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AIM AND SCOPE

FACTS Reports is an international, peer-reviewed journal, devoted to promoting
field-based activities in developing and developed countries and is open access
for both readers and authors. Created in 2007, FACTS provides a unique forum
for the expression and exchange of ideas in various fields, including economy
and development, cities and urban services, health, education, environment,
and agriculture.

Articles are subjected to peer review by field practitioners or academics. The main
criteria for publication are that the articles describe actions that are both useful
and reproducible. Editorials and Commentaries are also published, allowing
experts from diverse fields to contribute critical analysis, and encouraging
cooperation among authors.

OBJECTIVES

The principal objective of FACTS Reports is to help field practitioners,
international organisations, national agencies and policy-makers communicate
best practices and lessons learned through the implementation of their
programmes. Many field practitioners implement projects in developing
countries to address issues related to economics, health, the environment,
agriculture, education and development in general. There are many opportunities
to learn from the outcomes of these projects.

The journal is a unique international initiative and, moreover, the first of its type
in the world. It provides an independent platform for key players in development
to share best practices, to express their views and opinions, to share their
experiences and to cooperate with other international development actors from
around the world.
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PREFACE

“The initiatives
discussed in this issue
of FACTS are not

only new economic
models, but also

new social models.”

Jean-Michel Severino
CEO, Investisseurs & Partenaires

“This issue of FACTS deals with a
social and technological revolution
that is still in its early days:
decentralized energy in developing
countries.”

The full impact of this revolution is yet
to be determined, but it is sure to be
profound. In a conservative scenario,
which would already represent a
great success, this revolution would
be a phase of acceleration towards
the centralized model of industrial
countries. In a more optimistic
scenario, the revolution would create
(notably in Africa, which is the ideal
region for such) a new energetic
model that is the complete opposite
of centralized models. And taking the
scenario to its extreme, the revolution
would spread to industrialized
countries, thus becoming a new
example of “reverse innovation”.

Itis still too soon to judge. Evolutions in technology,
among many other factors, will decide the outcome.
It is nevertheless already probable that, over the
next two or three decades, hundreds of millions of
households in Africa, Asia and Latin America will see
their quality of life transformed: which is no small

achievement.

But the story doesn’t stop there. The initiatives
discussed in this issue of FACTS are not only new
economic models, but also new social models.
Applications of decentralized energy include provision
of solar lamps, individual solar systems, kiosks, and
mini-grids. The first three of these —which are also the
most important quantitatively — have the common
defining characteristic of connecting the consumer
directly to the manufacturer or service provider. In
these energy models, there is no energy producer,
only suppliers of solutions. This is what allows new
businesses, whether for profit or not-for-profit, to
escape the constraints of energy sector regulations
that render the sector incapable of providing energy
to poor populations, as is the case with the often
ineffective and inefficient national energy utilities.
Households or small businesses, currently mostly
rural or peri-urban, are no longer beholden to an
inexistent or patchy public service, and become
customers, beneficiaries of a growing number of
competitive offers. Anyone who understands the

energy industry will immediately see the important
political and institutional consequences of this shift.

[t's also an exciting tale of innovation. Take individual
solar systems, for example ; their novelty derives from
the combination of three great recent innovations:
the mobile telephone, photovoltaic energy, and
microfinancing. This story is ongoing, because the
technological solutions in question will continue to
evolve, as will economic models: how far, for example,
will production and storage capacities of individual
systems continue to grow, and could they eventually be
connected into a grid, thus reversing the manner in which
mini-grids are currently conceived? As for economic
models, there are two competing business models for
decentralized individual systems: mini-utilities, which
effectively supply current, and mini-leasers, which
effectively supply equipment. Which model will come out
on top? One of them, or both of them?

Finally, this sector has seen the birth of businesses
that are entirely African-owned, even if their creators
are not always African. It is practically a certainty that
in the next thirty years, some of these businesses
will be among the top players in the African market.
Indeed, the economic growth of the sector is very
important, driven by both the socio-economic
performance of the proposed solutions, and the
mobilisation of international funding to support it.
Despite the importance of social actors in this field,
itis not only NGOs that are investing in it: investment
funds—primarily from North America (but there
are French ones too...!), multinationals from the
energy sector and telecommunications companies
are becoming increasingly involved in securing the
financial success of what is considered to be the next
big industry.

When | began my career in development thirty years
ago, | thought with sadness that of all the major
challenges associated with the fight against poverty,
“last mile access” to energy would be the most
difficult to overcome, and | was sure that | would never
see it in my lifetime. The revolution of decentralized
energy in Africa is both humbling and exciting:
because in its most ambitious version, in countries
where centralized structures are particularly lacking,
the “last mile” will perhaps be crossed before the first,
and it would seem that a great part of this rural energy
battle may be won in the next thirty years... with the
immense impact on poverty and development that
one might expect. Bravo Africa!
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FOREWORD

“The development

of renewables-based
off-grid electrification
solutions would
appear to be the only
viable solution in the
near to medium term
if electricity is to
gradually stop being
an often unaffordable
luxury for African
consumers.”

Thierno Bocar Tall

Chairman and CEO, African Biofuel and Renewable Energy Company (ABREC)

“We will make electricity so cheap
that only the rich will burn candles.”

Although Thomas Edison’s famous
1887 boast turned out to be prophetic
for the western world, there is no
avoiding the fact that it still does not
apply to developing countries, most
notably in sub-Saharan Africa. Here,
access to electricity is a luxury, with
an overall penetration rate of 32%,
falling to just 17% in rural areas, and
electricity prices are often very high.
In the face of the twin barriers of cost
and availability, most households
still rely on energy solutions such as
firewood, candles, kerosene lanterns
and battery lanterns that are time-
consuming in terms of gathering fuel,
unreliable, and destructive for the
environment and users’ health.

Ambitious projects to extend national
utility grids all the way out to rural areas
will have zero impact on this reality for
the foreseeable future. Furthermore, a
feature of these projects is an energy
mix that relies heavily on fossil fuels,
which rules them out as a solution for
Africa’s energy future. On the contrary,
the development of renewables-based
off-grid electrification solutions would

appear to be the only viable solution in the near to
medium term if electricity is to gradually stop being an
often unaffordable luxury for African consumers.

Recent technological advances that give us access
to solutions for the production of electricity from
renewable sources at ever lower prices and using

equipment that is relatively quick and simple to install,
without the need for any megaprojects, represent a
historic opportunity. This is the process the African
Biofuel and Renewable Energy Company (ABREC)
has been working on since 2009.

Africa has rich renewable energy resources and it is
high time they were put to use. The goal must be to
massively increase renewables’ share of the energy
mix and the capacity and reliability of utility grids,
and to reduce the energy gap, primarily through
rural electrification, in regions where utility grids will
never reach.

The sheer number of private and public actors engaged
in setting up off-grid renewable solutions for access to
electricity makes it hard to get a clear idea of how the
sector is developing and the trends affecting it, both in
sub-Saharan Africa and everywhere else where access
to electricity remains a challenge.

This issue of FACTS Reports takes us on a journey from
Laos to Rwanda, India to Madagascar and Uganda to
Brazil, looking at real-life applications and offering
us a geographical and technological overview of the
solutions that are beginning to spread across areas of
the developing world that still lack electricity.

This issue lays the groundwork for identifying best
practices: choice of technologies, organizational
structure, funding method, and so on. This is a process
that depends on increasing assessments of field
experiences and understanding and comparing the
various barriers and opportunities that characterize
every situation. Identifying best practices is a necessary
precondition to the transition to renewable energy
sources that the whole world is demanding, for our
energy future depends on such a transition —nowhere
more so than in Africa.
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INTRODUCTION

Decentralized electrification and development:
initial assessment of recent projects

Jean-Claude BERTHELEMY and Victor BEGUERIE - Coordinators

Jean-Claude Berthélemy is
Professor of Economics at
Paris 1 Pantheon-Sorbonne
University and former Dean
of its School of Economics,
and is co-director of the
school’s “sustainable
development economics”
research area. He is also
Senior Fellow of the FERDI,

Victor Béguerie is research
officer of the program
“Environment, climate

and development” at
FERDI. His work focuses on
access to modern energy

and electricity, on their
impacts on household
living conditions and on
their reliability. He holds

a PhD in development economics of CERDI - Université
d'Auvergne. His PhD brought him to Burkina Faso

to analyze the impact of the Multifunctional Platform
program on woman and child living conditions.

where he heads research on access to electricity as part
of the “Environment, climate and development” program,
and a corresponding member of the Academy of Moral
and Political Sciences (ASMP) of the Institut de France.
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Recent years have seen the development of
a great many initiatives to increase access to
electricity in under-served regions. And yet,
despite these actions and a growing awareness
in the international community of the important
part access to electricity can play in driving down
poverty (DFID, 2002; ECOWAS and UEMOA,
2006), much work remains to be done if we are
to meet Sustainable Development Goal 7: ensure
access to affordable, reliable, sustainable and
modern energy for all. Some 1.2 billion people
remain without electricity (IEA, 2015), i.e. 17% of
the global population. Of these people, 97% live in
sub-Saharan Africa or developing Asian countries
(Ibid.). There are significant regional disparities
in electrification rates. The goal of universal
electricity access is close to achievement in
North Africa, the Middle-East and South America,
where electrification rates are 99%, 92% and
95% respectively (Ibid.). Most of the problems
in access to electricity are concentrated in rural
areas of sub-Saharan Africa and developing Asian
countries, where rural electrification rates are 17%
and 78% respectively, as illustrated in Figure 1.

EXTENDING UTILITY GRIDS
AND DECENTRALIZED ELECTRIFICATION:
TWO COMPLEMENTARY APPROACHES

Until recently, initiatives looking to drive up access to electricity
were focused on the major utility grids, which also dovetailed with
in-house expertise at the major development financing institutions.
But some of the more recent initiatives (Power Africa and New Deal
on Energy for Africa in particular) also include off-grid electrification
projects. Many NGOs of all sizes and companies from the private
sector have been involved in off-grid projects for a number of years.

There are several reasons that argue in favor of this heightened
interest in decentralized solutions, at least for areas of the world where
electrification rates lag, i.e., sub-Saharan African and South-East Asia.

Extending major utility grids is extremely expensive as inhabitants are
spread out over vast distances and transmitting electricity over long
distances is very costly. As an example, in 2015 the Association for
the Development of Energy in Africa (ADEA) costed at USD 884 billion
Jean-Louis Borloo's plan for universal electrification across Africa by
2040. The plan is essentially based on upgrading the generating and
distribution capacities of major utility grids, with over half the total
amount corresponding to electricity transmission and distribution
infrastructure.
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CHRONOLOGY OF THE MAIN RECENT

INITIATIVES TO PROMOTE ELECTRIFICATION

ﬁ « Electrification Financing Initiative

(European Commission)

« Africa Power Vision (African Union Commission,
New Partnership for Africa’s Development, Nigerian
ministry of finance, United Nations Economic
Commission for Africa, African Development Bank)

« New Deal on Energy for Africa
(African Development Bank)

* Energy Africa campaign (DFID)

« African Energy Leaders Group (Heads of State
and business leaders)

* Energy Access Ventures Fund (Schneider Electric,
CDC Group, DFID, European Investment Bank, FISEA,
PROPARCO, OFID and AFD-FFEM)

» Energies pour I'Afrique (Jean-Louis Borloo)

« Power Africa (Obama presidency)

« Sustainable Energy Fund for Africa
(African Development Bank)

* Access to Energy Initiative (World Business Council
for Sustainable Development)

« Global Electricity Initiative (initiative supported by
the World Energy Council)

« Global Lighting and Energy Access Partnership
(inter-governmental initiative)

« Sustainable Energy for All (United Nations)

« Africa Electrification Initiative (World Bank)

* Lighting Africa (World Bank)

Itis interesting to note that even where potential customers live close to a
utility grid (“under grid") they do not always connect to it. Lee et al. (2014)
used Kenyan data to show that half of all households not connected to the
grid live less than 200 meters from a low voltage power line. Connection
costs account for part of this phenomenon, but to understand its true
significance it is important to remember how unreliable electrical grids
are inregions where electricity supply remains under-developed.

Decentralized solutions, whether individual or collective (micro-
grids and kiosks) offer a partial response to the challenges posed
by the very high cost and poor reliability of the major utility grids.
This phenomenon has long been observed among industrial users in
sub-Saharan Africa, where most companies whose output relies on
electricity use standalone generators to compensate for outages in
the utility grid supply, which they are also connected to, even though
using generators to produce electricity is expensive.

Decentralized solutions for access to electricity
offer more limited supplies of electricity than would
be available from a utility grid, particularly in terms
of the amount of power available. However, none
of the farming and small-scale service or craft
activities that could develop in these rural areas
(lighting, refrigeration, irrigation and use of small
electrical tools) require a high-power electrical
supply. Furthermore, according to the World Bank
(2014), these are some of the types of activity that
have had the biggest impact in driving down poverty
in sub-Saharan Africa. So, the development of
decentralized electrification might be a realistic
option as part of a development policy focused on
poverty eradication.

The quest for renewable energy sources
(mainly solar, but also wind, hydro, biomass and
geothermal) is fully compatible with off-grid
projects. In the current context, where sustainable
development and climate change are central to the
challenges facing our planet, it is vital that efforts
to close the energy gap focus on mechanisms
that are sustainable and environmentally friendly.
This is something that can be achieved with
decentralized solutions that rely wholly or partially
on renewables. Technical solutions employing
renewable energy exist and have already proved
their worth, such as micro-hydroelectric, solar,
wind and hybrid power plants, kiosks, solar kits
and lamps. In addition, with prices for solar panels
falling by as much as 67% between 2011 and
2020, the cost of PV-generated electricity will by
then be comparable to the cost of electricity from
conventional sources (de la Tour et al., 2014).

The many initiatives and the lack of coordination
between them make it impossible to identify and
evaluate the many decentralized electrification
solutions that have recently been developed or
are emerging. This makes it impossible to have a
clear vision of the respective merits of the various
solutions on offer, which may also be wholly
dependent on the geographical and institutional
contexts that they are deployed in.

“EXTENDING MAJOR UTILITY GRIDS
IS EXTREMELY EXPENSIVE AS
INHABITANTS ARE SPREAD OUT OVER
VAST DISTANCES AND TRANSMITTING
ELECTRICITY OVER LONG DISTANCES
IS VERY COSTLY.”
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Rate of electrification in the developing world
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OVERVIEW OF RECENT PROJECTS

The only initiative we are aware of to gather data
on these energy access initiatives is the database
developed by World Access to Modern Energy
(WAME) & EXPO 2015 . WAME & EXPO 2015 is a
non-profit created by eight major European energy
companies (A2A, Edison, Enel, Eni, Eon, Gas Natural
Italia, Engie and Tenaris) in collaboration with the
organizers of World Expo 2015 in Milan, Italy. The
idea is to raise public awareness about the issues
and consequences of the lack of access to modern
energy sources facing a large percentage of the
global population. The organization exists to help
eradicate the “modern energy gap” by supporting,
developing and multiplying actions in the field that
help to tackle this issue. WAME's database lists
energy access projects, policies, case studies and
publications that have helped to increase access to
energy services for households, collective bodies
and businesses, almost exclusively in Asia, Africa
and South America. The initiatives listed in the
database are often, but not always, focused on
renewable sources and cover a very broad range of
participants (bilateral and multilateral donors, public
institutions, governments, NGOs, private businesses
and charitable foundations). Even though it is not
exhaustive, using this database does provide us
with an initial overview of the current status of
decentralized electrification projects.

Figure 1

By concentrating on data on accurately documented projects (location,
year, energy source and technology used), 606 electrification projects
and case studies carried out between 2000 and 2015 were identified.
Of these projects, 481 (79.4%) were off-grid electrification initiatives,
99 (16.3%) were on-grid electrification initiatives, and 26 (4.3%) were
electrification initiatives that combined densifying or extending the
national utility grid with deploying off-grid systems.

The geographic spread of decentralized electrification projects, or projects
with dual centralized and decentralized dimensions, is as follows:

Geographic distribution of projects identified

0% 8% 04%

Bl Africa
0 Asia

South America
Bl Middle-East
B Pacific
B World

Source: WAME modified by the authors Figure 2
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Breakdown of energy sources

Bl Diesel
0 Biomass
B Wind
B Hydro
B Solar

18.3%

Source: WAME modified by the authors Figure 3

Unsurprisingly, Africa and Asia are home to almost 80% of electrification
projects identified in the database between 2000 and 2015.

These decentralized electrification projects use a very varied range of
energy sources: fossil, solar, hydro, wind and biomass. A total of 15.9%
of initiatives identified directly involve several energy sources, and 4%
of them combine energy sources via a range of hybrid technologies,
from basic solar-fossil power plants to more complex solutions
combining solar, wind and diesel, for example. Solar is the most widely
used energy source, used in close to 60% of the off-grid electrification
projects identified.

Three major families of technical solutions can be identified:

» mini-grids powered by electricity generating plants (fossil, solar,
hydro, hybrid, etc.);

» energy kiosks offering a range of energy services to communities;

« isolated systems that provide access to electricity for households
and collective structures (schools, health centers, water pumps,
etc.). These technical solutions may take the form of solar lanterns,
solar kits, pico turbines, pico wind turbines, home biodigesters, etc.

In total, 20.6% of projects identified concern several families of
technical solutions.

Most of the projects identified include a capacity-building dimension.
A minority provide training only.

The large majority of decentralized electrification initiatives
identified in the database concern isolated systems (57.7%) and
mini-grids (39.3%).

Source: WAME modified by the authors

Breakdown of the different
solutions offered

Il Kiosk
B Mini-grid
B Training

EXPECTED EFFECTS OF DECENTRALIZED
ELECTRIFICATION PROJECTS

It is impossible to assess the actual effects of
these initiatives from the WAME database. At best,
it provides information on the expected effects,
which are wholly dependent on the nature of the
solutions deployed.

Low-power individual installations provide lighting
and can be used to recharge mobile phones. We
have no data on the impacts on people's well-
being and so we can only conjecture: lighting in
the evening should help children to improve their
schoolwork; the ability to recharge a mobile phone
saves time that could be used for productive
activities. However, timesaving in these ways
remains a potential effect. We can add to this the
fact that people living without electric lighting use
primary energy sources that damage their health
and the environment as well as being expensive
(kerosene, candles and wood), or else they use a
number of individual solutions that pollute over
the long term (small battery-powered torches and
lanterns), but the harmful health effects of these
traditional solutions are not generally measured.

Installations offering greater amounts of power
can help to trigger a process of development
through contributing to the economic
transformation of the communities concerned,
the creation of new small-scale businesses and

B |solated system

Figure 4
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« Subscribers are mostly satisfied with the quality of service and the
electricity tariff. The collection rate exceeds 95%;

» The delegatee controls his grid and performs his duties. He carries
out improvements on the infrastructure to limit the risk of outages
and of service interruption. Service availability is greater than
95%, in accordance with the requirements of the public service
concession contract.

However, a closer analysis of consumption data shows that it is
the more affluent households (and thus those having a higher
individual consumption) that are connected. Thus, according to
the satisfaction survey GRET carried out after 6 months of service,
98% of affluent households and 52% of medium income households
were connected to the network, but only 3% of poor households®.
Although a connection plan had been specially designed for poor
households, the “lightbulb flat rate”, allowing connection without a
meter to operate only one or two lightbulbs®. Despite very attractive
pricing, and even though connection was subsidized, only 6% of
households are connected to this ,lightbulb flat rate”. Therefore
the good results of the Tolongoina grid probably mask a strong
inequality in access to the service.

This phenomenon can be explained by (i) the nature of the subsidy
mechanism, of the type Output Based Aid, which encourages the

8 Household categorization is based on a combination of criteria: main activity of the head of the
household, education level, occupancy status, dwelling type (general condition, walls and roof).

9 This package allows poor households to benefit from lighting at a very reduced price, less than
the average expenditure for lighting with an oil lamp.

delegatee to make network connections quickly.
Poor households, waiting for the service to be
tried and tested before connecting to the grid
so as not to “lose” their investment, benefit less
from subsidies; and (ii) a higher connection cost
for poor households due to the grid configuration,
which covers the main roads when such
households tend to be on secondary roads; (iii)
a policy of the delegatee to willingly promote full
connection at the expense of the “lightbulb flat
rate”, less attractive financially.

Although it is complex to target the poorest so that
they can benefit most from connection subsidies
or to encourage them to connect to the grid from
the first months of service, new strategies can be
set up to reduce inequality of access to electricity.
This can go be done by (i) better sizing of the
electrical grid during the design phase to setup
low-voltage lines passing through the heart of
low income neighborhoods, thus reducing the
cost of connection, (ii) mobilizing municipalities
to allocate connection subsidies, (iii) raising
awareness among the poorest households at
the start of service, or (iv) dividing the subsidies
between the meter subscription and the flat rate
subscription, to ensure all subsidies do not solely
go to more affluent households.

Tolongoina grid - Source: GRET
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3.2. THE PERFECT DELEGATEE: AN INVESTOR WITH

FUNDING AND TECHNICAL SKILLS

The delegatee is the cornerstone of the service.
The relative weakness of national institutions,
combined with their limited means of control and
regulation, puts sole responsibility for service
quality squarely on the delegatee’s shoulders;
it is therefore important to select a competent
delegatee. The delegatees selected for the
Rhyviere project sites had very varied profiles:

» Tolongoina site: small electricity business made
up by several shareholders including university
professors specialized in energy. The delegatee
had good technical skills but little experience in
construction projects.

» Sahasinaka site: a small construction
company. The delegatee turned to outside
service providers for the electrical skills and
construction of the dam.

« Ampasimbe site: civil engineering and drilling
company, whose CEO comes from the project
area. His profile is more like that of an investor
who expects a return on investment in the
long term. He has acquired in his company
the required technical skills in electricity and
demonstrated a true capability to carry out the
infrastructure works.

For each site, the tenders were assessed on the
basis of precise criteria. The technical proposal
was analyzed first, and only tenders attaining a
minimum of 60 points were shortlisted. Next the

Sahasinaka hydroelectric dam - Source: GRET

financial evaluation graded proposals on the basis of the amount
of the subsidy requested to carry out the work and the proposed
electricity rates.

Table 3. Technical criteria for analysis of tenders

o Number of
Analyzed criterion points
Activities and experiences in construction and 20
management of an electrical network
Proposed solutions for the construction 30
of infrastructure
Proposed solutions for management 30
and provision of the service
Understanding of public 10
service concession
Motivation for the project 10

The lessons learned during the project serve to emphasize the key
aspects of the delegatee profile:

» Broader skills: the delegatee’s function is multifarious, calling
on a variety of skills, both technical and in administration,
logistics, supervision, management and negotiation. Delegatees
with good technical skills in the field of electricity can be very
quickly overwhelmed by the constraints of building hydroelectric
infrastructure and managing the service. Technical skills, while
necessary, are insufficient on their own;

- Suitable financial capabilities: the delegatee, who must cover at
least 30% of the investment, must be able to obtain this funding.
The project has experienced several delays because it did not
check the financial standing of the delegatees, on the one hand
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because it is difficult to assess the financial standing of a business
when the data supplied by the bidders is not standard and hard to
check, and on the other hand, because a bidder may indicate he
will use of a line of credit but subsequently not be granted credit
once the concession contract has been signed;

» Investor more than entrepreneur: the delegatee must develop, as
soon as he is selected, a medium- or even long-term vision of his
activity!©. This implies in the first place understanding that a utility
concession contract is not a works contract: since the return on
investment is only possible if service continuity is maintained,
the delegatee must promote equipment quality rather than cost
reductions that could subsequently lower the profitability of its
investment.

The ideal profile to become a delegatee is that of an investor with
a service vision and sufficient financial resources, or the ability
to mobilize such resources, supported by a team with quality
technical expertise.

3.3.AMECHANISM FOR PAYMENT OF ENVIRONMENTAL SERVICES
WITH MODEST BUT PROMISING IMPACT

After almost two years of operation, the PES contract has shown
that though limited, its effects are real. The money collected has
been used to roll out several activities planned in the watershed
management scheme, such as monitoring trips to check the state
of preservation of the forest or the development of food crops
compatible with the protection of the catchment area (beans,
peanuts, demonstration plot on good practices for growing
ginger, etc.). Even if the impact of these activities on the quality
of the environmental service is as yet limited, they serve to
improve farmers’ living conditions. The farmers regularly submit
projects to the committee, which approves funding and supports
implementation of the projects.

In the end, it appears that the biggest success of the PES
mechanism is to have encouraged a dialog between the inhabitants
of the watershed and populations living downstream, on the subject
of water resource preservation. While the service providers do
not benefit from the effects of electrification, they have agreed
“as a service” because their problems are being considered by
the beneficiaries (Toillier, 2011). The watershed management
committee becomes a sustainable structure rewarding agricultural
practices compatible with proper operation of the hydro power
station, while at the same time the farmers acquire these good
practices. The method based on co-constructing a shared vision
around hazards and good practices seems to have created favorable
conditions for acceptance of the PES mechanism.

The main weakness of the mechanism, in addition to the fact that
the money collected is insufficient to cover all activities identified
as necessary to preserve the water resource, lies in the difficulty
of monitoring this mechanism, which is not part of an independent
project management. The Tolongoina municipality cannot perform
this function as it is itself the beneficiary of the ES and stakeholder
of the PES contract. The system is missing a third stakeholder

10 In Madagascar, rural electrification concession contracts are usually granted for a period
of 20 to 30 years. ORE defines the duration of the concession contract as a function of the
forecast business plan of the service, in order to guarantee a sufficient return on investment to
the delegatee.

who would guarantee the preservation of the
water service. GRET will continue to perform
this function as long as it is present in the area,
but its role is not to continue supporting the
local operators in implementing this contract.
The PES contract renewal in 2016 should provide
the opportunity to fill this gap.

4.THE REASON FOR THE SUCCESS
OF THE RHYVIERE PROJECT:

THE CREATION OF A STAKEHOLDER
COALITION BETWEEN PUBLIC
AUTHORITIES, BUSINESSES

AND CIVIL SOCIETY

4.1. THE NEED FOR A STRONG PUBLIC AUTHORITY
TO SUPPORT PUBLIC-PRIVATE PARTNERSHIP

The analysis of concession practices and relations
between the State, the construction owner
through Ader and the delegatee, shows that public
authorities do not really carry out their duties
under the law, which undermines the public-
private partnership. Whereas the legal framework
in Madagascar is fairly well designed and the
institutional framework has been stable for nearly
15 years, delegatees are barely controlled and
poorly regulated, which seems to be the main
source for the continual weakening of sanctioned
concession contracts. Experience acquired on the
Rhyviere project shows, on the contrary, all the
importance of having a strong public authority
to encourage the sustainability of public-private
partnerships.

This is illustrated on the question of control of
the investment made by the delegatees. Since
it is mainly the delegatees who carry out the
service sizing preliminary studies (PD and DD),
they themselves define the total amount of the
investment on which their subsidy will be indexed.
However, Ader does not have the means to analyze
these technical files in depth, which leaves the

“EXPERIENCE ACQUIRED ON

THE RHYVIERE PROJECT SHOWS, ON

THE CONTRARY, ALL THE IMPORTANCE OF
HAVING A STRONG PUBLIC AUTHORITY
TO ENCOURAGE THE SUSTAINABILITY OF
PUBLIC-PRIVATE PARTNERSHIPS.”
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door open for the delegatee to overestimate the
investment, therefore raising the amount of the
subsidy it receives. This is even more plausible
since Ader does not check the investment made
by the delegatee during the works, since it has no
permanent presence on the worksites and does
not mandate an independent works controller.
Delegatees may can therefore play with the
specifications of materials and declare costs of
works exceeding actual costs.

The assumption that we make as a result of these
observations is that several delegatees have
invested nothing or very little in building their
infrastructure. By overestimating the investment
budget in the preliminary studies and by reducing
the quality of the work, it would be possible for a
delegatee to carry out the work without investing
its own contribution, and even make a profit. If he
does not invest, the delegatee’s position changes
from that of concessionaire to lessor (Levy and
Ged, 2007), which changes his assessment of the
risk. This may explain the high proportion of grids
abandoned by private delegatees: a company not
constrained by return on investment can drop the
service in the event of difficulties.

The methodology GRET deployed has ensured
that delegatees invest. It established three levels
of control: (i) the level of subsidy to be received by
the delegatee is calculated on the basis of the pre-
project study, the preliminary design, carried out
by the project team; (ii) GRET checked on funds
disbursed by the delegatee, through their invoices
of equipment and supplies; (iii) the works carried
out are inspected by the project team, as well as by
an engineering firm mandated by the municipality.
GRET has helped Ader gain awareness of its
responsibilities and has demonstrated the need to
structure a strong public authority to implement a
public-private partnership.

4.2. INTEGRATING LOCAL AUTHORITIES,
ANECESSARY LINK TO BALANCE THE CONCESSION
CONTRACT AND ENSURE LOCAL POPULATIONS
RECEIVE BETTER SERVICE

Madagascar's institutional framework gives
local authorities a limited role. Since project
ownership for rural electrification is national, local
authorities are poorly informed of the issues in
this sector and only slightly involved in projects.
These municipalities nevertheless have a role
to play in the project management of the rural
electrification scheme, and can complement the
national authorities:

» Local authorities can play a part in identifying
projects and prioritizing needs. The approach
used for the Rhyviere project thus relied on
(i) involving the municipalities to identify

potential energy resources in their territory and (ii) testing a
municipal electrification planning scheme to determine the need
and demand for electricity, propose solutions adapted to each
site, and prioritize the most relevant projects. The municipalities
can reclaim control over the issues of rural electrification, which
are debated as a component of local development;

» The municipalities must be integrated in the monitoring and the
local regulation of the service. In a context where Ader and ORE are
distant from the electrified sites and do not have sufficient means
to monitor the situation properly, turning to local authorities is a
good way of balancing the public-private partnership. A contract
between the delegatee and the municipality makes it possible to
designate the municipality as project owner, acting on behalf of
the Ministry for Energy, in order to control the quality of the public
service and monitor the delegatee. The municipality thus becomes
local regulator guaranteeing compliance with the social purpose of
the service.

4.3.ROLE OF NGOS: COMPLIANCE WITH THE RULES, SUPPORT

TO STAKEHOLDERS AND SECURING THE CONCESSION CONTRACT
Alongside stakeholders acknowledged by the legal framework and
those whose legitimacy lies in their local presence, what is the role
of the NGOs who often sponsor rural electrification projects? In the
example of the Rhyviere project, GRET facilitated structuring the
coalition of stakeholders, which gave it strength and relevance.

Firstly, GRET defended before the other stakeholders the strict
observance of the legal framework, so often neglected. Whereas
traditional concession practices were completely divorced from
the very letter of the law, GRET based its actions on compliance
with these rules and pushed for their application. The control
mechanisms deployed around the main steps of the project have
therefore encouraged, or even forced, the other stakeholders to play
their part in the public-private partnership.

Secondly, the presence of GRET contributed to the emergence of a
better understanding of the interactions between the stakeholders.
Ader, ORE, delegatees, engineering firms, municipalities and users’
associations were strengthened both to ensure they understood
their role in the country’s rural electrification strategy, and to
enable them acquiring a better knowledge of the other players in the
sector. An effective coalition of stakeholders can only emerge when
businesses, local authorities and national administrations perceive
themselves as partners committed toward achieving the same goal.

Finally, the work to formalize the standards, procedures and tools
carried out by the project team constitutes a basis that makes the
public-private partnership safer, for the national authorities and the
delegatees as well. The project feedback shows that delegatees are
reassured by good quality data and well-established procedures.
Far from slowing down electrification project implementation,
the steps of diagnosis, sizing, and control ensure a better chance
of sustainability of the service, which is encouraging for both the
authorities and delegatees.
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CONCLUSION

The lessons learned from the Rhyviere project provide
options to improve the mechanism for concessions in
Madagascar. Whereas the legal framework is stable and
the competency of both public and private stakeholders
is rising, improvements are needed to enhance the
impact of rural electrification projects:

* Public authorities must impose their definition of the
infrastructure, particularly so when they subsidize
a part of the works. Using independent engineering
firms to carry out the preliminary design studies and
to control the delegatees will ensure the delegatee’s
level of financial investment is adequate;

The delegatee’s financial commitment must be real
and relatively high: it is a pledge of motivation and
moral commitment to the service. As a corollary, it
is necessary to develop financing solutions allowing
private companies to engage in rural electrification
projects;

The local authorities must take part in the project
ownership to complement the national authorities.
They can act as local regulators, capable of balancing
the concession contract to guarantee the social goal
of the service.

Finally, the project has highlighted the fact that
coalitions of stakeholders comprising the State, local
communities, businesses and civil society organizations
are capable of providing innovative solutions to meet
the challenge of rural electrification. By avoiding the
pitfalls of dogmatism and simplification, these open and
balanced coalitions can offer appropriate solutions to
promote universal access to energy that is affordable,
reliable, sustainable and modern.

A question nevertheless remains: the impact of the
project on economic development and on the living
conditions of households. The analysis of the Tolongoina
site, in service for more than two years, suggests a true
impact: many households have acquired electrical
equipment, craftsmen have adapted their production
tools, health centers have electricity 24/7. However, it
would be necessary to carry out a more precise analysis
of these phenomena to better quantify and understand
the project’s actual socio-economic impact.

A new phase of the project, started in 2015, covers the
electrification of three new sites to serve approximately
50,000 beneficiaries in the regions of Sofia, Haute
Matsiatra and Amoron’l Mania. It incorporates a specific
component to encourage economic development by
supporting the small and medium enterprises of the
towns concerned. This specific work should strengthen
the effects of electrification on the populations and
improve living conditions in the target areas.

“COALITIONS OF STAKEHOLDERS
COMPRISING THE STATE, LOCAL
COMMUNITIES, BUSINESSES AND

CIVIL SOCIETY ORGANIZATIONS ARE
CAPABLE OF PROVIDING INNOVATIVE
SOLUTIONS TO MEET THE CHALLENGE OF
RURAL ELECTRIFICATION.”
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The Seychelles aim to cover 5% of
electricity with renewables by 2020 and
15% by 2030. The local power system
operator commissioned a Grid Absorption
Study to determine the technical limits
for reaching these targets. The study
focussed on how much photovoltaic (PV)
generation the grid can absorb. As result,
the primary bottleneck was found to be
the maintenance of backup generation
reserves to compensate for fast
down-ramping of PV generation.

INTRODUCTION

The Republic of Seychelles, an island state in the
Indian Ocean, has targets to reach 5% coverage
of its electrical demand with renewable energy
(RE) sources by 2020 and 15% coverage by 2030.
In 2014, Energynautics GmbH was commissioned
by the Public Utilities Corporation (PUC) of
Seychelles, financed by the World Bank, to
examine whether the Seychelles grid could absorb
so much renewable generation and to develop
a Grid Code for the connection of distributed
generation units to the power system. In addition
our project partners Meister Consultants Group,
Inc., prepared draft Feed-In Tariffs and Power
Purchase Agreements for the Seychelles. In this
paper we present the results of the Grid Absorption
Study (Ackermann et al., 2014)).

The Seychelles consists of over 115 islands in
the Indian Ocean off the east coast of Africa.
The main island of Mahé, on which the capital
Victoria is also located, has a population of
around 80,000, a peak load of 50 MW and
an area of 155 km?. The next-most-populated
islands Praslin and La Digue are only 44 km
away from Mahé and connected to each other
by undersea cables. The combined Praslin
and La Digue system has a peak load of just
over 7 MW and a population of 8,500. The
remaining islands are only sparsely-populated.
The interplay between size, weather and the
characteristics of the power system makes
each island system unique when considering
the integration of renewables. In this paper we
mostly focus on the main island of Mahé.

In 2013, eight wind turbines were installed in the
harbour of the capital Victoria with a combined
nominal power of 6 MW, which is enough to
cover 2% of Mahé's annual load. Apart from a
few dozen photovoltaic (PV) installations, the
rest of Seychelles’ generation is provided by
diesel generators running predominantly on
heavy fuel oil (HFO).
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1. STUDY INPUT CONSIDERATIONS

The Grid Absorption Study focussed on two years: 2020 and 2030.
Capacities for wind, biomass, hydroelectricity and waste-to-energy
were agreed in advance with PUC and the Seychelles Energy
Commission (SEC), based on potentials limited by, for example,
existing land use. Therefore the chief objective of the study was to
determine how much solar power can be installed on the islands,
since the potential PV capacity is in theory very high.

Simulations were performed with a network model of the three
main islands of Seychelles in DIgSILENT's PowerFactory software
tool to investigate voltage problems, overloading of network assets,
frequency stability and the maintenance of sufficient reserves with
varying amounts of PV.

1.1. SEYCHELLES TRANSMISSION NETWORK

The backbone of the Seychelles power system is an 11 kV and 33 kV
network on Mahé and an 11 kV network on Praslin and La Digue.
Praslin and La Digue are connected via undersea cables. A complete
computer simulation model of these networks (with low voltage
feeders aggregated at their transformers) was made available by the

Mahé’s 33 kV transmission network,
in the state foreseen for 2020 (red and blue)

Extensions to the North, needed by 2030,
are marked in brown
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“THE SEYCHELLES AIM TO COVER 5%
OF ELECTRICITY WITH RENEWABLES
BY 2020 AND 15% BY 2030.”

network operator PUC, including dynamic models
of the diesel generators on Mahé (it was not within
the scope of the project to validate these models). In
2014 there were only a few 33 kV lines on Mahé, but
because of undervoltage and overloading problems
due to growing demand, the 33 kV network will
be extended to the South of the island by 2020
(Al-Habshi Consultants Office in association with
ECOM, 2013) (see Figure 1). These extensions were
built into the network model as well as extensions
to North Mahé, which were found during the study
to be necessary by 2030 due to the rising load.

1.2. LOAD DEVELOPMENT UP TO 2030

The load in Seychelles has two peaks: one at
around midday on workdays and another in the
early evening (see Figure 2). The peak demand

UNDERSTANDING UNDER/QOVERVOLTAGE
AND OVERLOADING

Typical cause for undervoltage in an electrical
power system is the interplay of several factors

- too little capacity reserves of lines, cables,

and transformers; too high consumer load;
insufficient or inappropriate reactive power
provision. The consequence is a reduced quality of
supply, where electrical consumer appliances do
not work as expected. It also creates issues with
proper detection of faults like short circuits, which
cause physical danger when not cleared quickly.
Overvoltage signifies too high generation infeed
instead of high consumer load, together with the
other factors mentioned above, and has similar
kinds of consequences. While short circuits may
still be properly detected, overvoltage can lead to
damage to consumer equipment, and additional
faults when electrical insulation is unable to
withstand the higher voltage.

Similarly, the interplay of several factors is
responsible for overloading issues: too little
capacity reserves of lines, cables, and transformers;
too high consumer load or too high generation
infeed. While the voltages may still be acceptable,
overloading leads to inappropriate heating of

the equipment. The consequences are reduced
lifetime of the network equipment, leading either
to increased costs for maintenance, repair, and
replacement, or reduced quality of supply due

to outages. In the worst case, physical danger due
to overheating and resulting fire ensues.
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