conventional models like grid extension
have failed them or the local utility’s clec-
tricity supply has proved to be unreliable,
smaller users are increasingly acting on
their own. In Uganda, for example, over
12% of peri-urban and 9% of rural house-
holds are now electrified by small diesel
gensets, and the numbers are rising rap-
idly. This is despite costs per kWh of
US$1.5-2.5, over 15 times the US$ 0.1
charged by the siate utility for electric-
ity. Similar movements-and willingness
to pay are repoited from Kenya, Tanza-
nia and Zimbabwe. More comprehensive
information is needed on the demand for
energy services that is revealed by such
activities in order to match planning to
on-the-ground realities.

Second, in order to meet huge and
growing needs, policies that foster vro-
ductive diversification must be given the
highest prierity in energy sector planning.
In particular, policies that create the right
environment for rapid investment and
business-ied market growth mustreplace
the traditional donor-led small-project
model (uniess this adds rzal value to
policy formulation). Good projects wili
of course continue to have an important
role in testing and developing the techni-
cal, economic and social aspects of new
energy systems. But all tog many projects
don’t achieve such goals.

A high priority, therefore, is to seek out
good-practice policies and instruments

across the world and adapt them to each -

country’s particular conditions. Energy sec-

-

tor reform provides an excellent opportu-
nity, since it has to be accompanied by laws
and regulations to conirol the new privaie
sector. These new rules can be framed to
give the best balance between supporting
new energy markets and advancing public
development and social equity objectives.
They can define clear longer-term social
and environmenta! goals as berichmark sig-
nals to energy producers and consumers,
encourage energy efficiency and renawable
energy technologies (e.g. taxes and incen-

tives, or insuri ng fair returns for independ-

CIal innovations whlch fa vour SLa[c'.II‘I able
energy (e.g. village energy cooperatives).

Energy Efficiency

and Renewables

Meanwhile, there is a considerabie scope
for governments and donors to support the
development of energy efficiency, renew-
abie..€ and other dispersed energy systems.
New delivery and financing structures need
to be tested, developed, adapted and im-

'Dle'ue'ltci Many alternative models are

already in use but no clear winners have
yetemerged, Good technical and business
management training is needed — especially
for equipment producers, distributors and
service technicians — backed by demonstra-
tion of good-practice technologies and fi-
nancially self-supporting delivery and serv-
ice networks. Energy efficiency and energy
equipment standards exist in some coun-

tries, but generally need updating and wider

dissemination. In some regions there is an

Env N2y
urgent need to harmonise standards: in
much of West Africa, for example, coun-
tries use incompatible designs for liguid gas
bottles — severely hampering cross-border
trade and hindering bulk manufacture that
would reduce cosis, .

Where projects continize to be the main
approach for putting new ensrgy technolo-
gies on the ground, there are excellent op-
portunities for bundling them together to
reduce costs and extend outreach. For ex-
ample, combining an “uneconomic” off-
grid rural electrification scheme with a
profitable peri-urban project co l-1 givean
attractive overal! scheme

New Policies and Instittitions
The biggest c-..alisng > of all t‘-..=r\=:gh, is
the weakness of Africa’s energv policy
making and planning r'anﬂcﬁ.cc. Strong
institutions will be essential for tackling
the daunting agendz ©
nothing short of <r
gal, fiscal and admin
which can unlock and mobilise the tre-
mendous pakential of emerging national
and regional energy sectors (o contribute
to development. This is the singie most
important area where donor assistance is
needed to support and encourage the ef-
forts of national governments. This mes-
sage is itself not new. But unless this fun-
damental problem is tackled systemati-
cally and in a sustained manner there will
be littie chance of achieving a sustain-
able energy future in Africa. o
E-maii: g.leach@btinternet.com
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Independent Rural Power Producers

and Sustainable Development in India

by Ashok Khosla, President, Development Alternatives

Independent Rural Power Producers can play an important role in
sustainable development strategies by finding village-level solutions
that fulfill the need for electricity services. DESI Power in India has
developed an innovative approach for applying technological and

" institutional expertise in rural electrification. A recent grant to DESI
Power under the auspices of the UN Climate Change Convention
highlights the international significance of these efforts.

o fulfill its fundamental goals of
full employment and universal
literacy, India needs to create

more than 200 million jobs and educate

500 million people over the next few dec-

ades. To do this without causing a cata-
strophic collapse of its cities, the coun-
try must focus on improving the socio-
economic infrastructure of its villages and
smal! towns. Widespread introduction of

village-level enterprises and better light-
ing in each home (and school) are critical
tools in this fight against poverty and illit-
eracy. These efforts require eleciricity, as
do so many basic human needs such as
walter, agriculture, communications, and
entertainment. Across and within societies,
a close correlation has been observed be-
tween availability of electricity and key in-
dicators of socioeconomic development,
such as falling birth rates. Reliable and af-
fordable electricity services are often a pre-
requisite for development.

Electricity and

Sustainable Development

The current reliance in India and other
countries on centralised power, cannot

Conlinvedonp. 4
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solve the problem in the foreseeable fu-
ture. After 50 years of massive invest-
ments in infrastructure, half the people
of India still do not have reliable access

to electricity. Many of these people live

in villages where it is too costly to con-
nect to the national grid. Many others live
in villages that have been “connected” but
receive no electricity. Still others simply
cannot afford to pay for electricity. In any
case, much of the power produced is hi-
Jjacked by the cities and large industries
long before it can reach homes or small
enterprises in rural India.

Large-scale, centralised energy sys-
tems suffer from other handicaps as well.
They require large investments, long ges-
tation periods and heavy management sys-

tems. They often displace people, destroy

land and nature, and are particularly vul-
nerable to corruption. While large-scale
power systems certainly have a place in
the nation’s development strategy, they
clearly cannot be the only route for deliv-
ering power to the vast majority of the
population, as evidenced clearly by the
results of past policies.

The Barriers to Sustainable
Power Generation SR
Unfortunately, even today, there are few
technologies that can produce electricity
competitively from renewable fuels in
small-scale units, for several reasons.
First, significant subsidies are given to
fossil fuels (by undervaluing their envi-
ronmental costs) and to grid-based elec-
tricity (by undercharging its economic
costs). What technology can possibly
compete with virtually free electricity?
Second, barriers to alternative energy
technologies are built into the legal
framework under which electrical utili-

- ties operate. The Electricity Act of India

assigns responsibility for power distribu-
tion to State Electricity Boards. As highly
inefficient monopolies, their natural ten-
dency is to block competition, and most
prohibit independent producers from sell-
ing to the grid or to third parties. They
also impose minimum charges on their
grid connections, discouraging custom-
ers from using other sources of power.
Without continuous loads or outside cus-
tomers, it is difficult to achieve econo-
mies of scale for independent producers.

Third, small, decentralised producers
face major obstacles in raising funds. Fi-
nancial agencies are not familiar with
them and smaller credit transactions are
costly 1o appraise and manage. For any
commercial plant, the financial arrange-
_ments are crucial in determining the prof-
itability and return on investment — and
therefore the viability of a venture.

A fourth reason has its roots in the
vested interests of the status quo — the
fact that so little effort has been devoted
to R&D for alternative power systems
and sources. If one-tenth as much money
had gone into R&D for solar, wind,
biomass, and other renewable energy sys-
tems as has gone into conventional fossil
fuels and nuclear energy, the countryside
would surely look quite different — and
much the better for it.

For all these reasons, decentralised
renewable systems have not made much
meaningful headway. Only recently does
there appear to be some recognition that
investment and planning must begin now
if renewables are to assume their ex-
pected major role in the energy systems
of the next millennium. With oil giants
BP and Shell making billion dollar com-
mitments to commercialising renewables,
perhaps more scientists and policy mak-
ers will wake up to the possibilities.

A new design for

-Biomass Gasifiers :
Despite these problems, a few renewable
&ergy technologies are breaking in to the
Indian electricity generation scene, such
as wind, biogas (methane from fermen-
tation of biomass) and producer gas (car-
bon monoxide and hydrogen from par-
tial combustion of biomass). Biomass
gasification is a promising technology for
village-scale applications. The technol-
ogy is well-known, and was used exten-
sively in Europe as well as India during
the second world war when oil and gas
became scarce. The gas produced by a
biomass gasifier is fed into an internal
combustion engine to drive an electrical
generator, substituting 80% or more of
the required diesel fuel.

Most gasifiers in the past have been
of limited utility because of tar and other
impurities in the gas, which tend to re-
duce the life of the engine. After several
years of intensive research, scientists at

the Indian Institute of Science (11Sc) de-
veloped an innovative gasifier design that
produces virtually 100% pure combusti-
ble gas. The design features a unique ge-
omeltry, a specialized combustion cham-
ber temperature profile, and a novel se-
quence of filters, making it one of the
most advanced gasifiers available any-
where, The IISc gasifier is manufactured
commercially by NETPRO a Bangalore-
based engineering company to which the
Institute licensed the know-how. The
gasifiers can be supplied in sizes ranging
from 20 kW to | MW.

DESI Power

chooses the IlISc gasifier

This 1ISc-designed gasifier was chosen
for a commercial demonstration phase by
DESI Power as part of its program on
Independent Rural Power Producers
(IRPPs). 1ISc is closely associated with

‘the implementation and monitoring of the

first few units, both to help debug tech-
nical problems and to get feedback from
actual performance of the gasifiers in the
field for further refinement of the design.
DESI Power Pvt Ltd is a not-for-profit
collaboration between DASAG India and
TARA, the commercial wing of Devel-
opment Alternatives that is dedicated to
the promotion of renewable energy.

DESI Power sets up IRPPs at the vil-
lage level as joint ventures with local
communities and entrepreneurs, using a
series of innovative arrangements. The
first set of innovations is in the technolo-
gies chosen, such as improved gasifiers,
co-generation applications, domestic ap-
pliances. The second set consists of in-
novations in arranging financing for the
IRPPs. The third set of innovations lies -
in the institutional framework, which is
designed to support the local IRPPs (or
clusters of IRPPs). The IRPPs are inde-
pendently registered as companies, not
only to raise investment capital at mini-
mum possible cost, but also to involve
the local community in the management
and operation of the plants.

DESI Power provides roughly 25% of
the financing in the form of equity, while
the local partner prévides another 25%.
The remaining 50% of the financing is
raised from the market — preferably from
“green” funding sources willing to accept
below-market rates of return, and other-
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wise from regular commercial sources.
Three factors are critical in determining
the financial performance of this type of
village-scale biomass gasifier: the cost of
capital, the load factor and the cost of the
fuel. These factors were carefully stud-
ied in a demonstration plant at Orchha in

Madhya Pradesh. s

The DESI Power Unit at Orchha
The first DESI Power plant was installed
in 1996 at Orchha, near Jhansi, a five hour
train ride south of Delhi. This plant has
now been operating for more than three
years. It is located at and supplies power
to TARAgram, a campus where TARA
carries out research, demonstration, train-
ing and production activities using appro-
priate technology. Although TARAgram
has acquired a grid connection, the bulk
of its electricity requirements are stillmet
by the DESI Power plant.

As for all DESI Power stations, a care-
ful site analysis and feasibility report was
prepared for the Orchha plant, including
an assessment of electricity demand, avail-

ability of renewable fuels and existence of

interested partners for setting up an IRPP.
The study team investigated current en-
ergy sources purchasing power of house-
holds small business opportunities in the
region, accessibility of local investment
capital and availability of skilled labour.
For local biomass sources, the study team
conducted surveys on availability and
calorific value of agrowastes, industrial
wastes, and common weeds.

A survey of the region around TARA-

gram showed that two weeds —ipomea and
lantana camera - were abundantly avail-
able in the region. Ipomea was so perva-

India — DESI Power
Biomass Gasification
Unit

sive and so prolific that
the local people call it
“besharam” or shame-
less. This weed, which
has a substantial woody
part, contains consider-
able calorific value, but is
not used by the local in-
habitants. It is no good
for cooking since it burns
with an obnoxious smell.
, It is not eaten by animals
and has no use as a fibre. Lantana, on the
other hand, is commonly used as a fuel for
cooking, and is also good for making
Handicrafts and furniture.

© On the basis of these studies, an 80
kW power station was ordered in Decem-
ber 1995. The DESI Power Orchha unit,
located at TARAgram, went into opera-
tion in April 1996. The capital cost of the
station was Rs. 22 Lakhs. Initially, the
sole client was TARA. Ipomea was used
as the fuel.

Management of the

Biomass Resource

An 80 kW plant needs almost one tonne
of biomass fuel every day. Managing
biomass resources properly is crucial for
reliable plant operation. The woody part
of the weed needs to be harvested and
then chopped into smaller pieces. The
biomass in this form is still green and
needs to be dried to reduce moisture con-

" tent before it can be fed into the gasifier.

Adequate covered storage capacity is
needed for rainy days and supply hold-
ups. The supply of ipomea must be sus-
tained over the years at reasonably sta-
ble levels and prices.

Different methods for procuring the
ipomea had varying degrees of success
due to different perceptions of the eco-
nomic value of the resource. Initially, the
owners/operators of the Orchha unit tried
to manage the process of procuring fuel
internally. It soon became clear that a
market-oriented approach was preferable,
and a price was offered at which they
were willing to purchase ipomea. The
prices offered were designed to add up
to a minimum daily wage and/or to the

prevailing rates for transportation. The
actual prices negotiated had to be higher.

More than ten local families have cre-
ated new livelihoods through harvesting,
chopping and transporting the weed and
delivering it to the power station, where it
is sun-dried before being fed into the
gasifier. However, it is estimated that the
cost of fuel is adding some 20% more tharn
it should to the final cost of electricity pro-
duced. Biomass costs must be contained
to keep DESI Power partners competitive.

After three years of experience in pro-
curing ipomea, it appears that regenera-
tion of the plant biomass per acre does
fall off significantly after the first cutting
and sufficient extra acreage of ipomea
must be accessible to ensure fuel sustain-
ablity when planning a unit. The current
indications are that the quantity of bio-
mass accessible to the plant in its firsi
year should be at least 50% greater thar
the long-run annual requirements.

The Economics of an IRPP

The plant can be satisfactorily operatec
and maintained by three personnel — one
operator and two assistants — per shift
The plant is generally operated in twe
shifts, so the minimum number of staf
for plant operations is six. Local people
with fairly minimal education can by
trained and employed for the tasks. Fur
ther employment of over 100 persons wa
created through the factories that pur
chase electricity from the Orchha plant

Over the past three years, the gasifie
has logged about 5,000 hours of operatior
running nearly 10-12 hours per day dui
ing normal operation. The percentage o
diesel replaced by gas depends on the plar
load factor. It has been recorded as hig
as 85%, with the average at about 75 pe
cent. Competitive pricing of electricity wi
require DESI Power stations to maintai
an average of well above 80%.

Plant load factor is a critical param
eter to which the economics of powe
generation is extremely sensitive. Th
plant load factor is important not only fc
spreading out the fixed costs, but for rais
ing the diesel replacement rate, reducin
the use of costly diesel fuel. The break
even plant load factor for the Orchh
plant is between 50% and 60%. Eve
with 40% load factor and high biomas

Continued on p
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pendent Rural Power Producers provides
a specific set of examples of how the in-
tersection of advanced technology with
innovative institutions brings sustainable
and replicable results. The EU/UNDP
study on sub-Saharan Africa is aimed at
framing the overall problem, but never-
theless illustrates that local entrepreneurs
are a major element of the solution. Small
businesses, cooperatives, and households

across Africa are building the capacity to
respond locally to the challenge of im-
proved access to energy services. But, as
the report and the article stress, their ef-
forts are only effective when national and
regional policies send the right signals
about new ideas and investments.

Investing in human capital
The path of subject material followed in

the RED over the years — from technol--

ogy to policy to local institutions — re-
flects changes in perceptions about the
driving forces behind improved access to
energy. It has become clear that finding
the right technology is only the starting
point in the process of implementing af-
fordable and sustainable energy systems.
Progressive and market-oriented policies
at the national and regional level can pro-
vide the right incentives to adopt these
technologies, but they cannot guarantee
their long-term success. It is only the lo-
cal partners and the institutional frame-
work to support these partners that can
induce fundamental changes in the pre-
vailing status quo. It is after all the local
population that best understands its own
needs for energy services and the means
to achieve them. What they need is an
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institutional framework that looks for the
successful intersections.in the application
of technological, financial, and human
capital. It is this institutional framework
that forms the basis for the work of the
Energy P®gramme at SEI. -

E-mail: francis.johnson @sei.se
anders.arvidson@sei.se
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cost, the cost of electricity has been
Rs.4.0 to Rs 4.5 per kWH, which is still
competitive with electricity from the grid.
-

Lessons learned
and Future Plans
The Orchha plant has shown that the cost
of electricity can be highly competitive
with conventional systems, provided that
investment capital is obtained on terms
similar to those available to larger Inde-
pendent Power Producers. The two most
sensitive determinants of production cost
have been confirmed as the cost of bio-
mass fuel and the plant load factor. Ef-
forts are being made to raise the Plant
Load Factor at Orchha by adding new
clients and industries with energy-inten-
sive applications, reducing the high fluc-
tuations in some of the loads staggering
certain activities.

The co-generated heat from the ex-
haust of the diesel engines is used, adding
value and improving its economics. Other

applications for the heat from the gasifier
and the diesel engines are being investi-
gated to further increase energy utilisation
and thereby improve the overall economic
performance. The extensive testing and
performance monitoring at Orchha has
provided detailed operational data and has
also led to significant modifications to
make the technology more robust, safe and
suitable for field applications.

DESI Power obtains

Climate Change Funds

The importance of IRPPs in climate
change mitigation efforts was under-
scored by the agreement signed on 23
July 1999 between the Governments of
India and the Netherlands. In this agree-
ment, DESI Power became the first
power utility in India to obtain financing
under the ALJ programme of the UN Cli-
mate Change Convention. The Dutch
Ministry of Development Cooperation
will provide investment capital in the
form of a grant to DESI Power to set up
six Independent Rural Power Producers

(IRPPs). The goal is to demonstrate the
commercial viability of local generation
and distribution of electricity using re-
newable energy. The six stations are
slated to be in full operation by the end
of 2000. The local partners in these
projects range from village panchayats to

. entrepreneurs and small industries.

Under the Kyoto Protocol, ALJ will
in the future be replaced by the “Clean
Development Mechanism,” which is
likely to become a major source of capi-
tal investment and technology acquisition
in the South. Hence, the DESI Power
projects serve as a valuable model for the
design of effective procedures by which
developing countries can benefit from the
new opportunities arising from interna-
tional agreements on climate change. At
the same time, rural populations will ben-
efit from improved and sustainable ac-
cess to electricity and the international
community will benefit through cost-ef-
fective climate mitigation strategies. m

E-mail: tara@sdalt.ernet.in

Renewable Energy for Development, September 1999, Vol. 12, No. 2/3



