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A
According to the World BAnk, there 
are about 1.2 billion people who do not have access 
to electricity, most of them in rural and remote 
areas in the developing world. developed nations 
faced a similar challenge to improve electricity 
access at the turn of the last century. electricity 
access, especially in rural areas, is therefore a 
global challenge that has to be addressed by most 
countries at one point or another. Many develop-
ing nations, together with numerous aid agencies 
and support from developed nations, are work-
ing today to solve the technical, institutional, and 
educational dimensions of this challenge. in this 
article, the experiences of three broadly different 
countries—the United States, india, and Zam-
bia—are described, illustrating approaches that 
have been or are being taken to overcome the elec-
trification challenge.

Studies in 
Empowerment

Approaches to 
 Rural Electrification 
Worldwide

By Hugh Rudnick,  
Joseph Mutale,  
Debabrata Chattopadhyay,  
and Robert Saint



36 ieee power & energy magazine july/august 2014

United States
the United States has advanced significantly in rural elec-
trification, although 80 years ago, rural development lagged 
significantly behind metropolitan areas. in the mid-1930s, elec-
trification of rural households was barely 10%, compared with 
almost 85% of urban households; the situation then resembled 
that of many of today’s developing countries. it was recognized 
that for rural areas, development was slow, lagging behind in the 
areas of health care, nutrition, education, and income. 

extending power to rural areas and remote communities 
was not profitable for the large power companies that domi-
nated the industry, a barrier that is present in most countries 
worldwide. the utilities’ focus was primarily on commercial 
agriculture rather than use in households or for small culti-
vation, where it had to compete with mechanized, animal, 
or human labor. Poor urban and rural consumers remained 
dependent on wood, coal, and kerosene. economic depres-
sion, rural poverty, and the unfamiliarity of rural populations 
with new electric appliances further inhibited demand. Popu-
lation densities as low as a dozen or two per square mile were 
also a major obstacle to the electrification of rural areas.

in the late 1920s and early 1930s, it became a federal 
government priority to further rural development. As early 
as 1909, President theodore roosevelt advocated sustain-
ing agriculture and the rural economy because they helped 
guarantee the U.S. food supply and military security. it was 
not until the administration of Franklin d. roosevelt in the 
mid-1930s, however, that federal involvement in rural elec-
trification became a reality. on 11 May 1935, roosevelt 
created the rural electrification Administration (reA) as 
an emergency relief organization, by means of an executive 
order. this empowered the federal government to make 
loans to power companies as well as to local and public 
organizations. But in what was to prove a turning point, 
the existing private utility companies vigorously opposed 
such arrangements. the utilities rejected expansion of rural 
electrification for social or developmental purposes, argu-
ing that lending on current commercial terms and sales 
at current prices had already electrified all the farms that 
were economically feasible. Appeals to the utilities to take 
advantage of federal lending for rural electrification were 
ineffective in the face of their hardening opposition to the 
democratic administration and congress, which they saw 
as perpetrating intrusive regulation and social engineering. 
the reA was thus left almost wholly dependent on coop-
eratives for the implementation of public-private collabora-
tion in rural electrification. 

the rural electrification Act of 1936 codified the terms 
under which the reA could finance rural electrification. the 
act empowered the reconstruction Finance corporation to 
lend the reA US$50 million per year at 3% annual inter-
est for the first year and the average rate of long-term U.S. 
obligations thereafter. the loans thus did not incorporate a 
significant subsidy. the reA was technically empowered to 
lend for construction of generation and transmission capacity 
as well as for distribution lines and home wiring, but early 
on it disbursed funds largely for the latter two purposes. the 
terms of the distribution loans were 25 years, but the reA 
administrator could extend them by five years. the terms for 
interior household electrification loans were for a maximum 
of 66% of the life span of the appliances financed but with a 
cap of five years. 

in its first five years, the reA focused on its mandate 
to serve the less populated and less electrified rural areas. 
What the reA put into action was a fulfillment of its legisla-
tive mandate of “furnishing electricity to persons in rural 
areas”—that is, a proactive policy of full-area coverage, as 
opposed to “cream skimming,” or cherry-picking high-profit 
consumers. in this, the reA aimed not only at giving its staff 
the satisfaction of helping farmers group together to string 
distribution lines into their homes but also at the broader role 
of cooperative economic development in rural areas. 

A major function of the reA was to provide guidance 
for utility formation, design, and operation. rural electrifica-
tion in the United States required government financing and 
technical assistance, but it did not require massive subsidiza-
tion. it also did not require the federal government to appro-
priate for itself a large or permanent part of the distribution 
sector to make power available. the guarantee of lending 
at low rates was necessary to overcome private finance’s 
unwillingness to support investments it considered marginal 
from a profit viewpoint. it is also important to note that this 
federal assistance was limited to establishment of the coop-
erative utility and for loans and technical assistance for capi-
tal improvements. Funds for operation, maintenance, and 
debt service were to come from member payments for the 
services provided, in the form of 1) rates paid for the electric 
service itself, 2) the repayment of loans for individual home 
wiring assistance on a monthly basis, and 3) payments made 
for actual electricity usage. 

the earliest rural electricity cooperatives in the United 
States were formed in 1914, in Minnesota and Washing-
ton State, without public sponsorship. Along with several 
other cooperatives that originated in the upper Midwest 
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during and after World War i, these early distribution coop-
eratives were small and often served a mixture of farm and 
vacation cottage customers (see Figure 1). After the rural 
electrification Act of 1936, the reA organized communi-
ties and empowered them to take control of these new utili-
ties by encouraging the formation of electric cooperatives. 
Many cooperatives had unique or distinctive elements that 
reflected their geographic locations, sources of generated 
power, and requirements for constructing distribution lines. 
Almost all of them now operate as nonprofits and follow the 
rochdale Principles, the historic basis of the cooperative 
movement. in addition, most cooperatives were effectively 
independent of the jurisdiction of local and state public ser-
vice commissions. 

the leadership of the cooperatives generally came from 
among the middle-income farmers, especially those who 
could adopt electricity for both household and agricultural 
use. the members did not handle the cooperatives’ day-
to-day operations. this was the work of a permanent staff, 
typically between seven and 20 people. it might include a 
manager, bookkeeper, office clerks, head lineman, and line 
crew. the local staff was neither highly skilled nor highly 
paid. the exception might be the manager, who generally 
had some previous management experience, although fre-
quently not in the electrical industry. 

today, electric cooperatives are alive and well in the United 
States, a model of sustainability that was conceived over 75 
years ago. in the United States today, more than 900 electric 
distribution, generation, and transmission cooperatives:

 ✔ serve more than 42 million people in 47 states 
 ✔ deliver electricity to more than 18 million businesses, 
industries, homes, schools, churches, farms, irrigation 
systems, seasonal residences, and other establishments 

 ✔ have assets worth US$140 billion
 ✔ employ nearly 70,000 workers 
 ✔ cover three-quarters of the nation’s land mass
 ✔ own and maintain 2.5 million miles, or 42%, of the 
nation’s electric distribution lines 

 ✔ serve 12% of the nation’s population 
 ✔ deliver approximately 10% of the total kilowatt-hours 
sold each year 

 ✔ generate 5% of the total electricity produced annually. 

India
the indian electric power sector faces significant chal-
lenges, the root of which is that electricity generation has 
been unable to keep pace with rapid industrialization, power 
demand for irrigation, and growth in population, even with a 
compound annual growth rate of power generation capacity 
of 8.2% over the last 66 years. the lack of access to elec-
tricity severely limits societal development. According to 
the 2011 census, india has 75 million households and some-
where between 350 and 400 million people without access 
to electricity. this is naturally more severe in rural areas—
only 55.3% of rural households in india today have access 

to electricity, although improvements have been slowly 
achieved, as that figure was 43.5% in 2001. electricity access 
has been firmly put on the reform agenda in the form of 
rajiv gandhi grameen Vidyutikaran Yojna (rggVY), the 
flagship rural electrification scheme. Apart from rggVY, 
the indian Ministry of Power and the Ministry of new and 
renewable energy (Mnre) have implemented several other 
smaller-scale schemes and programs. 

electricity access has been, in theory, a part of the plan-
ning framework since the late 1940s. Until the 1970s, elec-
trification was synonymous with connecting the towns and 
semiurban areas with the grid. But the introduction of high-
yield crop varieties and the application of modern agricul-
tural techniques (known as the indian “green revolution”) 
and the requirements for electrical irrigation pump sets on 
a grand scale provided a major impetus for rural electrifica-
tion. in the late 1980s, the indian government for the first 
time adopted some targeted initiatives to address house-
hold electrification. the kutir Jyoti (which means “cottage/
hut/household lighting”) Program was initiated in 1989 to 
provide a single-point light connection to all households 
below the poverty line. it has been the longest-lived of all 
indian household electrification programs. nearly 6 mil-
lion households were covered under the scheme through 
2004, at a cost of rs.45 billion (US$1 billion). the program 
suffered from poor quality of supply and a subsequent lack 
of maintenance, however. 

figure 1. Rural electrification in Alabama in 1935 (photo 
licensed under the Creative Commons Attribution 2.0 
generic license).



38 ieee power & energy magazine july/august 2014

the rural electricity Supply technology Mission, 
launched in 2002, had the aim of electrifying 10 million 
households by 2012 using decentralized distribution sys-
tems. the remote Village electrification Program (2003) 
was launched by the Mnre to electrify remote villages 
and remote hamlets of electrified villages using renewable 
energy technologies. the goal of this scheme was to electrify 
all remote villages by 2007 and all households by 2012. in 
2005, with the launch of the rggVY, all grid-related rural 
electrification programs were consolidated so as to provide 
“electricity for all” by 2010.

the rggVY scheme has helped to achieve a household 
electrification level of 75% nationally as of 31 March 2012 
(see Figure 2). According to official estimates, there were 
about 13,000 villages nationally that did not have access to 
electricity in March 2012. there are conflicting estimates, 
however, including one provided by the central electricity 
Authority, the national electricity planner, that suggests that 
more than 32,000 villages, or 5.4% of all villages, were still 
without electricity at the end of 2013. As these widely differ-
ing estimates reflect, there is generally poor governance of 
the electrification schemes and the updating of records. the 
other issue that one has to keep in mind is that electricity 
access is not just about building the network infrastructure; 
equally important is ensuring a reliable power supply and 
good maintenance of the infrastructure. rural areas usually 
suffer on account of the poor and underdeveloped state of 
transmission and distribution infrastructure and sometimes 
even lack adequate distribution capacity to supply electricity. 
When indian villages do have access to electricity, their level 
of consumption is abysmally low. the average per capita 
consumption of electricity for rural customers is only around 

eight units per month, which is 
just one-third of the reported con-
sumption of 24 units per month in 
urban areas. this is because of the 
poor quality of rural electricity 
supplies and reflects significant 
unmet demand. 

As alluded to in the discus-
sion above, efforts to enhance 
access to electricity or energy in 
general have faced formidable 
difficulties that have yet to be 
overcome. Most of the programs, 
especially the smaller-scale ones 
prior to rggVY, met with very 
limited success owing to the lack 
of an integrated approach to the 
issue of access to energy. there 
are several reasons for this, but 
prima facie, the lack of flexibility 
and the absence of an integrated 
approach to energy access are the 
two main contributing factors. 

Although rggVY has performed better, it also has some 
serious deficiencies. in fact, the indian Planning commis-
sion, in framing its 12th Five-Year Plan (2012–2017), pointed 
out a number of these, including the following:

1) For all practical purposes, access to electricity in 
rural areas continues to be limited because rggVY 
and other schemes are more concerned with the num-
ber of villages electrified than the real needs of the 
people living in them. rggVY has focused entirely 
on residential supply and does not address the need 
to provide electricity for small industries and agricul-
ture, which need a three-phase supply. this, in turn, 
requires strengthening of the rural network and not 
just the last-mile connectivity to households, which is 
all the scheme covers. 

2) the electricity access programs are also somewhat 
blind to the financial constraints faced by the execut-
ing agencies. the poor financial health of these utili-
ties and the high cost of power act as disincentives for 
states to provide new connections.

3) there is no viable business model for extending 
electricity access. Some of the poorer states do not 
even have the basic infrastructure to support rural 
electrification. the supply voltage at the transmis-
sion substation is often poor, and some of the states 
face as much as a 30% peak deficit; these issues need 
to be addressed before the distribution network is 
expanded further. on the customer side, the narrow 
focus on residential supply, mainly for lighting, has 
not opened up any substantial business and employ-
ment opportunities and therefore has not improved 
customers’ ability to pay for electricity.

figure 2. Rural electrification in India through the RGGVY (source: RGGVY).
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4) Finally, the lack of an integrated, let alone optimized, 
approach has been conspicuous. off-grid electrifica-
tion using renewables has in some cases overlapped 
with extensions of the grid through rggVY within 
a span of months, leading to expensive renewable 
generation facilities’ being left idle. More important, 
rggVY has not paid any attention to the supply 
issues, including the supply reliability of the grid or 
opportunities to augment the grid with locally avail-
able renewable resources. on one hand, there are 
expensive solar home lighting systems at an equivalent 
cost of electricity that is close to US$1 per unit that are 
being promoted through various solar programs, even 
in hilly areas that have poor insolation for most of the 
year. on the other hand, the same villages are on the 
list for electrification under rggVY. there are also 
often excellent local renewable resources such as mini 
or small hydro and biomass that are being ignored 
simply because these resources do not fall under the 
purview of either solar missions or rggVY.

if india is to achieve a balanced economic development, 
the number of households with access to modern sources of 
energy must increase significantly and dramatically. large 
populations with access to limited quantities of energy 
resources have meant that the poor, more often than not, lose 
out in the race for these resources and feel the impact of any 
supply shortfall. When they do have access to energy, they 
end paying substantially more than the affluent sections in 
the absence of a backbone infrastructure, thus perpetuating 
the cycle of poverty. Further, there exist great disparities in 
household-level rural electrification across states. States like 
Assam, Bihar, Jharkhand, orissa, and Uttar Pradesh have 
electricity access below 40%, lagging way behind states 
like Andhra Pradesh and Punjab that have already achieved 
greater than 90% electrification. 

these issues, however, have recently been receiving 
political attention. the smart grid vision for india promul-
gated by the Ministry of Power in September 2013 identi-
fied energy access as a major thrust area. one of the targets 
for the ministry is electrification of all households by 2017, 
with at least a lifeline eight hours of supply that includes 
the evening peak. the ministry has also set as a target pro-
viding a minimum of 12 hours of supply to all consumers 
by the year 2022 and 24/7 stable, high-quality power to 
all consumers by 2027. traditionally, such expansions in 
access are carried out by extending the electric grid and 
installing conventional sources of energy such as thermal 

power plants. Since renewable energy resources are abun-
dant in rural areas, these can be tapped and used locally 
and can potentially provide usable energy even in locations 
where grid connectivity may not be feasible. Achieving a 
good balance between grid extension and grid-connected 
or off-grid renewable resources is a key problem that the 
programs need to solve.

Zambia
Zambia is one of the most urbanized countries in sub-Saharan 
Africa, with 44% of its population settled in a few urban 
centers along major transport corridors while the rural areas 
are sparsely populated. despite this relatively high level of 
urbanization, more than half the country’s people live in 
sparsely populated rural areas, where most of them are poor, 
subsisting on less than US$2 per day. While current access 
to electricity nationwide is approaching 30%, rural access 
still stands at a modest 4.5%. 

the importance of electricity as an essential cata-
lyst in the development of rural areas was recognized 
immediately after independence in 1964. At the time, the 
responsibility for rural electrification was vested in the 
national utility, the Zambia electricity Supply corporation 
(ZeSco). Under this framework, the national ministry 
of finance allocated a budget for rural electrification that 
it disbursed to ZeSco, which executed the projects and 
took over their operation, often at a loss. this arrangement 
lasted for almost 30 years, from 1964 to 1993. A major 
challenge with this framework was simply that the funding 
available from the ministry was inadequate, as reflected in 
the slow pace of rural electrification. this was partly due to 
the many competing demands on the very limited national 
treasury, including education, health, and infrastructure 
such as roads. Moreover, there was no clear framework for 
identifying projects for funding. 

to address the deficiencies in the arrangements described 
above, the institutional framework for rural electrification was 
reviewed in 1993. A key innovation of the new arrangements 
was the introduction of the electricity levy, initially pegged 
at 5%. Under this framework, 5% of all electricity bills was 
remitted to the ministry of finance and deposited into a rural 
electrification fund. the ministry then disbursed the funds 
to ZeSco to pay for rural electrification projects. this new 
framework provided a more structured approach to rural 
electrification. identification of projects for funding was done 
through a committee. the system was successful in the ini-
tial years but soon became ineffectual due to lack of funding 

Organizational and governance practices in rural electrification 
must be carefully designed, whether the process is executed  
by a state company, a private company, or a cooperative.
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and political interference in the selection of projects. More-
over, the levy was not remitted consistently or in full. this 
prompted further changes to the institutional arrangements 
for providing electricity access to rural dwellers. 

in 2003, the rural electrification Authority was created 
through an act of Parliament, and it became operational in 
2004. its functions were set out as follows:

 ✔ to administer and manage the rural electrification Fund
 ✔ to implement and update the rural electrification Mas-
ter Plan for the systematic electrification of rural areas

 ✔ to promote utilization of available technological options 
for rural electrification to enhance the contribution of 
energy to the development of agriculture, industry, min-
ing, and other economic activities in rural areas

 ✔ to promote private-sector participation in rural electrifica-
tion projects through the provision of well-designed sub-
sides, competitive bidding, and community mobilization 

 ✔ to finance project preparation studies for rural electrifi-
cation projects in accordance with guidelines developed 
and approved by the rural electrification Authority. 

the current framework for rural electrification is shown in 
Figure 3. A notable feature of the arrangements is the partici-
pation of private-sector players in the implementation of rural 
electrification projects. this should bring efficiency in the use 
of available resources, as projects are awarded on a compet-
itive basis. once commissioned, projects are handed over to 
ZeSco to operate. it is worth noting that Zambia has a liber-
alized electricity market providing for private-sector operators 
of electricity generation, transmission, and distribution assets 
as well as retail activities. Many rural electrification projects 
have been undertaken under this framework. 

despite initial success, there are still some issues with the 
present framework for rural electrification. Funds collected 
through the levy are not always transferred to the rural elec-
trification Authority in full or on time by the national treasury. 
the current levy is inadequate to fund the projected annual 
expenditure of US$50 million per year to achieve the target 
of an electricity access rate in rural areas of 51% by 2030. A 
lack of confidence on the part of the donor community in the 
governance of the rural electrification Authority has resulted 
in diminished funding. And unfortunately, the process of proj-
ect selection and funding is still prone to political interference.

it is fair to say, however, that the present institutional 
framework for administering rural electrification is sound. 
the failures observed above are principally rooted in the 
implementation and governance of the scheme. the key 
issue in rural electrification remains inadequate funding and 
identification of sustainable models for rural electrification. 

For Zambia to achieve the ambitious target of reaching 
51% access in rural areas by 2030, the following proposals 
should be considered seriously:

 ✔ there is a need to unlock private-sector capital and inno-
vation in the mobilization of resources. the conventional 
approach to rural electrification has not changed much 
over the last 50 years, with three-phase grid connections 
and diesel being the main options. in recent times, solar 
PV has been promoted (see Figure 4) as well as mini hydro 
installations. this must continue. there is also a need to 
actively promote other technologies for electrification, 
including biomass and wind (where feasible) as well as 
single-wire earth return systems for grid extensions. 

 ✔ rural electrification policy must create the conditions 
for sustainable, locally anchored and driven businesses. 

figure 4. Photovoltaic power for a rural community in 
Zambia (photo courtesy of PowerGen Renewable Energy).

If India is to achieve a balanced economic development,  
the number of households with access to modern sources  
of energy must increase significantly and dramatically.
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rural electrification should be developed as a com-
munity business, ensuring more effective community 
engagement and hence long-term sustainability.

 ✔ consider creating a ministry of rural development. given 
the critical role that rural development plays in poverty 
reduction, including stemming the migration from rural 
areas to the cities, it seems reasonable to accord rural devel-
opment a higher status in government by creating a special 
ministry. this would make integrated rural development 
easier to implement, delivering water, schools, hospitals, 
roads, and electricity as well as shelter and sanitation.

there is no doubt that a business-as-usual approach to rural 
electrification in Zambia will not deliver the very ambitious 
target of 51% rural access to electricity by 2030, especially 
with an annual outlay of only US$50 million. to underscore 
the dearth of current expenditures on rural electrification, the 
expenditure on rural electrification from  January to June 2013 
was only kr45 million (equivalent to US$8 million), accord-
ing to the rural electrification Authority. 

Challenges in Rural Electrification
the rural electrification experiences of these three coun-
tries, despite their major differences, have some elements in 
common that are worth emphasizing.

rural electrification will not take place on its own unless there 
is clear direction or support by the government, either in creating 
the institutional framework for it to take place or in supplying the 
necessary basic funding or subsidies for it to develop. this said, it 
is important that the process take place without political interfer-
ence and based on clear socioeconomic objectives.

the aim of rural electrification is not just to supply rural 
households with basic electricity but to plan for the eco-
nomic impact that electricity can have on poor communities. 
electricity supply can contribute to the improvement of eco-
nomic conditions, particularly if small industries and other 
economic activities are able to develop. it would be of great 
interest to measure and monitor the progress and impact of 
rural electrification on literacy, on rural prosperity as mea-
sured by rural gdP, on progression to tertiary education, on 
the quality of businesses, and so on.

organizational and governance practices in rural electri-
fication must be carefully designed, whether the process is 
executed by a state company, a private company, or a cooper-
ative. it is important to stimulate determined and disciplined 
implementation and to institute adequate oversight of good 
policies. the rural electrification governance framework 
must be tightened to prevent or discourage corruption in the 
execution of rural electrification projects. 

An integrated approach in providing rural electricity supply 
must be followed, one that considers the different renewable 
technologies that are becoming economically competitive and 
adequately coordinates the different state and private agencies 
involved in rural electrification.

Financial constraints may severely restrict rural elec-
trification. Funding schemes must therefore be explored, 

developed, and prioritized so as to focus on the areas with 
the greatest need. it is essential to ensure the adequate 
dimensioning of required funding if one wishes to achieve 
particular electrification targets. Further, it is very impor-
tant to design viable business models for electrification that 
take into account institutional and resource restrictions.

capacity building, in the business area as well as the technical 
one, is needed. one approach would be to develop appropriate 
curricula in universities and colleges that focus on the skills devel-
opment and entrepreneurship necessary to support rural develop-
ment, including rural electrification. international cooperation in 
this field should provide support to less prepared countries. there 
are many examples of organizations that have a wealth of experi-
ence in the design, implementation, and operation of various gen-
eration and grid technologies, including renewable resources such 
as biomass, wind, solar, and hydro. larger organizations, such as 
nrecA international in the United States, giZ in germany, and 
Practical Action in the United kingdom, have implemented rural 
electrification programs in many countries all over the world, with 
funding from the host countries, private foundations, and bilateral 
and multilateral donor organizations. it is noteworthy that only 
nrecA international has supported rural electrification in more 
than 42 countries, driving low-cost electrification construction 
design and standards.

Finally, there is universal consensus that rural electrification 
is vital for the development of rural areas in developing coun-
tries, as it was in the experience of the United States. Without 
major successes in rural electrification, efforts to reduce poverty 
will flounder. integrated rural development depends on a key 
component: electrification.
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