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Why does rural electrification matter? 

With about 1.6 billion people having no access to elec-
tricity, promoting rural electrification is an important 
developmental goal for many countries. The reasons 
are obvious: firstly, levels of human development and 
per capita energy use are positively interrelated.  

Secondly, gaps in electricity access often lie along given 
fault lines (notably ethnic ones – e. g. in Latin America, 
it is often indigenous communities that are still left 
without electricity access, be this in remote areas of the 
Andes, in the southern Mexican states of Oaxaca and 
Chiapas, or elsewhere) – reinforcing the marginalisation 
of these groups. Therefore, rural electrification is an 
important approach for promoting integration. 

This paper focuses on why many past rural electrificat-
ion efforts have run into difficulties – outlining the key 
barriers to successful rural electrification. The focus is 
on renewables-based rural electrification, which has 
gained some popularity among development practitio-
ners for its double dividends (poverty reduction – 
greenhouse gas [GHG] emissions avoidance). The find-
ings are based on specific field research by the authors 
in various countries on the success factors of rural elec-
trification; on the authors’ involvement in the financing 
and technical assistance for rural electrification projects; 
and on an additional literature review.  

Reference is made to the experience of various coun-
tries. Examples from China and India are of particular 
interest because here, renewables-based rural electrifi 
cation will be of special relevance, due to the sheer size 
of their rural population and current growth rates. 
Moreover, both countries have important experiences 
to share on renewables-based electrification. 

Rural electrification options: The case for  
renewables-based off grid systems  

In many areas of developing countries, renewables-
based off-grid electrification will be the best approach 
for the promotion of rural electrification and poverty 
reduction. Costs of electrification either through grid 
extension or stand alone systems are largely deter-
mined by: 

− distance from the grid; 

− total number of households to be served;  

− expected electricity consumption per household;  

− fuel and fuel transport costs (i. e. in the case of die-
sel);  

− renewable resource availability; 

− ability to operate and maintain electricity solution 
(i. e. whether system maintenance is provided 
through local training or outside experts); 

− equipment costs. 

Evidence based on cross-country experience shows that 
in rural communities that are far from the grid, dis-
persed, and have low electricity demand, off-grid sys-
tems are often the economically most viable option in 
the long-term. Renewables-based off-grid systems of-
fer additional advantages: they use locally-available 
resources to provide energy, making it frequently the 
least-cost option for basic energy services in the long-
term. Most systems currently used are solar, wind, bio-
mass or micro-hydro. Moreover, renewables-based rural 
electrification avoids both the local (health-threaten-
ing) and global (greenhouse-gas) emissions connected 

Among the various options for off-grid rural electrifi-
cation, renewables-based off-grid electrification holds 
particular promise due to the double dividends it 
offers: reduction of poverty and of greenhouse gas 
emissions. Notably, off-grid renewable energy sys-
tems can be suitable for applications in remote rural 
areas where energy consumers are dispersed and have 
low demand. However, these double dividends are 
not fully captured if productive uses of electricity are 
not also put in place, through additional planning and 
investment. 

Barriers to implementing renewables-based rural 
electrification include both entry and project con-
tinuation barriers that have so far led to project per-
formance below expectations. The most important 
lessons from our barriers analysis are firstly the need 
for proper information about renewable energy to 
decision-makers, as well as about least-cost options 
and development-environment double dividends to 
be had from these technologies. Secondly, there is a 
need to tailor electrification efforts to communities’ 
needs and capacities. 
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with diesel-based off-grid electrification, and have 
therefore attracted increased interest as well as funding 
from mechanisms such as the Global Environment 
Facility (GEF).  

Isolated areas that have managed to acquire electricity 
have in many cases relied on diesel generators – notably 
because diesel power is a well-known and tried tech-
nology with good average reliability. Yet, the trend 
might shift away from the use of diesel systems for off-
grid electrification due to heightened awareness about 
the negative implications of electrifying with diesel. 
These include harmful emissions, high costs of fuel 
transport and vulnerability to price fluctuations. 

Alternative energy solutions that rely on locally avail-
able resources are less costly and less exposed to exter-
nal price shocks. The funds thus saved could therefore, 
with the right incentives and a leadership committed to 
social progress, be spent on developmental purposes 
rather than on fuel.  

Key types of barriers to renewables-based rural  
electrification 

There are some barriers to the increased inclusion of 
alternative energy technologies for rural electrification 
solutions. These barriers are in terms of entry or in 
terms of continuation. Entry barriers are those that pre-
vent investors or government entities from selecting 
renewable technologies to implement projects. They 
can be based on initial high costs of the technologies, or 
in terms of lack of familiarity with the technology. Con-
tinuation barriers are those that prevent alternative 
energy technologies in rural areas from achieving ex-
pected goals or from continuing to provide electricity 
both in terms of quantity in a given area or of expand-
ing to other areas. Examples of these continuation bar-
riers are maintenance problems and lack of follow-up 
programs.  

Key entry barriers include the following:  

Unsuitable financing mechanisms: A lack of funds or 
late / badly-timed disbursement of funds in rural elec-
trification efforts has frequently led to half-finished or 
low-quality components prone to breakdown. This is 
partly explained by the fact that off-grid solutions in 
developing countries often have to involve small com-
panies that are prepared to serve small rural markets; 
evidently, the lower the average firm size, the more 
easily it gets into financial difficulties and the less the 
likelihood of it having access to private funding at fa-
vorable terms. Financial capacity-building is in order 
here, as are (in select cases) custom-tailored subsidy 
programs for such firms. In particular, low-interest 
loans are useful in securing investment in rural power 
projects. Also, since rural electrification technologies 
have lifetimes of 20 years or longer and the initial in-
vestment in technology is costly, financing options 
should also provide long loan repayment periods. In 
China, for example, the State Council managed to ar-

range 20 year loan repayment periods with banks for 
rural electrification. 

Moreover, responding to users’ capacity and willingness 
to pay is essential. High costs of electrification will 
otherwise serve as an excuse not to provide service. In 
fact, the capacity and willingness to pay of consumers 
may surprise project developers – likely even more so 
once communities are educated about the benefits of 
having electricity services, about the quality of energy 
when compared to fuels such as kerosene, about cost-
saving opportunities and increased productivity (espe-
cially for small businesses). Capacity- and willingness-
to-pay calculations will thus help public authorities 
gauge the need for electricity consumption subsidies, 
and their size.  

Thus, one important aspect of sustainable financing for 
rural electrification programs is of course the collection 
of payment from users. These fees make it possible to 
operate and maintain systems, and to provide returns 
on construction investment. The design of a reliable 
fee-collection program is thus necessary to motivate 
power companies to supply services. For instance, in 
China’s rural electrification there are typically two 
stages involved: a) individual households pay for inte-
rior wiring and metering and b) village committees are 
formed to pay for line constructions and substations, 
appoint (rotating) technicians to read meters and to 
solve some technical issues, and after construction col-
lect payment fees. It is clear, however, that not all users 
are able to pay for electricity services. Thus, as also seen 
in the case of China, some of the services provided to 
poorer households have a lower fee or are free.  

Information barriers: Lack of access to information has 
been manifested by end users and decision-makers 
alike. In India, for example, knowledge about various 
renewable energy technologies has at times proved a 
considerable barrier in the implementation of renew-
able energy technology programs. Policy makers are not 
always aware about the costs and savings of alternative 
energy technologies and residential and commercial 
sectors also have low awareness levels. There is also lack 
of knowledge on appropriate policies that are required 
for the penetration of renewable energy technologies.  

However, this is not only the case in India. Other devel-
oping countries are further behind in terms of their 
awareness about the potential and benefits of using 
alternative energy options for isolated rural customers. 
Thus, an important barrier to overcome when estab-
lishing alternative energy solutions in areas with avail-
able resources is the dissemination of information 
among decision/policy makers and final users of energy 
technologies. 

Lack of complementary investments: Electricity ac-
cess by itself is of little use. As anywhere in the world, 
rural populations of developing countries do not value 
electricity access per se but the services that this elec-
tricity can provide. Hence, rural electrification efforts 
 



German Development Institute 3

have frequently been limited in improving people’s lives 
where such complementary investments were lacking – 
leading to limited political or financial support for rural 
electrification programs.  

The key types of productive uses of electricity in rural 
areas of developing countries include: 1. Hard infra-
structure (i. e. electric pumps for water supply such as 
domestic use and irrigation and enabling rural access to 
communication services such as telephone and inter-
net); 2. Social infrastructure (i. e. modern education 
tools such as video for local schools and modern treat-
ment facilities for health centers); 3. Domestic uses (i. e. 
electrical grain milling and electrical sewing); 4. Pro-
duction of goods (i. e. preservation such as through 
canning of locally-produced food for sale or export);  
5. Small-scale local service industry (i. e. light and refrig-
erators for small grocery shops and light and cooking 
facilities, and basic comfort needed for small-scale 
tourist facilities); and 6. Communal services (i. e. radio 
broadcasting). 

Thus, managers of rural electrification programs should 
integrate from the start a component for the promo-
tion of productive uses of electricity in the target areas 
– as well as the financing and technical assistance 
needed to kick-start such productive uses. Private firms 
and Non-governmental Organizations (NGOs) may 
prove important partners here: private firms may be 
buyers for new or additional goods produced by a 
newly-electrified community; and NGOs already present 
in the community or region may be most aware of e. g. 
what electrical equipment is most urgently needed in 
the local health center.  

Institutional and decision-making barriers: There are 
several barriers within institutions which, together with 
the continuity of certain behavioral patterns, lead to 
limitations on the way decisions are taken. One of these 
barriers is time limitations: provision of electricity often 
becomes the urgent priority of governments (e. g. dur-
ing election time when the pressure mounts to deliver 
on basic services) and decisions are thus made to pro-
vide the service with immediacy. Thus, pressured with 
time, decision-makers often choose technologies that 
are customary and do not require periods of data acqui-
sition or experimentation. In this way (as identified ear-
lier), lack of resource data and information about tech-
nologies become limiting factors to rational decision 
making. Another barrier to the selection of renewable 
technologies is access difficulties: conventional tech-
nologies that require fewer field visits to rough (geo-
graphically or prone to conflict) areas prior to project 
development are also more attractive to project devel-
opers. Lastly, another barrier to decision-making is the 
unawareness of human capacity: as much as the rhetoric 
praises community involvement in electrification pro-
jects, this is often not followed in practice. Often, de-
velopers believe that electricity solutions should only be 
based in the hands of the experts (as they will actually 
know how to handle the equipment appropriately). In 
practice, including community members in planning 

and implementation of electrification projects is com-
plicated because it requires time and information (i. e. 
for community consultation) and previous investment 
in institutional strengthening in the field, in education 
and training, and in trust-building.  

Along with the selection of appropriate technology, 
electrification projects need to be supported by strong 
institutions and the involvement of community mem-
bers in the decision making process. Local businesses 
should be contacted to understand their experiences in 
the area, for example in terms of payment collection for 
services or in terms of user behavior. Furthermore, in-
dustry coordination and long-term agreements with 
local sellers can ensure that replacement equipment is 
sold for the life-time of the systems installed. In the 
decision-making process it is important to focus on the 
demands of the users, the power needs, the final uses 
of the electricity, rather than only on supply-side ques-
tions. In addition not only energy experts should par-
ticipate in making decisions. Energy provision is a pre-
condition for delivery improvements in many other 
sectors of development (such as agriculture, education, 
health, etc.). Multi-disciplinary teams are needed in or-
der to ensure that these linkages are implemented.  

Inappropriate technology choices / cultural barriers: 
Project design has frequently lacked careful considerat-
ion of local resources, local capacity, and an appropriate 
technology options characterization. There has been a 
poor effort to select technologies that will most fit the 
needs of the communities in question and to train these 
communities on the operation and required main-
tenance of the equipment. When appropriate commu-
nity education is missing, communities themselves may 
then see the equipment provided as a destroyer of their 
traditional cultures.  

Barriers relating to inappropriate technologies should 
be addressed through adequate capacity building by 
financing institutions or technical assistance agencies 
for the running, maintenance and repair of the systems. 
In selecting appropriate technologies, appropriate sys-
tem standards and codes must also be selected to en-
sure equipment compatibility, proper operation, and to 
keep costs down. An example of appropriate technol-
ogy and a rural electrification program is that of China, 
where the government took the role of providing con-
struction materials, such as steel, to selected demon-
stration sites. Small hydropower turbines were manu-
factured locally and provincial governments funded the 
training of local technicians in system design and op-
eration. In addition to past practices, China has con-
tinued to adapt inexpensive technologies and local 
materials and has taken advantage of local human re-
sources. 

Lack of follow-up and abandonment of projects: 
Lastly, an obvious but often overlooked barrier to the 
success of rural electrification through renewable power 
is project abandonment and lack of project follow-up. 
In some cases (and there are clear examples of this 
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across the world), development institutions, NGOs, or 
government institutions implement energy projects 
that later fail once the programs run out of funds or 
once the government institutions disengage. 

Aside from monitoring the equipment for preventive 
maintenance and repairs, the level of satisfaction of 
customers should also be monitored. Thus, communi-
ties will continue to feel included in their own energy 
solutions and necessary changes may be made before 
they escalate into frustration that may lead to aban-
donment of the project by the community itself. 

Conclusions and recommendations 

Renewable electricity can have double dividends since it 
fulfills basic needs and since it reduces the impacts of 
otherwise polluting energy sources. Although the local 
and single project impact of emission reductions is mi-
nor, the global, multi-project, and long-term impact of 
the prevented emissions can be immense if 1.6 billion 
people are to acquire electricity within the next dec-
ades. For this reason it is important to strengthen in-
stitutions and enable decision-makers to make more 
informed decisions on electrification projects. These 
informed decisions must be based on real data (detailed 
renewable resource maps) which are currently lacking in 
many developing countries. Similarly, decision-making 
requires training in renewable technologies and the 
access to appropriate and relatively simple tools and 
methodologies to determine the best electricity solu-
tion in an area. It will still be the case that in some areas 
renewables are not the best alternative, but the de- 
cision should be made on a project by project basis and 
not as status quo procedure. As mentioned before, 
however, careful attention must also be paid during 
project operation. Follow-up and proper maintenance 
are crucial to project success and to the future imple-
mentation of similar projects.  

Yet, even if the barriers to the successful implementa-
tion of renewable energy electrification in rural areas are 
overcome, providing electricity through renewables 
does not fully take advantage of the double-dividend 
benefits mentioned earlier if productive uses of elec-
tricity are not sought as well. Such productive uses in-
clude the enabling of social services such as improved 
educational and health facilities; or income generating 
activities (through enabling electricity-dependent small 
business ventures such as e. g. cooling systems that 
have helped isolated southern Mexican fishing commu-
nities to export their catch). These productive uses do 
not necessarily appear simultaneously with the access 
to electricity but must be envisioned and additional 
investments are often necessary to achieve them. Such 
additional investment and planning could well multiply 
the poverty-reduction benefits of rural electrification.  

 

 

 

 

 

 

 

 

Adriana Valencia 
(adrianam@berkeley.edu)  
is an environmental and  
renewable energy specialist. 

 

 

 

 

 

 

 
Georg Caspary 
(georg.caspary@gmail.com)  
is an infrastructure economist. 
 
The authors have worked on the implementation of re-
newables-based electrification projects in various devel-
oping countries. 
 

Literature:  

Martinot, E. / A. Cabraal / S. Mathur (2001): World Bank 
/ GEF solar home system projects: Experiences and 
lessons learned 1993–2000, in: Renewable and Sustain-
able Energy Reviews 5 (1), 39–57  

Reddy, B. S. (2001): Barriers to the diffusion of renew-
able technologies: A case study of the State of 
Maharashtra, India, Roskilde: UNDP Collaborating 
Centre on Energy and Environment / Risø National 
Laboratory 

Valencia, A. / G. Caspary (2008): Expanding the benefits 
of globalization through electricity access, New Haven, 
Conn.: Yale Center for the Study of Globalization, 
forthcoming 

X. Yao / D. F. Barnes (2007): National support for 
decentralized electricity growth in rural China, in:  
D. F. Barnes (ed.), The challenge of rural electrification: 
Strategies for developing countries, 1. ed., Washington, 
DC: Resources for the Future 

DEUTSCHES INSTITUT FÜR ENTWICKLUNGSPOLITIK · GERMAN DEVELOPMENT INSTITUTE 
gGmbH© 

Tulpenfeld 6, 53113 Bonn ℡ +49 (0)228 94927-0  +49 (0)228 94927-130 
E-Mail: die@die-gdi.de http://www.die-gdi.de 

ISSN 1434-8934 (deutsch) ISSN 1615-5483 (englisch) 



 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


