing units, increased employment -- rather than
with improvements in the quality of life -- security,
anxiety levels, sense of fulfillment. The model of spon-~
taneous change under development in this paper treats the
existential experience of participating in a change sequence
as more important than the long- or short-term goal itself.
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xn‘oth.r words, unless the process of change is coa.g;gc;
tive and personally rewarding in itself, or at least #ore
positive than negativs, the whole process is aborted. -

The degree of integrity and institutional balance
maintained during the change process is also a useful
tool for gauging the buildup of contradictions leading
to non-negotiable conflicts between competing factions
or classes within the chanye community.

Finally, an even process of systemctic change along
a broad front is preferred to a.patchwork of uneven change
with vast alterations in one sphere, the economic sector,
and no corresponding meaningful changes in other func-
tionally related areas of family and community life.
(Cook) An operational way of measuring the coherence of
the societal transformations as they are taking place is
needed. '

The Abstract Model: Spontaneous vs. Coerced Change

The record of the changes which various tribal and
state societies in Africa have undergone over the last
500 years suggests that by far the dominant adaptztions
and innovative departures from pre-colonial patterns are
spontaneous and willed by the actors rather than coerced
and/or directed by outside change agents. It is posaible
to argue that changes in socio-economic practices imposed
by outside authorities are largely destructive or inconse-
quential in nature. They do not lay the foundation for a
new mode of production or a major shift in social and poli-
tical organization.

For example, the Ashanti in the forest region of south-
ern Chana are reported to have taken up the growing of cocoa
on their own at first slowly and then in a great rush after
the turn of the century in response to demand and good
prices (the seeds first came from Surinam via the Portuguese) .
(Allan, 1965, pp. 224-32, 346-359; Hill, 1963; Lloyd, 1967,
pPp. 95-101.) This pattern of rapid response to cash crop
demands by small-scale African farmers operating entirely
within their own framework of land, tools and laoor skills
has been repeated for peanuts (Senegal), coffee (Ivory
Coast), palm oil (Nigeria, Ccngo), cotton (Uganda), and 80
forth across the face of the continent. o

"Although they have accounted for the bulk of the

increase in farm output in tropical Africa Qurimg - <

the past half century, there is not a grest dssl
to be said concerning spontansous D AN

tional agriculture. A
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. ‘ossmen denominator is that they all represpent &4 =
- responss to disequilibriating factors that have . -
. 184 to modifications of the traditional agricul-
tural system. The wmost important of these factors
appear to have been knowledge of a new crop, pop~
ulation growth and increased food requirements,
access to a market ~-- domestic or export -- as &
result of improved transportatiun, and reduction
of the male labor force in agriculture in certain
areas, owing to the absence of adult males employed
as migratory workers in mines, on European farms,
or in industry." (Johnson, 1968, pp. 164)

The hypothesis of this paper is that the greacer the
degree of spontaneous involvement in a change process the
greater the likelihood of a successful response toO new
and "disequilibriating" opportunities through the adoption
of innovative behaviors and tocls. This is termed the
spontaneity/coercion ratio. These new belaviors are legi-
timized in traditional terms because they are initiated and
controlled by the indigenous actor and community. The out-~
come is a maximum adaptation to an inter-cultural situa-
tion with minimum change in the prior socio-cultural system.
An example of this maximum output/minimum input relationship
is the small holder investment in Nigeria schemes where
small amounts of assistance in the form of seeds, marketing
and extension services are made available to the small farmer
on his own land. The small farms were ten times more pro-
ductive than plantations, six times more productive than
settlement schemes and four times more productive than other
small holder improvement projects in terms of the ratio of
government input to improved agricultural output. (Fogg,
1971, p. 580) It follows from the spontaneity hypothesis
that the greater the degree of intrusive intervention into
a community , the greater the socio-cultural resistance
(friction) and the less the resultant behavior change per
unit of time, money, and manpower invested in the develop-
ment effort.

It must be emphasized that the model of gpontaneous
change presented in this paper is an "ideal type" formula~-
tion in the Weberian tradition. 1Its usefulness ccems as
a pure and simple conceptualization within which more speci-
fic explanatory hypotheses and action proposals can be thouqht
through and tested against reality. The model assumes the
existence of a well-advanced inter-cultural situation
.with the presence of intrusive dcnonltracion o! la llicn
way of life and livelihood. B

U e
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The logic of the.spontaneous change model is not ene of
extremes in tension nor an ir{ensification of contradictions
beyond the breaking point. The prime dynamic postulated is
a selective process by which the potentially conflicting
cultural systems seek and find those areas of mutually bene-
ficial interchange. That is, inter-societal communication -
is possible only where there is a common ground and a shared
language or a translavor fuanction of some sort.

Heavy and Light Central and Peripheral Culture

Cultures have been losely spoken of as possessing their
own genius or esprit. Herskovits in his book Cultural Rela-
tivity states that African pecple have different cultura
focli, such as the inordinate interest in cattle shown by
pastoralist tribes. These foundational principles, which
inform societies with distinctive patterns, are called here
heavy culture (central, deep, etc.).

Light culture (peripheral, superficial, etc.), on the
other hand, 1Is more easily changed. It has been observed the
world over, during the 500 years of European colonial expan-
sion, that tools and weapons which are obviously technically
superior to their 'indigenous counterparts are highly desired;
trade in such items between tribesmen and Europeans consti-
tuted the first constructive interchange between hostile
parties. Steel axes, hoes, knives, new food crops, guns
and gunpowder, beads and other means of personal decoration,
etc. are absorbed quickly and easily into the surface cul~
tural layer because of their obvious utilitarian value.

Material Culture Substitutions

The speed of the diffusion of corn, peanuts and manioc,
introduced by the Portuguese on the west coast of Africa,
throughout much of sub-Saharan Africa, is proof of how
permeable this utilitarian sphere tends to be. The only
constraint on the incorporation of these items is adequats
initial exposure and a means of obtaining them, such as
warfare, theft, work service, or trade (McMaster, Coursey,
and Miracle in Knoczacki, ed., 1977). The relatively slower
rate of spread for ox-drawn plowing would Seem to be W .
to a variety of factors: joining the right cash cropé, ;'
the right kind of land, oxen and Plows and a division of
labor by sex which encourages the man to do agrionitwil

VAL

work (Okai, 1975). Incorporating ta¢ ox-§?!!hf’&l&i’

WAL
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tive to @irect and indirect change programs of a given. .
type. The state of the enclave can also be measured in
terms of the "balance of trade" between the traditional
land-based economy, controlled by the enclave, and the
exclave. -

Counter-Assimilation

This mechbanism may seem hopelessly backward-looking
since so much has happened during the recent colonial past
to firmly install islands of Western industrial produc-
tion and commerce in Africa. Neverthelzss, a case can be
made that Western-style economics and organization systems
have been successfully implanted into African societies
and function effectively outside of direct Euro-American
management only because these new modes of organization
and know-how have been successfully intejrated into the
pre-existing African root cultures. Simply put, the .nder=-
lying nexus, the deep forms, the attitudes and aspirations
of the native actors are profoundly Africay the "super-
ficial and utilitarian" Western techniques ard institutions
(the surface culture) have been subtly reworked to express
the persistent indigenous world view and attitudes (George
Kimble, 1960).

There are numerous examples in the literature of change
in African societies which document the staying power of
indigenous social organization in slightly altered forms
in new socio-economic contexts. (Lloyd, 1966; Ames, 1955;
Hapgood, 1965; etc.) Good examples are the role of volun~
tary associations in urban settingys throughout West Africa,
the role of chiefs in Botswana as pivotal managers of the
exchanges between exclave and enclave, and the role of the
Swazi king in selectively reshaping an exterrnally-imposed
parliamentary system to emphasize the traditional reliance
on dialogue and consultation until consensus is achieved.
We have every reason to expect profound African reformula-
tions of the transplanted Euro-American economic institu-

- tions during the closing years of this century.

ciange by Capture; Apprenticeship; Transcultural Carriers

and Receivers

Skirmishing between neighboring tribes and states with
the taking of captives, who typically became dependsnt mase~ -
bers of the slave-taker's extended family, no doubt resulted:
in the transmission of knowledge of new crops, woapons, . v . ‘
animals and other useful items across significant aphical
distances. Where regular trade existed betwesn tridal satitise;
the movement of utilitarian innovations from society %e ’
society is not at all problematical. Trads betwsen )
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hostile neighbors has elements of reciprocal *cspture’;
the traders are taking oontrol of goods which they deeire.

Shaks. the Zulu leader who created a major conquast
state in the eastern part of what is now South Africa, had
several European advisors who were captured, who lived wich
the Zulu and mastered their language, and who then served
as interpreters and lieutenants, assisting Shaka in his
various campaigns. This inter-cultural situation enabled
Shaka to innovate a number of lethal weapons and military
tactics which gave him and his standing armies such an
advantage aver neighboring tribes that it required less
than fifteen years to establ’sh Zvlu dominance. Shaka was
himself a cultural hybrid who had a fazir amount of expo-
sure to English and Boer settlements as a youth.

The technology-by-capture mechaniem touches on one of
the most essential ingredients of the spontaneous adoption
proce 's -- the availability of a comparatively neutral
place, organization or cultural intermediary which allows
enclave members to master a given innovation, to serve an
apprenticeship in a low pressure situation, and to evaluate
its pros and cons in their own terms. The author has seen
a whole villaye of Brazilian Indians become literate in
their own lancuage in less than one year while only the
juveniles werc taught to read and write by missionaries.
The village was an information-sharing unit, and as the
youth played games, making words in the firelight at night,
their parents also became literate. Missionaries through~-
out the world have been "captured"” experts, responsible
for the lion's share of the technological changes intro-
duced into tribal communities along the frontiers of
Europe's colonial expansion,

Another mechanism of inter-cultural mediation goes
on, not by osmosis or at a distance, but through intermed-
iaries serving as carriers and receivers of innovations.
The intermediaries from both sides of the frontier do
this by meeting each other halfway, by creating a bridge
across which meaningful change ocrcurs. The carriers of
different cultures, once they have engaged in a non-
violent relationship, are driven by the ambiguity of their
situation, the unknown nature of the cultural other, to
seek by experimentation a way to penetrate each other's
worlds. This is done by discovering one or more workable
crossover points where each party is getting something
it wants. Co
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II. CASE STUDIES AND EXANPLES
OF SPONTANEOUS CHANCE

Light instances of "spontaneous® change are discussed

" AN tAis section. “Some of the changes occur with littfs

outside influence, while others are more directed. Some
are successes and some are failures. They all contain
important lessons for development planne:l.‘ -

A. The Kipsigis -- Change with Alacrity (Manners, 1965)

The Kipsigis of Kenya ware primarily herders with
small household gardens of millet and vegetables. In
1906 European settlers arrived in the Kericho district
and took over estates averaging 5,000 acres each, includ-
ing land where Kipsigis were living., The majorit: of
the Kipsigis chose to remain as legal squatters in exchange
for paid labor, since money was now being required to pay
a hut tax. It was only a matter of five or six years
before increasing numhers of Kipsigis began to cultivate
corn -- the dual purpose cash and subsistence crop brought
by the Europeans. Itinerant Asian traders, who began to
settle in the area, and the larger number of Africans who
were working full-time on the Eurof :an estates provided
an expanding market for the corn.

Prior to wurld War I all Kipsigis maize production
was done by hoe cultivation and yielded only a small sur-
plus. The first plow was bought by a Xipsigi in 1929 and
by 1930 there were 200 plows in use in the Belgqut location
alone. By 1938 there were seventy-three Kipsigi-owned
water mills for grinding maize into flour. The sale of
corn expanded greatly during this period.

A young, mission-trained Kipsigi started out with
five acres and eventually amassed and enclosed between 250
and 300 acres. He built two water wheels for grinding his
corn, one near his farm and the other near » major road.
He charged an in-kind fee for grinding the corn of locsl
Kipsigis. He bought wagons to transport iiis grain to
trading centers and built his own feeder road. Later he
purchased a truck, a passenger car and now he has built
a brick house on the site of his hut. He used his ‘
capital to go into merchandizing by opening two shops
run by employees. As described by Manners:

"He is one of several outstanding Xipeigi leadewe
in the Reserve whose activities not only refleot
the growing importance of money but who have sesy
by their example, to accelerate the tempo of
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to increase cash mindedness, and to speed the
drive for acquisition of western commodities
among their tribesmen.®" (p. 233)

The Kipsigis pushed aggressively ahead by establishing
hundreds of small shops, planting small tea and coffee “
plantations up to one acre, the maximum allowed by the
colonial government. They struggled with the govermment
for permission to import high-yield Buropean milk cows,

80 as to claim for themselves a larger share of the

internal Kipsigis markaet for raw milk. The many small
Kipsigi-owned shops came into being without any government
or centralized credit assistance. The Asian traders already
operating in Kipsigis-land extended credit in the form of
merchandize to their clicnts (pp. 244-245).

Manners predicted that as the per capita land base
continued to drop, the Kipsigis would be forced to seek
more intensive cash crops and other forms of wage labor.
He concluded: "It seems clear that the incentives to in-
creasing participation in the cash economy -- of which
the emerging markets were one aspect -- came from the Kip~
sigis themselves." (p. 245)

Comment: 'rhe Kipsigis are an example of rapid, self-
propelled exploitation of the opportunities for self and
ethnic development opened up by the colonial occupation
of their home land. 1Initially there was a quickening of
an indigsenous agricultural pattern. Before the external
demand and alien technologies could be joined into a func-
tioning complex, the Kipsigis needed an opportunity to
apprentice themselves to cultural aiiens. The mission .
stations and wage employment for the settlers gave the
Kipsigis a common ground where they learned about and then
mastered the innovations in a neutral sphere. An important
pre-condition for the adoption of the ox plow and the water
wheel was the existence of a prior and stable demand for
corn as a cash crop.

From the Kipsigis known to the author, it would seem
that an ess2ntial ingredient in their cultural makeup i
an almost cocky self-assurance that they are conquer o
the foreign "savages" and their infernal machines and thiif
demonstrating both by expanding Xipsigis civilization inte'
the world society. »



- 137 =

B, The Botswana Chiefs as Innovators (Schapera, 1970)

I. Schapera, the indefatigable and matter-of-fact .
ethnographer of the Botswana for the last 50 years, .
has produced a valuable study of the role of chiefs as
mediators, filters, and initiators of cultural inter-
changes between their peoples and LGuropeans.

A For example, the Kgatla tribe, under the initiative
of Chief Isang, during a period of acute drought, con-
vinced the tribal council to pay for a number of tube
wells in 1926-27 by means of a special levy. The care of
the wells was entrusted to a small committee chosen from
men with cattle posts nearby. A watering fee paid for:
upkeep. Later Kgatla "syndicates" paid for their own bore=-
holes and gained exclusive water rights. By 1940 all
tribal capitals had boreholes which were treated as tribal
property, paid for and kept up by funds from the tribal
treasury (page 100).

Some chiefs were, according to Schapera, "conscious
social planners seeking progressive futures":

(Bathan II about his father Seepapitso)". . .
he felt that any change coming to his people must
not alter their personality, their spirit, their

character as Tswana . . . He was a magnificant
link between the government and the tribe." (page
251)

(a written address by Isang to a teacher's con-
ference) "Material advancement: I introduced
better bulls and seeds, also double furrow steel
ploughs, encouraged the building of better houses
and helped the people find the water for their
cattle without government aid (my emphasis);
found markets for their grain, produce and cattle
and controlled the sale of kaffir corn to prevent
famine; made laws to prevent wasting of money on

unnecessary European clothes. . . ." (page 258)

Schapera also discusses the role of returned migrant
laborers, colonial zdministrators, missionaries and traders
respectively as contributing to the introduction of changes
of various kinds in Botswana life. He concludes that the
chiefs as a group played the most strategic, responsive and
legislative role in determining the nature of the interac~- .
tions between their people and the imported European system:
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"What I have been trying to dumonstrate is the
the spread of: European innovations among the
Botswana was not a one~sided process controlled
entirely by Europeans. It was to some extent
also controlled by the chiefs. They readily ac-
cepted for their people many innovations of
European origin. But they also rejected or
restricted some that were attempted, and per-
suaded Europeans to modify or themselves modi-
fied some of those they accepted. Thus, although
they were not the prime authors of these partic-
ular innovations they can at least be said to
have originated them locally by deciding which
to establish and in what forms." (page 250)

The intermediary role of the Botswana chiefs and the Euro-~
pean intermediaries ~- missionaries, traders, administrators,
settlers -- provides a clear-cut example of what Arensberg
calls the principle of reciprocal accomodation (Arensberg,
1978), whereby a give-and-take . ieraction occurs between
donor and donee. In this process, a given innovation is
reformulated so that it complements existing socio-cul-
tural capital and advances the collective purposes of
indigenous communities. When the interaction between en-
clave and exclave is mediated in an orderly wav between
legitimate leaders as is the case in Potswana, there is
seemingly a more consultative process of rationally search-
ing for the most constructive interchanges.

C. Luhya and Taita (Kenya) =-- Examples of Spontaneous
Innovation

(The following information on spontaneous acceptance
of innovations was obtained from Fred Mugivanie, a
Luhya, and Mary Ann Godia, from the Taita who live
along the coast.)

Among the Taita of the Taveta District, a2 mountainous
coastal region, a number of innovations have gained wide-
spread acceptance as a direct result of population expan-
sion beyond the carrying capacity of traditionally exploited
resources. The widespread conversion to "white iron sheets"
for roofing in place of grass thatch has been forced oy
the v rtual disappearance of thatching grass as mors ond
more .and is cultivated. According to Mary Ann Godia,

"There simply is no land left where the thatching grass can
grow . . . so pecple have used asbestos cement roofing but
that is even more expensive. People who cannot afford the
iron sheets cut open paraffin tins and other metal containers,
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flattan them out, and use thess to cover their roof tope.
Poor families are firing their own clay shingles on site. . .
S8ince there is also a growing shortage of firewood, this sype
of roofing is becoming prohibitively expensive.” Thess
changes have been a na’.ural - sponse to the growing short-
age of thatching grass, accor”ing to the informant; it Las
not been due to an effort to pe modern or to imitate city
dwellers.

The bulk of the housing in the Taveta District is
what Kenyans call semi-permanent housing, meaning that it
has a cement floor, long-lasting wall construction, and
a durable non-thatch roof covering. The walls are made
of either fired clay bricks or cement and sand blocka or
sun-hardened adobe, all fabricated on site. fhe informant
emphasized that building a semi-permanent house was a costly
and time-consuming process involving the labor of all mem-
bers of a household. Cement is preferred as the bonding
agent over firing since firewood has become so scarce.
Again change is induced by increasing scarcities of a
formerly free and plentiful natural resource.

The shortage of firewood has also caused most house-
holds tc shift over to kerosene or charcoal-burning stoves.
Both of tl egse are manufactured elsewhere and purchzsed locally
Tha fuel is also imported. A new kind of mud stove, which
holds up to three pots and has a controlled, fuel-conserving
combustion chamber, has begun to gain acceptance amcng the
Taita women. The informant did not know the origin of this
stove.

Two other changes were readily accepted by the Taita.
Higher yielding, drought-resistant hybrid corn has been
rapidly adopted "because it yields so much more corn per
acre." Artificial insemination of cattle has also been
widaely accepted among the Taita because the cross hetween
high milk--ielding Euro-American breeds and local African
cattle pr:. aces a hybrid offspring that gives more milk
on the same feed while retaining the disease resistance
of the African stock.

Among the Luhya, living inland in Western Xenya in
a region of foothills, there has baen a gradual conversion
to metal roofing and semi-permanent housing. Because the
Luhya population is not yet as dense nor the grass and '
firewood as scarce as that of the Taita, the changeover -
has not been as rapid.

An innovation that has been widely adopted the
Luhya is the water-driven grist mill, which is lt,
maintained and owned by entrepreneurs. The informamt
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4.4 act know where the wates mills came from, hovever,
bhe stated that they are very common in Western Kanya -
where the conditions are right and the technoloay is
completaly ocntrollsd by thé Xeayans. )

Comment: The spontaneous change processes reported
for the Luhya and Taita represent a deliberate change in
approach to meeting a basic need where these needs are not
being met adequately by either traditional or “modern"
sector resources and technologies. The ini.ovative responses
are of several different types: (a) thc combination of new
and old elements in such a way that a constraint is over-
come (soil cement construction, roofing tile, metal roof-
ing); (b) exploiting an under-utilized resource controlled
by the local community (high milk-producing cattle, labor
and land-intensive specialty crops) in a new way; (c)
adopting a technology that does more with lecs (the fuel~
efficient mud stove, the water-driven grain mill). These
socio-technological changes are rapidly incorporated
because (1) they improve the balance of trade with the
outside world, and/or (2) enhance the productivity cof labor,
land and other resources within the local economy. Put
simply, there is greatest receptivity to those socio-tech-
nological changes which respond directly tc the most press~
ing economic and resource constraints threatening the imme-
diate well-being of a community in both absolute and relative
terms. The greater the degree of local control over all
the essential ingredients making up a complete socio-tech-
nological change package, the more spontaneous will be
the change process in a given community and from one commun-
ity to another.

The first step in the socio-technological change
process is the identification of thcse particular resource
and economic constraints which people feel threaten them
with retrogression. The next step is the search for those
socio-technological change packages that uniquely respond
to each predicament and place the initiative back into
the hands of the indigenous actors. The most easily-
managed changes are those where the actor already controls
most or all of the necessary ingredients; all that muat .
be done is to learn how to make a nev combination by
learning a new technique or masterirg a simple technology. -
The Luhya and Taita examples clearly show this self-help . - .
dynamic. S L

po et
£
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D. Womsn in Development/Villiage Technoiogy Unit (Swaziland)

The experience of Village Technolegy Unit (V™) in Nton-
jeni Valley in Northern Swaziland provides a gaod opportunity
to find our what sorts of appropriate technologies small
Swazi farrers are drawn to and why. The Women in Dev.lopment
project is funded by the United Nations; it is nominally
under thr. administration of the Ministry of Agriculture.

The dire:tor, Linda Vilakati, is an extremely competent
Swazil woman who received her college education in the U.S.;
she is & person of unusual capacity and forcefulness. The
primary objective of the WID procram is to assist rural
women in finding ways to increase their preductivity and
income and to improve the health and happiness of their
families. A small builidng serves as meeting house, work-
shop ard office space. It was built within easy walking
distance of several thousand persons and just down tne
road from the Ntonjeni high school. The women are attracted
to the center for classes on sewing, nutrition, kitchen
gardens, handicrafts, etc.

About two years ago two Swzzi "artisans" who had been
working as extension agents for the Ministry of Agriculture
were sent for two weeks to the UNICEF-run Village Technology
Center near Nairobi. Upon returning they constructed a number
of basic technologies within an enclosed compound to demon~
strate what they had learned to the Swazis of the valley.
The technologies demonstrated were Cinva Ram earth blocks,
an evaporative cooler, solar water heater (thermosyphon),
sclar cooker, a simple stove built with precast concrete
slabs, solar food dryers (a portable wooden one and one
constructed of mud), eggshell concrete water or storage
vessels (up to three feet in diameter), a hand-operated
peanut huller, a wash basin on a stand with a drain pipe,
and a hydraulic-ran pump. After a solar workshop by C.

Cook and M. Lillywhite, they added a solar water distiller,
a direct gain bread box-type solar water heater, a coid
frame or grow hole, and a thermosyphon solar water heater of
improved design.

Only those people sufficiently curious to come to
the demonstration center have had a chance to start using
some of these devices. Thus, the first generation of in-
novators is a highly select group. One visitor, a peanut
farmer who last year planted .ess than one acra, immediately
asked the artisans to make him a hand-operated peanut huller.
According to the director, this farmer has increased his
peanut acreage to three or four acres because he now Las
& simple and inexpensive way to shell large quantities
of peanuts.
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In aédition, the people democnstrating tha tScnnologies are
relatively high-atatus members of their own society. .

Another important dimension of the WID approach is that
it depends vpon the self-selection of persons who are highly
motivated to try a given innovation, rather than attempting
to motivate a whole group of people to collectively try out
something new, The VTU provides a de facto neutral place
where the technology can be demonstrated and those persons
who are interested enoagh can apprentice themselves without
any risk of failure or social censure. The gradual expan~
sion of new technologies into the surrounding community allows
time for the users to reformulate the innovation -~ to substi-
tute low cost materials, to figure out the best means for
obtaining "exotic" materials, to work out the economics of
financing the initial cost, and to realis_cally measure
the payback or other benefits. There is a natural sequencing
taking place at Ntonjeni which is allowing the WID staff to
experimentally piece together whole socio~-technological change
packages comprising a product and a process which integrate
the right hardware, financing, payback/payoff, social organi-
zational fit, and cultural symbolism and values.

One final lesson to be learned from this example is that
unless the technology solves a serious difficulty faced by
rural people or drastically increases income and/or the
quality of life, the willingness to adopt it is low.

E. Rural Industries Innovation Center (Kanye, Botswana)

(Observations made during the summer of 1978.)

One of the more interesting development organizations
in Botswana is the Rural Industries Inncvation Center, which
is centered in Kanye, a traditional town of some 25,000
to 35,600 inhabitants in the southern part of Botswana.

The ten-year old RIIC is funded by the Fredrick Ebert
Foundation which receives most of its funds from the Weat
German government. Although it is still heavily sudbsidized,
it is committed to covering as muca of its operational
costs (§$300.000-400,000/year) as possible by means of income-
producing small industries, run by the RIIC directly or by
local craftemen-entrepreneurs who rent facilities and equip-
ment.

The RIIC is run by a community board which includes local
representatives of both the traditional and "modeyn" govern-
ments and representatives of such other constituencies e .
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merchants, farmers, and craftsmen. The top management ig .
imported from Europe and North America, giving the RIIC - -
the ‘strengthe and weaknesses of many expatriate-~dominated
development organizations, ‘ : IR

The Center is divided about evenly between applied research
concerning basic technologies and the launching of income-~
generating activities. The physical plant is impressive.

It contains complete wood and metal-working shops which

are run by RIIC's own power plant. Various RIIC staff have
fabricated a number of the standard appropriate technolo-
gies from around the world: a batch biogas plant providing
gas to the kitchen of a demonstration house, an underground
(Chinese) continuous feed biogas system, wind pumps and
electricity generators, a range of sola. water heaters,
energy-efficient wood-burning cook stoves constructed of mud,
improved traditional housing built of materials taken from
the site, solar cookers and ovens, etc,

Richard Caruthers, a Canadian engineer, has put together
an extension program to direct the resources of RIIC toward
meeting the highest priority needs of nearby Botswana villages
He and his partner, a Botswana woman, have chosen a policy
of first developing relationships with the leaders in ten to
twelve villages outside of Kanye. Next, they conduct lengthy
interviews with individuals and at meetings called by the
village leadership *o discuss village problems and explore
alternative solutions. Finally, they participa“e in and
help precipitate a consensus about what activity would moti-
vate some or all of the villagers to participate.

In one of the villages visited by the author, it had
required twelve separate visits lasting many hours to de-
cide that the highest priority was the need for a year-
round communal well and a pump.* Caruthers anticipated
another series of meetings would be held before the work
force was organized and the well dug. His plan was to teach
several men how to build the hand-operated pump and gravity-
feed water filter system. The system would belong to the
village and the knowledge to maintain and repair it would
be established in the village under the control of the
senior men. Thus, the RIIC is attempting to gradually stim-
ulate the village to function as a self-help unit around
the community's need for water.

.
* The owners of the one existing well serve themselves
and their friends first; a certain amount of friction results
from their assertion of private control over what othars ‘
believe should be a public rescurce.
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constituency, which will give innovation a serious try

in the community. A technique must be found which success-
fully challenges a rural community to creatively assart

its deep cultural patterns, in contrast to superficial
ethnIc styles, as a basis for expanding its sphere of
activities into the so-called modern sector.

For lack of an established term, what is called for
is "progressive nativism" in place of the old idea of
development as a socio-cult'-~al game of catch up with
rapidly antiquating Western economic institutions.

Here we get into an examination of the "privilege of
backwardness.” Certain competitive advantages in prin-
ciple exist that favor village-centered expressions of

the desire for "progress." The advent of an existential
villager, who has the requisite skills to make it as

an urban dweller but chooses to live in the village
because the quality of life is higher there, makes it
possible to talk about development as the progressive
transformation of the rural community, in pursuit of

its own values and interests. The refusal to convert

to pre-packaged urban life styles constitutes a trans-
valuation process which Paulo Freire calls conscientizacao
(see Pedagogy of the Oppressed). It depends upon a pro-
foundly independent affirmation of the values and goods

of rural/village existence, perhaps even an inner spirit-
ual assurance of its power =-=- cosmic and socio-cultural --
relative to other world views and life patterns.

F. Tinkabi Tractor Works

The Tinkabi tractor was the brain child of Allen

Catterich, an agricultural engineer who taught through-
out the 1960's at the Swaziland College of Agriculture

near Malkerns. While on the faculty, Catterich undertook
2n extensive research program to identify the major con-
straints on Swazi agricultural productivity. This re-
search objectively documented that Swazi farmers, who
depended upon oxen power for plowing, had to waste the
first 3ix weeks of the rainy season before they plowed

and planted. This was because the oxen are so weakened
by poor forage by the end of the dry season that they
develop only cne-third of their normal draft power. 1In
addition, the soils of Swaziland have a high clay content
which becomes densely compacted during the dry season.
Thus, Swazi farmers wait for the rains to soften the soil
and the new grass to strengthen their oxen before plowing.
Catterich and his colleagues demonstrated that if the

land is plowed and waiting at the onset of the rains and
. planted at the right moment, then yields increased from . . .

200 percent to 300 percent without &ny other input. (The -
average yield per acre for corn in Swaziland is ¥. .
low, typically under 10 bushels, so it is not hn;d
imagine the yield rising to 30 bushels. per mﬂrg. }
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A design team drew up criteria for the Tinkabi tractor:
it must cost about as much as a team of six oxen (around
$1,600 with equipment), be manufactured in Swaziland, be
easy to repair, serve as a prime mover for water pumps ,
hammer mills, generators, etc., and in general constitute
the central piece of a whole low-cost farning system. :
The King of Swaziland, Subhusa II, saw a full-scale model
of the Tinkabi during independence day celebrations and
was very much taken with the idea. The gcvernment's main
development arm immediately followed up the King's show
of interest with a series of grants toc the Tinkabi Tractor
Works Corporation for refining the prototype and developing
the industrial capacity to produce the Tinkabi in Swaziland.

By 1978 the Tinkabi had been in production for several
years. Only about 100 units are sold annually in Swazi-
land. More units are sold abroad, but transportation costs
are high. The basic tractor, plow, disc and two-row planter
system was sold for ahout $2,200 in 1978. A great variety
of attachments are manufactured at the factory. The
motors, transmission, and metal are all imported from the
Republic of South Africa. Most of the work is done by
Swazis at the main plant just outside of Manzini, although
the direction and management of the operation remains firmly
in the hands of Catterich, an Englishman.

The main Swazi market for the Tinkabi is rural entre-
preneurs who use the tractor to plow other small farmers'
fields, to grind corn, and to perform other tasks for cash.
The purchase of a mechanical ox, which must be fed with
money, is used by some "progressive" Swazi farmers to
escape from onerous obligaticns to kinship and tradition ~--
the obligation to help neighbors with plowing free of
charge using a team of oxen. Using a privately-owned
Tinkabi they can charge for the same service.

The tractor is not selling nearly as rapidly as

was expected. According to Catterich, the Tinkabi

could be the centerpiece of a small farm systam. However,
it has been restricted by several factors. Foreign agri-
cultural assistance programs push more expensive, high-
powered tractors, which are perceived to have a higher
status. Another obstacle to the use of the Tinkabi by
small farmers is that the average sise of Swvasi farme
and their annual cash income are too small te affond: ;
the Tinkabi. It is cheaper for a persca with wniew 1
acres to pay someone to plow his land. Pusthes.: ols

yE
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the Tinkabi is slower than imported tractors, it is not
as attractive to co-ops or rural entrepreneurs who pay
for their tractors largely by plowing as many fields

as possible.

Comment: The development of the Tinkabi is a classi~
cal example of the value of establishing criteria for new
technologies, based v-on a careful analysis of what the
constraints really are in a r~iven society and region of
tke world. Unfortunately, the focus of the Tinkabi
project was upen the tractor as a source of traction
power and as a prime mover for a total small farm system.
The question of what socio-economic group would purchase,
control and maintain the tractor was not as clearly
thought out. The result has been an inability to success-
fully graft the technology into the rural community be-
cause no leading socio-economic group or role -- traditional
or new ~- has beeas firmly connected with as the carrier
of this ingenious traction technology. This failure points
out the critical need for objectivity testing and then
preparing the socio-economic side of the development pack-
age.

CONCLUSIONS: A SIMPLE METHODOLOGY FOR
"DOING IT RIGHT"

Mwo kinds of conclusions will be presented: (A)
some general rules of thumb on how to organize and design
spontaneous socio-technological change programs; and (B
check-list for judging the spontaneity rating of any pro-
posed development program.

A. Rules of Thumb for the Design and Implementation of
Spontaneous Development Programs

Rule Number 1l: Development must be viewed as the search

for those relatively few areas of inter-societal connec-
tion where positive interation can occur.

For genuine cross-cultural cooperation to occur, there
must be an honest pursuit of mutually beneficial objectives.
The socio-cultural context of the indigenous actor is the
bedrock upon which an existential development process must
be based. The pre-existing social and cultural "capital®
must be used to the greatest extent possible. T.Lue, develop~
ment becomes a way to "Africanize" the change prccess itself,
ra'her than a manipulative exercise whereby African villagers
- are urbanized and westernized by development professionals. =
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This threshold can only be crossed when the socio-
technological changes become instantly traditionalised,.
because they expand and strengthen the culture and commun-
ity of the innovating actors from the insider's point of
view. The spontaneous nature of actor-initiated and actor-
carried changes is the opposite of coercive and manipula-
tive change processes conducted for the presumed good of
the indigenous actor by outsiders. The experience of being
forced or pushed or bought by change programs administered
from an outsider's point of view generates a natural response
of both resistance and opportunism. The thesis upon which
this study is based holds that a change program that depends
upon a high degree of outside intervention for its comple-
tion results in more losses than gains from the perspective
of the target community. Thus, the determinant of coarced
versus spon:caneous change is whether the local culture and
social organization is being developed in its own terms or
whether the development is defined in the terms of the host
government and the donor government. Given the centralizing
nature of most large-scale organizations, it is predictable
that villages as centers of organization, control and ini-
tiative will be diminished. As a result, rural communities
will be weakened and urban communities, already bloated
by default, will continue to monopolize the economic
development process.

This paper demonstrates the inadequacy of AID's approach
to social soundness analysis, which is done after a program
has already been put together. Such analysis tries to fac-
tor the perspective of the indigenous actor back into the
equation at the last minute. 1In contrast, the challenge
of development is to inject the African's point of view
into the first formulation of a development program's ends
and means. This objective requires a bottom-up methodology
that uses multi-cultural project design and implementation
teams. A major factor in the failure of U.S.-funded '
development ventures is an over-reliance upon American
expertise and a de facto mono-culture approach to defining
problems and prescribing solutions. Indigenous input is
solicited secondarily on the question of how to get the
job done. The sequence needs to be reversed. Much more
time needs to be spent in diagnosing problems and prescribing
solutions from the indigenous actors'’ point of view. 1In
fact, the first year or two of a program could well be
devoted to this phase of development assistance. No major
American corporation would think of launching a new product
without having spent as much time on "“market studies.”
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If more time and manpower is spent penetrating the world
of the target community by using multi-cultural teams, the
amount of intervention required tc¢ gain a measurable unit
of constructive change will no doubt be greatly reduced, i.e.
the resistance will be less. Further, the problem of repli-
cation and dissemination will be largely resolved by the
spontaneous nature of the changes initiated, once ths socio-
technological package is right. The initial innovators
will carry it throughout the society because of its utility
and compatibility with local socio-cultural patterns.

B. Spontaneity Checklist: How to Design Development Programg
for Maximum Self-Help Input _

The objective of development is not change or convinc~
ing people they need to become different than they are.
Rather, it is finding wzys to realistically enable people
to become more of what they want to become. This study
has attempted to construct an ideal type of a spontaneous,
inwardly managed change process in contrast to a coercive,
outwardly managed change process which depends upon large
injections of outside resources and expertise. A set of
minimal preconditions have been assembled which can be used
to score past, present and future development programs to
get a very crude measure of its spontaneity quotient. These
preconditions have not been weighed or rank-ordered. They
are a scrambled checklist of the prerequisites for gaining
a spontaneity effect, identified by the author in the course
of doing the research for this paper. The value of this
checklist of prerequisites has not been demonstrated inde-
pendently of the research reported in this paper. It is
offered as a heuristic device:

l. There is a neutral, low-risk space where a socio=-
technological package (STP) can be demonstrated under real
conditions of use, including opportunities for apprenticeship
to master the STP.

2. The STP experts can be "captured" by the local
folk; there is an opportunity for insiders and outsiders
to develop a lasting social relationship based upon mutual
respect (not authority or power).

3. The STP is part of a wider community revitalization
process.

4. There is a method for identifying the innovative
community group and/or individuals who will be the initial
carriers of an innovation. _
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. 5. The STP has been designed for & well-established
lead oconstituency in the local community that will "own"
it and maintain it. '

6. The STP grows in response to objectively-determined,
high~priority needs of indigenous actors; it results in a
sure~-fire improvement of income, standard of living, pro-
duction, or money/labor sevings in the self-defined area
of greatest need. ' '

. 7. The STP results in an improved balance of trade
between the rural community and the urban center; it builds
greater economic autonomy.

8. The design and implementation teams are microéosml
of the major parties interacting in the development process.

9. The STP makes extensive use of the exiating socio-
cultural system and minimizes the introduction of outside
experts aid new organizational arrangements,

10. The STP enhances and expresses in a fundamental
fashion the values and desires of the "target" community.
These values are clearly known by both "insiders" and "out-
siders.” The STP has both the short- and long-term effect
of increasing the cooperation and interdependence of the
face-to-face community carrying the innovation rather
than causing greater conflict, competition and factional-
ization.

1l1l. The STP has been custom-designed for the people
and the micro-region. The technology works. There is
train.ug and technical assistance and the provision of
adequate access to all the other essential ingredients --
land, energy, financing, market and demand for the product.
The access to these essentijal ingredients can be controlled
by the actors. The STP is sufficiently simple that indigen-
Ous actors, once they have mastered it, can teach it to
others.
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and forestry which seems so clear as between indusurial
forestry and intensive agriculture must be abandoned.
(PAO, 1978 pp8-9).

Bringing forestry to the aid of rural communities
is not so much a technical problem as a psychological,
institutional, and political one. (FAO, 1978 p22).

This approach also includes transformation and ttilization
of forestry and related products as part of forestry for local
community development projects. -

Interest in developing this new type of programming has
been widespread. FAO has held several "expert consultations"
where there was broad North-South participation discussing
potential for this approach. From these discussicns FAO
published "Forestry for Local Community Development" and
other papers elaborating problems and methodology. The Eighth
World Forestry Congress held in Jakarta, Indonesia in
October, 1978 received papers from numerous countries for the
new discussion topic area, "Forestry for Rurel Communities.”
Within six months after the World Bank published a forestry
policy paper descriding its change of focus from industry-
oriented to people. and environment -oriented programs, requests
for technical and financial assistance came in from about
forty different countries (Spears, 1978). A number of
countries in Africa have sent representatives to workshops o
and conferences to consider ways of solving local forestry
problems and to share experiences with representatives
from other countries. This new approach has frequently been
called Forestry for Local Community Development or FLCD to
emphasize the need to incorporate community development
techniques with forestry and related technology.

TOP-DOWN FORESTRY

Why 1is there such interest in using this new approach
based on community participation to supply African fuelwood
needs? Because 1t 1s increasingly apparent that the top-
down roach i1s not working. That is not to say there Is
no further need for 1ndustrfa1 plantations, for example,
supplying urban centers with fuel. It is to say, however,
that efforts to solve local fuel needs in ways thst protect

or re-constitute a healthy environment require support froa
local people.

Examples of fallures of top-down forestry projects am
everywhere. It 1s not difficult to pay workers to plaat 8
but to keep them allve in Africa takes a positive oomm
It takes energy and effort to weed around saplings wiig
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experience with locally planned, impleaented, and menaged .
forests. This 1s perhaps why the Swedss and Swiso ewe in ,
the forefront of meny PLCD efforts. - -

A demanding and rigorous education in forestry has
given many wper-level European and African foresters e
sense of elitism. This training stresses rule enforcement
and includes military training but seldom includes courses
in soclology, community development, or extension methods.
Rural Africans may have more contact with foresters than
with most other government officials but these foresters
are usually in uniform, often armed, and frequently feared.

It 18 not suprising, then, that early attempts at
community forestry have suffered from a lack of clarity
regarding the philosophy of FLCD, a lack of effective
techniques for carrying it out, and a difficulty in
communication creating frustrations for the various actors
involved. The donors, the host country services and techni-
clans, and the local participants all see local fuelwood
problems and attempts to solve them from different perspective
The following 1s an examination of some problems in implement-
ing FLCD programs from these three perspectives. It 1is
important to look at these in turn and then draw out basic .
1ssues co see how they can be dealt with in an effective and
rewarding manner,.

DONORS

When donors and other planning agencies discuss the
urgency of African firewood production and their difficulties
in attempting to establish FLCD, their attention usually
focuses on the following four issues: community participation
integrated resource planning, interagency cooperation, and
commitment on the part of local forestry techniclans to the
FLCD approach. (See: CILSS, Winterbottom).

Communi.ty Participation

: Donors have been frustrated by the lack of community
participation in forestry projects. They are Just beginning
to determine the many different reasons for this. -The World- .
Bank describes an early attempt to integrate forestry imgo.g:
government planned "people-centered" program. It-wae &: - ;

project designed to include viilage woodlots in a powmrenent
implemented rural development scheme in Marid), Bigae: .

B E TY
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- Pinally, both top level forestry service officisls and
loca’l foresters bemoan ths fact that the European—based
foretry sducational system and working structure does not
11141" mrit revards for lower level agents  who work well

in M.CD programs. Due to the permanent streaming into A, B,
C, or D level roreatry training and salary schedules it is
difficult to reward para-foresters or those who have adequate
technical training for village forestry or take speclalized
workshops but have not attended more advanced educational
facilities. Top level forestry officials in several African
countries would like an examination of the total forestry
educational system with the possibility of basic reform.
(Hoskins, 1978, 1979]).

Donor Expectations

Foresters polnt out that most donor budgets are based on
two-year projects while community development forestry projects
must be long term. Dcners who require results within the
two-year perlod defeat the possibility of slowly bullding a
lasting village level capabllity in forestry. Although the
FAO has shown 1interest in the long-term approach 1t has
11ttle funding for implementing projects; the World Bank can
offer only soft loans but no grants to support its interest
Iin bullding infrastructure and local capablilty. CILSS country
officlials comment that they have program proposals for FLCD~-
type projects which no donor has offered to fund.

Foresters also complalin about donor requests for extensive
research to prove there 1s a forestry nced, tc m asure the
extent of the need, or to calcuiate the speed of desertification
instead of starting to deal with obvious and urgent problems.
(Ulinski, 1978).

Land Use Issues

Foresters, llke donors, feel the need for national and
local resource management decislons supported by national
governments and local residents. They feel paralized by lack
of lands dedicated to forestry projects. In Senegal, when
foresters trled to plan projects in the national forests, :
they found resldents unwilling to travel the required long - '”,;
distance from thelr flelds though there was no closer land:
avallable. Foresters feel caught between donor roqui!tllﬂtl
and local residents' reeds. As one report commented, hive
really i1s no humane way for a local forester to pretedt @
sag%ing when it is the only available fucl fbr th. nia
meal. - Brdisrsciwn .
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Community Partieipation

FPoresters also belidve that getting local participation..
in forestry projects is a problem. A Tanzanian forester o
found that after twelve years of community approach to forestry,
villagers are "still unable to 'understand treg nlanting" or
"to make management decisiona." (Muzava, 1977)." In.many
projects foresters get local cooperation in planting trees
but say villagers may belleve that further tree care is
"up to God." (Winterbottom, 1979). Villagers, however, often
see thelr problems with PLCD differently. ,

VILLAGERS

Villagers complaining of problems with forestry projects
focus on the following four issues: timely and adequate pro-
Ject support from forestry or extension services, limited local
and personal resources for fulfilling all basic needs require-
ments, confldence in the potential success of tree planting
programs, and assurance of galning benefits from participation.

Seldom are vlillagers asked to describe forestry projects
from thelr point of view. This was done; however, in one
FLCD project carried out in ten villages of Upper Volta.

Interviews with residents showed they were quite aware
of forestry 1ssues. They described the loss of local vegeta-
tlon and were concerned about growing shortages of fuelwood,
bullding poles, and trees which gave food for man and animal.
They belleved that trees increased the rain, protected the
scll, and gave needed shade and were therefore necessary for
a good environment.

The tree planting project in their village failed for
other reasons. The project started with government officials
telling certaln village chiefs that their villages had been
selected for woodlot projects. The chiefs were asked to
select the land, organize the villagers, and manage the tree .
planting. The trees came late, many were small, some were
dead, and others dled when there was little rain after the
late planting. Neither were they the species villagers R
wanted. Villagers were prorised food, materials, insecticigs, -
and extra seedlings for personal use. Most of this did not, .’
come. Few of the trees originally planted lived. The =~ -
villagers were disheartened. e

In discussing basic needs in the community, ﬁédﬁﬁﬁ
mentionéd that there were things more urgently needed
them than forestry products. They stated that wmless
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‘8ise and approach, Although the two most prevalent types

arve the integrated and the speclal project design. In the
integrated approsch, the designer starts with a community -
and develops various projects in response to basic needs
identified by ths community, including those related to
forestry. The s&cond approach is to make available one or
several forestry prolect packages, such as support for
woodlot development, and then mold these to fit the .
circumstances in responsive communities, While the 1ntegratod
approach 1s much more desirable because it allows project
designers to determine village priorities, the project package
approach is used more often because donors and host country
governments are generally organlized by sector.

Integrated Approach

An example of what appears to be a successful 1ntegrated
community development project is at Labgar, Senegal. This is
a mixed community, largely Peul, semi-sedentary pastoralists.
In this community the pastoralists have participated on a
voluntary basis to plan and carry out a forestry component of
an Integrated community development program. This example
has the following elements:

1. Several government services and an outside funding
organization cooperating in an integrated community
developm:nt approach.

2. A Sersgslese project director experlenced in extension
and government administrator who 1lives in the region.

3. A thorough soclologlcal study of potential development
of the regilon.

b, Self-selection of the village by positive response
from residents of the area, many of whom live scattered
around Labgar. .

5. A woman extension agent and later a forester residing
in the community.

6. Open dialogue between the director, the agent, the
forester, and the villagers.

7. Development priorities chosen by area residents. -
Residents offered to provide labor and the domom - .
organization and the governuent helped provide | rial:
and personnel. The first priorities addnucﬂ
to water, health and education. :
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.= 1ssuing licenses to limit the number of obarooal
-middlemen who hire charcoal makers and who eon-
trol the transport and sale of charcoal;

- iimiting the numbér of charcoal makers who cen
. work under each middleman; g

- restricting the area in which wood can be collected.

This cut down on the wood being used to make charcoal, but
it also threw several hundred local people out of work. The )
project director then re-hired a few of the charcoal makers to .
help experiment with old and new techniques of charcoal making.
The charcoal produced in these experiments is sold on the
market at a subsidized price and thereby undersells the
traditional vendors.,

During the experiments, a technician designed a kiln which
is not as expensive as many kilns, and which accomodates various
sized pieces of wood and makes charcoal more efficlently. The
project director has written an evaluation which reports the
technical stage of the project has been successfully completed
and they will now start the second stage,that of disseminating
the technology. ‘

. CleAarly, before the prcject goals were designed there was
no thorough study of social realities: the positive as well as
negative role of the middlemen, their relationship with charcoal
makers, the traditional organization of charcoal makers them-
selves, or the perceived need for a new technology. Charcoal
makers had felt no pressure of a limited wood Bupply until new
prohibitions were introduced in connection with the’ project.
Even if the new kiln design is cheaper than many othners, the
traditional way of making charcoal under a mound of clay
involves no investment. Local residents discussing this project
report that many middlemen and charcoal makers who were put out
of work by the project's licensing procedure are very angry at
the project and several have started forest fires in the L.
protected areas. Even those who have licenses are angered at .
having to compete against project-subsidized charcoal.. . . ...
Although the technical aspects of the project may have been
successful, the community participation and the use - of .the
technology aspects of the project was not well deafidnad
terms of soclal reality and its success seams o8 ;
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- cooked dishes will often still turn to the tbrec-utoho fires.
The charcoal stove fulfills some but not all needs.

The same can be said for the bottled gas stove subsidized
in Senegal by the government to relieve pressure on wood in
the urban areas. This has not been successful, and officials
frequently say women are too fixed in their ways to try new
technology. One conversation with the wife of a forester,
however, brought out the fact that the stove, similar to an
apartment gas stove in Europe or the United States, was useful
for coffee, water or even rice. However, it would not work
for the large pots of millet mush cooked locally, mainly
because the four small burners did not hold the huge kettles
well and heated the mush in the center of the pan too hot and
heated the rest of the large quantity too slowly. This woman
suggested a large burner in the center of the stove which
could be used for middle-sized kettles. For the largest-sized
kettle used for celebrations, all five burners could be 1lit.
She felt that 1f the stove were not so high, this new burner
design would be accepted by women.

Although the three-stone stove 13 used as a symbol of a
united family, this emotional factor has not stopped women from
using alternative fireplaces for specific purposes such as
brewing beer, roasting meat, drying salt, or frying cakes. The
also alter the three-stone fireplace by putting rocks or earth.
between two of the stones when there 1s wind, etec. Women are
willing to experiment with new stoves. If a stove really saves
up to half the dally fuel or more and does not require undesir-
able trade-offs, what woman would choose the extra hours of
hauling wood? Recently, some sclentists and experimentors are
beginning to doubt the wastefulness of the three-stone stove .
Yet other regorts suggest that fuel usage could be cut to .3 H3
or even .2 MJ 1f a certain stove 1s adopted. Until this 1ia
well established 1n the field, it would be dangerous and
misleading to present it as a proven fact.

An experiment 1is successful when it solves local needs,
and at this point women will want to use it. Now it 1s ready
for the demonstration and dissemination stage. However, the
experimental process should still continue as an impetus for
further improvement and for flexibility in introducing the new
stove 1n differing environments. If, however, a stove. ¢
is found to be competely unsuitable, the experiment is #
successful as an experiment if the reasons are documented
1f the design 1s not forced on the unwilling womenm. = .

% Foo e
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On. the other hand, forestry service goala and rewards
must change. Goals such as straight rows of tall exotic
trees must give way to emphasis on community participation
even if the rows are not quite so straight nor the trees
80 beautifully planted.

Foresters should focus on developing appropriate
technical packages employing low-cost and simple technology.
They should provide needed management skills and supports,
extension personnel, or project managers. If extension
personnel are used they may need training in the two-way
communication expected in FLCD.

Donors

Donors also have new expectations and. obligations when
they participate in this type of approach to forestry. They
may expect more active participation from both villagera and
techniclans. They may expect more and better designed project
proposals, and more successfully completed forestry projects.

On the other hand, they will have to be willing to fund
the less glamorous support and institution building required
by this new approach. They will have to reassess realistic
goals for their projects and be willing to support more ~.111,
experimental projects before embarking on large-scale showcase
demonstrations. They will have to accept flexibility built
into project design and designs which differ from village
to village and ave, therefore, more difficult to administer.

Project Management Agreement

In line with FLCD philosophy, responsibilities and duties
of citizens ai.. support agencies should be clear from the
beginning of any project. One way of approaching this problem
is through a management plan discussed, agreed upon, and
signed by all those involved. This agreement, written as
part of the project design, will involve local participation
and lead to better communication and better planning. ’

Most of the projects which fail do so because one or
more of the following six elements were unclear when the
project began:

identification of participants
long and short range goals
site selection _ C y
» Start-up and maintenance plan. .
5. benefit distribution~p1qn; and '
€. evaluation plan with fead-back and ::
flexibility potential for altering
the program. S

HWMHO L
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A written project management agreement could help clarify
these project elements at the design stage. The importance
of this type document would increase with the size and
complexity of the program, but these sBix items should be
considered even 1f the project is carried on by individuals
on their own land. The format and semantics will vary
depending upon the country, the agencies involved, the 1r zal
administrative structure and on the desires of the partici-
vants.

Several types of contracts have heen used in community
development or production projects. One which has been used
in Latin America 1s in the form of an application for a
community service award. Applicants outline elements of
thelir proposed project in a few sentences, listing all
participants, and 1f the application i1s approved the award
1s glven at completion of the project.

An agreement or contract applicable to FLCD projects is
used in the Uttar Pradesh Soclal Forestry project in India.
Called "Proforma Agreement for Village Forests", it is
written in formats for either forestry service plantations
or village plantations. It gives a seven-page description
of the purpose of the project requiring only several blanks
to be fillled in with such information as the number of
days of voluntary labor villagers agree to provide and the
amounts of land donated by the government and by the village.
A mutually acceptable operational and financial plan 1is
attached. The agreement I3 specifically designed for one
type of forestry project and 1s reported to be successful,
as 1t 1s tallored for this specific area where there is
strong community organization with a long-standing plan of
voluntary community service.

The rollowing is a suggested format for a project
managenent agreement. It 1s designed to help clarify all
obligutions and benefit distributions similar to the Indian
agreement cited above, as well as to help organize the
program. It 1s desligned to be written with local partici-
patlon.

Suggested Format for a

PROJECT MANAGEYENT AGREEMENT

1. PARTICIPANTS

This would list all participating aembers; not, for -
. example, just family heads if women and young people were~
expected to have input. It might include or limit ‘the posei-.
billity of adding others wishing to become participancs lsthy

R S e O T
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because they see the potential benefits more clearly,
because they have moved into the area, or because they are
young people of the village who have married and established
new households. It might establish criteria for participants
80 that there i1s a clear understanding of responsibilities
and a method of reclassifying those who fail to continue
fulfilling their responsibilities.

2. LONG AND IMMEDIATE TERM GOALS

This would not stop, as many projects do, with the number
of trees planted, or even the number of trees living, but
would consider the desired impact. For instance, the goals
could be to make the community, or a defined group of
participants, self-sufficient in home cooking fuel wood in
X number of years by planting and maintaining X hectares of
X (species) trees each year for X years. This way 1f the
goal of self-sufficiency for fuel wood appeared to be in
risk of failure because of increased requirements, etc.
steps could be taken to increase the arez planted or the
species might be changed, etc. If, on the other hand, the
introduction of modified cooking stoves reduced the demand
for fuel, the specles which produce fruit could be substituted,
charcoal making could be introduced, extra wood could be _
sold, or the project modified in other ways. If different
groups or agencles have different goals these should be
expressed here.

3. DESCRIPTION OF PROJECT

This will include an elaboration of stept2 telling now
it 1s to be carried out and establishing a timeframe.

4. PROJECT SITE

This would be a description of the site chosen, how it
is to be used, and any time or other limitations on its use.
It 1s to be signed by anyone who 1is giving up rights to the
land, those responsible for distributing land, and those who
will participate in its use.

5. START-UP AND MAINTENANCE

This section would describe needed inputs, identify who
is responsible for them, and establish a time schedule
identifying when they are required. ‘'or example, if a work-
ing water pump is necessary for project success, then the
party who 1s responsible for its upkeep and repair should ..
be part of the discussion of participant expectations: gmg i
acknowledge his or her role. e T e srase adad
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This part of the plan might be written in a echedule
format and copled in a large, well-displayed schedule to
remind participants of steps to be followed. If responsi-
bilities are by group, such as all male participants are to
prepare the soll in April, a represcntative of the male
group could sign that part and be responsible for reminding
others when it 1s time to start. This would be signed by
any party or representatives of any agency or group with
labor, money or material input expected during the life of
the project, such as the forestry service agreeing to
supervise planting or to deliver X number of seedlings at
a specific time.

6. BENEFIT DISTRIBUTION

This section includes:

A. Range cof potential benefits (considering possible riaké).
B. Formula for benefit division including the time framework
(who, when, what, how).

This will be signed by participants and others responsible
for the development of the project, and for benefit distribu-
tion. It will often be important that the forestry service,
chiefs, or others who participants fear might want to intervene
or appropriate some of the benefits sign, though they themrelves
are not supposed to be involved in the benefit sharing. This
may strengthen participant confidence as well as their actual
abllity to retain ultimate control over beneflits.

7. EVALUATION FORMULA

A. Identification of an evaluation committee.

B. Description of when evaluations are to be made.

C. Description of how the report 1s to be made, and

by and to whom.

D. Formula for how the goals are judged to be reached,
an evaluation as to whether all parties are up-to-date
on their inputs, and an evaluation as to whether benefits
are beilng distributed as pianned.

E. Prescribed procedure for revising the project if there
are complaints by participants or sthers, 1f the
evaluation committee feels the program 1is missing its
goals, or if agencies or participants, etc. are not
fulfilling their part of the contract. : :

¥ * * #* #* #* L]

TRANSFORMATION

The major issue in fuelwood translormation’ii!iuqi””}'
- to limit waste while getting wood froas wheire 1t:-1s:to Wyt
1t 18 needed in a way that benefits participants and ooty
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THE ROLE OF EVALUATION IN
' RENEWABLE ENERQY PROJECTS IN APRICA

by George Burrill, Ph.D.

INTRODUCTION

. Practically the only evaluations related to supplying
energy to rural.areas have been done on rural electrification
projects .in the United States and developing countries. x/
The similarity between rural electrification and renewable
energy projects is that they both intend to improve the well-
being of the local population in the long term. The difference
between them 1s that renewable energy projects are at an early
stage of development while rural electrification is already
established. Therefore, the type of evaluation needed in
.renewable energy projects 1s quite different from that done in
rural electrification projects. ‘ C i

Renewable energy evaluation needs to be feasibility-
oriented, using real data from the project's technical output,
supplemented by soclo-economic data and supported by user
opinion and process data obtained from the project staff. A
technology or strategy 1s not ready for widespread distribution
until performance 1is satisfactory in each of four areas:  tech-
nological, economic, social, and organizational.

A monitoring and evaluation model should emphasize ' °
acquiring good local information so the technology can be
redesigned during the project if problems arise. For example,
developers of the Lorena stove thought that because the local
tradition was to cook at ground level, stoves would need to be
low ir order to be socially acceptable. Only after some time,
and through the development of personal relationships with the
local women, did they find out that the women prererredz/
walst-high stoves because then it was "a real stove!", <

1/

See Marquis Childs, The Farmer Takes a Hand:
Power Revolution in Rural America, 19
for the Aquan Valley Rural Electr
Practical Concepts, Inc., Washington,

The Eleo r;»

Lorena Owner-Built Stoves, Ianto Evans, Vblﬂhtoor.,gn =
aniord, California, January 1979. o
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.To deal adequately with such issues, a learning lah
' approach to evaluation is proposed in place of the | 51000
- project impact measuremesnt approach. Five basic questiohs that
any renewable energy project should address are put forth.
Then the steps necessary to design a monitoring and evaluation
plan are detailed. The final section of the paper sets forth
the categories for data collection, an appS?ach to data -
collection, and data analysis techniques.

I.. THE BASIC EVALUATION QUESTIONS

In the 1initlal stages of developing renewable energy for.
rural areas, we need to obtain ‘information and empirical data
necessary to estimate the costs and benefits of widespread use
of renewable energy technologiﬁs. This can be done Ly answering
the following five questions: ¥/

1) How well does a given device perform technically
within the physical conditions of the village where it is being
tested? A whole variety of physical factors can affect the
operation of a device or strategy, e.g., temperature, wind
velocity and variation, amount of sunlight, wind and sand storms,
humidity, types ard quantities of local biomass, scil conditions,
etc. Then, judgements on technical performance, maintenance, and
so forth, can be made, allowing inferences about other areas with
similar physical conditions.

2) What costs are associated with the installation and
operation of the technolesy. znd how do these costs compare to
the benefits received and to traditional and other means of
accomplishing the same work?

3) How does the technology interact with the local culture
and with the social organization of the village and family?
Very often local customs, habits, or beliefs are constraints on
the use of a particular design or even of the energy source
itself. _

3/
A full discussion of project planning is outside. tha scope of
this paper. See Dr. George Self, "Design of Community Renew- -
-able Energy Projects", (AID/W-NE/TECH/SA), July. 1979,. o
Thomas Graham, "Selected Issues in Rural Africaxs Bner
Donovan, Hamester and Rattein, Inc., Wash., D.C., Dé#

L74 ‘ o
A good discussion of these questions (from.w
draws heavily)is contained in New 2

Energy Sources by James W. Howa, OV
Wasﬁgngfon, b.C., 1978. R




' 8) How appropriate is the technology for the vtlla.n
institutions or individuals who could own, operste, and mein-
tain 1t? Level of capitalization, sophiatication of the
technology, land tenure and ownership patterns, history of -
cooperatives and private entrepreneurs, etc., are some .
important village characteristics which could 1nr1uence tho :
appropriateness of a technology. .

5) What can be learned about transrerring or adapting'
the technology to the village? That 1s, what are the best ways
of getting local people involved in the project, demonstra;ing
the technology, using extension services and achools, and
using local traditional social structures?

II . HOW TO ANSWER THE QUESTICNS

The Learning Lab

I propose that pilot energy projects be treated as learning
laboratories, rather than as strict experiments which are
normally designed and evaluated according to more formal scien-
tific method. Some comments on this approach to pilot pruJects
are given by David Korten: .

The full benefits of innovative pilot projects can

be reaped only when there 1s a clear break with the
model of the formal or "true" experiment, allowing
the pllot project to be fully exploited as a learn-
ing laboratory ...that not only is the "true®" '
experiment an unattainable ideal in dealing with
complex social phenomena, but furthermore, the effort
to make a pilot project's design conform to the
conditions of a true experiment may seriously reduce
the useful learning which otherwise might derive from: .
it. The cholce 1s faced between two basicully dif-
ferent ways of looking at the process by which
innovations become established in organizationa. One
assumes that the basic problem is one of proving the
objective superiority of the innovation. The other
assumes that the major problem is one of building
emotional commitment to the innovation among the
organization's members and learning to make the’
adjustments }n organizational routines which 1t - -~
requires, 2 Lo

5/ ot ber
"The Pilot Project: Formal: Experintnt ot,;:”f' )
Labcratory?" David C. Korten, The. romﬁ heungiRl:
Philippines, April 1979. P R
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In my view, ve should be attempting to learn how to
dmprove technology design and application, as well as how to
develop sound innovation strategy. :

Evaluations should be constructed to assess not only
the level of output achievement, but how the project was
carried out, with specific focus on extracting better concepts
and ideas for later project development. If the project shows
a negative result, further work on the technology should not
be undertaken without removing some of the constraints.

An important concept in the learning lab approach is
that all parties involved - people implementing the project,
affected organizations, and users of the energy technology -
understand and feel a commitment to the project. Without
this commitment, not only is the managerial and physical
success of the project in doubt (as with most development
projects), but adequate information will n&t be obtained to
enswer the questions and learn from the experience. One ,
posaible way to clarify roles and obtain commitment is through
a projJect management agreement signed or agreed to by all the
parties to be involved, particularly the villagers. (See
Hoskins' paper.) Information collection responsibilities for
monitoring and evaluation could be ‘put in this agreement.

Monitoring and Evaluation Design

The analytical process for energy projects in the learning
lab model should follow these steps:

1) Detaill the specific economic, social/organizational,
and physical/technological issues or questions that the project
intends to address. "Specific" means in terms of the particu-
lar technology proposed in the particular setting proposed.

2) Set up the data categories necessary to determine
feasibi1lity and decide the most efficient ways of collecting
the data.

3) Check to see that the plan possesses the following
characteristics of a learning lab monitoring and evaluation
model: .

® Generation of adequate quantitative data g
on the technology; L

® Sensitivity to anticipated key -technology. .
and project management problems whieh Wy
occur and ability to generate. LnPesmiess
on them at the appropriate timeg
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® A means for seeking lolutionn to tholo -
probless; .

® (@eneration of adequate.inrornation on
key changes in technology design and on
the reasons the changes were made;

®  Generation of good information on}uber 
opinion and on project staff opinion
- and decisions; ,

® Allowance for identification of what was
learned, even if the learning 1is outside
the key project questions.

In sum, the plan should be flexible and forward lookinsw,
It must supply the information that will guilde development of
the energy intervention and allow us to moveé beyond the initial
pilot project phase to the next broader stage of project -
development. The plan should be a rigorous analytical guide
through the learning and concept or technology development -
process. .

IIT. DATA CATEGORIES, COLLECTION AND ANALYSIS

Data Categories

Data categorles should be specific to each project; the
soclo-cultural factors relevant to use a solar cooker will be
different from those relevant to a village woodlot. The
following are data categories which can be used to organize .
infor:ation for answering the basic questions raised in the
first part of the paper:

“echnlcal

-- Adequate physical data (amount of biomass,
wind, solar, etc.) to verify the original
assumptions or estimates made during the
project design,

-- Data concerning system installation and |
performance, and -environmental 1mpactl;

-~ Technical changes that might need to be
made in the system.

2. Social/Cultural

-~ Relationship of the energy prodoot anﬁ;
technology to the users or to vil, '
daily and seasonal 1life pltto,w} ’
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-~ People's attitudes tounrda the technology
and the project;

-- Behavior of organizations in the project;

-- Other cultural constraints discovered
during the project that were not identi-
fied by the project planners;

-- Data on performance of the project's
ownership strategy and maintenance strategy
from a social/cultural standpoint;

-~ Equity results of the projects as lmplemente

impact on male and female roles

- 1impact on local income level groups

impact on ethnic sub-groups and castes

impact on individual vas. family V8.
- community.

3. Economic and Financlal

In terms of its costs and benefits, an energy
system should be feaslble from the perspective
both of the individual investor (financial
anaiysis) and the society as a whole (economic.
analysis). To allow such analyses to be
carried out, David French has suggested5
collecting the followlng information: 8/

-~ Value of a system's output (if measurable )
in market prices); -

-- Alternative employment opportunities (to
measure beneflts 1f the system chiefly
releases labor from former tasks);"

-~ Costs of site preparation and 1natali;tion
of the system;

-=- Direct operating costs.

6/ ' :
French, David, "The Economics of. Bna@!lhisf

for Developing Countries" -USZAID, . ¥as ;

January 1979. S
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" == Degree of local unemployment (to find
shaduw wages);

'~ Existing uses of raw materials (to find
their shadow price);

'- Extension costs of introducing tkre system;

-= Market interest rates for local borrowing
(to estimate investor's discount rates);

== Characteristic local investments (to
suggest willingness to taxe financial
risks). .

., Process Data

When using village level technologies, 1t 1s
general .y acknowledgedthat active participation
of the local people 1s critical to the success
of any project. Problems in project progress

or with the eventual acceptance of a technology
often hinge on adequate local involvement in
decision making, technology desigr,, and control.
Therefore, the project should keep adequate data
on the process by which the project develops,
such as how key decisions were made gnd major
problems that arose. This will provide lessons
and strategy for future energy projects. It
willl also serve to focus project personnel on
the human dynamics of decision making.

Data Collection

Data in the four categories should be methodically
collected:

Step 1: Compile a detalled check 1ist of information
needed to answer each of the five questione from
Section II. This 1list provides a means of generating
and organizing information throughout the data '
collection and documentation process.

Step 2: Develop documentation, interview and
discussion schedules. These should cover all cf the
itenis on the check 1ist and should be completed by
the appropriate project participants. All thesec
should be prepared and kept by project staff, with
a8 much involvement of local groups #nd individuals .
a8 could be arranged. The schedules 8hould be -
designed not only to elicit quantitative data; but
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also to generate ideas on how to solve problems
or make the project and technology work better for
the users.

Step 3: Perliodic staff meetings should be held.
At these meetings all documentation should be re-
viewed to determine the status of problems and
issues, and to examine potential solutions and
ideas. Records should be kept ol each meeting so
that staff can review and update the results of
past key decislions. Periodic meetings should also
be held among ( as well as with) local users of the
energy project and organizations involved in the
project.

Data Analysis

Data analysis should be directed at answering the five
questions. As we have seen, learning lab evaluatlon has two
mailn thrusts: (1) evaluating the "feasibility" of the tech-
nology from a comprehensive quantitative and qualitative
standpoint, and against clearly stated criteria whenever
possible; and (2) evaluating what has been learned by the
proJect that was not known before. Based on these two foci,
inferences can be made about potentlial future impact should
more development work or a full fleld project implementation
be planned. Both supports and constraints to transferability,
within a similar local area, can be analyzed.

Analysls of technology performancel/, to be really useful,
should be performed on the traditional system (if one exists),
on the project technology and, 1deally, on possible alternatives
to 1t. Standard technical performance assessment techniques
can be used.

The environmental impact of the energy innovation should
be compared to present practices and technologles, as well as
alternatives. Thils should be done separately for local,
regiorial or naticnal envirormental impact. Such analysis 1is
very important for accurate cost-beneflt¢ analysis. Standard
environmental impact assessment tools cin be employed as a
starting point.

1/
For a discussion of evaluating technology performance, see
"Technology Evaluation for Renewable Energy Sources: A Frame-
work for Coordinated Action" by John H. Ashworth and Richard
E. Meunler (Solar Energy Research Institute, Golden, Colorado)
March 1979.
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Cost-benefit analysis shc 11d be carried out from the
perspective of: 1) the village person or group who will
acquire the technology, and 2) from the national government
perspective. Cost-henefit should also =ddress the problem(s)
the technology is attempting to solve. This will clarify
conflicts among user, government, and project designer's
perceptions of the problem and hence benefit/incentive
declsions by users. Good guldance on application of these
tools and problem issues surroundig; those applications can
be found in & number of documents.$.

A rigorous descriptive analysis of social and organiza-
tlonal feasibility can be carried out by sociologists and
project managers familar with the local area.

The kinds of analysis outlined here should be carried
out perindically as the project 1s being implemented. As
problums ar: ldentified, adjustments can be made in the systems
beiniz tested or in the soclo-economic context within which '
they exlst / .e., 1n terms of pricing of goods or szrvices.
produ.~ed m..agement patterns, or other local variables). -.
Thils continuous process of hypothesizing about possibilities,
{-=ting them out, and responding to lessons learned is the
essence of the learning lab approach to project monitoring-.
and evaluation. ;

A good, basic introduction to cost/benefit analysis 1is
Gittinger, J. Price. 1972. Economic Analysis of
J E Hopkins

Agricultural Projects. Baltimore: The Johns
University Press.
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APPENDIX
Senegal - An Example

Major elements of ths evaluation system outlined in this
paper have been used in an AID renewable energy project
scheduled to start during the spring of 1980 in Senegal. One
part of thie project is the development of a wood stove
appropriate for the rural people of Senegal. This project
18 an excellent example of the learning lab model.

The project calls for development of several prototype
stoves at a research institute in Dakar. Then the prototype
wlll be further developed and fileld teasted in rural Cevelop-
ment centers and in the homes of interested local ;eople.

An American Peace Corps volunteer will be the liaison vetween
various activities and institutions in the project. This
person will also have the major data collection responsibility
under the monitoring and evaluation plan,

As called for in this paper, a check 1list of problem or
issue aress should be developed for each of the key questions
the project 1is addressing. On the following page 1is a
sample check 1list for question one in the improved wood stove
project in Senegal. A similar matrix should be developed for
each key question.

have to be addressed during the course of the project, along
wlth the data sources and methods of collection for each sub-
question. The check 1ist also provides Space for the project
staff to indicate important quescions or problem areas that
they identiry during the project.



- 198 -

DATA CHECK LIST FOR QUESTION ONE:

_ How well does a given device (wood stove) perfarm
technmically within the physical village setting?

Sub-Questions or Problem Areas

1. What are the thermal efﬁ-
clencies of each model developed
in the project?

2. What are the material com-
panentts and durability profiles?

3. Wat are the projected life-
times of the various models?
What has been the maintenance
experience with ea:h model
tested in the fleld?

4. what skills are required for
coanstruction? Maintenance?

5. What important technical
Irmovations or changes were made
on field tested models? m?

S. (Problem areas identified
Aan~ing project.)

7. EI.

Data Sources

'Research Institute staff respon-

gible for stove development.

Research institute staif respon-
glble for stove development.

Research institute staff, rural
development center staff, users,
Peace Corps volunteer.

Research Institute, Installers
in rural areas, users, Peace
Corps volunteer.

Fleld trial directors and
installers, users.

Staff, users, etc.

Data Collection Method

Testing procedures arnd measuremerkcs
at the research institute.

Testing procedures and measurements
at the research institute.

Interviews with research staff,
data forms filled out by local
trial directors and the Peace Corps
volunteer an each stove,

Interviews with research staff,
data forms filled out by local
trial directors and the Peace Corps
volunteer.

Data records on each stove, end of
project interviews by Peace Corps
volunteer.

Staff meetings, user meetings, etc.
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