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A New Framework for Rural Electrification Programs
By Kristin Dietrich, Alvaro Lépez-Pefia and Pedro Linares*

Background

Access to modern forms of energy is a key element for the development of human societies. The
United Nations Energy (2005)! argues how this access is key for achieving the Millennium Development
Goals. The International Energy Agency? highlights electricity as the most critical energy carrier for
development. But in 2008 1.45 billion people worldwide didn’t have access to electricity.? Electrifica-
tion rates (percentage of households with access to electricity according to the World Bank’s definition)
amount to 99.8% in transition and OECD countries, but to only 72% in developing countries. Among
these countries, low electrification rates are concentrated in rural areas (electrification rate of 58.4%,
versus 90% in urban areas), where 55% of the population lives in the less developed regions.* In addi-
tion, in absence of vigorous policies, in 2030 1.3 billion people in the world will still live without access
to electricity.’

Therefore, the need to foster electricity access in rural areas in developing countries seems urgent.
However, this task is very complex; rural areas in developing countries are usually very poor and their
inhabitants’ per capita energy consumption is (as a cause and as a consequence) very low. Thus, the ben-
efits of electrifying these areas would be low and risky for private companies®. In addition, households
tend to be dispersed over remote and inaccessible areas, and the low consumption levels do not allow
for taking advantage of the economies of scale present in the electricity sector. Thus, electrification costs
are very high. This combination makes rural electrification activities (network expansion and operation,
as well as possible investments in new generation capacity) very unattractive for private investors. This
is one of the major underlying causes of low electrification levels in rural areas in developing countries.

On the other hand, access to modern forms of energy is in many countries a constitutional right, which
makes government the subsidiary authority in charge of making sure that this right is fulfilled. This,
added to the above-mentioned advantages for economic and social development, has led many govern-
ments to propose large investments in rural electrification, although it is difficult for them to cover the
usually high costs. Therefore, it is necessary to involve private initiatives in the process; not only large
multinational energy companies, but also small private arrangements such as cooperatives.

The sustainability of these installations is also a key aspect to be considered. Rural electrification pro-
grams should be based on a solid economic regime that provides economic sustainability for the installa-
tions. And they should also take into account environmental concerns, and ensure, through participatory
instruments, social sustainability.

In this paper we propose a new regulatory framework for Guatemala by which governments would
only provide the funds needed to make these projects profitable for private investors, closing the gap
between the (low) expected revenues from consumers, and the (high) expected costs of providing the
service. In addition, this new regulation must be integrated easily in the existing general energy regula-
tion of the country.

A New Regulatory Framework for Rural Electrification
Basic principles for rural electrification programs

The development of the regulatory framework proposed required first the definition of basic principles
on which to base it. The basic principles identified in this case were:

Universal access: The importance of electricity in sustainable development requires that all the popu-
lation that demand electricity should have access to it in order to foster this development. This may imply
the need for subsidies, given that the cost of supplying electricity to rural areas
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authorities, since these are closer to the needs of the population and know better
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Local community participation: It is a right of the citizens to actively par-
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key to the sustainability of these programs. Educational programs to train the local population may be
necessary.

Fair prices and reasonable quality: Although the quality of supply should be reasonable, it will
seldom be possible to achieve the quality levels of those areas supplied by the grid. Therefore, the cost
for the consumer of the electricity in rural areas should never be higher than the cost for grid-connected
ones, as that would be discriminatory. Subsidies may be required to achieve this principle.

Promotion of private initiative and competition: As said in the introduction, the promotion of pri-
vate initiative is crucial for rural electrification in order to raise the capital required. Competition will
also help to achieve lower costs, and therefore minimise the need for subsidies

The elements of the proposal: translating the basic principles into the framework

This section describes how the basic principles identified are translated into the elements of a propos-
al for the regulation of rural electrification. A major feature of this proposal is that it is a service-based
model, rather than investment-based, as will be described below.

Promotion of private initiative and competition

This would be achieved by a competitive tendering process, by which private investors would com-
pete for the subsidies available for the electrification of the rural areas previously identified in a National
Rural Electrification Plan. These subsidies, which should cover the gap between the costs incurred by
the investor and the income received from consumers, would be released by the public administration
according to the correct installation and operation of the equipment.

Under this scheme, a potential supplier must bid the minimum subsidy to be received for each con-
nection point

Type of developers

Although this proposal does not specify the type of developers that should carry out the electrifica-
tion projects, it is recommended that local ventures and communities are incentivized to participate in
the tenders and in the maintenance of the installation, given their crucial role in the sustainability of the
project.

Financial regime

Given that income will usually be lower than costs, subsidies will be necessary. These subsidies may
come from different sources: other energy consumers, national budgets, advanced financing mecha-
nisms like the Kyoto Protocol’s Clean Development Mechanisms, or national, regional or international
development agencies. However, in order to guarantee their availability, and also to decouple funding
agencies or sources from investors, we propose the creation of a dedicated fund, which on the one hand
aggregates the different sources, and on the other hand, guarantees its exclusive use for rural electrifica-
tion.

In order to achieve the sustainability of the projects, subsidies must be released upon the provision of
the service, and not associated to the investments. Therefore, subsidies will be paid to investors during
the lifetime of the project, to deter “build-and-run” behaviors. This should be governed by a contract
signed between the electricity provider and the public administration managing the subsidies. The dis-
advantage of this proposal is that, by deferring the grant, the contractor will need more funding, which
means that only those agents who have borrowing capacity could engage in this type of competiton. This
aspect should, therefore, be carefully evaluated.

The payment of the subsidies must be subject to the verification of the continuity and quality of the
electricity service.

Electricity rates

Electricity rates must be calculated in reference to the existing social tariff for grid customers, and
should never be above them. However, they must cover at least maintenance costs to ensure the financial
viability of the project. Different rates may be set depending on the quality of service.

Ownership of the equipment

Being this a service-based model, the achievement of rural electrification should be measured in
terms of the quality of the electricity service provided, rather than on the number of installations. This
results in that the ownership of the generation equipment belongs to the supplier, rather than to the final
users. This in turn places the responsibility for maintenance on the suppliers, which usually have expert
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personnel, instead of on the final users.

Other elements promoting sustainability

The following elements are introduced to ensure the sustainability of the project, in addition to those
previously described:

The temporal scope for the regulation and the financial regime must always go beyond the invest-
ment phase

The costs to be recovered must include not only investment ones, but also replacement, operation
and maintenance costs during the lifetime of the installation.

The user price for this service must be sufficient to cover maintenance, but should not exceed the
social electricity rate for grid-connected users. Making users pay involves them in the scheme,
makes them conscious of the cost of electricity, and makes them require a certain quality for it.

Local administrations become the monitoring agents for the technical and economic terms of the
electricity service, thus involving local communities and decentralizing the administrative pro-
cess.

A fraction of the dedicated fund must be devoted to training and education for electricity users.

An Application to Guatemala

Guatemala is the most populated country in Central America and at the same time the largest economy
in the area. Nonetheless 57% of the population lives in poverty, 21.7% in extreme poverty. Seventy four
percent is concentrated in rural areas and 76% is indigenous population. The electrification rate rose from
37% in 1990 to 84% in 2002. The major part of the electrification has been achieved via extension of the
national electricity grid. Rural and mountainous areas have been left apart and are nowadays isolated.
These areas are at the same time those with the highest poverty indices. The characterization of demand
for housing, schools or medical centres was taken from Rafael Landivar University’, CIEMAT® and own
estimates. This framework would provide electricity to 700,000 people (6% of the Guatemalan popula-
tion).’

The basic level of electricity supply has been set at 150 Wh/day. We have assumed that there is a
school and a medical center for every five communities.

We considered three different configurations: home systems, battery charging stations, and micro
grids. We examined various generation technologies: photovoltaic panels, diesel motors and hydro units.

Solar home systems have the advantage of the proximity to the user, low maintenance, and ease of
installation. They do not need measurement devices as most of their costs are investment costs. In return,
its low concentration may make the maintenance more difficult.

In principle the use of fossil fuel-based solutions such as stand-alone diesel generators was consid-
ered as not suitable. Although they can be attractive due to lower initial investment, the volatility of fuel
prices could result in very expensive operating costs and could jeopardize the economic sustainability
of the projects. From an environmental sustainability perspective, these systems are not a good option.
However, the decision to include them has been taken because the main objective of this regulatory
framework is electrification, not environmental sustainability (dedicated legislation exists in Guatemala
for that purpose)

Battery charging stations allow aligning photovoltaic generation with the load. They also facilitate the
maintenance of the system centrally. On the other hand, they show some problems of discomfort, as they
require moving batteries from the docking station to the individual houses, and also entail a risk from the
discharge of battery acid.

In general, micro grids optimize power generation, distributing it more efficiently within the com-
munity, while avoiding the drawbacks of battery recharging stations. The practical problem is that micro
grids may need separated meters to control each consumer’s consumption. Three possible micro grids
have been considered: with photovoltaic panels, with hydro plants and a mixed one with photovoltaic
panels and an auxiliary diesel generator.

For the economic evaluation we calculated first the cash flows over the lifetime!?: 20 years assumed for
each type of installation. The cash flow is considered as the difference between income and expenditure
for each installation. Income is the result of the sale of electricity at the rate considered (which equals the
current social tariff set in Guatemala for grid users). Costs are all payments of the investment or operation.
Cash flows for individual systems (IS), for battery charging stations (BSC), for Microgrids (MG), for
photovoltaics (FV), and diesel, hydro and mixed systems were calculated. Those for photovoltaic instal-
lations are shown in Figure 1. Starting from the cash flow for each technology, we determined the amount
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of subsidy required.
If we assume that
the program would
use 25% hydro mi-
crogrids, 25% solar
12 14 16 17 18 20 | | home systems, 25%
I PV microgrids, and
25% battery recharg-
ing stations with PV,
and we also assume
a 20% overhead cost
(which should cover
training, dissemina-
tion and other ad-
ministrative  costs),
the average cost of
Years the program would
be $111 million (net
present value over
the 20-year lifetime),

Figure 1 or $804 per house-
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The estimated in-
come for the program (assuming the current social electricity tariff) is $30 million, or $216 per house-
hold (again, in net present value terms). Therefore, the subsidies required are $79 million, or $572 per
household.

However, as mentioned previously, these subsidies should be spread over time. The initial subsidy
would only be 70% of the investment cost, and the remaining amount would be paid in years 5, 10 and
15. If we assume that the total program will be developed in 10 years, the money to be paid from the
dedicated fund would be the ones shown in the Table 2, for the first ten years.
The remaining subsidy to be paid would be $138 million ($61 million in NPV terms). As may be seen,
Year | 5 3 4 5 6 7 ] 9 10 this seems an affordable schedule for a country

Annual 4 4 4 4 4 6 6 7 8 8 like Guatemala.
Expenses Conclusions

Table 2 This paper has presented a regulatory frame-
Expenses and earning rights from the dedicated fund (million US$) work for the electrification of rural areas in
Guatemala. The electrification program would

cover around 137,500 households, or 700,000 people.

The objective of this new framework is to solve the current problems detected in previous rural elec-
trification programs, basically access to capital, and the sustainability of electrification projects over
time.

The new elements of the framework presented are: a service-based model instead of an installation-
based one; a competitive tender mechanism to select suppliers, a dedicated fund to manage the subsidies,
a temporal release of the subsidy that ensures the sustainability of the project, and the setting of a tariff
that covers maintenance costs, but is never higher than the current social tariff for grid-connected users.

All these elements have been integrated in a single regulatory and economic model, which is expected
to improve the sustainability of rural electrification projects in Guatemala, and, therefore, will contrib-
ute, from the electricity provision side, to improve living conditions in these areas.

The proposal is currently being studied by the Guatemalan government, and funds have already been
secured from the Inter American Development bank. It is hoped that rates of rural electrification in Gua-
temala will increase very soon.

Footnotes

! United Nations Energy (2005). The Energy Challenge for Achieving the Millennium Development Goals
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U.S. dollar has been assumed. A discount rate of 12% is consid-
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INTERNATIONAL
ASSOCIATION for
ENERGY ECONOMICS

B WWW.IAEE.ORG

Energy and the Environment:
Conventional and

Unconventional Solutions

Proceedings of the 29th USAEE/IAEE North American
Conference, Calgary, Canada, October 14 to 16, 2010

Single Volume $130 - members; $180 - non-members
This CD-ROM includes articles on the following topics:

Investment in Oil

Valuation

Electricity Markets

Emerging Energy Technologies and U.S. Energy Policy Options
Policies for Renewable Energy
Natural Gas Developments

Carbon Capture and Storage
Energy-Economy Linkages

Grid Investments

Influencing Energy Use

Biofuels

Price, Tax, and Fuel Consumption
Carbon Management

Distributed Generation and Smart Grid
Issues in Renewable Energy

Issues in GHG Strategies

Energy Demand Forecasting

Oil Industry Performance and Reforms
Hydropower and Nuclear

Energy Efficiency and DSM

Energy and R&D

GHG Abatement

Long Run Energy Planning

Issues in Oil Sands

Wind

Modeling Strategic Issues

Energy Security

Dynamic Modeling in Oil

Payment must be made in U.S. dollars with checks drawn on
U.S. banks. Complete the form below and mail together with
your check to:

Order Department

USAEE

28790 Chagrin Blvd., Suite 350
Cleveland, OH 44122, USA

Name
Address
City, State
Mail Code and Country

Please send me copies @ $130 each (member
rate) $180 each (nonmember rate).

Total Enclosed $ Check must be in U.S.
dollars and drawn on a U.S. bank, payable to USAEE.



