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Economics of Renewable Energy Technologies in Sub-Saharan
African Countries

Karl Wohlmuth

University of Bremen

i § Introductory Remarks

It is a great honour to participate at this important seminar on
’‘Recent Experiences in Research, Development And Dissemination of
Renewable Energy Technologies’, hosted by KENGO and organized ef-
fectively by Mister M.J. Kimani from the International Outreach
Department of KENGO. Such a Follow Up Seminar is a good opportu-
nity to learn a lot from the current field of experience of former
scholar at the Renewable Energy Courses at Oldenburg University,
but is also a chance to transfer some research results and experi-
ences gained in our German universities (Bremen and Oldenburg).

During the recent two years we have worked at the University of
Bremen, in the Department of Economics, on issues most relevant
for the dissemination of renewable energy technologies (RET) in
Sub Saharan African (SSA) countries. In a research project headed
by myself we have, firstly, identified relevant factors with re-
gard to market prospects and dissemination chances of RETs, by fo-
cussing on the development of costs (investment and recurrent
costs) and the market potential of various technologies and by
highlighting the relevance of projections for assessing the future
prospects of RETs, especially in SSA. Secondly, we have analysed



the political economy of renewable energy promotion in SSA so as
to assess the institutional and political aspects of implementing
small and decentralized renewable energy projects. Thirdly, we
have worked on new methods to identify, plan and evaluate RETs in
their respective environment. In this context we have examined
concepts and issues of new planning and evaluation tools
(Multicriteria Analysis-MCA) and we have also discussed issues of
economic policy adaptation so as to allow for a successful disse-
mination of RETs. We discussed how to adjust the economic policy
framework so as to bridge the gaps between financial and economic
analysis of RET projects, by making financial decisions consistent
with economic evaluation results.

In this lecture I would like to report on some of the results of
our research work in Bremen. The main research results can be
found in various publications (Wohlmuth/Oesterdiekhoff 1993; Wohl-
muth/Kéllmann/Oesterdiekhoff 1993; Wohlmuth et al 1993). These re-
ports - partly in English Language - give a detailed account of
prospects and possibilities of RETs in Sub Saharan African coun-
tries, by considering not only the technologies and econonic
choices but also the institutional environment and the consistency
of economic and financial asessments of RETs.

2. Economic Issues of Renewable Energy Technologies in African
Countries

on the whole, we know that SSA has an increasing demand for
initiatives to disseminate RETs. This is the more important since
the 1970s as the sharp oil price increases in 1973 and 1979 led to
a situation where energy was demanding a high share of the import
bill of non-oil developing countries. But not only commercial
energy imports caused balance of payments problems; also in-
creasing food imports have to be mentioned in this context as they
were related to some extent to resources degradation in the con-
text of increasing reliance on fuelwood. The ‘energy transition’
from fuelwood and other biomass sources to commercial fuels like



coal and gas proves to be extremely difficult in the SSA context.
Many efficiency-related factors impede the effective use of modern
als well as of traditonal energy in SSA. RETs therefore have be-
come more and more an important option to supply rural and urban
areas in African countries with alternative energy on a continual
basis.

The problem for Africa is however that a two-step energy transi-
tion process has to be followed. African countries have to replace
0il in the modern sector since o0il is expensive and is a deple-
table resource, and in rural and urban areas they have to move
away from traditional fuels so as to reduce pressures on the envi-
ronment and to improve health conditions (see ADF 1991, p. 6). Up
to now progress is very limited.

The one-step energy transition in industrialized countries from
0oil (and nuclear energy?) to new and renewable sources of energy
is as well a very complex task but seems to be in good progress
when we look at the potentials of various RETs (see Tables 1-4).
Many RETs are already developed, often they are already economic
and some are widely deployed. But we also recognize that there are
considerable differences with regard to ‘technology development’,
’economic viability’ and ‘intensity of deployment’. With regard to
some RE technologies we know that only components are developed as
yet, not whole systems, that economics is variable, that deploy-
ment results are mixed, that some technologies are unproven but
promising, that projections may differ considerable by source, and
that economics may depend on financing and other crucial assumpti-

ons.

More recent analysis by the World Bank argues however that solar
energy systems - solar-thermal and photovoltaic system - are not
only less land-intensive than often assumed but that costs are
declining very fast so that the two most relevant commercial draw-
backs (costs and use of land for solar insolation) are of decli-
ning importance (see World Bank, 1992, pp. 122-123). Land in-



tensities of solar schemes average bnly one-twentieth of hydro-
electrical schemes or even less. Besides of this advantage, nega-
tive external effects are often relevant for hydroelectric pro-
jects but do not matter in the case of solar systems no comparable
problems as inundation of arable land, displacement of people and
serious ecological side effects occur. The decline of costs is re-
markable (see Table 1). According to the World Bank data the costs
of electric power from solar energy in high-solar insolation areas
may become competitive with those of nuclear energy within the
next ten years and over the long term also with fossil fuels
(World Bank, 1992, p. 123).

Financial incentives and environmental taxes can support an even
quicker deployment and market development. A joint strategy of de-
veloped and developing countries of spending more than 6 per cent
of energy R&D budgets in developed countries on RETs and of focus-
sing on more international cooperation and technology transfers in
RETs towards developing countries could do a lot in promoting de-
ployment and market development. International and national R&D
programmes and development aid programmes could be refocussed to-
wards RETs (see World Bank 1992, p. 124, on this important
agenda) .

We see that the prospects for RETs are favourable and that even
under SSA conditions the advantages of supporting RETs are ob-
vious. With regard to Africa the problem is however to provide for
reliable information on renewable energy potentials (such informa-
tions being largely non-existent with the exception of hydro-po-
wer). Energy policies in Africa have focussed on fossil fuels and
(to a minor extent) on fuelwood but have missed to indentify rene-
wable energy potentials (see ABD/IBRD/UNDP/ECA 1990). Specific
country data are either not available or they are difficult to re-
ach by potential investors (ABD/IBRD/UNDP/ECA 1990, p. 4). Lack of
comprehensive reviews of potentials, information dissemination and
communication problems are crucial bottlenecks. Another problem in
Africa is the uneven distribution of renewable energy sources;



this is not only the case with hydropower, but also with solar and
wind energy. However, politics and policies are the most obvious
constraints. This is the case with hydroelectricity projects but
as well refers to solar and wind energy projects. Although micro-
power stations and micro-dams have an important complementary and
potential role in SSA, the prestigious marco-installations have
overshadowed the whole picture in Africa. Also in the case of so-
lar and wind energy the political factors are a hindrance to dis-
semination (see below, Part 4).

A most serious problem is R&D in the case of RETs in Africa. With
regard to solar energy, many African countries have developed some
R&D competence, but a coordination with the production of compo-
nents and systems and with marketing and servicing does not take
place. State supported R&D was not or too late synchronized with
private business interest in dissemination of solar energy techno-
logies. Institutional and policy issues in Egypt, Kenya and other
African countries seem to retard the dissemination of solar energy
by private business. Evidence on Mali, Niger, Egypt and Algeria
reveals that policy failures, specific characteristics of develop-
ment aid, lack of privatization (of the production of components)
and lack of coordination (between state institutions and private
businesses) matter more than the lack of knowhow with regard to
RETs (see ABD/IBRD/UNDP/ECA 1990, pp. 18-20).

Some wind energy development is going on in countries as Cape
Verde, Tanzania, Egypt and Algeria. Main issues seem to be - besi-
des of the problems mentioned above - the inadequate transfer of
production technologies (being mainly on a turnkey basis) and in-
appropriate localization (assimilation and adaptation) of RETs.

Most important besides strengthening the systems of resource iden-
tification seems to be the design of a R&D-based strategy for
development of RETs in SSA. Various issues matter in this context:
Presently R&D 1is characterized by a dispersal of effort, by
wastage of human and material resources and by policies of false



prestige. Supported are efforts to adapt imported equipment for
RETs rather than making use of local R&D efforts for localized
production. Lack of specialization and coordination in R&D is
another important aspect. This lack of coordination in R&D refers
to national and regional capacities and to basic and applied R&D
institutions. The lack of cooperation with private businesses in
R&D is also a weakness to be overcome. Suitable instruments, as
research and development contracts between state agencies and pri-
vate companies/individuals, are not widely used.

A coordination effort with regard to national, sub-regional and
regional R&D centres may be helpful (see ABD/IBRD/UNDP/ECA 1990,
p. 24). At all these levels private sector institutions have to be
involved. As the relation with manufacturers in the private sector
is generally weak, a new approach requires that engineering stu-
dies, market surveys, new systems of investment promotion, evalua-
tions of investments, and analyses of impacts of RETs on economic,
social and cultural development are promoted on a joint basis. It
seems obvious that some progress in regional R&D cooperation and
in the region-wide production of components and systems can be
supported by fiscal incentives and other policy measures.

The failures in subregional and regional integration in Africa
(despite of a great number of integration attempts since the
1960s) are of extreme consequences for sectors as energy and
environmental protection. Neither regional R&D nor regional pro-
duction specialization and regional environmental protectors can
develop in such an environment. The African Energy Programme (see
ADF 1991) may be an opportunity to launch a new initiative. How-
ever, there seems to be a bias in the programme towards develop-
ment of fossil fuels and large-scale hydropower projects. None-
theless it is expected that surpluses/deficits of energy can be
exchanged between countries so that waste in production, transmis-
sion and distribution can hopefully be reduced.



Another aspect of regional cooperation/integration refers to affo-
restation/forest protection initiatives so as to protect the long-
term climatic conditions and the fuelwood supply. There are, how-
ever some initiatives to coordinate programmes at the sub-regional

level.

A further issue refers to energy saving as we know that the best
chances for dissemination of RETs are in a context of efforts to
save energy in industry, agriculture, transport and in households
because in cases of effective demand reduction alternative energy
supplies can make a bigger addition to overall energy supplies.
However, not all over Africa we find Energy Conservation Pro-
grammes side by side with Energy Supply Management Programmes and
Programmes of promotion of RETs. Because of the rather low costs
of energy saving programmes in industry agriculture and transport,
an initiative at regional and subregional African level is impera-
tive in order to exploit some of these advantages by using the
scientific & technological base and the pool of experiences al-
ready developed. Especially the African Regional Technology Cen-
ters/Academies and African Universities can be of use for such
huge tasks. A training and research cooperation programme on these
lines can suppiement national and regional R&D and production in-
itiatives related to energy. To move away from the ‘consumption of
imported technology’ seems to be a first priority for policymakers
in the African countries (ABD/IBRD/UNDP/ECA 1990, p. 37).

3. Economics of Renewable Energy Technologies: Core Issues and
Implications for Africa.

Ten core issues have to be identified in the economics of rene-
wable energy technologies and then related to Africa:

1. Inconsistent Projections: Most of the projection on costs and
market prospects are inconsistent and/or contradictory. We re-
cognize varied statements on how developed or how proven RE
technologies are; we also recognize that some technologies are



considered as often or usually economic, that others show variable
economics or that they are not economic at present; some RETs are
considered as widely deployed, others are considered as of mixed
deployment or in an early deployment stage. Vagueassess ments and
wording is prevailing. We have so different sources of projections
to consider and we observe that the financing, environmental or
technical assumptions behind the projections are often heroic. Ob-
viously varios actors contribute to conflicting projections and
results, thereby affecting real choices and investment behaviour.
The costs of information in the RE market are high.

2. Inappropriate Localization: There are mixed results with regard
to the transfer of renewable energy techonologies by trade and by
development cooperation; we observe a lack of assimilation and ad-
aptation of these technologies and a lack of follow-up and as-
sessment of technology failures. All this leads to severe locali-
zation problems; underinvestment in indigenous R&D and in local
manufacturing and marketing of RETs is the result. We also observe
a lack of exploitation of local traditional production experien-
ces, especially with regard to traditional RETs like mini hydropo-
wer, wind energy and fuelwood conservation programmes.

3. Ignoring Substitution: There is a threefold substitution rela-
tion as RETs compete with modern commercial fuel, with traditional
fuelwood energy and among each other. As both substitutes to RETs
are largely underpriced especially in African countries, an inhe-
rent bias against RETs exists. All RETs are competing in their
respective uses against modern and/or traditional substitutes.
Substituion is also prevailing among RETs itself. In the case of
photovoltaics village stations for electricity supply have to com-
pete with diesel generators; solar home systems have to compete
with kerosine and with mini wind generators; photovoltaics-based
pumps have to compete for irrigation purposes with handpower, wind
power and diesel; photovoltaics for drinking water pumping has to

compete with handpower, wind power and diesel.



Such substitution relations exist for all RETs and for all rele-
vant uses. Up to now these generalized substitution relations have
neither been identified nor considered as relevant by policymakers
in the energy field. However, important substitution relations
exist also between RETs (as an example photovoltaic or windpower
pumping). Substitution realtions of a more general nature are im-
portant at the level of household and company users as various al-
ternatives to the use of RETs exist (for example: changing con-
sumption attitudes, production technologies, inputs, time of en-
ergy use and changing the quality of outputs). It is important to
understand the relevance of this generalized substitution calcu-
las.

4. Payback Gap: The high investment costs relative to rather Ilow
fuel maintenance costs of RETs creates the additional problem of
how to bridge the rather long payback period relative to conven-
tional energy projects from the side of the investor. This requi-
res that new financing modalities are designed and that neither
the promotion of local supplies nor the provision of imports cau-
ses further increases of the already high investment costs per
KWh. Local savings associations, sectoral credit indistutions, re-
volving funds, national taxes on fossil fuels (like in Ghana) and
other domestic and international financing mechanisms can help to
bridge the payback gap.

5. Market Imperfections: Lack of market information, inappropriate
market structures and nontransparent market behaviour (especially
by public utilities) create additional problems. The assessment of
external effects of conventional and RETs is another major market
imperfection problem as RETs look much more favourable if external
effects are considered and priced (internalized). Subsidies and
other government policies affect negatively the relative price of
energy services supplied from RETs; these affects are too often
not made transparent and thereby the dissemination of RETs is re-
tarded. The lack of market power and of 1lobbying potential of
users and producers of RETs in developing countries is another se-

rious constraint. The dependence of SSA on foreign R&D sources and
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biases/weaknesses in all types of Science & Technology cooperation
affect a quicker dissemination of RETs. Market imperfectioné of
all these types are therefore an extremely important issue for po-
licymakers in the energy field.

6. Submissio o Regiona lanning: It is obvious from so many
country experiences that RETs depend on long-term regional and
sub-regional perspectives of economic and social development. If
the mix of energy supplies for a whole province or region is con-
sidered (say the Gezira province with irrigated cotton production
in Sudan or a coastal region in Ghana), we see that development
programmes for industry, agriculture and transport can be used to
implement on a long-term basis an appropriate energy policy, inte-
grating conventional and renewable energy sources and considering
growth prospects, demand changes and changes in sectoral and in
employment structures. RETs are highly sensitive to this type of
regional planning exercise because the relative contribution of
RETs and other enerty sources to various objectives of policy can
be maximized in such an environment. A main reason is that the
techno-economic flexibility (regarding long-term marginal costs)
of RETs can be enhanced by such planning..

7. Programme Sensitiveness: It is obvious that isolated projects

for dissemination of RETs will have a limited effect relative to
programmes of dissemination of RETs. This advantage of programmes
and packages is obvious with regard to afforestation programmes,
integrated drinking water pumping projects based on photovoltaics
(for example the German BMZ/GTZ programme), small industry energy
saving programmes and integrated rural household energy program-
mes. Programmes of this type are more cost-effective, can be
brought more easily into context with national planning and po-
licy, can have synegatic effects by supporting simultaneously va-
rious objectives, and can more easily lead to follow-up/evaluation
efforts. Technoeconomic flexibility of RETs is increased in pro-
grammes when considering the long term marginal costs of conven-
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tional and alternative energy supplies and when assessing the
maintenance and services infrastructure. '

8. Economic Policy Sensitiveness: Extremely important is the fact
that the dissemination of RETs is highly sensitive to an appropri-
rate economic policy framework. Neutral incentives and other rele-
vant economic conditions for application of conventional and rene-
wable energy technologies in all relevant uses have to be created
by economic policy makers. However in most developing countries
the economic policies favour conventional rather than renewable
energy technologies by granting subsidies and by maintaining dis-
torted price systems, structures of taxes, duties, tariffs and
other biased incentive measures. Therefore, corrections of all re-
levant price systems, trade regimes, tax systems, but also of in-
stitutions and decisionmaking processes, matter.

9. Unrealistic Renewable Energy Promotion Programmes: In the con-
text of efforts to promote renewable energy technologies various

unrealistic assumptions and myths inhibit the design of promotion
programmes. There are unrealistic assumptions with regard to the
degree of complexity of RETs, the acceptance pre conditions, the
technology transfer problems, the need for integration of projects
and programmes into national planning and policies, the trans-
parency of the energy market, especially the market for RETs, and
also with regard to the institutional and political back-up of
RETs.

All these myths and assumptions matter. In this context it is ne-
cessary to redesign on a realistic basis the investment incenti-
ves, the trade and finance arrangements, the industrial and tech-
nology policies, and all other policy areas of relevance for the
dissemination of RETs.

10. Inappropriate Planning, Monitoring and Evaluation: In order to
promote decentralized and small energy projects in rural (and also

suburban) areas in developing countries, a new approach for plan-
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ning, evaluating and monitoring of such projects is required. More
participatory approaches are needed based on a multiplicitj of
criteria and reflecting more properly the socioeconomic conditions
of the region. A complementarity of (traditional) cost-benefit
analysis and (alternative) multicriteria analysis emerges as an
outcome of discussions about appropriate planning and evaluation
approaches. Most important however is the intensive use of
(conventional as well as of alternative) methods of project eva-
luation for providing information to policymakers so as to change
the economic policy environment in such a way that a viable pro-
ject (on the basis of an economic calculation) is also chosen pre-
ferred by the private investor (on the basis of his financial ana-
lysis). Inappropriate incentive systems (in cases of otherwise
economically viable RETs) can lead to a rejection of these new

technologies.

Use of evaluation methods for screening/reforming the economic po-
licy environment and using new and more participatory planning
tools on the basis of multicriteria analyses are important new de-
velopments of relevance for the dissemination of RETs.

What follows from these 10 core issues for policy formation in
SSA? 10 core policy conclusions emerge: It is necessary

1 - to consolidate the varied projections on RETs for use in
SSA, by discussing the regional and sub-regional implications;

2 - to localize RETs in SSA by focussing on all areas and levels
of technology transfer, as assimilation, adaptation, local R&D
and local manufacturing of RETs;

2 - to consider the manifold economic substitution relations
existing between various modern/traditional/renewable energy
sources, by referring to the substitution elasticities (price
and nonprice sensitiveness of dissemination of RETs) and the

behavioural determinants of energy choices in SSA;






