Energy Policy, Vol. 26, No. 1, pp. 45-54, 1998
© 1997 Elsevier Science Ltd

Printed in Great Britain. All rights reserved
0301-4215/98 $19.00 + 0.00

PII:S0301-4215(97)00099-2

The economics of sustainable energy
for rural development: A study of
renewable energy in rural China

John Byrne, Bo Shen and William Wallace

Center for Energy and Environmental Policy, University of Delaware, Newark, DE 19716, USA
National Renewable Energy Laboratory, 1617 Cole Boulevard, Golden, CO 80401, USA

This paper examines recent modeling efforts and case studies to evaluate the economic viability of off-
grid renewable energy technologies for rural application in developing countries. Case studies have been
conducted for a representative sample of 41 households from the Inner Mongolia Autonomous Region of
China, who have operating experience of at least one year with small, off-grid wind (less than 400 W) and
photovoltaic (less than 150 W ) systems. Our analyses indicate that levelized costs of off-grid, household-
scale renewable energy systems are cost-competitive with conventional gasoline gen-sets and PV/wind
hybrid systems appear to be an economic means of providing year-round electricity service and meeting
the rising energy demands of remote households in Inner Mongolia. Policy recommendations for spurring
the market development of renewable energy technologies in developing countries are provided in the final
section of the paper. © 1997 Elsevier Science Ltd. All rights reserved.
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Developing countries have dramatically expanded their power
sectors during the last three decades. However, more than 2
billion people living in rural areas still lack the option of
grid-based electricity service. Given the high cost of grid
extension to utilities throughout the developing world, progress
in expanding electricity service to unserved rural areas remains
slower than population growth (Lenssen, 1993). Off-grid
renewable energy systems represent an important option for
narrowing the electricity gap in rural parts of the developing
world.

To be successful, rural renewable energy systems will have
to compete with small-scale generator sets fueled by gasoline
or diesel which have often been used to supply electricity to
remote households. The use of gen-sets by rural households
has, to a great extent, been limited by the high costs of
delivered fuel and maintenance, and the lack of reliable
spare parts supply to remote areas. As alternatives, stand-
alone renewable energy home systems such as photovoltaic
(PV), wind, and PV/wind hybrid technology can meet the
growing electricity needs of rural households. Studies of
off-grid renewable energy systems in developing countries
have shown that these technologies can provide reliable and
comparatively low cost electricity services to rural households
and communities (Byrne et al., 1997; Cabraal et al., 1996;
Hammad, 1995; Liebenthal et al., 1994). The supply of electric-

ity from such systems brings tangible social and economic
benefits to rural populations in developing countries that
include the ability to refrigerate food and medicine, lighting
for households, power for small electric motors (such as
water pumps), and provision of education and communica-
tion opportunities for isolated rural populations (Acker and
Kammen, 1996; Byrne et al., 1997; Cabraal et al., 1996). In
addition, wind and PV systems offer an environmentally
sustainable means of supporting rural economic develop-
ment (Lenssen, 1993).

This paper summarizes our analysis of small-scale renew-
able energy systems supplying electricity to a representative
sample of 41 households in the Inner Mongolia Autonomous
Region of China.! It examines the economics of small-scale
PV (60 W, to 120 W), wind (100 W to 300 W) and PV/wind
hybrid systems (300 W wind turbine with 35 W 60 W, PV
for small hybrids and 100 W,-120 W, PV for large hybrids)
for the region’s remote herder families. A newly developed
spreadsheet model used for this analysis is introduced. Our
evaluation of energy performance and system reliability of

'The 41 household sample was drawn in co-operation with a research
team of scientists, and energy and social planners from the Chinese
Academy of Sciences, the provincial government of Inner Mongolia,
and Inner Mongolia University. Selection was based on criteria of
geographic and socioeconomic representativeness of the Region.






