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A Foreword from Bangladesh

Additional Secretary and Chairman of the Sustainable and Renewable Energy
Development Authority (SREDA) under the Bangladesh Power Division, Ministry
of Power, Energy & Mineral Resources, Government of Bangladesh.

As Chairman of the Sustainable and Renewable Energy Development Author-
ity (SREDA), it is my pleasure to introduce this book, and to congratulate all
that have contributed to its creation. The Government of the People’s Republic
of Bangladesh enacted the ‘Sustainable and Renewable Energy Development
Authority’ (SREDA) Act-2012 to reduce global warming, environmental haz-
ard risk and to ensure energy security by reducing the dependency on fossil fuel
through the use and expansion of Renewable Energy. The Authority also aims at
preventing energy waste in residential, commercial & industrial sectors by saving
and conserving energy as well as ensuring its efficient use. SREDA has started
its journey in 2014 with its mission to ensure energy security with building an
energy conscious nation through the promotion of sustainable energy and reduc-
ing carbon emission.

There are many good reasons to have held a conference on the topics of Elec-
tricity Access, Decarbonization, and the Integration of Renewables, and now to
subsequently publish this important book. As a representative of the Government
of Bangladesh, let me focus on this country, while acknowledging other experi-
ences that are addressed in this publication.

Bangladesh enjoys a sizeable amount of sunshine. Here, the average solar
radiation varies between 4 and 6.5 kilowatt-hour (kWh) per square metre per day.
Tapping into solar energy, Bangladesh has been able to provide access to electric-
ity to over 12% of its population outside the grid network through the installation
of more than six million solar home systems. Despite a huge potential, however,
consumers of grid-connected electricity are yet to exploit the power of the sun to
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their advantage. The fact is, every on-grid household and commercial establish-
ment can utilize solar energy in a decentralized manner to generate electricity by
installing solar photovoltaic (PV) panels on their rooftops and become electric-
ity producers, meeting their electricity demand partly or fully by themselves, and
even selling excess electricity to the distribution utilities through net metering.

In Bangladesh, where securing land for ground-mounted, large-scale solar
power generation poses a huge challenge, a more decentralized approach can be a
good choice to incentivise solar power generation on rooftops. Thus, the transfor-
mation of electricity consumers into producers will result in significant renewable
electricity generation, reducing government investment in the sector, and helping
attain energy security for the country.

Bangladesh is embarking on a new journey after the recent confirmation of
its graduation from the least developed countries. This is a massive success for
the country coinciding with its 50 years celebration of independence. On this
new journey, the country needs to reduce its dependency on fossil fuels and raise
its share in renewables. Bangladesh aimed for 10% generation from renewables
(approx. 2,400 MW) by 2020 originally, but is only likely to reach that target
by 2025. The current share is about 3%. At the end of the day, it is the econom-
ics which determine the expansion of any technology. Solar is one of the most
cost-competitive sources of power in the country. For industrial users, rooftop
solar costs a third or less than the grid tariff, which can be as high as 12 U.S.
cents per unit. The ambition is to produce 40% electricity from renewable sources
by 2041. For this to happen, more innovation on business models, technology
such as distributed storage and generation as well as policy reforms are required.
I am grateful for this undertaking to have made suggestions in this direction. Fur-
ther, increased access to international funding is needed. The Honourable Prime
Minster of Bangladesh, Sheikha Hasina, who is also presently the chair of the
Climate Vulnerable Forum (CVF), a group of 48 countries spanning four conti-
nents, has stressed the need to increase financing for ensuring survival of the most
vulnerable countries from the adverse impact of climate change. In particular she
called for materializing developed countries’ climate promises of $100 billion in
annual funding to developing countries for their survival.

I hope this book will help us and the world to see a sustainable energy future,
through decentralized renewable energy solutions.

Mohammad Alauddin



A Foreword from Germany

Welcome to this important book. It is a particular pleasure for me to contribute a
foreword because I am personally involved in all of the issues raised and can tes-
tify that they are important.

I am a Special Representative for Energy in Africa, and Chair of the Global
Renewables Congress, a network of parliamentarians, who support renewable
energies. In these two functions, I am building up renewable energy projects and
help Parliamentarians who campaign for renewable energies.

My First Visit to Bangladesh (2019)

In October/November 2019, I visited Bangladesh, because I was interested to
learn from this country. Bangladesh is the country with the highest number of
Solar Home Systems (SHS) in the world and I wanted to know, how the gov-
ernment managed to achieve this. Its Infrastructure Development Company Ltd.
(IDCOL) is an institution that has set up very efficient and decentralized struc-
tures, set quality standards for mini grids and has offered funding for this pur-
pose. That is interesting to me and my work in Africa, because we are always
looking for good examples whose ideas are transferable.

German NGOs have organized an exchange of representatives a few years ago
between Bangladesh and East African countries to benefit from the experience of
Bangladesh. We now see that decentralized renewable energies are more wide-
spread in East Africa than in West Africa and that access to energy is the driver
for combating hunger and poverty, especially in rural areas.

Bangladesh also features special off-grid solutions such as the peer-to-peer
connections that are implemented by the solar company Solshare with CEO

vii
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Sebastian Groh, who co-edits this book. The technology is interesting because it
is very efficient and can be used particularly if there are already many SHS sys-
tems in a village and these are then to be connected to a more powerful and effi-
cient village network.

SDG?7 as an Instrument to Achieve Other Sustainable
Development Goals

It is our common target to achieve the 17 sustainable developments goals until
2030. Leave no one behind. Worldwide 900 million people lack access to energy.
Because there is no clean cooking situation three billion people are suffering
from eye and lung diseases from the smoke, in particular women and children.
In addition, however, energy is a necessary basis for every country in the world
to improve people’s living conditions. Where would the industrialized countries
stand without electricity and energy?

SDG 7 is not just a sustainability goal itself; it is an instrument to better
achieve 2/3 of the other sustainability goals.

With energy you can dry the fruits and vegetables, grind the grain, cool the
fish and thus can combat hunger and poverty (SDG 1, SDG 2). Energy means
more income.

With electricity you can bring your harvest to the next market and run a small
craft or a shop. You can create new jobs and economic growth (SDG 8).

Further, energy allows you to have better health and educational systems, for
example by powering electric lighting or cooling units for medication (SDG 3,
SDG 4).

With renewable energies you can operate water wells by replacing previous
diesel pumps, while doing so in a climate friendly manner and saving a lot of
money since diesel is much more expensive (SDG 6).

Decentralized energies, especially SHS promote women (SDG 5). Contracts
are often preferably concluded with women, as they are expected to be more reli-
able partners. This gives them the option to earn additional income, for example
by charging cell phones of their neighbors.

Small decentralized renewable energies are also less prone to corruption than
large power plants and the associated nationwide grids (SDG 9).
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Renewables and Two Crises: Pandemic and Climate

In fact, we currently have two crises to overcome: the pandemic and the climate
crisis. The Global Renewables Congress (GRC) network of parliamentarians,
of which I am chairperson, has compared the effects of the Covid-19 pandemic
amongst different countries and how these have tried to overcome the crisis.
Many countries that relied on coal imports have noticed the disruption of supply
chains during the pandemic.

Renewable energies make countries more resilient because sun and wind are
also present in pandemic times. Nevertheless, we found that in the stimulus pack-
ages to compensate for the impacts of the pandemic, renewables are still under-
represented.

Reforms Require Political will

To transform energy, we need an exchange of good ideas and an open culture of
debate regarding all issues.

If we are looking for decentralized renewable energy solutions, the people in
rural areas must take responsibility, they must be trained and empowered. The
people have to be involved in local energy projects.

In conclusion, let me finish with another reference to my political experience
in Germany: The most important point in achieving the energy transformation is
political will. Electricity access and the energy transformation are important top-
ics to debate together, as done in this book. I wish it a lot of success!

Bérbel Hohn

Special Representative for Energy in Africa of

the Federal Ministry for Economic Cooperation and
Development in Germany

Berlin

Germany
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1 Preface

As renewables-based energy transformations are accelerating world-wide, pro-
gress can be reported and analyzed from a variety of countries, including from the
Global South. This book covers different aspects of the low-carbon energy trans-
formation, with a particular focus two regions, South Asia, and Sub-Sahara Africa,
and on one country, Bangladesh. The book results from an international confer-
ence, organized by Brac University (Dhaka, Bangladesh), Carnegie Mellon Univer-
sity (Pittsburgh, PA, USA), and Technische Universitit Berlin (Germany), and held
(digitally) out of Dhaka (Bangladesh) and Berlin (Germany), on March 24, 2021.
Given that the conference coincided with the 50" Anniversary of independence in
Bangladesh, a focus of the book lies on this country and on South Asia in general,
but experiences and lessons from Sub-Sahara Africa are also featured, enabling
cross-country and cross-regional comparisons. This introduction provides a discus-
sion of the major research issues surrounding these topics, surveys some existing
literature, and then describes how the chapters contribute to the debate.

2 The low-carbon energy transformation

As a methodological point of inception, we see the topics of electricity access and
renewable integration as part of the socio-ecological low-carbon energy trans-
formation, that is now ongoing in all regions of the world. Driven by the need
to reduce the emissions of greenhouse gases, but also of technically and socially
acceptable transformation pathways towards stronger citizen involvement, the
“great transformation” (WBGU, 2011) knows no borders, and it is present in all
corners of the globe, and of the energy system.

There is no consistent framework that would define the borders of what is being
“transformed”, neither is the objective of the transformation process itself being
precisely defined. It can be assumed that energy policies are largely national poli-
cies, and that they play out at the local level once it comes to electricity access, so
focus on comparative analysis in two regions is justified (here: South Asia, com-
plemented by Sub-Sahara Africa). Also, a focus on the Global South is pre-set by
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the central issue, electricity access, even though other topics, such as renewable
integeration and grid issues, are certainly relevant in the context of the Global
North, too, under quite different regulatory and institutional preconditions.

One way of summarizing the challenges of the great transformation is to see it
as a combination of the four D’s: Decarbonization, decentralization, digitization,
and democratization.! In fact, decarbonization as a requirement to abate the cli-
mate crisis is a central element, but only one. Decentralization of production and
consumption structures is another element of the transformation, given that elec-
tricity access is by nature a process targeting industrial and household users that
are often dispersed geographically and socially, and thus competition between
organizational models of providing it is useful (Karplus & von Hirschhausen,
2019). Along these lines, democratization includes more balanced decisions and
the option (not the obligation) of energy users to get involved in decisions on
production and distribution as well. The first three D’s are sometimes said to be
derived from Amory Lovins’ (Lovins, 1976, 1979) “soft path” of energy reform,
providing, amongst others, a perspective for the energy transformation in Ger-
many, called Energiewende (Krause et al., 1980; von Hirschhausen et al., 2018).
Add digitization, which is nowadays a must, where electricity is often coordi-
nated, traded, and paid by means of digital (mobile-based) services.

Thus, major reforms in this transformation context are taking place at different
levels:

e The country level, where energy mixes are rapidly changing,

e the corporate level, where large state-owned and private companies are chal-
lenged and new actors are emerging,

e and the local level, where technical and regulatory change has made citizen
engagement and community power an option to replace or at least complement
central supply structures.

The contributions to this book combine all three levels. National policies and (cli-
mate and other) targets are key drivers, whereas different organizational models
for corporate adaptation exist. Clearly the local level is always present when it
comes to access issues, thus the three layers interact closely. Cross-country chap-
ters, mainly on South Asia, complement the picture.

! See also https://www.weforum.org/agenda/2018/06/rural-bangladesh-villages-transition-rene-
wable-energy-sebastian-groh/, where disruption is mentioned as an additional D.


https://www.weforum.org/agenda/2018/06/rural-bangladesh-villages-transition-renewable-energy-sebastian-groh/
https://www.weforum.org/agenda/2018/06/rural-bangladesh-villages-transition-renewable-energy-sebastian-groh/

4 S.Groh et al.

3 Focus on electricity access, decarbonization,
and integration of renewables

The contributions in this book focus on different aspects of the low-carbon energy
transformation by especially taking a micro-level perspective as well as empha-
sizing the role of decentralized renewable energy solutions (DREs).? The flexible
and cost-effective deployment of DREs addresses the specific requirements of
local households which depend on the respective urban, peri-urban, or rural con-
texts (Puig et al., 2021).

Furthermore, electricity access and decarbonization have been important
topics in international development and sustainability discussions. The United
Nations’ “Agenda 2030” includes electrification as a goal for sustainable devel-
opment (Sustainable Development Goal number 7 (SDG7)). It combines the
demand for universal access to energy with the expansion of renewable energies.>
And access is not only needed for individual basic supply, but it is also a key fac-
tor in the provision of social services such as education and health, as well as a
key added-value component for all sectors of the economy.

Over the past two decades, significant progress has been made in terms of access
to electricity in the Global South. In 2015, more than one billion people had no access
to electricity (IEA et al., 2018), by 2019 this figure had decreased to approximately
770 million (World Bank, SE4ALL database, 2020b). All in all, the global electrifica-
tion rate has increased by 12% since the start of the millennium, even despite contin-
ued population growth. Significant progress has been especially made in South and
East Asia: Around 92% of the population have access to electricity, compared with
only 55% in 2001. But the ongoing Covid-19 pandemic shows that the process of
electrification is more fragile than assumed. IEA et al. estimate that for the first time
in a long while the number of people lacking access to electricity has increased by
30 million (IEA et al., 2021). And global distribution of these developments is highly

2DRE systems or applications are small-scale electricity producing units powered by
renewable energy sources that supply power to local consumers at or near the side of gener-
ation. The electricity producing units may be stand-alone or connected to other generation
systems nearby via a grid network. Compared to conventional centralized power genera-
tion systems, DREs are a cost-effective way to facilitate rapid deployment and access to
electricity to consumers that are not connected to the national grid or that need a steady and
reliable power supply (von Hirschhausen et al., 2020).

3In addition to sub-goal 7.1 (“universal access to affordable, reliable and modern energy”),
sub-goal 7.2 calls for a “substantial increase in the share of renewable energy in the global
energy mix”.



Electricity Access, Decarbonization, and Integration ... 5

uneven. In Europe, North America, and developed countries in the Asia-Pacific region
an electrification rate of almost 100% rate has been achieved. On the other hand, the
African continent as well as some individual countries in Asia and Latin America
continue to have low electrification rates. And particularly the gap between rural and
urban areas is large. While around 97% of the world’s urban areas are supplied with
electricity, this figure amounts to only 82% in rural areas. In sub-Saharan Africa, this
gap is even more pronounced: 78% of urban users have access to electricity, com-
pared to only 32% in rural areas (World Bank, SE4AALL database, 2020a).

In case of high population density grid extension is easier and more cost-effec-
tive. When comparing the option of electrifying rural areas through DRE with the
option of extending public electricity grids, experience reveals that standard grid
electrification often fails to meet the objective of securing the provision of reli-
able access to electricity. Grid extension also takes longer and requires a higher
investment. Although higher power generation capacities are provided, the reli-
ability of the electricity supply might be compromised by decreased reliability
due to a weak grid infrastructure (von Hirschhausen et al., 2020).

DREs have several direct advantages over grid extensions and public grids due
to their modular and cost-effective nature, particularly in rural areas. They mobi-
lize national and international resources (including capital), increase energy secu-
rity and efficiency, and generate new revenues for the local population. The indirect
advantages of DREs positively impact individual households as well as commu-
nities leading to regional knowledge transfer and capacity building and may also
encourage local and national research and innovation (Ferrall et al., 2021).

DRE solutions result in electricity producing facilities being located closer to
where their output is consumed. DREs make better use of local renewable energy
sources and combined heat and power solutions, as well as decreasing fossil fuel
use. They further reduce environmental impacts and economic costs by minimiz-
ing transmission and distribution inefficiencies (Heinemann et al., 2020).

Technological advances and significant declines in cost over the past decade
have led to the addition of DRE as a feasible low-cost option to electrification in
many countries.* For example, the levelized costs of energy (LCOE) of solar pho-
tovoltaic (PV) power has fallen by 85%, from EUR 0.33 to EUR 0.05 per kWh
and the LCOE for wind energy has fallen by 56%, from EUR 0.07 to EUR 0.03
per kWh (IRENA, 2021).

4DRE solutions, powered by technologies such as solar PV, hydro power, biogas plants,
and wind turbines, include both mini-grid and off-grid systems. Mini-grids are local grids
that are separate from the national power grid. They are used to provide energy access to
regions not served by the grid, particularly in hard-to-reach areas. Off-grid systems are
independent standalone systems for households or businesses.
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The total costs to achieve universal electricity access by 2030 are estimated
generally as affordable. For example, the International Energy Agency (IEA) esti-
mates that the investment required will be only 35 billion U.S. dollars per year
(IEA, 2020). While a large share of electrification progress in recent years can
still be attributed to public grid extensions, the share of DRE is increasing stead-
ily. As research shows, DRE is not a stopgap, but rather the optimal long-term
supply option, especially in remote areas (Blechinger et al., 2019; IEA, 2017).

Accordingly, the contributions in this book will focus on these different
aspects of the low-carbon energy transformation by especially taking a micro-
level perspective, where in fact multiple transformations are ongoing. The main
aspects can be briefly summarized as follows:

e electricity access, rapidly advancing in many countries and regions, but
still facing challenges with a view on attaining the sustainable development
goals (SDGs), specifically SDG 7, affordable, reliable, and largely renewable
energy access by 2030 (United Nations, 2015; Groh et al., 2016; Karplus &
von Hirschhausen, 2019). Another interesting issue is what happens when a
country reaches near full electrification (e. g., India and Bangladesh). What is
the role of integrated electrification pathways?’ Is there still a place for micro-
grids?

e decarbonization, i. e., a broad movement to abandon fossil fuels at the global
scale. While decarbonization was still a wild dream of environmentalists only
two decades ago, it has now entered mainstream thinking even in more con-
servative circles of the energy world, such as the International Energy Agency
(IEA, 2020).

e renewable energies, as the large-scale solution to access and decarboniza-
tion, though still underdeveloped and requiring a systems approach due to the
(small) size and the intermittency of its operations (Papaefthymiou & Dra-
goon, 2016; Oei et al., 2020; Bogdanov et al., 2021).

Needless to mention that other important topics are less represented in the analy-
sis, such as non-electricity issues and cooking, or the role of technology transfer
in these processes. Almost all chapters refer to SDG7, but we do not explore con-
ceptually new ground in this matter, and refer to companion papers (Groh et al.,
2016; Pelz et al., 2022).

5See Sustainable Energy for All for further information: https://www.seforall.org/interven-
tions/electricity-for-all-in-africa/integrated-electrification-pathways.
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4 Structure of the book
4.1 Introduction and welcome addresses

The book is divided into an introductory section and three main parts. The intro-
ductory part includes the opening remarks and welcome addresses by Moham-
mad Alauddin, chairman of SREDA, the Sustainable and Renewable Energy
Development Authority of Bangladesh, and Bérbel Hohn, special representative
for Energy in Africa of the German Federal Ministry for Economic Coopera-
tion and Development (BMZ). Alauddin provides a particular focus on issues of
access and renewable energy supply in Bangladesh, whereas Hohn, mainly active
in Africa, links Bangladesh and South Asia to Africa, drawing up similarities and
differences between both regions. After this overall “Introduction” (Chap. 1), the
following three parts of the book unfold:

4.2  Partl: Energy Sector Reform in Bangladesh@50°

Part I of the book addresses the unique energy sector reform in Bangladesh, as
the country attempts sustainable development as a middle-income country. In
fact, the rise from Henry Kissinger’s basket case, a civil war and poverty shaken,
newly independent country in 1971, to one of the powerhouses of Asia in the
2020s, is remarkable. This development has relied largely on extensive growth,
though, and was fuelled by fossil fuels, mainly natural gas. In Chap. 2, Ahsan
Mansur, Director of the Institute of Policy Studies in Bangladesh, and former
Economist with the International Monetary Fund (IMF), and colleagues, report
on the economic reforms in the country, and the role of energy in this process:
“Powering up a country into the middle-income club—the story of Bangladesh”.
The country has succeeded in catching up over the last decades, coming to near
full electrification, however, questions about the sustainability of the reforms
remain, especially in times of the COVID-19 pandemic where significant over-
capacity in electricity generation capacity coupled with continuous load shedding

6March 26, 2021, marked 50 years since the start of Bangladesh’s liberation war, a bloody
nine-month campaign that culminated in the nation’s independence on December 16, 1971.
In 2021, under the slogan Bangladesh@50, the country is celebrating its 50th anniversary
of independence, see https://thediplomat.com/2021/02/bangladesh-at-50-the-transformation-
of-a-nation/.


https://thediplomat.com/2021/02/bangladesh-at-50-the-transformation-of-a-nation/
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and large financial losses of public utilities via extensive subsidies for fossil fuels
have thrown up a few doubts.

On the other hand, however, Bangladesh excels as the world’s champion of
decentral electrification, through solar home systems (SHS), and has shown that
swarm electrification, i.e., the interconnection of very small solar home sys-
tems, can work. While this story has been told at various occasions, there is no
more comprehensive account than the one provided by Nancy Wimmer, advi-
sor to the World Council for Renewable Energy and Director of microSOLAR,
in her two books on “Green Energy for a Billion Poor” (Wimmer, 2012), and
“Marketmakers: Solar for the Hinterland of Bangladesh” (Wimmer, 2019). Based
on a conversation with some of the founding personalities of the world’s largest
decentralized electrification program, Nancy Wimmer summarizes the experience
with SHS deployment and provides an outlook for the challenges lying ahead:
“100% electrification—What comes next for Bangladesh?” (Chap. 3). In 2002,
when over 70% of the country’s rural population had for generations never known
electric light, the most dynamic off-grid electrification program in the world was
launched, and it became a success story: Within a decade, Bangladesh was on its
way to becoming the world’s fastest growing off-grid solar market; today, over 5
million systems have been deployed. However, now that over 90% of the house-
holds of Bangladesh have access to electricity, what role will solar technology
play in the future? Will the solar market move away from SHS towards grid-con-
nected distributed renewable energy systems?

Chapter 4 brings together the issue of decarbonization and renewable energy
technologies “Exploring policy options for increasing the share of renewable
energy: Technology Choices for Peaking Power in the Context of Bangladesh”.
Rezwan Khan (United International University), Shahedul Alam (North South
University) and colleagues address an issue well-known in the low-carbon energy
transformation: Fossil-fuel power plants suffer from high costs and low peak-load
capacity utilization. The paper examines different technological choices and existing
opportunities in the local context. Different types of storage solutions are discussed,
as are “hybrid” solutions where renewable infeed is backed up by traditional fuels.

4.3 Part Il: Low-carbon energy transformation in South
Asia

Part II covers different aspects of the low-carbon energy transformation in South
Asia. In their survey paper, Abdullah Fahimi (University of Lueneburg) and
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Kai Stepputat (Technische Universitidt Berlin) address the “Low-carbon energy
transformation and sustainable development in India, Pakistan, Afghanistan,
and China” (Chap. 5). Combined, the four countries represent about 40% of the
world’s population, over 20% of the world’s GDP, and about 40% of the world’s
CO, emissions. Therefore, the status and future energy economic development
of those countries has a significant impact on the implementation of the Paris
Agreement. The paper provides an overview of the current economic status of the
countries and identifies energy economic trends and barriers. Results show that
currently, climate targets are missed. However, positive decarbonization drivers
such as a potential push for renewables can be identified. This can be accompa-
nied by further advantages such as decreasing dependency on the import of fossil
fuels and additional liquidity for energy infrastructure, due to fuel cost savings.
Significant policy change is required to turn around the situation and to have a
chance of reaching any of the set climate goals.

Chapter 6 analyses the “Consequences of lockdown due to COVID-19 on the
electricity generation and the environment in South Asia”. Shameem Hasan (Ahs-
anullah University of Science and Technology), and Mirza Rasheduzzaman, and
M. Mofazzal Hossain from the Department of Electrical and Electronic Engineer-
ing at the University of Liberal Arts in Dhaka (Bangladesh) investigate the impact
of the pandemic in terms of reduction of power generation and greenhouse gas
emission reductions during the lockdown period. The paper covers carbon diox-
ide (CO,), sulfur dioxide (SO,), nitrogen oxides (NO,), and fluorinated gases for
India, Bangladesh, and Sri Lanka. All countries are heavily affected, but India
shows the highest level of decline of emissions, in the range of 30%.

Another focus on India is given in Chap. 7, by Neshwin Rodrigues, Raghav
Pachouri, Shbbam Thakare, G. Renjit, and Thomas Spencer (TERI, New Delhi,
India): “Integrating wind and solar in the Indian power system: An assessment
with a unit commitment and dispatch model”. The paper explores the pathway to
integrating high renewable generation by 2030, with effective balancing of sup-
ply and demand. A unit commitment and economic dispatch model simulates
the power system operation in detail. The overall share of variable renewables
reaches 26% and 32% in the Baseline Capacity Scenario, and the high Renewa-
ble Energy Scenario, respectively. Battery storage provides daily balancing while
reducing renewable curtailment to less than 0.2% in the high renewable scenario.
High renewable penetration is found possible by 2030 in India, at no extra system
costs.
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4.4 Part lll: Lessons from Sub-Sahara Africa

Part III of the book includes four papers on lessons from the energy transforma-
tion in Sub-Sahara Africa. In a survey paper (Chap. 8), George Arende and Sofia
Goncalves from EIT InnoEnergy (Stockholm, Sweden) analyse “Decentralized
electrification pathways in Sub-Saharan Africa”. The chapter reviews the barri-
ers to private sector participation in decentralized electrification projects, and the
solutions that have been proposed. It investigates economic approaches, solutions,
and drivers. Some of the specific technological pathways that have proven fruit-
ful in Sub-Sahara Africa (SSA) are unique to its economic and demographic set-
tings, that otherwise would not be adopted or used in the developed countries.
Long-term energy planning with the integration of power pools is instrumental
to reduce the capital costs, as well as to increase the market size. Blended financ-
ing, together with the already working technologies such as pay-as-you-go, and
mobile money will be the pillars to meeting SDG7 goals.

In Chap. 9, Charles Muchunku (energy consultant from Nairobi, Kenya) and
Georg Heinemann (Microenergy Systems, TU Berlin), identify “Effective electri-
fication approaches and combinations thereof to meet universal electricity access
targets in Eastern Africa”. The chapter explores societal challenges of universal
access to electricity and provides a broad understanding of how firms in the elec-
trification industry and their environments co-evolve. Until recently there has
been little coordination between governments in Eastern Africa and private firms
to deliver electricity access. Private sector off-grid electrification approaches have
demonstrated the potential to deliver access quickly, at scale and at a lower cost
than some on-grid approaches (e. g., grid intensification and grid extension). Gov-
ernments in Eastern Africa have therefore begun to develop electrification strate-
gies that seek to combine and optimize public led on-grid approaches with private
led off-grid approaches to be implemented through public-private partnership
arrangements. In addition, large scale on-grid electrification programs are likely
to over-extend national electricity utilities, because of the rapid increase in the
number and spread of new customers resulting from grid extension and mini-grid
projects. This could be mitigated by extending ownership and operation of these
projects to private firms who would function as small power distributors—pur-
chasing power in bulk from the national utility and reselling it to consumers.

Two chapters on a particularly captivating country close the book: Tanzania,
where ambition on access was particularly high, but results have been mixed so
far. Elias Zigah, Mamadou Barry, and Anna Creti from the Chair of Climate Eco-
nomics and Paris Dauphine University ask a simple question (Chap. 10): “Are
mini-grid projects in Tanzania financially sustainable?” While it is commonly
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acknowledged that mini-grids are the new pathway to bridging the high electricity
access deficit in SSA, comparably few studies have assessed how existing regu-
lations and tariff policies in SSA affect their potentials to attract the number of
private investments required to scale-up deployments. The participation of private
investors is particularly crucial to meet the annual electrification investment gap
of US-$ 16 billon in SSA. The authors study the regulatory framework, the tariff
structure, and the subsidy schemes for mini-grids in Tanzania. Additionally, using
an optimization technique, they assess the profitability of a mini-grid electrifica-
tion project in Tanzania from a private investment perspective. The authors find
that the approved standardized small power producers’ tariffs and subsidy scheme
in Tanzania still do not allow mini-grid for rural electrification projects to be prof-
itable. Further research is required to identify successful business models and
strategies to improve mini-grids’ profitability.

Last but certainly not least, Guglielmo Mazza from Microfinanza Srl and col-
leagues address a similar topic in Chap. 11: “Establishing local power markets
and enabling financial access to solar and photovoltaic technologies: experiences
in rural Tanzania”. The introduction of new technological products requires to
establish local power markets, including demand, financial resources and pro-
viders, supply mechanisms and after-sale services. The financing of renewable
energy solutions for rural households partially relies on microfinance institutions
and community financial groups. Technology suppliers also provide financial
services to expand access to solar and photovoltaic products, applying models
mostly enabled by mobile payment systems. The paper assesses the effects of an
initiative implemented in Malinyi and Kilombero districts to support the estab-
lishment of local solar power markets. The involvement of Village Community
Banks to engage communities and develop sustainable financial schemes is evalu-
ated, together with the complexity of combining awareness raising on technologi-
cal solutions and financial education. Results of the implementation are presented
and discussed evaluating different ingredients of the established markets.

5 Concluding Remarks

The conference, and consequently also this book have taken a Global South micro
perspective on the energy transformation that the world is currently undergoing.
Transformations are hard. Hence, often we tend to draw on a transition mode,
many times irrespective of the urgency that required us to change in the first
place. The inertia is usually based on legacy infrastructure, and vested interests of
incumbents. What makes this book so interesting is that throughout its contribu-
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tions it takes a perspective from places where often relatively little legacy infra-
structures are in place and vested interests from incumbents are felt “less” due to
a bottom-up approach.

However, it would be easy to reason now that this is a perfect combination for
leapfrogging, where a (technology) breakthrough is reached by skipping interme-
diate steps (e. g., the fact that many people in the Global South have never seen a
landline, but went straight to the mobile phone, and possibly have picked up this
technology much faster than a comparative group in the Global North, which had
stronger inertia due to the existence of landlines). Can we infer from here that the
Global South will abandon fossil fuels much quicker, and skip building large grid
infrastructures with centralized production of electricity in places where it is not
needed? And will it directly go to a distributed and decarbonized infrastructure?
The answer is a yes and no. “Yes”, in the sense that we see several contributions
made where this is happening, especially when it comes to rural electrification,
but “no”, we also see, especially in the context of Bangladesh, that complexities
emerge when both approaches are being undertaken at the same time. An attempt
to mimic the known centralized grid electrification, based largely on fossil fuels,
is complemented by a model that fully embraces the 4 Ds with the world’s largest
distributed solar electrification program.

It remains to be seen in how far microgrids will take up an increasing role in
both the Global North and South. Maybe the question is not if but rather when,
and how much time has been lost in transition mode in the interim.
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6 Appendix: A selection of panelists’ quotes at the
MES2021 Conference

Participants, speakers and invited guests celebrated the MES2021 conference,
a fully packed 3-day journey with diverse contributions and fruitful discussion.
Hereafter a selection of quotes from notable speakers and discussants is shared, in
no particular order and paraphrased at times:

We need to change our thinking going from energy access to energy well-
being, the session should not be called Universal Basic Energy Supply, but Uni-
versal Basic Energy Services.

— Shonali Pachauri, IIASA during the Universal Basic Energy Services Session.

MES or Microenergy Systems as I understand it, very interestingly, is in fact
the missing piece from my own PhD, many, many years ago.
— Vincent Chang, President, BRAC University during his opening keynote.

I am impressed by Bangladesh’s progress on decentralized energy systems,
and during a visit last year by Prof. von Hirschhausen we found very good poten-
tial for academic collaboration.

— Christian Thomsen, President, TU Berlin, during his opening keynote.

How do we avoid a climate disaster? Because all our economic growth has
little value if it is just washed away in an instant.
— Sebastian Groh, Brac Business School, during his Opening Panel moderation.

After 100% electrification we need to focus on how we get from quantity to
quality.

— Amzad Hossain, Member, Bangladesh Renewable Energy Board during the

Contributory Microgrid Session.

Only with decentralized storage, a grid can be resilient. Any country must be
strong on storage manufacturing & recycling to be prepared for the energy future.
— Hannes Kirchhoff, SOLshare during the Contributory Microgrid Session.

The grid is a social good, w/o it there is a route to inequality! We need to
leverage the grid together with distributed models.
— Chris Wright, Moixa during the Contributory Microgrid Session.
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Bangladesh’s Prime Minister has committed to 100% RE by 2050—but the
country lacks a clear roadmap towards it, let alone a conducive policy.

— Munawar Moin, Solar Module Manufacturers Association of Bangladesh,

during the 100% Electrification—What Comes Next for Bangladesh? Session.

The focus needs to go toward energy for productive use, e. g., transport, there
are 4M e-rickshaws alone in India and Bangladesh —we need to build a renewa-
ble-powered charging platform for them.

— Eshrat Waris, SOLshare during the 100% Electrification, and the e-mobility

session, respectively.

Why is it so difficult for developing countries to introduce subsidies toward
more decentralized storage?
— Julio Eisman Valdés, ACCIONA Microenergia Foundation

Despite best efforts, the availability and affordability of DC appliances is not
in place, and we had to tweak our system to accommodate AC appliances.

— Nithia Menon, Okra Solar/ Daniel Ciganovic, SOLshare in the Microgrid-

ders session.

We need to make our national grid smarter.
— Muhammad Hossain, Director General, Power Cell, Bangladesh during the
Contributory Microgrid Session.

We need to develop policies to incentivize feed-in from distributed generation
and storage, e. g., through community power purchasing agreements.

— Raluca Dumitrescu, TU Berlin, during the research session on Market

Design & Tariffication.

Bangladesh is embarking on a new journey after the confirmation a few days
back of its graduation from the least developed countries. This is a massive suc-
cess for the country coinciding with its 50 years celebration of independence. On
this new journey, we should reduce our dependency on fossil fuels and raise our
share in renewables. For this to happen, we need more innovation in business
models, technology such as distributed storage and generation as well as policy
reform.

— Mohammad Alauddin, Chairman, SREDA during the Contributory Micro-

grid Session.
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Don’t say we have no biomass, we have no wind, we have no land for solar
PV—YOU HAVE! Even though your situation is clearly different. When I was a
German State Minister for Agriculture and Environment 20 years ago, I heard the
same things, but we need to jointly overcome the fossil fuel lobbies.

— Baerbel Hoehn, Global Renewables Congress, during the Powering-up a

country into the middle-income club session.

There is USD 1 billion in subsidies for oil & gas per year, while there is no
clear subsidy policy for renewables in place to date.

— Mohammad Tamim, BUET, via the chat in Powering-up a country into the

middle-income club session.

“If you understand something in only one way, then you don't really under-
stand it at all”, Marvin Minsky, the co-founder of MIT's Artificial Intelligence
Laboratory

— quoted by Nancy Wimmer, Microsolar.

The bottom line is, the GoB has committed to 100% electrification of some
form by 2021 and it has followed through, but one of the weaknesses of the strat-
egy has been that generation capacity was increased too massively—we are
paying for a lot of idle capacity—the burden falls on the consumers or the Bang-
ladeshi citizens. You can make any power project viable if you make the PPA high
enough, incl. capacity payments, that’s the role of the regulator where a better
Jjob needs to be done.

— Ahsan Mansur, Policy Research Institute of Bangladesh, in the Powering-up

a country into the middle-income club session.

The energy pricing policy needs to be tackled, this is a jungle, the time has
really come to sort this out. Unless we get the pricing right, we will not have the
optimal technical or social mix. On renewables, we need to make a move, eve-
rybody around us is doing it, even if we must do this with subsidies, we need to
explore this much more thoroughly.

— K.A.S. Murshid, Bangladesh Institute of Development Studies, in the Pow-

ering-up a country into the middle-income club session.

Most of the VCs are run by men, no wonder that less than 3% of women-led
business get access to VC funding. Interestingly, women-led businesses are also
not asked the same questions during the DD compared to men-led businesses,
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more emphasis is put on risk than on growth potential—this is a skewed process
as growth focused DD processes get 7x more funding.
— Cécile Dahome, Sevea, during the Empowering Women through Renewable
Energy Entrepreneurship session.

If we talk about rural female entrepreneurship, we need to talk market link-
ages.

— Aziza Sultana Mukti, SOLshare, during the Empowering Women through

Renewable Energy Entrepreneurship session.

PAYG companies in Sub-Saharan Africa are nowhere close to what has been
done in Bangladesh but in 99% of off-grid conferences it is not being talked
about—why?—there is no domestic local currency financing, no local manufac-
turing industry. Businesses in Bangladesh must ask themselves the question why
we didn’t venture out into those markets.

— Sanjoy Sanyal, Regain Paradise, during 100% Electrification—What Comes

Next for Bangladesh?

We need to investigate e-rickshaws, and we will, we must look also into the
larger transport sector from the perspective of green energy and sustainable
urban development.

— Angelika Fleddermann, GIZ BD, during the Outlook session.

At SE4ALL we look at the hot and the cold side of SDG 7, the hot side is
access to clean cooking which has no silver bullet but it’s a huge need. The cold
side is the entire aspect of cooling and cold chains which gained prominence
recently triggered by the diverse cooling requirement of the COIVD-19 vaccines.

— Hadley Taylor, SE4ALL.

The hardest part of every single project is not the design, nor the tech in gen-
eral, it is the institutions, the permits, the politics of will, we spend 10times more
on political logistics than on anything else. The stronger the community sense for
a project is, the easier to push all this heavyweight uphill—we need more sociolo-
gists & psychologists.

— Daniel Kammen, UC Berkeley during a Q&A session with Bernd Moeller,

Europa Universitaet Flensburg.
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MES—Microenergy Systems was born in Bangladesh as the microen-
ergy project, micro is the small part, and the beauty was what we had found in
Bangladesh back in 2002 in the solar home system program but also why small
here is so powerful.

— Daniel Philipp, MicroEnergy International, during the Small is beautiful

session.

A lot of the psyche of the university comes from empathy, comes from solving
the problems of the masses in the spirit of its founder Sir Fazle Abed—this has
taken the university forward!

— Sonia Bashir Kabir, Board of Trustees at Brac University during the Out-

look Session.
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Abstract

In this paper, we discuss the stylized facts of Bangladesh’s energy sector,
critically review the different policies of the government for powering up the
nation in the last 50 years, identify existing controversies and finally indicate
potential pathways to ensure future energy security. The novelty of the papers
is twofold: First, prior literature did not study the in-depth policy analysis of
the Bangladesh energy sector. Second, this paper contributes to the existing
literature by providing strategic policy suggestions to the Bangladesh govern-
ment for formulating its own set of energy policies to achieve its vision for
2041 of becoming a high-income country, after having cleared the interim goal
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of becoming a middle-income country at its 50th anniversary of independence.
The paper also provides insights for other developing countries aspiring to
become middle-income countries.
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1 Introduction

The supply of reliable and affordable energy has become imperative in most pro-
duction and household activities in modern society. In their seminal work, Gold-
enberg et al. (1985) discuss that the role of energy in the development process is
undeniable as access to energy is a precondition for meeting basic human needs.
Amin et al. (2020) argue that no country has accomplished significant progress
beyond a subsistence level without guaranteeing a certain energy level. Further-
more, energy influences economic activities, workers’ productivity and is a major
constituent for improving the quality of life, especially in developing and emerg-
ing countries (Rehman et al., 2019). Existing empirical and theoretical literature
also finds support for the “growth hypothesis™ across the globe.! Therefore, hav-
ing a good strategic framework and security for energy resource management is
considered a compulsory element for planning long-run sustainable development.

Located in the northeastern region of South Asia, Bangladesh earned its
independence in 1971. The country’s origins lay in a deprived and undiversi-
fied economy with a pre-existing agricultural economy with low productivity, a
weak industrial sector, and poor infrastructure. However, despite the adversities
and resource constraints, Bangladesh’s economy has experienced landmark suc-
cesses over the past five decades, as reflected in different socio-economic indica-
tors in Table 1. On average, the GDP growth of Bangladesh has increased from
approximately three percent in the 1970s to seven percent in the 2010s and has
traversed eight percent prior to the Covid-19 pandemic disruption. According to
the Bangladesh Bureau of Statistics (BBS, 2018), extreme poverty was reduced
to 10.50% in 2019 from approximately 80% in the early 1970s. Importantly, the
Government’s goals of a “Sonar Bangla” (Golden Bangladesh) includes its com-
mitment to a low-carbon development path (Momen, 2021).

! Growth hypothesis implies that energy consumption speeds up economic activities, for
more details, see: Amin et al. (2021b).
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Table 1 An overview of socio-economic indicators in Bangladesh. (Source: World Devel-
opment Indicators (2020))

Criteria 1972 1980 1990 2000 2009 2019
GNI/Capita (Constant USD 329.74 1 360.46 |421.15 |542.55 | 803.30 |1348.26
2010)

Primary School Enrolment 64.52 | 71.61 | 83.80 |101.65 | 102.93 | 116.50
(Percent of Gross) *

Child Mortality (Under 5) 221.10 |198.61 | 143.80 | 86.50 | 51.50 30.80
Fertility Rate (Births Per 6.93 6.36 4.50 3.17 2.38 2.03
Woman)

Life Expectancy (Years) 46.51 | 5290 | 5821 | 6545 | 69.49 72.32

Note: Gross enrolment may surpass 100 because of inclusion of over-aged and under-aged
students due to early or late school entrance and grade repetition

Groh (2014), and Samad and Zhang (2018) argue that the successful imple-
mentation of the Solar Home System (SHS) program in Bangladesh has played
a crucial part in reducing energy poverty and increasing people’s development
opportunities. Khatun (2021) states that life expectancy has increased more
than 1.5 times compared to 1972 levels, and GNI/capita has quadrupled in the
same timeframe.? The Covid-19 pandemic has unexpectedly placed the country
in a bad economic downfall. Ahmed and Kamal (2020) argue that the Covid-
19-triggered loss on the GDP can worsen the unemployment condition largely,
with six million new people becoming jobless.> Amin et al. (2021a) simulated a
dynamic model and revealed that the economic growth rate in Bangladesh would
be approximately 4.5% in the long run, faster than many other countries. This
growth prediction is consistent with the International Monetary Fund (IMF) fore-
cast and lies between the Bangladesh Government and the World Bank (Fig. 1).*

In 2021, the United Nations Committee for Development Policy (CDP)
approved the graduation of Bangladesh from the list of Least Developed Coun-
tries (LDC) as it satisfied the eligibility standards with regard to per capita income,
human resources, and economic and environmental vulnerability for the second
time in a row since 2018.5 With an aspiration to become a high-income country

2For more details, see: https://cpd.org.bd/bangladeshs-achievements-in-50-years-and-mak-
ing-it-meaningful/
3https://cri.org.bd/files/Bangladesh_at_work_in_the_era_of_COVID-19.pdf.

4For more details, see: https://www.tbsnews.net/economy/world-bank-keeps-bangladeshs-
growth-forecast-unchanged-16-181846.

SFor more details, see: https://www.thedailystar.net/business/news/bangladesh-gets-un-rec-
ommendation-graduating-ldc-status-2051857.
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Fig.1 Economic growth projection in Bangladesh in 2021. (Source: The business stand-
ard (2021))

by 2041 and reduce extreme poverty by 2030, Bangladesh currently focuses on
achieving sustained economic growth by generating more employment, enhanc-
ing the standard of health and education, energy and transport infrastructure, and
governance, together with reinforcing anti-corruption procedures (GED, 2020).
Accordingly, the energy industry is recognized and prioritized as an important ele-
ment of sustainable development for the future of the Bangladesh economy.

However, during the liberation war of 1971, the country’s infrastructure was
largely destroyed. Bangabandhu Sheikh Mujibur Rahman, also coined as the
father of the nation, had to take on the Sisyphean task of statecraft and build-
ing a nation from scratch.® Sobhan (2021) argues that it was challenging for the
then Awami League government to address reconstruction problems while deal-
ing with the political bottlenecks associated with institutions, constructing eco-
nomic policies, and managing their implementation. However, Bangabandhu’s
resolute leadership placed Bangladesh on the right track of development with a
top priority placed on a reconstruction and large-scale recovery program between
1972-1975.

Among other sectors, the power and energy sector of the country was also sys-
tematically destroyed. Therefore, ‘powering up the nation’ has been among the

For more details, see: https://cri.org.bd/publication/Mujib/A-Nation-Rises.pdf.
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top priorities of the Bangladesh government since its independence. Having real-
ized the significance of the energy and power sector as the lifeblood for industrial
and economic development in 1971, Bangladesh took multiple strides towards
the development of the energy sector by restoring transmission and distribution
lines, repairing the power stations and bridges, harnessing the country’s mineral
resources and beginning the extraction, distillation, and marketing of mineral oil
and natural gas.” Bangabandhu established the Bangladesh Petroleum Explora-
tion and Production Company Limited (BAPEX) and Bangladesh Power Devel-
opment Board (BPDB) for the country’s future energy security. He bought five
gas fields from Shell Oil Company at a low rate of USD 13—14 million to obtain
Bakhrabad, Titas, Rashidpur, Kailashtila, and Habiganj gas fields as state-owned
gas fields. Today, approximately 31.44% of the country’s total gas is produced
from these fields.

Since 2009, the present Awami League government has been working to
develop multiple sectors in the country, including the energy sector. When the
Awami League government came into power in 2009, the country went through
two significant problems: Firstly, the electricity demand exceeded its sup-
ply between 2000 to 2009. Secondly, the nation relied too much on natural gas,
which was the source for more than 90% of the electricity (Amin et al., 2021a).
The energy crisis in the early 2000s had become severe due to the immense gap
between energy demand and supply. The gap emerged primarily due to Bangla-
desh’s transformation from an agrarian to an industry-based economy in the late
1990s. Such change in the concentration of economic activities required more
energy use, but unfortunately, the supply of energy commodities was staggering,
resulting in a chronic energy crisis. World Bank (2018) argues that energy and
infrastructure bottlenecks remained the main impediments to economic growth
for an extended period, and hence the then government put topmost priority on
reforming the energy sector.

Amin (2015) and Amin et al. (2021b) argue that the main reform programs
during the last 50 years include: i) restructuring of the core utilities, ii) estab-
lishing the independent regularity authorities, iii) encouraging the private firms
(Independent Power Producers, IPPs; Captive Power Producers, CPPs) to enter

7For more details, see: https://www.thedailystar.net/country/news/national-energy-security-
day-bangabandhu-the-pathfinder-national-prosperity-1942153.
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the energy market,®,  iv) allowing the privately owned rental and Quick Rental
Power Plants (QRPP) as a quick and short term solution to reduce the then per-
sistent electricity crisis, v) strengthening the fuel diversification in the electricity
generation mix, vi) revising the energy prices to ensure cost-reflective pricing, vii)
promoting the uses of renewable energy and viii) improving energy efficiency.

Moreover, the Bangladesh government formulated extensive energy and power
development plans, the Power System Master Plan (PSMP) in 2005, 2010, and
2016, the National Energy Policy (NEP) of 2008 to achieve the sustainable develop-
ment goals in harmony with economical optimization. These master plans focused
on short, medium, and long-term power generation plans to develop a sound power
generation environment that maximizes the advantages of different power genera-
tion methods, including the broad outlook of stable power supply, energy reliability
and efficiency, environmental sustainability, and economic stability.!”

These initiatives resulted in remarkable success in the Bangladesh energy
sector in the last few years, especially in raising the electricity generation capac-
ity.!! However, despite this success, there are a few controversies regarding the
skewness towards fossil fuels in the energy mix which still remains very high!2,
quality of power issues, nonchalance in harnessing the potentials of renew-
able energies, lack of private investment in power transmission and distribution,
high energy subsidies, an absence of a competitive market environment, as well
as ‘collusive contracting in an on-going state of emergency’ (Khan et al., 2020)
etc. Moreover, while the sector incurs massive financial losses on the government
side, the share of idle generation capacity has been exceedingly high over the last

8For more details, see: https://www.bpdb.gov.bd/bpdb_new/d3pbs_uploads/files/11%20
March%2019/1.%20PSEPGPB.pdf.

9For more details, see: THIS LOOKS A LITTLE ODD https://berc.portal.gov.bd/sites/
default/files/files/berc.portal.gov.bd/policies/37a75205_8c94_434e_b8e8_0dd643b2a00d/
Policy%20Guidelines%20for%20Power%20Purchase %20from%20Captive %20Power%?20
Plant,%202007.pdf.

10The polices incorporated in the perspective plan 2021 and 2041 are also aligned and con-
sistent with the mainstream energy policies and lay the foundations for the considerable
success.

For Instance, power generation grows at an average annual pace of 13.4% per year
between 2010 and 2019, when generation capacity quadrupled from about 5000 MW to
over 22,000 MW.

12 According to the recent statistics from SREDA (2020b), only 633.31 MW of electric-
ity is produced from renewable sources, where solar energy plays a significant contributor
(63.06%).


https://www.bpdb.gov.bd/bpdb_new/d3pbs_uploads/files/11%20March%2019/1.%20PSEPGPB.pdf
https://www.bpdb.gov.bd/bpdb_new/d3pbs_uploads/files/11%20March%2019/1.%20PSEPGPB.pdf
https://berc.portal.gov.bd/sites/default/files/files/berc.portal.gov.bd/policies/37a75205_8c94_434e_b8e8_0dd643b2a00d/Policy%20Guidelines%20for%20Power%20Purchase%20from%20Captive%20Power%20Plant,%202007.pdf
https://berc.portal.gov.bd/sites/default/files/files/berc.portal.gov.bd/policies/37a75205_8c94_434e_b8e8_0dd643b2a00d/Policy%20Guidelines%20for%20Power%20Purchase%20from%20Captive%20Power%20Plant,%202007.pdf
https://berc.portal.gov.bd/sites/default/files/files/berc.portal.gov.bd/policies/37a75205_8c94_434e_b8e8_0dd643b2a00d/Policy%20Guidelines%20for%20Power%20Purchase%20from%20Captive%20Power%20Plant,%202007.pdf
https://berc.portal.gov.bd/sites/default/files/files/berc.portal.gov.bd/policies/37a75205_8c94_434e_b8e8_0dd643b2a00d/Policy%20Guidelines%20for%20Power%20Purchase%20from%20Captive%20Power%20Plant,%202007.pdf

Powering up a Country into the Middle-Income Club 27

couple of years and further worsened due to the impact of Covid-19 (> 60%).
Experts argue that the dependency on the imported fuel will further expose the
country to many macroeconomic issues such as oil price shocks, LNG price fluc-
tuations, and welfare loss (Maheu et al., 2020).

Furthermore, in Bangladesh, the per capita energy consumption remained
low at 320 kilowatt-hours (kWh) in 2014 compared to the South Asian average
(705 kWh), as found in the latest available data from the World Bank.!? However,
Steckel et al. (2013) shed light on the requirement of reaching a threshold level
of per capita energy consumption that corresponds to a high development priority
as defined by the United Nations Human Development Program, and to avoid the
threat of being trapped in an energy poverty penalty that inhibits economic devel-
opment (Groh, 2015). Once this threshold is crossed, the historically observed
strong positive correlation between energy use and economic growth might break,
making way for a low-carbon development path.

The rest of the paper is organized in the following way: Section 2 provides a
survey of the last five decades of energy sector development. Section 3 highlights
the stylized facts of the Bangladesh energy sector, followed by a brief discussion
on market reforms in Bangladesh’s energy sector in Sect. 4. Section 5 provides
an overview of the existing controversies surrounding the energy sector. Finally,
Sect. 6 concludes the paper.

2 Stylized facts on the Bangladesh Energy Sector
during Last 50 Years

This section discusses a few of the stylized facts of the Bangladesh energy sector
associated with the series of reform initiatives implemented by the Bangladesh
government to ensure a sound energy base for sustainable development over the
last 50 years.

2.1 Generation Capacity

The generation capacity was minimal in Bangladesh during the 1970s where the
average generation capacity stood at 685 Mega-watt (MW). This poor trend in the

3For more details, see: https://data.worldbank.org/indicator/EG.USE.ELEC.KH.PC?loca-
tions=BD.
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Fig.2 Electricity generation capacity between 1972-2020. (Source: BPDB annual report
(2020))

generation capacity continued until 2009. Mujeri et al. (2013) and Tamim et al.
(2013) constitute the poor conditions of generation equipment, a low number of
power plants, technical limitations, and inadequate operational, organizational, and
maintenance routine as the reasons behind the trend. However, Bangladesh has
successfully overcome the shortfall between demand and supply of electricity by
increasing its generation capacity significantly since 2009, as reflected in Fig. 2.

2.2 Per Capita Energy Consumption (PCEC)

Existing literature highlights that sustained economic growth results in indus-
trialization, urbanization, increased use of technology and innovative appli-
ances by the households, leading to increasing PCEC (Amin & Khan, 2020;
Pachauri, 2012).'* Murshid (2020) further argues that growing urbanization and

14 Amin and Rahman (2019) argue that, “Bangladesh has experienced development mainly
through industrialization, and to walk side by side with the rapid urbanization, the energy
demand is expected to increase. Buildings are responsible for approximately 40% of total
energy demand in urban regions. Most of this energy is for the provision of lighting, heat-
ing, cooling, and water supply”.
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Fig.3 Per capita energy consumption between 1972-2020. (Source: BPDB annual report
(2020))

industrialization encourage rural non-farm activities, especially in areas well con-
nected to major urban centers, leading the PCEC to increase.!> Figure 3 shows
that PCEC has increased gradually between 1972 to 2020 with a growth rate of
8.9%. The average PCEC was only 12.60 kWh in the 1970s, 30 kWh in the 1980s
and 378 kWh in 2020. The PCEC increased drastically from the 1990s due to the
sectoral shift in the Bangladesh economy.

23 Access to Electricity and System Loss

Bangladesh has achieved landmark progress in ensuring access to energy to its
citizens. Prior to the 1990s, the average rate of access to electricity was less than
15%, and during the 1990s, only 20% of the population had access to electric-
ity.!® Between 2000 and 2010, the average share of the population with access to
electricity doubled, reaching 45%. Access to electricity became a reality for the

15For more details, see: https:/whiteboardmagazine.com/1962/insights-into-the-rural-non-
farm-sector-of-bangladesh/

190nly 3% of the population had access to electricity in 1971.
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broader population due to the strategic time-variant policies of the present gov-
ernment which was initiated since 2009.!7 Bangladesh has now achieved nearly
100% electrification by providing electricity access under grid-covered areas.'®

While this is a remarkable achievement, an integrated electrification pathway
where a more inclusive planning approach is pursued to avoid that multiple elec-
trification infrastructures sit on top of each other, might have resulted in a more
cost-effective and inclusive universal electrification process (SE4ALL, 2019;
Groh, 2015). Bangladesh is referred to as having developed the world’s largest
decentralized electrification program, mainly through the deployment of up to
six million SHS throughout the country (Khan, 2021). The country might have
avoided an energy poverty penalty due to the successful SHS program, enabling
a more inclusive growth (Groh, 2014; Samad & Zhang, 2018). Moreover, Groh
et al. (2016) have shown that those SHS, on average, have performed better in
terms of electricity service quality than the national grid if measured against
the multi-tier framework to measuring energy access quality as introduced by
the World Bank’s Energy Management Assistance Program (Bhatia & Angelou,
2015). Even though the number of SHS’ has been declining in recent years with
the rapid extension of the national grid across Bangladesh, the SHS have served
an important interim socio-economic purpose by providing electricity to house-
holds in limited quantity. It is still open in how far these assets can be further lev-
eraged as a decentralized asset to the people who own them and the regional grids
they could be collectively integrated with.

Bangladesh has also been successful in reducing the system loss to a large
extent. Due to heavy system loss, economic and household activities suffered
from prolonged load shedding in the 1990s and early 2000s. However, the situ-
ation started to improve gradually due to technological improvement and timely
policy interventions since 2009. According to the 2020 annual report of BPDB,
the system loss was more than 35% in 1992, which was reduced down to 8.73%
in 2020.

17To know more about the Bangladesh power sector, see: THIS LOOKS A LITTLE ODD
https://powerdivision.portal.gov.bd/sites/default/files/files/powerdivision.portal.gov.bd/pag
e/710d7745_8a49_4466_8d4f 22e¢0a9232a73/PD%20REMARKABLE%20ACHIEVE-
MENT%200F%202019-2020%20%281%?29.pdf.

18As of May 2021, 99% of the Bangladeshi people have access to electricity. For more
details, see: https://powerdivision.gov.bd/site/page/6¢d25d49-3150-482a-8bd0-701d18136
af7/%e0%a6%8t%e0%a6%95-%e0%ab % a8 %oe0%at%9c %e0%ad %ob0%e0%aT %87 .
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24 Fuel Mix Options in Electricity Generation

Historically, Bangladesh’s fuel mix has been dominated by natural gas. Local avail-
ability in line with domestic requirements made the country over-dependent on this
single source. The share of natural gas in electricity generation accordingly reached
more than 80% by 2009. Even though this share gradually declined due to low gas
reserves and implementation of smaller quick-rental power plants, Bangladesh is
still heavily reliant on natural gas today. Figure 4 also shows fuel mix share from
2005 to 2020 for a grid-based generation. In 2020, the share of natural gas was
the highest among all (56%), followed by Furnace Oil (FO) (27%) and High-Speed
Diesel (HSD) (6%). Coal accounted for 3% of the electricity generation mix in
2020. However, the relative share of renewables shows a declining trend for the last
15 years as it stood only at 1.36% in 2020 in the electricity generation mix.

25 Move towards Competitive Market Environment
and Investment Trend

Despite landmark achievements gained in the electricity generation capac-
ity, Bangladesh still has a long path ahead to create a competitive market
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Fig.4 Electricity generation fuel mix in Bangladesh from 2005 to 2020. (Source: Bangla-
desh Economic Review (BER) (2020))
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environment as many energy utilities are still under the control of the state and
have little operational or financial independence. On many occasions, the govern-
ment influences the regulatory commission to fix the energy prices, which are not
formulated following economic principles but based on vested interests and polit-
ical motives. Due to imperfect or politically influenced pricing without any regard
to cost, and operational inefficiencies in the absence of a competitive market, the
state-owned power companies face losses, limiting investment in the energy sec-
tor. For instance, the Bangladesh Petroleum Corporation (BPC) net loss due to the
fuel subsidies was USD 209 million in 2020.!°

Moreover, since the per-unit cost of electricity generation increased after 2009
due to moving away from highly subsidized natural gas and the heavy use of
imported liquid fuels, the Bangladesh Energy Regulatory Commission (BERC)
has made several adjustments to balance both wholesale and retail electricity mar-
kets.?? Recently, BERC has implemented a benchmark pricing system to attract
private participation in electricity generation, making Bangladesh the first South
Asian country to introduce this pricing system. Since the administered prices of
locally available natural gas are set at levels significantly below that of the inter-
national market and remain very low in regard to the opportunity cost in respect of
imported-fuel equivalence, the gas prices have also increased five times between
2009 and 2020 after moving towards a more competitive market environment.

It is also argued that the effort from the government in ensuring competition
can be reflected in the overall performances of the energy sector in terms of sys-
tem losses, generator availability, non-technical energy losses, accessibility of
service, investment, price levels and structures, and service quality. The 6th, 7th,
and 8th Five Year Plans (FYP) of Bangladesh report an increasing trend in private
investment due to the price reform initiatives in the last 10 years.?! However, the
investment has increased mainly in the generation sector, backed by generously
negotiated Power Purchase Agreements through collusive contracting virtually
eliminating all market related risks and costing the Bangladeshi taxpayers approx.

19http://www.bpc.gov.bd/
20For more details, see: http://www.berc.org.bd/

210n the 6th FYP see: http://socialprotection.gov.bd/wp-content/uploads/2017/06/SFYP-
Final-Part-1-17-08-111.pdf. On the 7th FYP, see: https://www.unicef.org/bangladesh/
sites/unicef.org.bangladesh/files/2018-10/7th_FYP_18_02_2016.pdf. On the 8th FYP, see:
https://bnnrc.net/bangladesh-eighth-five-year-plan-july-2020-june-2025-has-published-
eversion/. The share of public investment in the energy sector in the Annual Development
Program (ADP) allocation also increases since 2010.
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USD 1bn yearly in subsidies for fossil-fuel based electricity generation (Khan
et al., 2020). Given the present situation, the viable option is to open up the trans-
mission and distribution sectors for private investment.??

Jamasb (2002) argues that privatization at the distribution and transmis-
sion utilities may be introduced at a later stage of the reform initiatives and will
enhance further efficiency improvement for any country that has already signifi-
cantly ensured private participation in the generation sector. With the significant
progress in private power generation over the last one decade, it is time to deliver
effective competition through private sector participation in the distribution and
transmission sector. It is estimated that USD 216 billion would be needed for the
generation, transmission, and distribution sector by 2041 (Power Cell, 2016).23
Given the fact that the PGCB stands alone for confronting all emerging chal-
lenges in transmission sector, the Bangladesh government should plan for open-
ing up the sector for private investment.?*

3 Energy Market Reforms in Bangladesh

Having realized the importance of the energy sector, most developing and emerg-
ing countries started considering energy market reform as part of broader strat-
egies towards a market economy since 1990 (Erdogdu, 2010; Newbery, 2004;
Jamasb, 2006). Bangladesh also underwent a range of institutional reforms in the
energy sector in the last 50 years. The government restructured the energy market
with the unbundling of the sector by creating different publicly owned utilities
for generation, transmission, and distribution firms; inviting the IPPs to stabilize
the generation shortage faced by the state-owned companies; corporatizing of the
core power utility; establishing an independent regulatory authority; and imple-
menting large-scale power generation plants.

22 Amin et al., (2021b) report that private investment shows a better performance than gov-
ernment investment in increasing energy consumption in South Asia.

23For more details about investment potentials in the Bangladesh power sector (as of
13th June 2019), see: http://www.powercell.gov.bd/site/page/8bt3f2bf-cdc8-4235-b2ca-
le8e39e3e7df/-.

24For more details, see: https://ep-bd.com/view/details/article/NjAyMA%3D%3D/title7q=
open-+up+power+transmission+to+private+investment.
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3.1 Policies to Facilitate Reform Initiatives

The energy market reform programs in Bangladesh were claimed to be success-
ful, as the reforms had been experiencing a process of remarkable institutional
shift since the country’s independence. During the 1970s and 1980s, the respon-
sibility of the BPDB had been shared with the Rural Electrification Board (REB)
for electrifying rural Bangladesh. In 1994, the Power Sector Reform in Bang-
ladesh (PSRB) was formed, which outlined a reform process focusing on insti-
tutional issues. The National Energy Policy (NEP) was the first formal energy
policy in Bangladesh, adopted in 1996 (followed by a revised version in 2004) to
develop the overall structure for improving the sector. It also advocated for devel-
oping energy infrastructures, sectoral unbundling to achieve efficiency, increase
in indigenous energy supply, institutional and policy reforms, energy conserva-
tion and efficient use, and implementation strategies.>

In 1996, the Private Sector Power Generation Policy?0 of Bangladesh was
adopted which attracted national and foreign private investment for electricity
generation. Following this policy, the IPPs entered the energy market after Octo-
ber 1996. In 1998, the policy guidelines for SPPs?” were taken into consideration
for further mobilization of the private resources. Besides, Private Sector Infra-
structure Guidelines®® were adopted in 2004 to enable procurement and imple-
mentation of private infrastructure projects by documenting a set of guidelines,
and monitoring and expediting the implementation through institutional arrange-
ments. Bangladesh also adopted policies for purchasing electricity from the CPPs
in 2007.%°

25 For more details about NEP, see: Amin (2015).

26For more details, see: https://www.bpdb.gov.bd/bpdb_new/d3pbs_uploads/files/11%20
March%2019/1.%20PSEPGPB.pdf.

27 For more details, see: https://berc.portal.gov.bd/sites/default/files/files/berc.portal.gov.bd/
policies/9ddbabab_e084_464d_9511_46c0364d0ac4/Policy %20Guidelines%20for%20SPP.
pdf.

28 For more details, see: https://berc.portal.gov.bd/sites/default/files/files/berc.portal.gov.bd/
policies/bf23784c_4f48_4520_ace0_59667t00838f/Private%20Sector%20Infrastruc-
ture%20Guidelines.pdf.

2 For more details, see: https://www.adb.org/sites/default/files/publication/692451/adbi-wp
1238.pdf.
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Bangladesh undertook three major PSMPs in 2005, 2010, and 2016 to achieve
its energy sustenance goals and meet the energy demands.’® The main objec-
tives of adopting these PSMPs were to shift to a more comprehensive and mid-
long-term planning for meeting the future energy generation by augmenting the
challenged in the immediate and interim period (Tamim et al., 2013). Initially,
the PSMP 20053' mainly focused on increasing the generation capacity by uti-
lizing domestically produced natural gas. However, due to the depleting stock
of natural gas, the PSMP 201032 shifted the focus on strengthening the energy
diversification process for electricity generation by tapping all the possible fos-
sil and non-fossil fuel sources. Finally, PSMP, 20163 dedicated on developing
the infrastructural development for energy import and human capital develop-
ment and increasing renewable energy share in the electricity generation mix for
stable energy supply. Paltsev (2020) argues that energy and industrial firms, gov-
ernments, think tanks and other stakeholders must position their strategies with
science-based goals while perusing economic growth together with reliable and
affordable energy.

The Renewable Energy Policy (REP)** was adopted in 2008 to recognize the
importance of renewable energy to remove the disparity between urban and rural
areas, increase the contribution of renewable energy by setting targets, and devel-
oping the local authority. In 2011, the Power and Energy Sector Road Map?®® was
implemented that outlined the updated strategies for revamping the power and
energy sector. More recent policies included the Energy Efficiency and Conser-
vation Master Plan up to 2030 in 2015,3¢ the Gas Sector Master Plan in 2017,

30However, according to the PP 20212041, there were 2 earlier versions of the PSMP
adopted in 1985 and 1995.

3For more details, see: https://policy.asiapacificenergy.org/sites/default/files/Power%20
System%20Master%20Plan-2005.pdf.

32 For more details, see: https:/policy.asiapacificenergy.org/node/249.

3 For more details, see; https://powerdivision.gov.bd/site/page/f68eb32d-ccOb-483e-b047-
13eb81da6820/Power-System-Master-Plan-2016.

3*For more details, see; http:/policy.thinkbluedata.com/sites/default/files/REP_English.pdf.
3For more details, see; https:/policy.asiapacificenergy.org/sites/default/files/Roadmap_
power_energy_2010.pdf.
3For more details, see: https:/policy.asiapacificenergy.org/sites/default/files/EEC_Mas-
ter_Plan_SREDA_2.pdf.
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the Electricity Act’” in 2018, the Quick Enhancement of Electricity and Energy
Supply (Special Provisions) Act®® in 2018, and the 8th Five Year Plan in 2020
for the next five years’ energy sector development targets. Guidelines for further
improvement of the energy sector as well as for ensuring energy security level
are also discussed in the 2" Perspective Plan of Bangladesh 2021-2041 (GED,
2020)* and Bangladesh Delta Plan (BDP) 2021 (GED, 2018). BDP 2021%° tar-
gets to develop long-term renewable energy policies and construct a master plan
for at least 50 years and is expected to play a crucial role in attaining future
energy security of Bangladesh by harnessing the potentials of the renewable
energy resources through public and private investments.

3.2 Energy Sector Reforms in Bangladesh

The main reform initiatives in Bangladesh include restructuring the core utilities,
the undergoing institutional reform, ensuring privatization, and establishing inde-
pendent regulatory bodies (Fig. 5).

3.2.1 Institutional Reforms

In 1998, the Ministry of Power, Energy, and Mineral Resources (MPEMR) was
divided into two divisions, the Energy and Mineral Resources (EMR) Division
and the Power Division (PD), to improve institutional efficiency. Moreover,
Power Cell was formed in 1995 to support PD of MPEMR in monitoring and
implementing reform projects, helping different stakeholders for future sectoral
activities, and attracting private investment. For facilitating renewable energy

37For more details, see: https://powerdivision.portal.gov.bd/sites/default/files/files/powerdi-
vision.portal.gov.bd/page/18d2690b_{02f 4c35_8f90_79b70d333242/ELECTRICITY %20
ACT,%202018.pdf.

38 For more details, see: https://www.dpp.gov.bd/upload_file/gazettes/18893_67482.pdf.

3 More details can be found at: http://oldweb.lged.gov.bd/UploadedDocument/UnitPublica-
tion/1/1049/vision%202021-2041.pdf.

40To know more about BDP 2100, see: https://oldweb.lged.gov.bd/UploadedDocument/
UnitPublication/1/756/BDP%?202100%20Abridged%20Version%20English.pdf. BDP
2100 is a long-term holistic and integrated plan approved by Bangladesh in 2018. The key
objectives of the BDP are aligned with SDG Goal 2, 6, 13, and 14 and complemented by
the policies in the 8th Five Year Plan and the 2nd Perspective Plan (2021-41) in achieving
Bangladesh’s Vision for 2041. See: https://thefinancialexpress.com.bd/views/bangladesh-
delta-plan-2100-implementation-challenges-and-way-forward-1553354695.
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development, the government created the Sustainable and Renewable Energy
Development Authority (SREDA) in 2014 as a nodal agency but to date has not
decided to provide the same with a ministerial status, which is the case with other
countries (e.g. India’s Ministry of New and Renewable Energy).

3.2.2 Restructuring of the Core Utilities
The restructuring of the core power and energy utilities has played a crucial role
for the Bangladesh energy sector, briefly discussed below.

Generation Utilities

In 1972, the Bangladesh Power Development Board (BPDB) was established as a
public sector organization for power generation and transmission and electricity
distribution across the country. Before 1995, electricity was generated only by the
public utilities under BPDB; however, the share of private companies in electric-
ity generation became significant from 1995. According to the 2020 annual report
of the BPDB, 44.47% of the total electricity was generated by the private sector
in 2019. For adequate electricity generation and to improve administrative effi-
ciency, BPDB has been continuously unbundling throughout the last 50 years. For
example, currently, Ashuganj Power Station Company Limited (APSCL), North-
West Power Generation Company Limited (NWPGCL), BR Powergen Limited,
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and Rural Power Company Limited (RPCL) work as a subsidiary of BPDB in
power generation.*!

Distribution Utilities

The establishment of the Rural Electrification Board (REB) in 1978 was the first
restructuring initiative in the distribution sector to provide electricity in rural
areas. Recently, around 80 collaborative organizations [Palli Bidyuit Samity
(PBS)] in rural areas have contributed to additional connections and forming dis-
tribution lines for increasing rural electricity accessibility. BPDP further under-
went unbundling in 1991 to create the public company Dhaka Electric Supply
Authority (DESA) with an intention to provide better services to Dhaka and sur-
rounding areas. However, a new entity DESCO (Dhaka Electric Supply Com-
pany), emerged after 5 years in 1996, and started distributing electricity besides
DESA. Such further unbundling was done to achieve better management of
resources and to enhance consumer satisfaction. In 2008, DESA was redefined
as the Dhaka Power Distribution Company (DPDC) with new objectives to attain
the increasing energy demand. West Zone Power Distribution Company Limited
(WZPDCL) was established in 2002 for distributing electricity to Khulna and
Barisal divisions. Furthermore, NESCO (Northern Electricity Supply Company
Limited) was established in 2005 for the divisions of Rangpur and Rajshahi.

Transmission Utilities

The Power Grid Company of Bangladesh (PGCB) was created (unbundling from
BPDB) in 1996 (under the Companies Act 1994) to act as a separate transmission
utility in the energy sector. The main reason for such separation was to bring effi-
ciency in operational activities, maintenance, and the development of transmis-
sion infrastructure all over the country.

3.2.3 Independent Regulatory Body

One of the key reform initiatives in Bangladesh was to establish the independent
regulatory authority (BERC) in 2003 through a legislative Act of the Government
of Bangladesh. As a regulatory body, BERC is responsible for fixing the tariff
rates of electricity, and other resources such as coal and natural gas. BERC also

4'For more details, please see: https://www.bpdb.gov.bd/bpdb_new/index.php/site/page/
13e9-2cc0-ce41-9c09-088d-94d5-f546-04a6-b4fa-1d18.
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guides different policy formulations done by other entities of the energy sector. It
is also worth mentioning that the BERC promotes a competitive market environ-
ment and protects consumer rights.

4 Existing Controversies

Although Bangladesh initiated different reform initiatives since independence to
strengthen the energy sector and quicken the developmental activities’ pace, these
initiatives became more visible since 2009 as the government targeted 100% elec-
trification by 2021. Although the government successfully resolved the historical
energy crisis in terms of its limited generation capacity, this success raised con-
cerns regarding several controversies briefly discussed below.

4.1 Quick Rental (QR) Power Plants and Increase
in Liquid Fuel Consumption

The government introduced the QR power plants in 2010 as a quick solution to
reduce the then persistent electricity crisis. This policy of introducing the QR
power plants has been a success by providing an intermittent electricity supply.
However, these QR power plants burn oil to produce electricity, and oil imports
have increased by almost 400% over the last ten years (BPDB, 2020). Since the
government provides subsidies to the QR power producers for oil, the size of the
fuel subsidies soared during this period. The average cost of electricity generation
has also increased 2.5 times during the last ten years. Moreover, the increased
usage of imported oil exposes the country to oil price shocks in the global mar-
ket. Amin (2015) reveals that the Bangladesh economy is indeed vulnerable to oil
price shocks as increased oil prices have an adverse effect on household welfare
which reduces overall consumption and output.

Experts criticize that although the QR power plants were given licenses
on a three-to-five-year basis, nine QR power plants with a cumulative genera-
tion capacity of almost 1GW continue to supply electricity to the national grid
for over a decade now despite the country’s vast amounts of excess electricity in
recent years. Amin et al. (2019) reveals that shutting down the QR power plants
will be welfare-enhancing for Bangladesh’s economy and suggest that the Bang-
ladesh government should start shutting down QR power plants and switch to
alternative sources.
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4.2 Low Reserve of Natural Gas and Issue with LNG

Following the oil price shocks in the 1970s, natural gas became the energy of
choice in Bangladesh until 2008. Although the country has faced a diminishing
trend in natural gas usage in electricity generation due to the fuel diversification
process, the share is still large (55.89%) compared to global standards of 23%,
raising the fear of resource depletion. There is a growing concern among the
experts that Bangladesh is now at risk of depleting the limited natural gas reserve
due to the lack of technical skills, which acts as a hindrance in discovering new
gas fields. Therefore, the government aims to continue discovering new gas fields,
exploring more natural resources from the offshore blocks, and ensuring natural
gas structure in collaboration with foreign companies.

Given this background, the Bangladesh government attached high priority to
LNG-based power generation to fill the demand and supply gap. Bangladesh now
has two floating storage and regasification units (FSRUs) with a total capacity of
7.5 million tons a year. The country is also developing a land-based terminal that
can handle 7.5 million tons per annum (MTPA) of LNG, which is expected to
be prepared in 5 years. Bangladesh plans to generate approximately 11% of total
electricity from the LNG power plants by 2041.

The existing pipeline, however, is considered too small to accommodate future
natural gas delivery. Moreover, the LNG price is still considerably high, which
can distort the market environment and result in a vicious subsidy regime in the
future. On the other hand, the operating cost of FSRUs is much higher due to
the high charter rates of the ships that bring LNG to Bangladesh. Given all these
adversities, the higher dependency on LNG as an alternative fuel option remains
questionable. The government is likely to observe progress with the LNG expan-
sion scheme and revise the policy as required in the context of the upcoming
PSMP before allowing for large-scale investments for electricity generation from
LNG.

4.3 Slow Progress in Renewable Energy Development

Despite the huge success in the dissemination of SHS proving solar-powered
electricity access to more than 25 million rural Bangladeshis, the increasing
global trend of renewable energy generation capacity as a significant part of the
energy mix has not yet been observed in Bangladesh. Figure 6 shows a gloomy
picture as the share of renewable energy in the electricity generation mix declined
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Fig.6 Fossil versus renewable energy use for electricity generation. (Source: World
Development Indicators (2020) and SREDA (2020a))

sharply after 2001. From 2009 to 2016, the average share of renewable energy
in the electricity generation mix remained 1.58% (yellow dotted line), which is
lower than the average share (2.61%) of renewable energy from 2000 to 2019.
Although renewable energy has been given priority in the different power sec-
tor master plans, the renewable energy share is yet to increase beyond the mere
three percent. It is worth noting that the share of renewable energy in the total
generation was above the average share of renewable energy. One of the main
reasons was that Bangladesh generates approximately 200 MW of electricity
with the hydro plant from the Kaptai lake due to the flat terrain. However, the
increased electricity generation capacity over the years pushed down the renew-
able share. A closer look at other literature and case studies find that many exist-
ing socio-economic and institutional barriers limit the growth of the renewable
energy market in Bangladesh from both the demand and supply sides. Market
barriers remain another key impediment behind the development of renewable
energy in Bangladesh. For example, institutional reforms should come from regu-
latory legitimacy.*> Too many institutional segmentations within a centralized
set-up are a common feature observed in Bangladesh, like most Asian countries.

42 Amin et al. (2021a) argues that “Regulatory legitimacy refers to formal rules, compli-
ances, and bureaucratic effectiveness.” It is considered as one of the fundamental aspects
that determines government dynamics in an economy.
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Institutional ambiguity in the energy sector have also led to the slow progress of
renewable promotion, generation, and dissemination. Among others, institutional
collaborations, infrastructure facilities, monitoring capacity, credit access, after-
sales services, quality assurance, pricing issues, and technical issues must be ade-
quately addressed for a sustainable renewable energy market in Bangladesh.

Another important reason behind the inaction in renewable energy devel-
opment is the poor allocation in the ADP of Bangladesh while formulating
energy policies. The 2020 statistics data from the Ministry of Finance*} shows
that between 2015 to 2020, the average share of renewable energy in ADP allo-
cation was only 5.80%, whereas the average allocation of fossil energy in the
same period was astonishingly 94.20%. Furthermore, expenditure allocation
for Sustainable and Renewable Energy Authority (SREDA) has remained mar-
ginal. On average, SREDA received only USD 0.73 million from 2015 to 2020
(SREDA, 2020a), which was approximately 0.03% of the total allocated budget.
These points raised above beckon the question of whether the often-cited scar-
city of land as the main hindrance to a larger uptake of solar PV (Shiraishi et al.,
2017; SREDA, 2020b) really tells the whole story or whether strong elements of
stakeholders with vested interests in retaining the status quo are at play.** How-
ever, according to the PP2041, the government plans to considerably amend and
strengthen the renewable policies by learning lessons from experience, encour-
aging private investors to generate and households to consume renewable ener-
gies through different incentives. Several options have been planned to explore
the increase in renewable energy, such as offshore wind, tidal energy, waste to
energy, etc.

4.4 Overcapacity in Generation and Issue of Capacity
Charge

Bangladesh has maintained a surplus of 40% electricity for the past few years,
although the global accepted level of overcapacity is 20% (GED, 2020). One of
the main causes for overcapacity is the mismatch between the demand—supply

43 For more details, see: https://mof.gov.bd/

4 For more details, see: https:/thefinancialexpress.com.bd/trade/land-scarcity-key-barrier-
to-dev-of-renewable-energy-1552062684 and https://www.tbsnews.net/feature/panorama/
solar-power-not-enough-land-consider-highways233173#:~:text=The%20biggest%20prob-
lem%20facing%?20Bangladesh,options%20in%20Bangladesh%20are%20negligible.
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Fig. 7 QR capacity charge over the years. (Source: BPDB (2020))

prediction and the inaccurate forecasting methods used in the PSMP. The eco-
nomic inaction associated with the Covid-19 pandemic has also reduced the over-
all energy demand of the country. The overcapacity problem is also linked with
capacity charges, as the government has to pay a significant amount of money
as a capacity charge to the idle QRs to cover up their losses, leading to upward
pressure in electricity prices.*> Figure 7 further shows that the capacity charge has
increased since 2014, and the government paid USD 1.06 billion as a capacity
charge, which is the maximum value ever recorded. According to the officials of
the BPDB, 35% of overcapacity is needed in Bangladesh for several reasons. For
example, 5% electricity is required for the plant’s own use, 10% for maintenance,
10% for spinning capacity, and another 10% for system loss.*® Moreover, overca-
pacity is needed because of the difference in seasonal consumption (peak summer
vs. peak winter). Given that the demand may rise once the Covid-19 pandemic is
over, the overcapacity in generation in Bangladesh may be seen as a way to avoid
any future supply shortage, albeit a costly strategy.

4 For more details, see Speedy Supply of Power and Energy Act of 2010. https://www.dpp.
gov.bd/upload_file/gazettes/18893_67482.pdf.

46 See: https://www.thedailystar.net/backpage/news/power-generation-overcapacity-new-head-
ache-2032377.
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4.5 Subsidy Issues

Ahmed etal. (2016) highlights that the energy sector in Bangladesh is con-
strained by the prevalence of high subsidies and distorted energy prices. Many
government power companies in Bangladesh are in severe financial need, which
causes upward pressure on the national budget. The government has to support
these institutions by providing subsidies, which adversely affect the government’s
potential to finance expenditure on education, health, and social protection.
Moreover, when there was a rise in the global oil price, the government could not
transfer the higher cost to the consumers. This caused an upward gap between the
average cost of oil commodities and the selling price to the consumers. Accord-
ingly, the subsidy bill of the government soared. For instance, BPC had his-
torically suffered losses because of the non-adjustment of oil price in the local
market in accordance with oil price increases in the international market. Conse-
quently, the government had to provide large yearly subsidies for importing petro-
leum products during those periods.*’

It is also worth noting that the electricity tariff structures in Bangladesh vary
across sectors and consumption levels. Amin (2015) argues that industrial and
commercial sectors pay higher tariffs while domestic and agriculture sectors pay
low subsidized tariffs. According to the 2020 statistics of the Power Division, the
total subsidy in 2015-16 was USD 0.56 billion, which increased to USD 0.87 bil-
lion in 2020 due to the increased generation cost. The subsidy for imported fossil
fuels is still a significant burden for the Bangladesh energy sector. The average
amount of subsidy allocated for the energy sector for the last 10 years is approxi-
mately USD 0.76 billion (Fig. 8).

The debates are ongoing in how far subsidies actually help the poor due to
energy subsidy’s inefficient and inequitable nature (IMF, 2013). Most of the ben-
efits of fuel subsidies tend to go to the affluent who can then buy more fuel (Gra-
nado et al., 2012). Moltke et al. (2004) discuss that those cross-subsidies may
reduce industrial firms’ global competitiveness, compelling them to pay higher
tariffs and, consequently, hinder economic development. Jamasb and Nepal
(2015) also make the point that cross-subsidies from industrial to residential users
are not economically desirable. However, any policy revisions regarding subsidy

47 Nevertheless, the government did not have to provide any subsidy between 2016 and
2018 due to the declining international oil prices. However, during 2019, the prices began
to rise again, and the BPC started incurring losses from furnace oil and diesel.
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removal are not easy and need to be introduced from equity consideration since
most developing countries face difficulty in reducing or removing them, often
because of the political unrest their withdrawal causes. BERC has made several
adjustments during the past few years to maintain financial discipline in the sec-
tor and protect consumers’ interests. However, the increasing trend of electricity
prices will continue unless efficiency and other cost measures are considered. It is
argued that adequate pricing of fossil fuels is necessary to foster generation, the
use of green energy options, and to meet Bangladesh’s environmental objectives,
including its commitments to the Paris Accord on Carbon Emission Reduction
(GED, 2020).

4.6 Demand Forecasting Methods

Due to the unplanned urbanization, the rapid industrialization, the existence of a
large informal economy and the urban—rural divide, it is very difficult to maintain
the generation target as forecasted in the demand estimations. Moreover, since
the government introduced rigorous rural development programs, the energy
used in the rural area (especially rural non-farm sectors) also increased signifi-
cantly. Rural energy demands, however, are significantly more difficult to capture
through econometric models (Bhattacharyya & Timilsina, 2009).



46 S.Amin et al.

5 Conclusion and Priority Actions

It is recommended that the Bangladesh government continue adopting coor-
dinated policies to ensure that the further development of the energy sector is
aligned with the development momentum pace. Bangladesh should strive to
achieve a more efficient, environmentally friendly, and least-cost fuel mix in its
electricity generation. It is worth noting that coal power is not a cheap option as
the costs of renewables have been undercutting coal for years. The BDP 2021 tar-
gets to produce a minimum of 30% energy generation from renewable sources by
2041 and plans to prepare a master plan for at least 50 years to exploit the poten-
tial of renewable sources in the country incorporating public and private invest-
ments.

Nuclear power production is also included in the Bangladesh government’s
agendas to increase the generation capacity in meeting the growing electric-
ity demand. The Rooppur nuclear power plant is expected to generate the first
1200 MW nuclear power by 2024. However, there are concerns regarding the
safety issues as critics find it to be a massively risky venture for Bangladesh,
which could severely affect the safety of millions of people in this densely popu-
lated country and strain external payment’s sustainability. Therefore, the gov-
ernment should carefully review the action with nuclear power and, if required,
revise the PSMP to revolutionize their energy production through renewables by
providing the consumers and the private sector with a proper incentive structure
to create a sustainable renewable environment. Accordingly, the continued stag-
gering dependency on fossil fuels needs to be decreased to compete with the pro-
gress made by global clean energy usage.

Petroleum products and gas also have severe pricing issues in Bangladesh.
Despite numerous adjustments, the gap between average cost and price is still
sizable. BPC imports crude and refined oil every year according to the country’s
demand. Given the volatility of the global fossil fuel markets, a high risk of finan-
cial debt will continue unless there are regular price adjustments.

Furthermore, adequate pricing of fossil fuel commodities is vital to promote
products, clean fuel options, to gain energy efficiency, and financial sustainabil-
ity. Globally, it is well acknowledged that subsidized fossil fuel has given rise
to excessive carbon emission and discouraged the adoption of clean technology
and investments in renewable energy (Beyer et al., 2020; Surge et al., 2020). It
is worth noting that Indonesia’s innovative policy of inclusive fossil fuel subsidy
removal, initiating direct social welfare strategies to assist its poorest citizens
while following a green energy policy may serve as an example. Therefore, price
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reform and the gradual withdrawal of the subsidies will permit Bangladesh to
advance to a competitive and environmentally sustainable least-cost power gener-
ation, transmission, and distribution system together with greater private involve-
ment, owning resource mobilization to lessen the dependence on finite financial
resources and to meet the environmental goals of Bangladesh including its devo-
tion to the Paris Accord on Carbon Emission Reduction.

For further development of renewable energy, the government’s emphasis on
a low-carbon development path also needs to be reflected in its budget alloca-
tion. Moreover, innovative financing schemes for grant funding and low interest
financing for interventions targeted to make the country’s current grid infrastruc-
ture smarter, e.g., innovations in decentralized storage technologies for more grid
flexibility, should receive strong support. Furthermore, least cost technology for
bridging the gap between on-grid and off-grid renewable energy projects ought to
be implemented. Existing support programs through institutions like IDCOL and
Investment Financing Facility for Private sector (IFFP) should be further strength-
ened. The government should focus on the adoption of Electric Vehicles (EV)
for road transport, including the 1.5 M+already existing electric three-wheelers,
and reverse the trend of recent bans toward those vehicles to a conducive policy
framework facilitating a safe and clean adoption of the same. Moreover, a frame-
work for connecting solar home systems into the grid, integrated electrification
planning should receive increased financial and policy support. The existing mar-
ket barriers surrounding the renewable energy sectors also need to be addressed
adequately, creating at least a level playing field. Waste to Energy (WtE) power
plants could also be prioritized and implemented thoroughly throughout Bangla-
desh, as it creates massive potential in renewables in the country. Additionally,
mobilization of adequate financial resources should be considered, including the
proper mobilization of private finance for investments in indigenous renewable
energy and other energy infrastructure development.

Policies such as liberal trade regimes (bilateral or multilateral), custom-
ized financial motives for clean technology, and Cross-Border Electricity Trad-
ing (CBET) can also bring improvement in the energy security level (Pan et al.,
2019; Jamasb et al., 2015). With a harmonized policy framework and creating
regional solid energy cooperation, Bangladesh can access the hydropower gener-
ated in Nepal and Bhutan channeled through India, and other resources to reduce
the country’s primary electricity generation fuels and associated resources risks.
It is worth noting that such diversification through trading collaboration will help
Bangladesh to lessen the possibility of power supply disruption from conflict and
accidents. However, the government has to be cautious since the success of the
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CBET depends on the political relations of the trading partners and the volatility
of energy prices.

According to the 8th FYP, till now, only 27 gas fields have been discovered
in Bangladesh. However, about 50 unexplored gas blocks (17 onshore and 22
offshore) from which a good amount of natural gas can be extracted to gener-
ate electricity and provide energy to other priority sectors, also exist. The cost
of exploration and development of untapped resources is likely to be lower
than LNG import. To undertake exploration and development of undiscovered
resources, external support may be needed. To address such technical and finan-
cial issues, Joint Venture or “Strategic Partnership” between BAPEX and foreign
companies may be sought through a Production Sharing Agreement with IOCs to
pursue both onshore and offshore oil and gas options.

We also emphasize private and Public—Private Participation (PPP) projects so
that the government can focus on developing other energy-related infrastructure.
Besides, the government also needs to accelerate the phasing out of the QR power
plants immediately and find alternatives for the LNG to solve the overcapacity and
capacity charge issues and expected price distortions associated with the LNG.

Bangladesh should implement large-scale power transmission and distribution
systems to stabilize the network voltage fluctuations and frequency problems, cre-
ate uninterrupted quality power distribution, and install more high-power trans-
mission lines in line with the growing demand and massive supplies originating
from new power generation hubs (Payera, Roop Pur, Rampal and Matarbari).
Attracting foreign and domestic large-scale private investment and introducing
newer innovative solutions should be given utmost priority in the upcoming years
for developing the transmission and distribution sector. The government may fur-
ther look for implementing well-articulated demand-side management (DSM) to
ensure cost-effective ways to curtail the peak demand and control load shedding
while simultaneously reaching out to consumers to adopt energy-efficient appli-
ances and equipment, and introduce improved energy-efficient technologies and
new building insulation standards to meet the energy efficiency targets.*8

Energy efficiency programs need to be strengthened to promote high-effi-
ciency household appliance sales, awareness programs to induce behavioral
changes in consumers to save energy, introducing peak and off-peak tariff sys-
tems to reduce peak demand, and implement rigid regulations in large buildings
to save energy such as nominating energy managers. Additionally, energy storage

“8For details, please see: https://openjicareport.jica.go.jp/pdf/12231247.pdf.
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system development can be focused on through further Research and Develop-
ment (R&D).

Institutional reform needs to be addressed as the lack of organizational power
of the decentralized institutions within a centralized system which impedes and
slows down policy implementations and private investments (Cai & Aoyama,
2018; Ghafoor etal., 2016; Vijay etal., 2015). Besides, several bureaucratic
issues restrict the acceleration of currently enrolled energy-related programs.
Hence, following the argument of Jamasb etal. (2016), substantial priorities
should be given to coordinated institutional reforms through regulatory legiti-
macy in energy technology exploration, investment mechanisms, DSM, cross-
border negotiations, and energy dissemination programs. Finally, the government
might consider adding policies that can be used to develop different skill sets of
the existing workforce and train newly enrolled employees in the energy sector to
reduce the administrative inefficiencies and reallocate the prevailing subsidies to
the development of renewable energies.
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Abstract

In 2002 when over 70% of the country’s rural population had for generations
never known electric light, the most dynamic off-grid electrification program
in the world was launched. Its purpose: to provide rural households with
Solar Home Systems. Within a decade, Bangladesh was on its way to becom-
ing the world’s fastest growing off-grid solar market. This market did not
emerge by chance. Here new ideas were at work with both the leadership and
the resources to put them into practice: the World Bank as investor; IDCOL,
Bangladesh’s financial intermediary, as project manager; and rural entrepre-
neurs as solar service providers. Yet, there is a further remarkable achievement
in the Bangladesh energy market. Over 90% of the people in Bangladesh now
have access to the electric grid. What role will solar technology play in future?
Will the solar market move away from Solar Home Systems towards grid-con-
nected distributed renewable energy systems? What is next for Bangladesh?
These are the topics we want to explore in this chapter. This chapter reports
hands-on experience from the insiders of the program, and relates their lessons
from the past to perspectives for the future.

Keywords

Bangladesh - Rural electrification - Off-grid electrification - Solar technology -
Financing

N. Wimmer (D<)
microSOLAR, Vaterstetten, Germany
e-mail: nw @microsolar.com

© The Author(s) 2023 53
S. Groh et al. (eds.), Electricity Access, Decarbonization, and Integration

of Renewables, Energiepolitik und Klimaschutz. Energy Policy and Climate

Protection, https://doi.org/10.1007/978-3-658-38215-5_3


https://doi.org/10.1007/978-3-658-38215-5_3
http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-658-38215-5_3&domain=pdf

54 N. Wimmer

1 Introduction: A Project Triggered by Chance

Bangladesh is a fascinating country. In the 1970s, it spawned a groundbreaking
microfinance model for the rural poor, which has since been adapted worldwide
to serve millions of people with financial services. Where there were no micro-
finance institutions (MFI) a few decades ago, now there are thousands, serving
millions—among them the world’s largest and most successful in Bangladesh:
BRAC, ASA International and the Grameen Bank.

30 years later, these MFIs would take part in a bold experiment to bring solar
electricity to the hinterland of Bangladesh, where still 70% of its population
lived, worked and went to school. In this respect, Bangladesh is no different from
other developing countries in Asia and Africa. However, here Bangladesh stands
out: Within a decade, rural entrepreneurs had provided nearly a quarter of off-
grid rural households, schools and clinics with solar home systems (SHS). A solar
market emerged with local suppliers and production. Over 50 solar companies
had village service centers in every district of the country. How is this possible?
Moreover, could this market have developed all by itself without IDCOL?

In response to this question all experts agree that with 70% of the Bangladesh
population living in rural areas—and with more than 65% of the Gross Domestic
Product (GDP) generated from there—rural electrification is absolutely needed.
The SHS project has in fact now developed into a fully commercialized open
market. However, this market could not have developed without IDCOL’s start-
up concessional financing, quality standards and leadership. This will be true in
other developing countries as well, which can learn much from IDCOL’s success-
ful business model.

It may, however, come as a surprise that what would later become the world’s
fastest growing off-grid solar market was in the beginning: a project triggered by
chance. Wimmer (2012, 2019) includes more details of this story.

2 IDCOL’s Journey of Success

IDCOL, the Infrastructure Development Company Limited, came into this SHS
Program by accident. IDCOL was established by the Government of Bangladesh
(GOB) with a USD 225 million loan from the World Bank. As a 100% state-
owned public limited company, IDCOL’s initial function was to on-lend funds
to privately sponsored infrastructure projects. Its first project was financing for
a 450 MW Independent Power Plant (IPP) on the Meghna River, which it suc-
cessfully completed on schedule in 2001. However, despite World Bank approval,
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IDCOL’s CEO had a problem. Dr. Fouzul Khan and his now well-trained man-
agement team had no further projects to finance, largely due to the Bank’s rigid
project eligibility criteria. The result? They were limited to a meager USD 80
million investment out of the USD 225 million World Bank fund. IDCOL was out
of a job. There were even rumors about closing down the company when the CEO
got a surprise visit.

The World Bank’s Task Manager for Bangladesh approached IDCOL with a
unique proposal. Would the CEO of the Infrastructure Development Company
be interested in managing a pilot project for solar home systems in rural Bangla-
desh? The systems were on average 50 Wp, the bank’s funding for the pilot about
USD 25 million and the target, 50,000 installed SHS in five years. It takes little
imagination to guess that the former project manager of a 450 MW Power Plant
was not amused. Still, he agreed to have a look at a solar home system in a nearby
village. What he saw only confirmed his expectations: a clumsy looking system
with a cheap car battery, overpriced and unaffordable for the rural population. He
refused the bank’s offer, but still purchased two solar systems for his family and
for a mosque on the off-grid island of Sandwip on the Bay of Bengal.

The arrival of a post card from his family in Sandwip led to a surprising twist
in this story. His nieces were overjoyed to have light at the turn of a switch and
reliable electricity for their TV. Not enough: a letter from the local mosque told
him that villagers were praying for his wellbeing in gratitude for solar electricity.
It powered their lights and their microphone for Adhan, the call to prayer with-
out any problems. A call from Dhaka to the Task Manager in Washington D.C.
changed everything: Dr. Fouzul Khan would accept the Bank’s proposal—but
only after having a say in the SHS project’s design.

The SHS pilot project was launched in 2002 and met its target in 2005—two
and a half years before the target date of five and a half years. One of the main
reasons for this unprecedented success was the project’s design: It was tailor-
made for a low-income population in rural Bangladesh. Its finance model, for
example, was a blending of microfinance and project finance, both of which were
loans given in local currency with little or no collateral. This allowed even low-
income customers to own an expensive solar home system through affordable
monthly installments.

With extended funding from the World Bank, SHS installations continued una-
bated—further accelerated by unexpected tailwinds. While the prices for kerosene
continued to rise, solar panel prices were coming down—a veritable windfall for
a SHS project. To top it all off, LED lights were introduced to the solar market.
Smaller, more affordable 30 Wp solar systems now allowed the same advantages
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as a 50 Wp system. The rural market for solar home systems was booming. By
2013, solar entrepreneurs were installing 65,000 solar home systems a month.

Nevertheless, while tailwinds propelled market growth to ever new heights in
2013, strong headwinds were forming to soon bring it to a halt. The Bangladesh
government started giving away free solar home systems under its social safety
network program for the poor. It accelerated extension of the electric grid into
rural areas. A private unregulated SHS market emerged when electronics traders
in old Dhaka began marketing cheap Chinese solar systems to rural customers.
As a result, the installation of the six million solar home systems envisioned by
IDCOL did not materialize. Solar customers defaulted on their loans. Solar com-
panies were unable to repay their loans to IDCOL. The money ‘got stuck’. And
IDCOL was hard put to find solutions to these problems.

There is however yet another headwind to be mentioned, claims Dr. Khan.
“Some kind of complacency drifted into IDCOL. Success was so great. Every-
body was in a celebrating mood and not thinking about this. However, the hall-
mark of IDCOL has always been that it was proactive rather than reactive to
events. The success of the SHS project was a collective effort. The World Bank,
IDCOL, the rural entrepreneurs, academics—all contributed to its success. But it
was IDCOL that was always in the lead. This is what is meant by public entrepre-
neurship. IDCOL must become more proactive and place itself in the forefront
again.”

What can we learn from Dr. Khan’s story. First and foremost: that seeing is
believing. While he did in fact see the solar home system, he did not believe in
its value for the rural population until literally seeing it through the eyes of his
family on an off-grid island. Demonstration is fundamental to rural business. In
addition, I can confirm from my years of experience with solar engineers in rural
Bangladesh how hard it was to explain to people that energy from the sun could
light up their houses at night.

We also learned about innovation. Innovative breakthroughs often come from
combining existing methods in new ways and then testing them. The strength of
IDCOL’s innovative financial model was the blending of microfinance and project
finance. In addition, it was designed in a way that had to be tested by trial and
error and continuous iteration. This is something to remember when building a
rural market.

“Bangladesh is unique in having so many successful microfinance organizations.
But you chose not to subsidize them or to subsidize their product, but to incentivize
private enterprise to develop a solar market. Why was that your choice?” Dr. Khan:
“Well you see, from the beginning our goal was to commercialize solar home sys-
tems. So our dream was that you could buy a radio from the rural market. However,
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to achieve this we would have to break the barriers in the market and our answer
was to give rural companies two types of subsidy: a capital buy down grant to lower
customers’ installment payments; and a subsidy to the rural companies for institu-
tion building. But you see, these were all gradually reduced and eliminated.”

Dr. Khan further explained that the purpose of the subsidies was from the start to
strengthen private enterprise to create a solar market. This was also the purpose of
IDCOL’s concessional loans. As the market evolved, the interest rates increased,
so that the rural companies and the market could later stand on their own without
help from IDCOL. This was also the reason for inviting large, private companies
like Singer, Bangladesh to participate in the SHS project. Unfortunately, they did
not find this business worthwhile and left the program. It’s a fact: rural business is
full of risks and takes time to develop.

3 IDCOL'’s Journey into the Future

Having looked at the past, we now turn to discuss IDCOL’s journey into the
future. Monir Islam is the company’s first accountant and its present Chief Finan-
cial Officer (CFO): “If you really want to understand this level of success, you
need to first understand the context.” When the SHS project was launched, access
to electricity was less than 40%, so solar power was urgently needed in rural
Bangladesh. The challenge was to create awareness for a new and exotic tech-
nology by showing people that sunlight can really produce electricity. This was
hard going in the beginning. However, from that level of awareness, Bangladesh
is now known as a solar nation.

To better understand IDCOL’s past success you must also see how it devel-
oped an ecosystem for this market. In the beginning, there were hardly any solar
manufacturers and suppliers and solar equipment had to be imported. Therefore,
IDCOL developed local capacity with now over 200 solar manufacturers and sup-
pliers’ that work and manufacture in Bangladesh. Then there was the challenge
of supporting the partner organizations to demonstrate, deliver and service this
new technology in the villages. In the end, finding workable solutions to all these
problems created IDCOL’s past success.

“And we learned,” adds Monir. “Still there were interventions beyond our control.
Grid connectivity, for example. Beginning in 2014 about 300,000 connections were
being made each month. But a year beforehand we hardly knew about this plan. So
there was a clear lack of coordination and that was a big lesson for us, which will
probably help us in future.”
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In addition, the future looks promising according to IDCOL’s Deputy CEO. Its
past success also motivated the company to take up other renewable energy inter-
ventions. It has supported the installation of 26 solar minigrid projects and 1514
solar irrigation pumps. A successful biogas and bio fertilizer program has been
launched. In only a few years, 57,000 domestic biogas plants are now supplying
clean energy for cooking and lighting across rural Bangladesh. Still experiments
but promising, are biomass and biogas-based electricity projects for commercial
enterprises in the poultry industry.

IDCOL’s main focus at present is on solar rooftop projects, in particular in
the industrial sector. Surveys show that there is a potential of more than 500
megawatts alone in the garments and textile manufacturing industries. IDCOL
has begun implementing these projects with a target of 300 megawatt generation
capacity on industrial rooftops by 2023. In addition, although the COVID 19 pan-
demic seriously slowed down progress, IDCOL’s active pipeline promises more
business in the solar sector in future.

As impressive as these achievements are, no national solar energy program
can succeed at length without government policy. The good news: IDCOL’s past
success in the solar sector motivated the Bangladesh government to introduce var-
ious policy and strategy documents in support of solar power. The problem is they
come from as many different government agencies and lack coordination. There
is, for example, the Master Plan, the Bangladesh Delta Plan, the Eight & Five
Year Plan, and now under the banner of the G20 Group, the Multi-Climate Pros-
perity Plan for the next two decades.

All of these strategic documents promote the implementation of different
renewable energy projects with different targets in the coming years. IDCOL is
forging strategic plans to be part of the targets set by the Bangladesh government.
The government has already transferred a number of grid-connected solar pro-
jects to the private sector. IDCOL has financed one project so far with a capacity
of 10 megawatt electricity from a solar park. Still, more projects are in the pipe-
line, which IDCOL plans to finance.

My response to Monir focused on rural business. “If Bangladesh is to live
up to its goal of becoming a solar nation, certainly it will have to support solar
projects in urban areas as well. But we know rural business to be far more chal-
lenging. Can you please tell us what rural energy projects are moving fastest and
where progress is slow and difficult?”.

Monir’s response comes as little surprise: “the rooftop projects are going
great. But solar powered irrigation and minigrid projects remain the most chal-
lenging for two reasons: extension of the electric grid has limited the expansion
of minigrid projects to off-grid islands as defined by the government. And the
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solar irrigation pump projects still require a subsidy to compete with the diesel-
run pumps. But we remain optimistic. We have successfully implemented more
than 1500 pumps already and are discussing with development partners how we
can take this project to the next level.”

4 The Private Sector Perspective

The private sector perspective is represented by the Managing Director of
Rahimafrooz Renewable Energy, Mr. Munawar Moin. The solar sector has
experienced dramatic growth during the past decade with 22 solar battery man-
ufacturers, 83 solar LED light manufacturers, 9 solar panel manufacturers and
more.

Munawar reports on the role of the private sector in demonstrating solar tech-
nology. This began as early as the mid-1990s, but if you look at the solar home
system, just demonstrating that this technology actually works was done by pri-
vate players. This moved on to solar powered irrigation pumps and even roof-
tops. Munawar remembers when potential solar rooftop owners simply would not
believe that energy could come from the sun and get into the grid and then light
up the building. Therefore, the key role played by the private sector was to dem-
onstrate solar technology works, is efficient and reliable.

After a decade of rapid market growth, solar technology has now become a
purely commercial open market. Six million rural households are enjoying solar
electricity and need replacement products and service. Even urban customers are
investing in solar systems. Everyone knows that last mile electricity delivery by
the grid will be inconsistent in the near future. So solar systems have become
backup power systems for reliable power during breakdowns. Five to ten thou-
sand solar systems are sold every month for this reason.

This is all a continuation of the SHS project. The challenge is now to take
this market to the next level of growth. It could be rooftops and irrigation pumps.
Alternatively, it could be productive applications like milk chiller storage and rice
driers. Whatever you may call it, renewable energy technology will really ramp
up based on how directly we can link it to productive use. This is the challenge
we face: to come up with solar solutions which educate users on their benefits.
The solar powered irrigation pump is a good example of productive use for farm-
ers. Solar rooftop owners now see clearly how they benefit in terms of cost and
sustainability from green energy.
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But these benefits must also be clearly demonstrated to be understood. Why?
Because whenever you try to do something new with renewable energy, its oppo-
nents grill you. You understand how efficient and cost effective solar power is.
Still when you look at conventional energy, it is getting all the subsidies. You
understand the significant inefficiencies of the electric grid, but they are simply
overlooked. Renewable energy is not an option.

Munawar is however still optimistic that the present dilemma will inspire the
solar sector to ensure that new technologies are demonstrated, piloted and are
commercially viable. In addition, by this he means all players—from consumers,
financers and regulators to the manufacturers and suppliers. All should be aligned
and part of this process to show the benefits of renewable technology. So in rural
Bangladesh, where 70% of the population lives and much of the productivity—
up to 65% GDP—comes from there, any renewable energy solution that helps to
improve agro output, livestock output, fisheries output, small medium enterprise
output is vital to Bangladesh’s future growth. These solutions are in fact already
becoming feasible.

IDCOL is today the only finance institution specialized in renewables. How-
ever, when talking about future growth for renewables, this will require hundreds
of millions of dollars’ worth of financing in the sector. This is what the financial
sector has to learn from IDCOL: as IDCOL grows the solar market, the whole
finance sector must also grow in this direction to support renewable energy tech-
nologies with productive use. In addition, because IDCOL is the only loan-spe-
cialized financing institution for renewables, it has demonstrated to the world
what this can mean when developing a solar market. But now, if private busi-
nesses want to scale up, they will need many more financial institutions for the
simple reason that IDCOL alone cannot be funding everything.

Let us say we need three hundred thousand irrigation pumps to be rolled out
right now. Alternatively, we need two to three gigahertz of solar rooftops. IDCOL
alone cannot fund these projects. Maybe it will do 50%. However, who will do
the rest? Other financial institutions will also have to come up. The Bangladesh
Bank will have to play a much more proactive role. Commercial banks with net-
works all over the country can learn from IDCOL and see how they can finance
renewables. The Bangladesh Bank has introduced the Green Funds, but that pol-
icy has not yet been as effective as IDCOL’s support for renewables to the last
mile. This is what will move the sector forward.
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5 What Africa can Learn from Bangladesh

In this section, we address the issue of transferability of lessons, in particular
what lessons from Bangladesh are relevant to Sub-Sahara Africa, where Pay-As-
You-Go (PayG) companies are rapidly expanding their solar business. Sanjoy
Sanal, an entrepreur from the Indian Institute of Management in Calcutta (India)
summarizes the three things he believes IDCOL has to teach Africa: first of all
at the policy level. IDCOL’s policy ensured that public finance reached the local
MFIs and that microfinance reached the rural households. The second lesson
focuses more on private enterprise, particularly important for Bangladesh busi-
ness people. IDCOL’s partner organizations (POs) were both lenders to rural
households and solar suppliers. As a result, dozens of businesses outside the pro-
gram emerged as the solar market matured: 22 battery and 83 LED manufacturers
in total. Bangladesh business people should therefore be thinking about expand-
ing their business to Africa.

Thirdly, and most important: African countries should learn from Bangladesh
that international development aid and international policy advice go only so far
to make a country prosperous. Rather, it is the ability of people like IDCOL’s
CEO to be able to sit across the table with a World Bank professional and say:
this works in this way in my country and I will experiment and pilot this SHS
project in my own way.

In what follows, Sanjoy breaks down each of these points to explain them
in detail. With regard to the policy issues on the finance side, he describes his
frustration with international conferences held in big cities like Amsterdam and
Vienna every year—and which every year seem to try to reinvent the wheel with
regard to finance for developing countries. Why do none of them ever talk about
Bangladesh? After all, it is the only country in the world that succeeded in elec-
trifying a large percentage of rural households. 25 million people are now using
solar home systems. Where in the world has this happened?

What can be learned from Bangladesh is how IDCOL made local currency
debt available at a reasonable price to its partner organizations, which in turn
made it reasonable for rural households. The POs borrow in local currency from
IDCOL at 6% interest with a loan tenor of five to seven years, and then on-lend
to their solar customers at 12% interest over three years. That’s project finance
meeting microfinance.

The second lesson the SHS project has to teach is how it ensured quality
products. Rural households are hesitant to finance solar systems because they
often fail. In contrast, IDCOL set up an entire quality infrastructure from quality



62 N. Wimmer

standards to certification to testing solar home systems in the field by IDCOL
inspectors.

Last, not least, the third lesson stresses the importance of the partner organ-
izations for the success of the SHS project. They had the ability to go to peo-
ple’s houses to provide customer service and collect the monthly installments.
More than this, they were given the incentives to do the job. This is, as Dr. Khan
pointed out, a results-based financing program.

So in conclusion, even after working for seven years in Africa, Sanjoy can-
not think of any African nation being able to replicate and adapt a decentralized
renewable energy program without these building blocks. You can say Pay-as-
You-Go companies in Africa are doing the same thing and that is true. These
solar companies are lending to households. However, because they do not have
domestic local currency debt financing, they have to put up these very compli-
cated structures overseas—like raising money off-balance sheet and sending it to
Africa. This leads to three problems.

Number one: there will never be those 22 battery manufacturers and 83 LED
manufacturers in Africa. Second, it is very risky if one of these companies fails.
Third, it is very expensive if it is foreign currency debt subject to foreign cur-
rency fluctuations. This means maybe a poor African farmer has to then pay more
for electricity. Is that fair? Is it fair to subject a poor farmer to the vagaries of the
market?

Sanjoy concludes by adding that businesses in Bangladesh need to think about
moving out and thinking about Africa. Monir Islam said earlier today that all the
component manufacturers really emerged in Bangladesh. However, where are
these component manufacturers in Africa when Rwanda is setting up its Made in
Rwanda Policy and inviting foreign direct investment? Companies from the Neth-
erlands are investing there. Bangladesh business people have to ask themselves
why we could not see that opportunity.

Therefore, the lesson is: it is important for Bangladesh to say to the world that
we did this thing, that today we are a middle-income country—, and that the time
has come for us to be confident, to go to the world, and to tell our story.

My first response to Sanjoy came from my own experience as presenter at
international conferences: Although I was invited to speak about the SHS market
in Bangladesh, I was introduced as ‘now Nancy Wimmer will tell us about India’.
Bangladesh is somehow not on the map—just one reason I wrote two books on its
astonishing success in developing a rural market for solar home systems (Wim-
mer, 2012, 2019). Another is why this country has very good reason to be proud:
the development of a solar market in rural Bangladesh proved to the world that
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the impetus for market development can come from within a developing coun-
try—driven by local entrepreneurs under IDCOL’s leadership.

There are indeed many good ideas to learn from. Of particular importance was
how solar companies in Kenya and Tanzania are dependent on foreign capital
for funding. In contrast to the POs in Bangladesh which borrow from IDCOL in
local currency, these PayGo companies must either absorb foreign currency fluc-
tuations or pass them on to their customers—Ilike the poor farmer who must now
pay more for electricity. Bangladesh can in turn learn how new technologies like
PayGo can drive the solar market. IDCOL recognized too late, how innovative
tech companies like SOLshare could take the solar home system market to the
next level.

6 What Comes Next for Bangladesh?

In this final section, we discuss the future, after having reached almost 100%
electrification for Bangladesh. What is next for the solar energy sector? Dr. Khan
explains that two things are most important: electricity access and the quality
of the electricity provided. We have done quite well in terms of grid extension,
which includes off-grid solar home systems. What is next is the quality of the
electricity we are getting: how many interruptions per day for how many hours,
what voltage is right, for example.

A third issue is sustainability. Bangladesh’s focus remains on fossil fuel based
energy. This is unfortunate, because in the long run this is not sustainable. How-
ever, you know, people make tons of money through energy imports. Therefore, it
is a balancing act between fossil fuels and solar energy for the sake of sustainabil-
ity. We have to first fill in the gaps with renewables, because although now 96%
of Bangladesh households are officially grid-connected, there are many gaps in
the quality we have to plug up. We must also move up the energy ladder from DC
electricity to great quality electricity provided by rooftop solar, irrigation pumps
and especiallyto promote income generating activities through electricity.

Dr. Khan also stresses his strong belief in institutions. He has good reason to
do so. There were to wit two assassination attempts to shut the company down:
the first by Bangladesh’s Finance Ministry because IDCOL was unable to uti-
lize the entire World Bank fund for infrastructure projects. Fortunately, the CEO
could prevent the worst by explaining the problem in depth to the Finance Minis-
ter after which the Minister contributed BDT 50 Crore (500 hundred million) to
IDCOL to increase its equity capital!
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The second assassination attempt was by the World Bank itself. Following
the closure of the Bank’s fund, a project completion mission visited IDCOL.
The Task Manager proposed to close down IDCOL and divert the reflows to the
Investment Promotion and Financing Facility (IPFF), a new project he was devel-
oping. This attempt failed. IDCOL was a wholly government-owned company.
Only the government could decide its fate.

Ironically, the third near-death experience was in part a result of IDCOL’s suc-
cess. The SHS pilot project met its target two and a half years before the target
date of five and a half years and then ran out of grant funding. Rapid growth was
in this sense a disaster for the SHS project. Luckily, the CEO was able to secure
grant funding for the project after a meeting with the German Ministry for Eco-
nomic Development in Berlin: again by chance.

In contrast, Monir Islam, IDCOL’s Deputy CEO goes straight to the immedi-
ate challenge confronting IDCOL. But first the good news: inspired by the SHS
project’s success, the Bangladesh government (GOB) set a target of ten percent
of the total generation capacity to come from renewable energy sources by 2021.

“But if we can achieve this 10% target in even the next five years,” claims Monir—
and this is the challenge—"this would mean around 3000 megawatt coming from
renewable energy. Our achievement so far is about 3.5%. Therefore, we have a long
way to go. The good thing is that all the right policies are in place. We have tar-
gets and pathways set by the GOB. We now know about the potential of unexplored
renewable energy sources, like offshore wind energy and floating solar projects. We
have done assessments and we have the expertise. So yes, I am hopeful and opti-
mistic that we can reach the GOB’s target for renewable energy. There will be more
success stories coming up in the near future.”

Munawar Moin summarizes the experience from the private sector in the follow-
ing way: Success in Bangladesh mainly happens because there is a plurality of
drivers. “You know multiple people in different areas all doing their job with a
lot of commitment and heart,” explains Munawar. “And I think we see this in the
solar sector right now. Despite its difficulties, this is happening and this is what’s
going to happen at least in the foreseeable future”.

Still, institutional support for the continued growth of the renewable energy
sector is crucial. Even in very recent discussions with policy makers, the private
sector has been telling them what it believes is needed: a single ministry simi-
lar to the Ministry for Renewable Energy in India, which is empowered with a
budget program and resources to accelerate market development for renewables.
As an added incentive, Bangladesh’s honourable Prime Minister, committed
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Bangladesh to 100% renewables by 2050 at a climate conference in Morocco in
2016.

True, the progress in rooftop solar is encouraging and will continue because
of its commercial viability and the net metering policy. However, the main thing
is we need a paradigm shift in thinking at the policy level. If we think that pro-
gress in the renewables sector will happen only by an increase in megawatts, solar
power plants and similar projects, we are thinking very much like in the past.
What has to happen in future—and this has already begun—is more distributed
renewable energy systems, many grid-connected, for productive use.

In addition, this again needs demonstration, since energy cannot be seen by
itself. It needs to be connected to productive use. An example: over one million
vehicles are transporting anywhere between 8 to 10 million people every day and
are still being charged with grid electricity. It is a huge business, employing 1.5
million people. Now just imagine this same business if these vehicles were solar
powered or being charged from solar hybrid charging stations. Here you see a
whole system, which is fully connected with enormous potential for renewables.

With a clear vision for the future, Munawar believes: at the end of the day,
we will have more energy efficient and sustainable energy systems, which lead to
more economic and social upliftment. This is already happening with solar pow-
ered irrigation pumps. However, its future success depends on what IDCOL alone
cannot do. The government must come up with a feasible proposition to support
the continued acceleration of the renewable energy sector, where “we all collec-
tively work to make this vision reality: 100% renewables by 2050”.

According to Sanjoy Sanal, the primary issue in Bangladesh in the next dec-
ade will be climate adaptation and resilience. Bangladesh must be thinking about
how to incorporate renewable energy thinking into climate resolution issues, for
example with productive use and electric vehicles. In view of the dim forecasts
for extreme climate change in the delta in future, this cannot wait.

The second thing Sanjoy wants to see continue is innovation. Bangladesh
should continue to innovate on the infrastructure it has built. The company,
SOLshare, with its innovative peer-to-peer solar trading model is a good example.
Village milling or rice husking centers run by renewable energy, another. Oppor-
tunities for innovation abound, including the Green Climate Fund (GCF). IDCOL
has been accredited and is mobilizing funds from the GCF for climate adaptation
and climate mitigation projects. It will now be easier for the renewable energy
sector to achieve its 10% target, since it can source funding not only from the
government or its development partners. In future climate mitigation projects can
be funded through the GCF.
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Following two decades of development in the renewable energy sector, Bang-
ladesh is now perfectly positioned to move onto the next level. Yet, whether
strong tailwinds will come from funds like the GCF or increased institutional sup-
port from the Bangladesh government—or both—is not yet certain. Bangladesh’s
renewable energy sector has good reason to be optimistic. It not only demon-
strated that the development of a rural market for solar power is doable and profit-
able. It proved to the world that this market development could come from within
a developing country—driven by local entrepreneurial companies.
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Abstract

In Bangladesh, the peaking power plants that serve the peak time loads use
conventional fossil fuels for power generation. These power stations remain
idle for a good part of their operating life, which therefore results in a high
overhead cost. Continuous integration of renewables into the grid is increasing
the dependency on these, so far, feasibility of no other less-expensive options
has been studied. In this context, this paper aims to analyze the financial fea-
sibility of different alternative options. Three possible options were analyzed
and the levelized cost of energy (LCOE) was compared with that of conven-
tional peaking power plants. It was found that Battery-based storage systems
are not financially feasible at this moment, while the nation’s lone hydro power
plant promises financial feasibility if solar PV driven pumped hydro storage is
implemented. We also report that if the nation continues to add solar PV power
stations even with costly peaking power plants using traditional fuels, this
hybrid option was counter intuitively found to be financially feasible.

Keywords

Peaking power - Renewable energy - Solar power - Energy storage system -
Grid carbon footprint

1 Introduction

World electricity production industry is predominantly occupied by conventional
fossil fuel-based power plants. Since about 1850, the world has commercially
depended on conventionally produced fossil fuels such as coal, oil, natural gas,
etc. which supply about 75% of energy today (Karim et al., 2018). Total electric-
ity generation all over the world was 25,849.92 TWh in 2020 (Ritchie & Roser,
2020) and the share of renewables is increasing every year as the world leaders
are committed to reduce the use of fossil fuels for curbing the detrimental effects
of uncontrolled use of fossil fuels especially in producing electricity. The world’s
dependence on renewable energy sources for electricity generation has increased
by more than 10% per year since the late 1970s (Karim et al., 2018). The usage
of renewable sources in 2012 contributed 13.2% of global supply, hit 22% of
global power production in 2013 and was expected to hit 26% by 2020, which is
more than current combined demand from China, India, and Brazil (IEA, 2015).
According to Ritchie, in 2020, renewable energy sources accounted for 28.98%



Policy Options While Increasing Share of Renewable Energy ... 69

of global electricity, which was higher than forecasted data (Ritchie, 2021).
Sweden, Norway, France, Paraguay, Iceland, Nepal, Bhutan, Canada, Ethio-
pia, Finland, Brazil, for example, get over 90% of their energy from nuclear or
renewable sources (Ritchie & Roser, 2020). According to the report “Renewable
Energy Capacity Statistics 20217 by IRENA, global renewable energy genera-
tion capacity is around 2,799,094 MW (IRENA, 2021). In Fig. 1, we can observe
Asia accounts for approximately 46% of total installed capacity. However, it is
paramount for the world to make this transition to increasing share of renewable
sources without compromising reliability because supply instability will interfere
with proper economic performance (Karim et al., 2018).

Bangladesh is also focusing on integrating renewable based power genera-
tion facilities into the national power grid. According to Sustainable Renewable
Energy Development Authority (SREDA) in Bangladesh, total contribution from
renewable energy is 3.24% of total installed capacity. Bangladesh mostly uses
hydropower (230 MWp), solar PV (195.01 MWp is connected to the national
grid while another 565.16 MWp capacity is in the pipeline) and few wind energy-
based projects with a total capacity of 74.9 MWp (SREDA, 2021). In recent
times, solar PV systems have been added to a greater capacity than other sources.
This proliferation is mainly fueled by the global decreasing trend in the price of
energy from solar PV systems. According to IEA, the price of grid-tied solar PV
decreased from 1.3 USD/Wp (2011) to 0.2 USD/Wp (2020) shown in Fig. 2. In
the near future, the price is expected to fall further. This indicates that there will
be more opportunities to build new solar plants at a lower price leading to even
lower per unit cost of produced solar energy (IEA, 2020a).

S America, 233033
MW, 8%

Ocania, 44051 MW,
%

Eurasia,
110241MW, 4%

Fig. 1 Grid connected RE capacity in the world, with technology mix shown for Asia.
(Source: (IRENA, 2021))
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Decreasing Trend in Solar PV Price (USD/Wp)
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Fig.2 Decreasing trend in solar PV price (USD/Wp). (Source: (IEA, 2020a))

However, Bangladesh is still heavily dependent on fossil fuel, more spe-
cifically on its natural gas resources, for power generation. Figure 3 shows the
fuel mix of power generation in Bangladesh. Although, natural gas is the least
expensive fuel, its reserve is depleting at a faster rate. If new gas reserves are not
explored, it is anticipated that Bangladesh might experience a price hike in gas
price as the dependency on imported LNG will increase. In addition to this, the
share of other fuels like HFO and coal in power generation is bound to increase.
HFO is an imported fuel and we have used locally mined coal so far. Although

Coal

Fig.3 Installed capacity 8.05%
(in MW) of BPDB power i

plant by fuel type. (Source: ??87%
(BPDB, 2021)) e gzﬂéﬂu o
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the quality of the coal is pretty good, the depth of the coal mines and the soft allu-
vial soil of Bangladesh makes the coal extraction more expensive compared to
the price of coal in the international market (Barapukuria Coal Mining Company
Limited, 2021) Bangladesh presently imports about 5% of its power from India,
which may also go up in future. The decreasing use of natural gas and increas-
ing use of coal, HFO, LNG, nuclear and renewables have their own concomitant
implications.

Meeting time-varying demand, especially during peak periods, is a significant
challenge for electric utilities. Small capacity power stations, such as gas or HFO
power plants, are commonly used to mitigate the peak demand. Diesel generators
are still widely used in isolated power systems to satisfy peak demand (Uddin
et al., 2018). However, the cost of operation and maintenance (O&M) for these
power plants is high (Chua et al., 2013). Thus, peak load shaving has become an
important issue. Peak load shaving is a technique for flattening the load curve by
lowering the peak load and moving it to lower load times (Nourai et al., 2008).

Different strategies for peak load shaving have been followed all over the
world, such as, Tariff Incentives (TI) and Demand Side Load Management
(DSM) (Uddin et al., 2018). It is a common practice to change the tariff dur-
ing peak and off-peak hours on a daily basis. In some countries, the tariff var-
ies with seasonal demand as well to influence usage patterns of the consumers
(Energy Information Administration — EIA, 2021). Since the 1980s, one of the
most promising methods for mitigating peaks has been Demand Side Manage-
ment (DSM) (Gellings et al., 1986). Most research, however, focused on DSM
techniques in developed countries, as making DSM more successful necessi-
tates the use of latest technologies like smart grids, which include smart meter-
ing systems (Lu, Hong, and Zhang, 2018). Battery technologies in households
are also included in some of the DSM schemes. With the development of IoT,
the consumers are also using smart systems (e.g., smart home management) to
reduce their peak load and energy bill. Companies like Tesla, Duracell, LG Chem,
Moixa, Powervault, Solax, Sonnen, VARTA are installing domestic BESS in UK
(Department for Business, Energy & Industrial Strategy, 2020). Tesla’s “Pow-
erwall” is intended for daily cycling such as for load shifting. Tesla revealed in
October 2016 that nearly 300 MWh of Tesla batteries had been implemented in
18 countries. Tesla reported in April 2020 that it had deployed its 100,000th Pow-
erwall. Powerpack is designed for industrial and electric utility grids and has low-
ered utility bills by 20% in some cases (Wikipedia Contributors, 2021a). To the
best of authors’ knowledge, no study has been reported that assessed the feasibil-
ity of different load shaving techniques and possible options as an alternative to
expensive fossil fuel based peaking power plants in the context of Bangladesh.
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This study has therefore been conducted to address the high operating cost
associated with fossil fuel based peaking power plants by assessing the financial
feasibility of three different energy generation options to meet the peak loads. To
justify whether the options are feasible or not, the levelized cost of energy from
these options are compared to the cost of fossil fuel based peaking power plants.

2 Methodology

According to the report “Renewable Energy Capacity Statistics 2021 by Inter-
national Renewable Energy Agency (IRENA), global renewable energy genera-
tion capacity is around 2,799,094 MW (IRENA, 2021). In Fig. 1, we can observe
Asia accounts for approximately 46% of total installed capacity. Bangladesh
mostly uses hydropower (230 MWp), solar PV (136.44 MWp is connected to
the national grid while another 565.16 MWp capacity is in the pipeline) and few
wind energy-based projects with a total capacity of 74.9 MWp (SREDA, 2020).
This study has been performed to suggest feasible alternatives to fossil fuel
based peaking power plants that are not only expensive but also pose deleterious
impacts on environment. To satisfy the objectives of the study, following tasks
have been accomplished:

e Analyze the fuel type and LCOE of existing peaking power plants in Bangla-
desh

e Propose the system layout for three different alternative options to meet the
peak loads

e Evaluate the LCOE of the proposed systems

e Compare the LCOE of the proposed systems with that of existing peaking
power plants

e Suggest the feasible options so that policy makers can take immediate actions

3 Current Scenario of the Peaking Power Plants
in Bangladesh

All the existing peaking power plants are fossil fuel based, except the Kaptai
hydro project. The cost of energy varies by a big margin, depending on the type
of fuel used, hours of use per year and overall maintenance cost (the cost break-
down can be found in Fig. 4). As per data available on the BPDB website some
of the peaking power plants, used for very small hours (2% plant factor), have
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20 M Cost of HFO/unit
15.20 M Cost of Natural Gas/unit
15 M Cost of Natural Gas/unit

(*international market
price)

W Overhead cost/unit

Electricity cost (BDT/KWh)
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0
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Fig.4 Per unit electricity greneration cost for different fuel based peaking power plants.
(Source: Power Grid Company of Bangladesh Limited (2021))

an energy cost of Tk. 41.60/kWh (for HFO) and Tk. 72.29/KWh (for HSD). The
average energy cost of Bangladesh Power Development board (BPDB), including
the IPP peaking power plants, is Tk. 17.50/kWh.

BPDB operates 14 peaking power units, one of which is natural gas-fired,
three are HSD-fired, and the remaining ten are HFO-fired. Additionally, there are
Twelve Quick Rental Power Plants (QRPP) and Nine Rental Power Plants (RPP)
with a combined capacity of 1395.89 MW. Between 2014 and 2017, most QRPPs
were extended for a further 3-5 years following their initial retirement phase.

4 Possible Technology Options in Bangladesh
as Alternative to Conventional Peaking Power
Plants

Keeping in mind the technical and financial issues associated with the conven-

tional fossil fuel based peaking power plants; we have proposed three technology
options in this paper:
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1. Storage battery to store energy during the daytime from grid power and to
deliver during the peak hours.

2. Limited pumped hydro facility to pump water from the downstream of Kaptai
hydro plant to the reservoir using solar power during the daytime and then dis-
charging the water during the peak hours.

3. Solar PV-HFO hybrid power plants capable of supplying peak load in the
evening.

In the following sections, we present an analysis of the three cases mentioned
above. The LCOE from these options are then compared with the conventional
fossil fuel based peaking power plants. To calculate LCOE we followed the fol-
lowing formula:

Co = Cin/n + (Icap + ZD! + M)/Eout (1)

where,

C, i.s the cost of (?utput energy per kWh

C,, is the cost of input energy per kWh

1 is the system efficiency

Icap is the annual interest on the capital investment

D, is the annual depreciation of the ith (i=1, 2, 3, ... etc.) capital investment
M is the annual operation and maintenance cost

E_,, is the expected energy output from the system.

4.1 Case 1: Battery Storage

We would like to consider two battery storage options to replace the conventional
fossil fuel based peaking power plants. One using Lithium-Ion battery and the
other using the more conventional Lead Acid batteries. The basic structure of
such a system is shown in Fig. 5.

As shown in the Fig. 5, the batteries are charged during the off-peak hours
when the load demand is minimum, and the stored energy is delivered to the grid
during the peak hours.

4.1.1 Lithium-lon Battery Storage
The assumptions we considered for energy cost estimation in a Lithium-Ion bat-
tery storage system is given below
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Fig.5 Schematic diagram for the proposed battery energy storage system. (Source: Own
depiction)

Cost of battery/kWh=BDT 20,820

Maximum depth of discharge of the battery =90%

Cost of inverter/kW = BDT 6940 (including charging unit)
Inverter efficiency =98%

Expected battery life=7 yrs

Expected inverter life=15 yrs

Interest rate =9%

Battery efficiency =85%

The stored energy cost, as calculated using the above data, comes out to be BDT
35.95/kWh. The cost breakdown in percentage of the energy cost is shown in
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Per unit cost of stored energy = BDT 35.95

Contribution of grid
electricity cost, BDT
12, 34%

Contribution of
Battery cost, BDT
15.48, 43%

Contribution of O&M “
Cost, BDT 117
3%

Contribution from
other cost, BDT
7.31, 20%

Fig.6 Cost per kWh and the percentage cost breakdown for Lithium-Ion battery-based
energy storage. (Source: Own depiction)

the Fig. 6. If we compare to the average peaking power plant energy cost of Tk.
17.50, it is higher by about 100% and economically not a viable alternative.

4.1.2 Lead Acid Battery Storage

Although Lithium-Ion batteries are getting more popular in recent years due to
various improved performance indices (like depth of discharge, efficiency, lon-
gevity, weight/kWh storage etc.), lead acid batteries are still quite popular for
their low cost. Our assumptions for the cost analysis of the lead acid batteries are
given below.

Cost of battery/kWh=BDT. 14,720

Maximum depth of discharge of the battery =70%

Battery efficiency =80%

Expected battery life=35 yrs

Cost of inverter/kW = BDT. 6940 (including charging unit)
Inverter efficiency =98%

Expected inverter life=15 yrs

Interest rate =9%

The results presented in Fig. 7 show that the cost of stored energy for lead acid
batteries comes out to be BDT 38.63/kWh. It is interesting to note that the cost
of stored energy for lead acid batteries is higher than that of Lithium-Ion battery.
Although Lithium-Ion batteries are more expensive, they have a higher depth of
discharge and a longer average life that compensates its higher capital cost.
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Per unit cost of stored energy = BDT 38.63

Contribution of grid

electricity cost, BDT am;“glgt%g_r
12,31% 14.61,38%
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3%

Contribution from
other cost, BDT
10.78,28%

Fig.7 Cost per kWh and the percentage cost breakdown for Lead Acid battery-based
energy storage. (Source: Own depiction)

These energy cost values indicate that battery-based storage is still very expen-
sive and is not yet suitable for replacing the conventional peaking power plants,
unless the price of the battery reduces by 50%.

4.2 Case 2: Solar PV with Hydro Reservoir

In this scheme, we consider the possibility of using Kaptai hydro plant as a
pumped storage facility. The basic schematic diagram is shown in the Fig. 8.
The Kaptai project has a vast area of land still not in use and installing a large-
scale PV power generating plant is possible. Government has already installed a
7.4 MWp solar PV plant and there is ample space to install more. In this scheme,
we propose to use solar PV energy to pump water from the downstream of Kapati
dam back to the reservoir to be used during the peak hours. As solar PV energy
cost is lower than the average cost of grid energy, it is expected that the pump
storage will be cost effective. Although there is no additional cost needed for the
water storage (as it already exists), there are cost involvements in constructing
a small water lock downstream to hold the discharged water from the dam dur-
ing electricity production. The height of the lock should be such that it will only
retain the required amount of water and the rest will spill over to the main river.
As shown in Fig. 8, the PV is connected to the grid via grid tied inverter and the
pump is run from the control station as per requirement decided by the BPDB.
So, any surplus power is directed to the grid when the pump is not running.



78 R. Roy et al.

Inverter

l

Solar Power Plant

Il

Hydroelectric Power Plant

Substation 5
Control

Station

mmm) Surpluses Solar Energy to Grid
m==) Pumped Back Hydro Energy to Grid

Fig.8 Flow diagram of the proposed pumped hydro scheme. (Source: Own depiction)

The pump operation is controlled from the control station depending on the
following factors.

a) Existing water level of the reservoir
b) Rainfall in the region and water level in the downstream Karnaphuli river
¢) Forecast of rainfall in the catchment area

It is expected that there will be times when pumping up of water will not be nec-
essary and under such circumstances, the PV power is supplied to the grid. So,
the scheme has the option to supply solar PV power partially or in total to the grid
depending upon the reservoir water level and the load demand (Table 1).

In the following paragraphs, we present a study on the cost analysis of an
80 MWp solar PV plant for the pumped storage system. The basic assumptions
are



Policy Options While Increasing Share of Renewable Energy ... 79

Table 1 Estimated pumping power requirements in different seasons. (Source: Own
depiction)

Season Month % of pumped energy | Reasons behind variation in pumping
scheme

Winter Nov-Feb | 10% Less peak demand

Summer | Mar-May | 80% High peak demand

Scarcity of water in upper reservoir

Monsoon |Jun-Oct | 25% Heavy rainfall
Maximum volume of water in upper
reservoir

Proposed size of solar PV plant=80 MWp

Plant factor for the solar plant=76%

Cost of PV energy (with grid tied inverter) = BDT 5.52 (LCOE)/kWh
Maximum pumping power =50 MW

Efficiency of the pumping system =76%.

Cost of the pumping system with accessories = BDT 283,081,150/MW
Civil engineering cost (downstream reservoir) = BDT 366,632,324
Interest rate =9%.

In calculating the pumped hydro energy cost, we considered the energy pro-
duction from the solar PV under the prevailing sunshine condition (average of
4.5 kWh/m?) and estimated pumping power requirements as shown in Fig. 9.

We can see that the pumping power requirement is very low in the months
from November to January due to low power demand in the winter season and
low water supply from upstream. The pumping power is highest in the months
from March to May as it is the peak summertime with low average rainfall when
the power demand is high during the peak hours. The months from June to Octo-
ber, there is enough rainfall in the reservoir catchment area and scope of pumping
water back to the reservoir is limited.

The calculated cost for the solar PV based pumped hydro, as presented in
Fig. 10, comes out to be significantly lower (BDT 12.27) than the average peak-
ing power plant energy cost. However, we need to keep it in mind that Bangla-
desh has only one hydro-electric plant and we do not have the option to extend
it beyond Kaptai. It is possible to build small sized reservoirs on small brooks
that run in the valleys in the Hill Tracts to store enough water corresponding to a
single day requirement only, but in those cases cost of reservoir and dam will be
added to the capital cost and the cost of energy may not be very low.
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Fig. 9 Seasonal pumping requirement and solar PV output. (Source: Own depiction)
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Fig. 10 Cost per KWh and the percentage cost breakdown for pumped back hydro system.
(Source: Own depiction)
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4.3 Case 3: Solar PV-HFO Hybrid Plant to Address
the Peak Load

The option of pumped hydro is very limited in Bangladesh as we have only one
hydro project. So, it cannot be a general solution for peaking power plants. In
this section, we make a theoretical analysis on the option where solar PV is used
for power generation during the daytime and a corresponding HFO plant is estab-
lished to supply the power during the peak hours. The rationale behind such an
idea may look unrealistic, as one can always argue that any HFO based plant
established for peaking power can take share of the base load during the non-
peaking hours as well and sharing base load will reduce the overall cost per kWh.
But the proposal can be justified economically from a different perspective. As
it is an established fact that solar PV based electricity has become cheaper than
HFO based electricity, generating solar PV based electricity during the daytime
will save the generation cost of the HFO plants. If the net cost of energy in a solar
PV +HFO hybrid project is less than the cost of generating power using an HFO
based plant alone, then we can always justify such a project. Additionally, it will
improve the carbon footprint of the power system.

As a test case, we considered a 100 MWp solar PV based power plant and to
share the corresponding peak load we consider a HFO based plant in the hybrid
system having a power capacity of 80 MW. The cost of HFO in the international
market varies and the average price can be assumed close BDT 25/L. However,
we took a more conservative approach and assumed the cost of HFO to be BDT
22/L and cost of electricity in a HFO plant to be BDT 9.50/kWh. The annual cost
figures for the project are presented below.

Expected energy production form the Solar PV plant = 131.5 GWh

At Tk. 5.52/kWh, cost of solar energy = BDT 726 million

Estimated cost in a HFO plant to generate 131.5 GWh = BDT 1249 million

So, cost saving by using solar PV is=BDT 523 million.

This cost saving would increase to Tk. 622 million if the HFO price is BDT 25/L
(see Fig. 11).

Now let us estimate the cost of running the HFO generators to generate peak
power only. The running time of the peaking plants vary from 2-6 h depending
on the load demand that varies with season and weather condition and the aver-
age is close to 3.5 h per day. Based on the BPDB data with seasonal variation of
the peaking load, the yearly energy cost of an 80 MW peaking power plant comes
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Fig. 11 Generation costs for solar PV-HFO hybrid plant vs. a HFO based plant. (Source:
Own depiction)

out to be BDT 809.48 million at a peaking power rate of BDT 17.50/kWh (esti-
mated from BPDB peaking power plant data). So, the total annual cost, including
the peaking load, is BDT 1535.48 million. On the other hand, an 80 MW plant
generating the same amount of energy will cost BDT 1688.4 (including the peak-
ing hours) at a rate of BDT 9.5/kWh. So, we can see that there is a cost saving
of BDT 152.92 when a solar PV-HFO hybrid plant is considered. A comparative
energy cost data for solar PV-HFO hybrid plant and a solely HFO based plant is
given in Fig. 11 for different HFO prices. It may be mentioned here that we con-
sidered an 80 MW HFO plant as an equivalent of the solar PV of 100 MWp. If
we look at the sunshine in Bangladesh, which varies from 4.5 to 4.7 kWh/m? with
a plant factor of 76%, a 50 MW HFO plant should suffice. In that case the cost
saving will be even higher (BDT 290 million).

The above analysis gives a very interesting economic option to use solar PV-
HFO hybrid power plants to cater for both the daytime load and the peak hour
load at a lower cost compared to a solely HFO driven plant. Additionally, the cost
of carbon saving in such a scheme is around BDT 70.3 million (at a carbon price
of USD 30/ton) per year.
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5 Policy Options for Bangladesh and Conclusions

Bangladesh has been slow to adopt renewable energy sources for its power gen-
eration needs as it treads its way through the financial challenges the nation faces.
It is important to realize that implementation of any renewable energy project
needs to be financially feasible with minimum or no subsidy so that it does not
put undue pressure on the economy of the country. In some situations, a limited
level of subsidy or incentive may be needed to initiate or promote new technolo-
gies, but large-scale subsidy is not realistic. The subsidy could be in the form of
tax break, reduced import duty or soft term loans with low interest rate. Some of
these are already in force, but more may be needed. Any such step can be inter-
preted as an effort to mitigate climate change and can be used to attract foreign
investments and funding from international development cooperation agencies.

Solar PV appears to be the key focus area in Bangladesh’s renewable energy
sector, while other resources do not appear to be particularly promising. In the
absence of solar PV production, an increased percentage of PV energy will neces-
sitate a storage system for power system stability, as well as extra generating or
storage capacity to meet peak demand (as peak demand occurs during the even-
ing hours). The results presented here show that we can very effectively use the
Kaptai hydro-electric project by using a solar PV based pumped hydro system,
as such a peaking power scheme can provide power during peak hours at a cost
at least 30% lower than the average existing peaking energy cost. However, such
a project is not scalable as we do not have any other hydro power plant. If addi-
tional reservoirs were naturally found within the national border, Kaptai experi-
ence could be replicated. Joint venture hydropower plant projects in the region
(e.g., Indian north-east, Bhutan, Nepal) are an additional avenue that could be
pursued to create solar PV power stations plus hydro storage combination.

Solar PV—HFO hybrid plants also offer financial feasibility. This appears to
be a promising way to go since, unlike solar PV-hydro storage hybrid plants, it
is not constrained by the natural environment. In our analysis, we considered the
possibility of using solar PV for power generation during the day hours and set up
additional HFO plants to cater to the additional peak load resulting from the una-
vailability of solar PV power in the evening. It has been shown that the fuel cost
saving during the daytime is enough to economically run solar PV-HFO hybrid
plants with a generation cost lower than a purely HFO based power plant. This
ensures increased renewable energy share without increasing the cost of energy
production. This is an important result in the sense that Bangladesh is running out
of its own gas reserve and importing natural gas will increase the gas price by a
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significant margin. Once imported gas is injected in the grid, the price of the natu-
ral gas-based electricity will no more be as attractive as it is today. If we consider
this scenario, solar PV-HFO hybrid plants seem to be the best possible economic
solution.

Using the large-scale battery storage systems as a peak load shaving technique
does not look economically viable, as the battery cost is too high. The interest
rate in Bangladesh is quite high (~9% has been assumed in the analysis) and it
keeps on changing over the years. In most of the developed countries, the interest
rate is lower than 5% and the corresponding cost of energy is usually much lower
when compared to its cost in Bangladesh. Moreover, the developed countries have
the economic resilience to subsidize many of such projects to curb Greenhouse
Gas (GHG) emission as a part of their commitment to the reduction of global
warming. That level of subsidy will not be possible for a developing country like
Bangladesh, but policy makers should encourage small scale grid connected solar
PV projects with battery back up to enhance the stability of the power system. In
such projects, the size of the battery will not be large enough to reduce the peak
load but would be sufficient from a stability point of view.

Financial figures do not point to immediate feasibility for Solar PV—battery
storage hybrid power stations. Despite this, Bangladesh’s recent transition to
middle income country may justify supporting one or more such power stations
initially supported by subsidy, research fund or grants as a multitude of change
is coming from the technology front (battery technology), financial front (inter-
est rates), knowledge front (learning by doing), global climate change mitigation
front (grant) and national energy security front (budgetary support). This could
make this battery-based energy storage plant financially feasible as a stand-alone
system or in combination with a solar PV power system.

Additional factors are also in play to change the inertia in policy circles that
usually favors the use of traditional hydrocarbon sources for electrical power. One
of the most important factors in this regard is the increasing concern of sustain-
ability in using hydrocarbon-based energy sources as their price stability cannot
be ascertained for the duration of the plant life, particularly for those plants that
are on the design table now. Adding to that uncertainty, Bangladesh also faces
pressures from different stakeholders to get its green credential in the right place
while it pursues funds for climate change mitigation and adaptation purposes. An
added incentive to pursue solar as well as other renewable sources for power gen-
eration is that it offers the possibility to gain financially from carbon credit and to
avoid financial loss that may evolve from direct or indirect carbon tax.
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Low-Carbon Energy Transformation
in China, India, Pakistan,
and Afghanistan: An Overview

Abdullah Fahimi and Kai Stepputat

Abstract

Approximately 40% of the world’s population lived in China, India, Pakistan,
and Afghanistan in 2021. These countries were responsible for about 36% of
the world’s CO, emissions in 2018. Economically, in the same year they rep-
resented 20% of the global Gross Domestic Product (GDP). Considering the
population, the CO, emissions, and the share of their GDP in world economy,
actions in these countries regarding fighting climate change and promoting
low-carbon energy transformations have global consequences and are key
to realization of 2015 Paris Agreement and Sustainable Development Goals
(SDGs) (e.g., SDG7 and SDG13). In this article, we review the current energy
situation, low-carbon energy targets and challenges to low-carbon energy
transformation in each country and provide an overview of general trends and
key factors in this transformation. The assessment shows that the above coun-
tries are not on the path to achieve the Paris Agreement target. CO, emissions
and the use of fossil fuels are still high in these countries. However, general
trends such as decreasing costs of renewables, a decreasing dependency on
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fossil fuels imports, additional liquidity for energy infrastructure due to fuel
costs savings, and remuneration schemes for renewables are all promising for
decarbonisation efforts and low-carbon energy transformation.

Keywords

Low-carbon energy transformation - Global South - China - India - Pakistan -
Afghanistan

1 Introduction

The four countries China, India, Pakistan, and Afghanistan play a crucial role
regarding climate change. Representing approximately 40% of the world’s popu-
lation in 2021, around 20% of the world’s GDP in 2019 and around 36%! of the
world’s CO, emissions in 2018 (World Bank, 2016b, 2020, 2021c; IEA, 2018d,
2020a, d, e), their energy development pathways have significant impacts on the
world’s climate.

On the one hand, due to their economic and social characteristics, includ-
ing economic catch-up processes and ongoing inner demographic processes and
trends such as urbanization, a growing middle class and changing consumer
patterns, they contribute significantly to the rise of CO, emissions. Efforts to
increase access to energy, especially in the latter three countries, could further
contribute to emissions rise if relied on fossil fuels instead of low-carbon energy
sources.

On the other hand, these countries, in particular China and India, are strongly
promoting the development of renewable energies, for example through the
expansion of wind and solar capacities. Between 2015-2017, additions of coal
capacity in developing countries have decreased significantly, most of it due to
reductions in China and India, which have simultaneously promoted the develop-
ment of renewable energies (Nicholas & Buckley, 2018). Total installed renew-
able capacities in 2020 were 2,799 GW, of which China had a percentage of
31.97%, India 4.79%, Pakistan 0.44% and Afghanistan around 0.013%, so in total
the installed renewable capacities of these countries combined was more than
37.2% of the world’s share (IRENA, 2021a).

!'This is an estimated number as the latest available CO, emission figures from Afghanistan
are from 2016.
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In the following, an overview of the current energy situation will be given for
the countries People’s Republic of China (hereafter China), Republic of India
(hereafter India), Islamic Republic of Pakistan (hereafter Pakistan), and Islamic
Republic of Afghanistan (hereafter Afghanistan). For each country, a brief con-
text will be followed by a short overview of energy production, consumption, and
renewable energy potential. As electricity is becoming increasingly important as
an energy carrier to meet increasing energy demands and to decarbonise sectors
such as transport and heating, the focus in these sections is on electricity. Data
from the International Energy Agency (IEA) and World Bank, our two main data
sources, is complemented by information from national authorities. Each country
section will conclude by identifying challenges to the low-carbon energy transfor-
mation. The country sections will be followed by a section on general trends and
key factors. The paper concludes with discussing the developments in the four
countries regarding the low-carbon energy transformation.

2 China
2.1 Introduction

With a total CO, emission of 9.528 Gt in 2018, China is by far the largest emitter
of CO, (IEA, 2020a). With a population of 1.412 billion in 2021, China is also
the world’s most populous country (World Bank, 2021c). Despite the enormous
economic growth of the country in recent decades, both total CO, emissions and
CO, emission per capita remained relatively constant in the period from 2013 to
2018 (IEA, 20204, c).

2.2 Production and Supply

Total primary production of energy in China was 3,970,000,000 tce (i.e., equiv-
alent to around 2,779,037 ktoe) in 2019. Raw coal had a percentage of 68.6%
of the total energy production, crude oil 6.9% and natural gas 5.7%. Primary
electricity and other energy accounted for 18.8% of the total energy production
(National Bureau of Statistics of China, 2021a).

According to the IEA, total energy supply to China was 3,197,631 ktoe in 2018,
of which coal had a share of 61.9%, oil 19.1% and natural gas 7.2% (IEA, 2020a).

As depicted in Fig. 1, total generation capacity for electricity in China was
around 2,010 GW, of which thermal had a share of around 59%. Renewables
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Fig.1 Electricity generation capacities in China in 2020. (Source: National Bureau of Sta-
tistics of China, 2021c¢)

(including hydro) accounted for around 38.4% (National Bureau of Statistics of
China, 2021c¢).

According to the International Renewable Energy Agency (IRENA), with a
total capacity of renewables of about 894.9 GW in 2020, China owns the larg-
est installed renewable capacity in the world with a world’s share of 31.97%.
This proportion increased from 20.14% in 2011. While hydro has the highest
percentage of installed renewable capacity, wind and solar energy show the high-
est growth rates. The increase in solar capacity from 2019 to 2020 in China was
around 49.4 GW, almost five times as high as the total installed solar capacity in
whole of Africa in 2020 (10.6 GW) (IRENA, 2021a).

23 Consumption and Demand
Currently, China is the world’s biggest energy consumer. The country’s total pri-

mary energy demand was about 3,314 Mtoe in 2019, which is about 23.0% of
the world’s share (IEA, 2020g). China’s total energy consumption in 2019 was
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around 4,870,000,000 tSCE (i.e., equivalent to around 3,409 Mtoe), of which coal
had a percentage of 57.7%, petroleum 18.9%, natural gas 8.1%, primary elec-
tricity and other sources accounted for 15.3% (National Bureau of Statistics of
China, 2021b).

According to the World Energy Outlook 2020, China’s coal demand was 2,864
Mtce in 2019, oil demand 13.2 mb/d and natural gas demand 307 bcm. According
to the Stated Policies Scenario for 2040, coal demand is estimated to be 2,524
Mtce, oil demand 14.1 mb/d and natural gas demand 637 bem. For the Sustain-
able Development Scenario, coal demand is estimated to be 1,045 Mtce, oil
demand 8.9 mb/d and natural gas demand 511 bem in 2040 (IEA, 2020g).

24 Renewable Energy Potential

According to the IEA, additional 489 GW of installed renewable capacity is
expected to become operational between 2019-2024 in China, which is the larg-
est increase in renewable capacity of a single country in this period in the world.
84% of this capacity increase is expected to come from wind and solar PV (IEA,
2019b).

China’s photovoltaic power potential varies greatly from around 1,000-
1,300 kWh/kWp yearly along the populous East Coast to around 1,650 kWh/kWp
in the Inner Mongolia and around 1,850 kWh/kWp in Tibet Autonomous Region.
For comparison: the specific photovoltaic power output in Berlin is around
1,059 kWh/kWp per year (Global Solar Atlas 2.0 2019a, 2021).

China’s wind energy potential is very diverse, the highest mean wind speeds
can be measured in the Inner Mongolia and Tibet Autonomous Region. The 10%
windiest areas of China have an average wind speed of 8.93 m/s (Global Wind
Atlas 3.0, 2021a).

2.5 Low-Carbon Energy Targets

Five-years plans, published by the Communist Party, play a significant role in the
economic development of China. In the 14th five-year plan for the period from
2021 to 2025, China states to “formulate an action plan to reach peak carbon
emissions by 2030”. Moreover, “carbon neutrality by 2060” and “more forceful
policies and measures” are planned (Xinhua News Agency, translated on behalf
of Center for Security and Emerging Technology (CESET), 2021, 94).
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The World Energy Outlook 2020, published by the International Energy
Agency (IEA), describes several energy consumption scenarios for the world and
various large economies, such as China and India. In the Stated Policies Scenario,
defined by the IEA as “based on today’s policy settings and an assumption that
the pandemic is brought under control in 20217, total CO, emissions of 9.111
Gt are forecasted by 2040 for China (IEA, 2020g, 27, 396). This is almost three
times as much as forecasted for China in the Sustainable Development Scenario,
defined as a scenario with “a near-term surge of investment in clean energy tech-
nologies in the next ten years”. In this scenario, CO, emissions of 3.078 Gt for
China in 2040 are projected (IEA, 2020g, 28, 397).

2.6 Challenges to Low-Carbon Energy Transformation

The potential increase in China’s renewable energy capacity between 2019-2024,
according to the IEA’s calculations, will be a significant 489 GW mainly due to
enhanced cost competitiveness of solar and wind and more onshore wind because
of a reduced curtailment in northern China. However, the ongoing policy transi-
tion from feed-in tariffs (FITs) to competitive auctions remains a key uncertainty
factor (IEA, 2019b).

Despite the enormous economic development China has undergone in the last
decades, there are millions still living in poverty in several regions, especially
in the less-developed western and rural areas of the country showing a contrast
to the coastal metropolises in the east and industrialized centres. Social inequal-
ity is also a major problem. Moreover, the current dominant social imaginary in
the country is assessed to be against the reduction of emissions and compliance
with climate change agreements and environmental limits as they are often inter-
preted as abstention of consumption and restriction of development. A public
information campaign emphasizing the importance of a combination of sustain-
able growth with the required reduction of emissions might be a possible solution
(Burandt et al., 2019).

3 India
3.1 Introduction

With a population of 1.393 billion in 2021, India is the second most populated coun-
try in the world (World Bank, 2021c¢). Total CO, emission from India accounted for
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about 2.308 Gt in 2018 (IEA, 2020d). From 2000 to 2018, CO, emissions per capita
more than doubled from 0.8 tonnes per capita in 2000 to 1.7 tonnes per capita in
2018 (IEA, 2018a).

From 2000-2019, about 750 million people in India obtained access to elec-
tricity (i.e., SDG 7) (IEA, 2020f; United Nations, 2020). With a growing middle-
class, increased urbanization and social mobility, one of the biggest consumer
markets could emerge in India (Ramakrishnan et al., 2020). According to the cur-
rent policies, energy demand in India could double by 2040. Electricity demand
could, according to the IEA, potentially triple by 2040 due to increased owner-
ship of appliances and cooling devices (IEA, 2020f).

3.2 Production and Supply

Total energy supply in India was 919,771 ktoe in 2018, dominated by coal with a
share of 45.0%. Oil had a share of around 25.6% and biofuels and waste made up
about 20.1% of the total energy supplied to the population (IEA, 2020d).

As depicted in Fig. 2, total electricity generation capacity in India on 31.08.2020
was around 373 GW, dominated by thermal with a share of 62.1%, followed by
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Fig.2 Electricity generation capacities in India in 2020. (Source: Central Electricity
Authority, Ministry of Power, 2020)
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solar and wind, with a combined share of 23.8%. Hydro had a share of 12.3% in the
electricity mix (Central Electricity Authority, Ministry of Power 2020).

Total installed renewable capacity was about 134.2 GW in 2020. Especially
solar capacity strongly increased in the last years, with growth rates of 50.7% in
2018, 28.3% in 2019 and 11.7% in 2020. India’s global share of renewable capac-
ity is about 4.79% (IRENA, 2021a).

3.3 Consumption and Demand

India’s total primary energy demand in 2019 was around 929 Mtoe. Coal demand
was 590 Mtce, oil demand 5.0 mb/d and natural gas demand 63 bem. According
to the IEA’s Stated Policies Scenario, for 2040, coal demand is estimated to be
772 Mtce, oil demand 8.7 mb/d and natural gas demand 201 bcm. For the Sus-
tainable Development Scenario, coal demand is estimated to be 298 Mitce, oil
demand 5.8 mb/d and natural gas demand 210 bem in 2040 (IEA, 2020g).

34 Renewable Energy Potential

India’s photovoltaic power potential is relatively evenly distributed ranging from
around 1,400 kWh/kWp in the Gangetic Plains to around 1,700 kWh/kWp in the
westernmost parts of the country (Global Solar Atlas 2.0, 2019b).

Compared to China, India’s wind energy potential is smaller, with a relatively
low mean wind speed especially in the northern and eastern areas of the country.
The 10% windiest areas have an average wind speed of 6.58 m/s (Global Wind
Atlas 3.0, 2021b).

According to the IEA, renewable installed capacity in the country is expected
to almost double in the period from 2019-2024 due to competitive auctions for
PV and wind to 235 GW in 2024-an increase of 112 GW compared to 123 GW
installed capacity in 2018 (IEA, 2019b).

3.5 Low-Carbon Energy Targets

The total CO, emission of India in 2018 was 2.31 Gt (IEA, 2019a). According to
the World Energy Outlook 2020, CO, emissions of India in 2040 are projected to
be 3.359 Gt in the Stated Policies Scenario and 1.46 Gt in the Sustainable Devel-
opment Scenario (IEA, 2020g, 400, 401).
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In its Nationally Determined Contributions (NDC), India declared to decrease
its emissions level by 20-25% in 2020 compared to 2005, and stated concrete
programmes for renewable capacity expansion by 2022 (Government of India,
2016).

3.6 Challenges to Low-Carbon Energy Transformation

According to the IEA, the future growth of renewables in India depends on the
financial and operational capability of its distribution companies (DISCOMs), the
development of Green Energy Corridors, a project aiming to synchronize renew-
able electricity with conventionally generated electricity by implementing trans-
mission lines (Ministry of New and Renewable Energy, Government of India,
2020), and programmes to enhance access to affordable funding. A further chal-
lenge is the acquisition of required land (IEA, 2019b).

4 Pakistan
4.1 Introduction

While a total CO, emissions of 183 Mt and per capita CO, emissions of about 0.9
tonnes in 2017, Pakistan was still considered a relatively small emitter compared
to other countries globally or in the region. These figures are rising with the coun-
try having a lot to develop, currently ranking 152nd in the Human Development
Index (HDI) with a score of 0.560 in 2019 (IEA, 2018b, 2018c; United Nations
Development Programme, 2019). In the electricity sector, there are many reports
of frequent and substantial blackouts; however, up-to-date empirical data is rare.
A power deficit (difference between generation capacity and demand) of 22.11
GW in 2016 and 17.67 GW in 2015 has been calculated and estimated to increase
to 45.5 GW in 2025 due to an increase in population and therefore demand
(Baloch et al., 2019).

4.2 Production and Supply

Total primary energy supply for Pakistan was around 111,232 ktoe in 2018. Bio-
fuels and waste accounted for the largest share (32.7%), oil 26%, natural gas
25.4% and coal 10.2% (IEA, 2020e).
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Fig.3 Electricity generation capacities in Pakistan in 2019. (Source: National Electric
Power Regulatory Authority, 2019)

As depicted in Fig. 3, total generation capacity for electricity in Pakistan was
around 36 GW in 2019. Thermal capacities had a share of around 63.6%, fol-
lowed by hydro with a share of 27.1% and other renewables with a share of 5.6%
(National Electric Power Regulatory Authority, 2019).

Renewable capacities are historically dominated by hydro in Pakistan. In the
recent years, also wind and solar capacities grew, but from a very low initial level,
reaching around 1.2 GW wind capacity and around 0.7 GW solar capacity in
2020 (IRENA, 2021a).

4.3 Consumption and Demand

Pakistan’s total final consumption of energy was 95,594 ktoe in 2018. Total final
consumption of coal was 7,933 ktoe in 2018, and a further 21,937 ktoe of oil
products and 20,071 ktoe of natural gas was consumed in this year (IEA, 2020b).

4.4 Renewable Energy Potential

According to the IEA, renewable electricity capacity in Pakistan is expected
to increase from 13 GW in 2018 to 22 GW in 2024 (IEA, 2019b). Pakistan’s
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photovoltaic power potential ranges from around 1,200 kWh/kWp in the moun-
tainous north, about 1,600 kWh/kWp in the densely populated eastern lowlands
to up to 2,000 kWh/kWp in the mountainous Balochistan province in south-
western of Pakistan (Global Solar Atlas 2.0, 2019c¢). The country’s wind energy
potential varies widely, with the south-western and southern parts of the country
being the most promising. The 10% windiest areas have an average wind speed of
7.87 m/s (Global Wind Atlas 3.0, 2021c).

4.5 Low-Carbon Energy Targets

Pakistan highlights its potential emission reduction regarding projected (future)
emissions in its Intended Nationally Determined Contribution, submitted in
November 2016. According to the document, 20% of the projected emissions in
2030 could be reduced with an investment of around $ 40 billion. A diminishing
marginal utility is stated: A 10% reduction could be achieved with an investment
of around $ 5.5 billion, and a 15% reduction with an investment of $ 15.6 bil-
lion. However, to realize those emission reductions, Pakistan’s NDC is requesting
international financial and technical support (Government of Pakistan, 2016).

Presumably since Pakistan is neither a member country nor an associated
country of the International Energy Agency, the World Energy Report does not
provide dedicated data for Pakistan. Instead, Pakistan is included in the Asia
Pacific Region (IEA, 2020g).

Pakistan’s energy structure is also highly impacted by the China Pakistan Eco-
nomic Corridor (CPEC), which is part of the Belt and Road Initiative. The CPEC,
a $ 60 billion project according to reports in July 2018, provides more than $ 35
billion of Chinese loans for new power stations in Pakistan, most of them coal-
fired (Stacey, 2018). These developments are not in line with climate change
agreements.

4.6 Challenges to Low-Carbon Energy Transformation

Barriers to achieve 100% renewables in Pakistan are manifold. These include a
lacking political will in the country for a sustainable energy transition (shown by
examples such as subsidies for fuel-based electricity or plans to integrate only 5%
renewables in 2030) and a limited public awareness regarding renewable energy
which has led to the general perception that renewables are expensive and unre-
liable. Moreover, a weak infrastructure undermines developments in the sector.
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Collapses of the electricity system are common, especially during peak-demand
hours. The current electricity transmission and distribution systems can only just
transport half of the total demand for electricity. Large investments in the national
grid are therefore urgently needed, but a large proportion of them are going into
fossil-based solutions (Shah & Solangi, 2019).

5 Afghanistan
5.1 Introduction

One of the least developed countries, Afghanistan is a mountainous landlocked
country located at the crossroads of Central Asia and South Asia. Since no official
census has been conducted for decades, figures on the population of the country
are conflicting. The World Bank estimates the country’s population to be 39.835
million in 2021 (World Bank, 2021c). Afghanistan shares borders with Pakistan
in the south and east, Iran in the west, China in the northeast, and Turkmenistan,
Uzbekistan, and Tajikistan in the north.

The country has one of the lowest rates of access to and usage of electricity in
the world with an annual per capita consumption of 186 kWh (World Bank, 2016a;
Korkovelos et al., 2017a). Since 2001, when the Taliban regime was ousted, the
country has made progress in terms of access to electricity. This has risen fivefold
from 6% to around 30% in 2015. However, there are substantial disparities between
rural and urban population in terms of access to and usage of electricity. In rural
areas, where around 67% of the country’s GDP comes from and more than 77%
of the population lives, less than 11% of them have access to grid power, while in
large urban areas up to 90% have access to grid power (World Bank, 2016a).

Since 2001, billions of US dollars and dozens of development aid organiza-
tions have been supporting the development of the energy sector in Afghani-
stan. The major aid agencies in the sector are Gesellschaft fiir Internationale
Zusammenarbeit (GIZ), the United States Agency for International Develop-
ment (USAID), the Asian Development Bank (ADB), the World Bank, and the
United Nations Development Programme (UNDP) (Fahimi & Upham, 2018).
These and several other aid agencies have also supported the national power util-
ity, Da Afghanistan Breshna Sherkat (DABS), and the energy sector in general in
areas such as system loss minimization, revenue collection, distribution, capacity
building, and policy design. With the financial and technical support of these aid
organizations, most of the necessary institutions, laws, and policies in the sector’s
regulatory landscape have been developed or are being developed.
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5.2 Production and Supply

The total installed power generation capacity in Afghanistan is roughly around
500 MW which comes mainly from large hydropower plants, thermal sources,
and distributed diesel generators and renewables (Fahimi & Upham, 2018).
Because it does not produce enough electricity to meet the growing demand, the
country imports around 80% of its electricity needs from neighbouring Central
Asian countries including Uzbekistan (37% of total imports), Tajikistan (29% of
total imports), and Turkmenistan (10% of total imports) and its western neighbour
Iran (23% of total imports) (Gencer et al., 2018).

A unified national electricity grid is lacking in the country. There are sev-
eral regional supply systems, such as the North East Power System (NEPS) and
the South East Power System (SEPS) which feed customers in the north, south,
east, west and capital Kabul. These systems rely mostly on imported power from
neighbouring countries. These regional supply systems and islands are not inter-
connected or synchronized. This problem stems from the fact that power systems
of the neighbouring exporting countries are asynchronous (except for Turkmen-
istan and Iran which are synchronized). This makes it difficult for Afghanistan
to synchronize them which then in turn negatively impacts trading and energy
transfer (Gencer et al., 2018). Over the past two decades several development aid
agencies including the USAID and the ADB have worked on transmission lines
from neighbouring countries and within Afghanistan. The national power utility,
DABS, which is also responsible for operation and management of electric power
generation and imports is also in charge of transmission and distribution activities
in the country.

53 Consumption and Demand

Peak demand in 2015, the latest reliable data available, was 1,500 MW and the
total consumption was roughly 5,000 GWh (World Bank, 2016a). Demand in
Afghanistan peaks in the winter while energy supply is at its lowest in this season
due to the exporting countries’ reduction of export to meet their own domestic
needs. As we alluded to the low access rate and the disparity in access to electric-
ity between rural areas and urban centres earlier, the unmet needs of most of the
population, especially those in rural remote areas, are met by solid fuels such as
fuelwood, charcoal, agricultural waste, and animal dung, particularly for heating
and cooking purposes. In terms of urban and rural gap, 90.7% of the rural popula-
tion use the mentioned fuels for cooking and 97.7% for heating, while 27.2% in
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urban areas use solid fuels for cooking and 90.0% for heating (Central Statistics
Organization, 2016). For lighting, a large percentage of the population use kero-
sene, candles, and gas.

5.4 Renewable Energy Potential

Afghanistan has significant renewable energy resources. The estimated hydro-
power potential in the country is 23,000 MW, mainly from large dams. Being a
“sunbelt” country with 300 sunny days in a year, Afghanistan has the potential
to produce up to 220,000 MW solar energy according to a study by the National
Renewable Energy Laboratory (NREL) of the United States (Asian Develop-
ment Bank, 2014). In terms of wind potential, there are large areas in the country,
mainly in the western provinces of Nimroz, Farah, Herat, and the north-eastern
provinces of Balkh and Takhar, that can produce significant amounts of energy
(Fahimi & Upham, 2018). The official estimate for wind potential is 67,000 MW,
although there are other sources which quote higher figures (Chaurey et al.,
2017; Elliott, 2011). Biomass is another source of energy that is used widely in
the country, although in its solid traditional form. However, as per Afghanistan’s
Energy Policy of 2015, 4,000 MW of energy can be produced from this source
including 3,090 MW from agricultural waste, 840 MW from animal waste, and
91 MW from Municipal Solid Waste (MSW) (Islamic Republic of Afghanistan,
Ministry of Energy and Water, 2015a, b). Lastly, the country can also produce
energy from its active geothermal systems. These systems are located in the
main axis areas of the Hindu Kush Mountains with the surface manifestation
in the form of hot springs (Saba et al., 2004). According to the country’s Inter-
Ministerial Commission for Energy (ICE), a total of 3,500 MW of energy can be
produced from 70 spots that are identified in the Afghanistan Renewable Energy
Policy (Inter-ministerial Commission for Energy, 2016). So far, the Ministry of
Energy and Water (MEW) with the support of international aid agencies and other
governmental agencies have implemented around 5,000 small-scale renewable
energy projects (Gencer et al., 2018).

5.5 Low-Carbon Energy Targets

The government of Afghanistan in its Renewable Energy Policy of 2015 sets a
target for deploying about 4,500 MW of Renewable Energy by 2032. The coun-
try’s Power Sector Master Plan (PSMP) of 2013 projects the total energy mix
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in 2032 to be 6,000 MW (FICHTNER GmbH & Co. KG, 2013). The coun-
try’s Renewable Energy Policy estimates that around 95% of the energy supply
in 2032 will rely on renewables (Islamic Republic of Afghanistan, Ministry of
Energy and Water, 2015a, b). According to calculations by the PSMP, the electri-
fication rate will increase from 30 to 83% in 2032 and the share of locally gener-
ated electricity will rise from 20 to 67% (FICHTNER GmbH & Co. KG, 2013).

5.6 Challenges to Low-Carbon Energy Transformation

The barrier and factor that overshadows everything in the case of Afghanistan is
the lack of security which deters investment in the sector. Regarding its hydro
resources which the country relies heavily on it must be said that the use of
these waters takes an international dimension since almost all the country’s riv-
ers are transboundary. Afghanistan, however, does not have an agreement with
these countries except only with Iran. This makes it difficult to develop its hydro
resources. Other barriers include “lack of policy clarity and consistency, poor
coordination between the stakeholders, shortage of technical capacity, weak grid
infrastructure, and climate change and variability” (Fahimi & Upham, 2018, 6).

6 General Trends and Key Factors in Low-Carbon
Energy Transformations

In the following, trends in the energy sector and factors which either facilitate or
hinder a successful transition towards carbon-neutrality will be discussed. These
have been derived from the previous reviews analysing the energy sectors of
China, India, Pakistan, and Afghanistan.

6.1 Decreasing Costs of Renewables

Due to economies of scale, technical improvements and accumulated experience,
costs of technologies for renewable power generation have fallen sharply in the
last decade worldwide. As depicted in Fig. 4, global weighted average levelized
costs of electricity for newly commissioned solar photovoltaic (utility-scale)
sank by 85.0% from 0.381 USD/kWh in 2010 to only 0.057 USD/kWh in 2020.
Costs for newly commissioned onshore wind (utility-scale) dropped by 56.2%
from 0.089 USD/kWh in 2010 to 0.039 USD/kWh in 2020, newly commissioned
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Fig.4 Global LCOEs of different power generation technologies. LCOEs for fossil fuels
are based to G20 countries. (Source: IRENA, 2021b)

offshore costs (utility-scale) fell by 48.1% from 0.162 USD/kWh in 2010 to
0.084 USD/kWh in 2020. By reaching these price levels, renewables became
competitive with fossil fuel based electricity, whose price level is stated by the
International Renewable Energy Agency as 0.055 USD/kWh to 0.148 USD/kWh
for newly-built power plants (IRENA, 2021b).

For utility-scale solar PV in China, total costs of 795 2019-USD/kW are
stated; for India, total costs of only 618 2019-USD/kW are calculated. For com-
parison, total costs for Germany are stated with 899 USD-2019/kW (IEA, 2019b).
For Pakistan, the International Energy Agency unfortunately doesn’t provide any
data, but in a trade journal estimated cost for a planned 50 MW project of 900
USD-2019/kW have been reported (Willuhn, 2019).
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This trend is also confirmed by the World Energy Outlook 2020, released on
13.10.2020 by the IEA: Estimates for solar electricity costs have decreased by
20-50% compared to the World Energy Outlook 2019. According to the docu-
ment, LCOEs in the range of only 0.02-0.04 USD/kWh would apply in China
and India, where revenue supporting mechanisms (e.g., price guarantees) are
implemented. By achieving such low price levels, solar projects in utility-scale
are able to beat new coal plants in terms of LCOEs, and are in a similar range
with operating costs of present coal plants (Evans & Gabbatiss, 2020; quoted
from IEA, 2020g).

6.2 Decreasing Dependency on the Import of Fossil
Fuels

As shown above, renewables have not only become cheaper over time, but they
also offer many other advantages as well. From a macroeconomic point of view,
replacing fossil fuels with renewables capacities can help reduce the dependence
on fossil imports. Those saved costs not only help to achieve a more equal bal-
ance of trade of a country, but to stop further macroeconomic follow-up effects,
such as a possible devaluation of the country’s currency which can lead to even
increasing costs for imported fossil fuels. The saved costs also allow additional
liquidity and therefore investments for renewable capacity and improvements into
required infrastructure, for example grids and storage capacities.

6.3 Remuneration Schemes

By switching from administratively set feed-in tariffs (FITs) to competitive auc-
tions, both government and developers can benefit: Provided remuneration
schemes are smartly designed, governments can achieve price reductions for the
deployment of renewable energy and subsidies. For developers, long-term power
purchase agreements (PPAs) allow certainty regarding the remuneration of renew-
ables.

China is transitioning from FITs to competitive auctions. In May 2019,
over 20 GW wind and solar projects without subsidies have been permitted by
the National Development and Reform Commission (NDRC). Grid operators
have been encouraged to sign long-term (20-years) PPAs with developers (IEA,
2019b).
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Similarly, in India, due to the introduction of reverse auctions and the resulting
increase in competition, a reduction of prices for solar energy has been reached
(Burke et al., 2019; Jaiswal et al., 2017).

6.4 The Impact of Fossil Fuel Subsidies

In a working paper by the International Monetary Fund, an assessment has been
conducted to evaluate price gaps between the retail fossil fuel prices, which con-
sumers are paying and efficient prices for fossil fuel where all externalities (e.g.,
environmental costs) from the consumption of fossil fuel would have been inter-
nalized (Baoping Shang et al., 2019). These effects include the costs resulting of
the impact to global warming, the contribution to local air pollution (and resulting
consequences like an increased mortality rate) and other negative effects such as
congestion and accidents resulting from traffic powered by fossil fuels. Accord-
ing to their approach, (non-)existing fossil fuel price policies resulted in post-tax
subsidies of $ 1,432 billion in China (12.8% of the GDP, or $ 1,025 per capita) in
2015. For India, post-tax subsidies of $ 209 billion (10.0% of the GDP, or $ 160
per capita) emerged in 2015, for Pakistan, post-tax subsidies of $ 18 billion (6.8%
of the GDP, or $ 97 per capita) appeared in 2015.

These extensive values show the massive distortions due to non-pricing of
external effects related to the consumption of fossil fuels and offer at the same
time a substantial potential for cost-effective market-based, fiscal, or regulatory
instruments to foster the exit from fossil fuels, the cutting of emissions and the
support for (or at least not the discrimination against) renewables.

6.5 Chinese Influence on Foreign Energy Policies in the
Context of the Belt and Road Initiative

China’s Belt and Road Initiative has consequences for at least 70 countries, influ-
encing various sectors, such as trade, infrastructure and connectivity (European
Bank for Reconstruction and Development, 2020). Coal power plants play a sig-
nificant role in this context. While the global coal fleet outside of China shrank for
the first time since the 1980s from January 2018 to June 2019 by 8.1 GW, China
increased its coal capacities in the same period by 42.9 GW (Shearer et al., 2019a).
China is not only expanding its national fleet of coal power plants, it is also export-
ing them in the context of the Belt and Road Initiative to other countries in Asia,
Europe and Africa: According to the Institute for Energy Economics and Finan-
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cial Analysis, based on a dataset from the Global Coal Plant Tracker, from 399
GW coal capacities under development in January 2019 outside of China, around
a quarter (102 GW) have received funding or financial support commitment by
financial institutions and corporations from China. For Pakistan, financial aid com-
mitment from China was $ 2.32 billion for 1.98 GW of coal capacity, plus an addi-
tional $3.606 billion for 7.6 GW of coal capacity (Shearer et al., 2019b).

7 Discussion and Conclusion

This review set out to provide an overview of the current energy situation in
China, India, Pakistan, and Afghanistan, the low-carbon energy targets in these
countries, and challenges to and key factors in low-carbon energy transforma-
tion. Table 1 gives an overview of previous elaborations.

The crucial question is: Will those efforts be enough to be in line with the
Paris climate protection goals?

Analysing the current (first submitted) NDCs of the countries reveals that it
will not. No absolute emission reduction targets are provided, instead, for China
and India, reduction targets for the emission intensity (decrease of the emissions
per GDP unit) are given, which leaves open the possibility of increasing abso-
lute emissions if the gross domestic product of a country increases faster than its
emissions. According to the Climate Action Tracker, under the implemented poli-
cies of all countries at present, a temperature increase of 2.9 °C is projected until
2100 (Climate Action Tracker, 2020). Even if all countries would fully implement
their NDCs, this would result in a temperature rise of 2.8 °C compared to a pre-
industrial level (Climate Action Tracker (Climate Analytics, NewClimate Insti-
tute, Ecofys), 2016).

The Stated Policies Scenario of the World Energy Outlook for China and India
has significant higher emissions than allowed to achieve the 1.5/2 °C Paris tar-
get. According to the IPCC Special Report from 2018, the remaining Carbon
Budget on Ist January 2018 was around 420 GtCO, for the~1.5 °C target and
around 1,170 GtCO, for the ~2 °C target (IPCC, 2018). China’s CO, emissions of
9.111 Gt in the Stated Policies Scenario in 2040 are almost three times as high as
allowed in the Sustainable Development Scenario (IEA, 2020g). Applying these
findings to coal capacity, the Chinese global coal fleet must be reduced by more
than 40% from 1,027 GW in July 2019 to around 600.9 GW in 2030 according to
the Global Energy Monitor, to keep global warming well below 2 °C, which is in
strong contrast to further expansion plans of the Chinese coal fleet proposed by
state-owned enterprises and industry groups (Shearer et al., 2019a).
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Table 1 An overview of low-carbon energy transformation in Afghanistan, China, India,
and Pakistan. (Source: Own depiction)

Parameter Afghanistan | China India Pakistan
Population [million] | 39.8 14124 1,393.4 225.2
(2021) (World Bank,
2021c)
GDP [trillion current | 0.0198 14,723 2,623 0.264
USD] (2020) (World
Bank, 2020)
Electricity consump- | 186 (year not | 5,119 (2019) 987 (2019) (IEA, 2021) 538
tion per capita specified) (IEA, 2021) (2019)
[kWh] (Korkovelos (IEA,
etal., 2017b) 2021)
CO, emissions per | 0.2 7.4 1.8 1.0
capita [t] (2018)
(World Bank,
2021b)
Total CO, emissions | 7.4 10,313.5 2,434.5 208.4
[Mt] (2018) (World
Bank, 2021a)
Prospects, based on | By 2030: By 2030: By 2022: By 2025:
2016 NDCs ¢ Reduce ¢ Achieve peak | * Achieve 60 GW wind * Add
GHG emis- | of carbon diox- | energy capacity 25 GW
sions by ide emissions | * Achieve 100 GW solar capacity
13.6% toa | * Reduce CO, energy capacity to the
business as emissions per | * Achieve 10 GW biomass| national
usual 2030 GDP unit by energy capacity grid
scenario, 60-65% com- By 2032: (Govern-
conditional pared to 2005 | * Achieve 63 GW nuclear | ment of
on external | ¢ Raise share energy capacity Pakistan,
support. of non-fossil From 2021 to 2030: 2016)
(Islamic fuels in pri- * Reduce the emission
Republic of | mary energy intensity of its GDP by
Afghani- consumption to | 33-35% by 2030 from
stan, 2015a, | 20% 2005 level
2015b) « Increase forest | * Achieve a share of 40%
stock volume electric power installed
increase by 4.5 | capacity from non-fossil
billion m3 com-| fuels by 2030
pared to 2005 |  Create additional carbon
(Government sink of 2.5 - 3 billion
of People’s tonnes of CO, equiva-
Republic of lents through additional
China, 2015) forest and tree cover by
2030. (Government of
India, 2016)
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Similarly, in India, projected emissions in the Stated Policies Scenario are
about 2.3 times as high as permitted in the Sustainable Development Scenario.

For Pakistan and Afghanistan, ending the ongoing energy shortages and the
energy supply—demand gap have priority. However, by making the choice now
through investments into renewable instead of conventional fuel-based energy, the
countries have the chance to make use of its abundant resources, avoiding lock-
in effects into conventional energy and reducing its dependency from expensive
energy imports.

All countries are equipped with abundant renewable energy resources. As
renewables have become cheaper and cheaper, they nowadays not only provide
massive ecological, but also economic advantages in comparison to coal, oil, and
gas. Grid infrastructure often remains a bottleneck in these countries to transfer
clean energy to its consumers. By setting the right course now, through the stop
of building new coal power plants, the provision of both attractive and efficient
remuneration schemes for renewables and an ongoing expansion of grid and stor-
age infrastructure, these countries could reduce emissions and pollutants from
the combustion of fuels significantly, decrease their costs for expensive energy
imports, and provide a green, cost-efficient, and reliable power supply.
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Consequences of Lockdown Due

to COVID-19 on the Electricity
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Abstract

There has been an unprecedented impact of COVID-19 outbreak worldwide.
To save people from COVID-19, many countries imposed strict lockdown
since March 2020 in different phases. In this paper, the impacts of COVID-
19 on the power industry of Bangladesh, India and Sri Lanka and its positive
impacts on the environment have been investigated through the reduction of
power generation and Green House Gas (GHG) emission during a certain part
of the lockdown period. It is found that there was a 16.96%, 26% and 22.7%
reduction of power generation in May’20 compared with that of May’19 in
Bangladesh, India, and Sri Lanka respectively. Carbon dioxide (CO,), Sul-
phur dioxide (SO,), Nitrogen oxides (NOy) and fluorinated gases are the main
components of Green House Gases (GHGs) where CO, contains almost 80%
of the GHGs. CO, emission was reduced by a maximum of 22.29% in May
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2020 in Bangladesh compared to May’19. India encountered a CO, emission
reduction of 29.75% in April’20 compared to April’19. NOy and SO, reduc-
tion in India in April’20 were 29.59% and 31.19% respectively whereas in
Bangladesh in May’20 during the lockdown, NOy decreased by 15.57% and
SO, increased by 23.36%. Hence, from the comparative study presented in
this paper, the consequence of lockdown due to COVID-19 on the power sec-
tor and environment of three South Asian countries can be realized.

Keywords

COVID-19 - Clean Energy - Carbon dioxide - Coal - Environment -
Fossil Fuel - Greenhouse gas emission

1 Introduction

The coronavirus disease 2019 (COVID-19) pandemic has severely impacted
every span of life and cornered the technological advancement globally. The
most advanced countries except China are among the deadly affected countries.
Meanwhile, thousands of lives are lost, and pandemic had a short term and a
long-term impact on the global health services, education system, economy, air-
lines transportation system, and social interaction. Since January 2020, govern-
ments in many countries have shut down all educational institutions, shopping
malls, industries, airlines, recreation facilities including beaches, sporting facili-
ties and both public and private offices due to the outbreak of COVID-19. In
emergency cases, both public and private offices including banks were run by a
slim number of staffs. However, pandemic has positive impacts on e-commerce,
ICT (information and communication technology) business, global warming
due to greenhouse gas emission due to the restricted movement of people . As
electricity is the key to the modern ICT based lifestyle; therefore, to assess the
positive and negative impacts of this pandemic on the global economy, industry,
business, daily life, and natural environment, one of the most important indica-
tors is electricity consumption. The consumption of electricity is a very crucial
indicator in evaluating any kind of economic development or disaster or living
standard (Yoo & Lee, 2010, 622) (Grottere et al., 2018, 877). Recently, several
research works have been carried out on the impacts of COVID-19 on the power
and energy sector. The impacts of lower supply and demand on the electricity
market and greenhouse gas (GHG) emission have been analysed by Zhong et al
(Zhong et al., 2020). Gillingham et al investigated the short-term effects such as
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reduction of CO,, air pollution as well as the long-term effects such as invest-
ment in electricity generation from renewable energy sources (Gillingham et al.,
2020, 1337). According to Hosseini, there has been a significant reduction in the
implementation of sustainable energy technology due to the impacts of COVID-
19 on renewable energy manufacturing facilities and supply chains (Hosseini,
2020, 101633). Abu-Rayash et al reported that in China there was an estimated
CO, emission reduction of approximately 25% in February 2020 compared with
the same month in 2019 due to the lockdown in industrial sector (Abu-Rayash
& Dincer, 2020, 101682). Quéré et al reported that the daily average global CO,
emission reduction was 17% in April 2020 compared with April 2019 (Le Quéré
et al., 2020, 647). However, these are short-term effects; these studies will help
the policy makers planning the electricity generation from renewable and sustain-
able energy sources.

All the above studies on the impacts of COVID-19 have been conducted based
on the data from developed countries. The most highly densely populated coun-
tries in the world are India, Bangladesh, and Sri Lanka. Therefore, the aim of
this work is to study the impacts of COVID-19 for these developing countries,
which were moderately affected by COVID-19 during April to July 2020. Dur-
ing to the COVID-19 outbreak, the educational, industrial, and commercial,
infrastructure were completely under shutdown from March to June 2020. Every
occurrence in nature has two types of impacts—constructive and destructive. The
destructive consequence is that it took the lives of thousands of people globally.
On the contrary, the COVID-19 has also several constructive impacts. It recov-
ered the polluted environment a lot by reducing GHG emission. About 75% of
India’s electricity is still generated from fossil fuels, meaning the country has
one of the world’s dirtiest electricity systems. The power sector is also respon-
sible for 50% of India’s CO, emissions (Carbon Brief, 2020). In Bangladesh, the
most vulnerable sector of CO, emission is the electrical power generation plants
because most of the power plants (98%) are fossil fuel (coal, gas, and oil) based,
and are responsible for around 52% of CO, emissions (Options for Carbon Tax in
Bangladesh 2018) (BPDB, 2020). The demand for electricity has been increasing
every year in these countries; and as a result, the GHG emission from this sector
has been increasing with an annual average rate of 8.8% per year (World Bank
Group, 2018). The power sector of Bangladesh is responsible for 44% of total
carbon emission in the country in 2016. Despite the significant contribution of
power sector in CO, emission on the environment, there is no established global
mechanism for the estimation of emission data on a real time basis, only yearly
data are available. In Bangladesh, data of daily electricity generation, types of
primary energy sources used, and the electricity demand are available from the
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official website of PGCB (Power Grid Company Bangladesh) (PGCB, 2020).
Unfortunately, there was no effort from the researchers’ side for the quantitative
analysis of total CO, emission from the power generation plants of Bangladesh.
Mondal et al investigated for appropriate electricity generation technologies with
reduced CO, emission targets and carbon tax for the period of 2005-2035 for
the power sector of Bangladesh. They also apprehended that solar PV may play
an important role in achieving sustainable energy security (Mondal et al., 2010,
4902). However, from the daily/monthly electricity generation data, the estima-
tion of CO, and GHG emission for different primary energy sources (mainly fos-
sil fuel) is yet to be done.

In this article, it is aimed to briefly describe the electricity generation sce-
narios of India, Bangladesh, and Sri-Lanka (types of primary energy sources and
technologies), and to estimate the peak GHG emission reduction due to restric-
tion and lockdown during the period of March to July 2019 and 2020. Comparing
these estimated data, a quantitative analysis of the impacts of COVID-19 on the
environment and power sector of these countries will be presented.

2 Current Scenario of Power Sector of Bangladesh,
India, and Sri Lanka

At present the electricity generation plants in Bangladesh are controlled by BPDB
(Bangladesh Power Development Board), six other government owned companies
(Ashugang Power Station Co Ltd, North West Power Generation Co Ltd, Electric-
ity Generation Company of Bangladesh, Coal Power Generation Co. Bangladesh
Ltd, Rural Power Company Ltd, B-R Power Generation Ltd) and several IPPs
(Independent Power Producers) and SIPPs (Small Independent Power Producers).
The generated power is fed to the national grid. The transmission system plays an
important role in the power delivering system by making a link between the gen-
erating plants and the distribution systems. The power transmission throughout
the country is solely controlled by Power Grid Company Bangladesh (PGCB),
which is a public limited company. Finally, the distribution system supplies the
electricity to the consumers. There are six distribution companies—Bangla-
desh Rural Electrification Board (BREB), Dhaka Power Distribution Company
(DPDC), Dhaka Electricity Supply Company (DESCO), Northern Electricity
Supply Co. Ltd (NESCO), West Zone Power Distribution Co. Ltd (WZPDCL)
and Bangladesh Power Development Board (BPDB). BPDB works as a single
buyer in the power market of Bangladesh. BPDB purchases electricity from the
public and private generation entities and sells bulk electricity to all the distri-
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bution utilities including its four distribution zones (Chattogram 3 distribution
zone, Mymensingh distribution zone, Cumilla distribution zone and Sylhet dis-
tribution zone). The distribution entities that purchase electricity from BPDB are
as follows: Dhaka Power Distribution Company (DPDC), Dhaka Electric Supply
Company (DESCO), West Zone Power Distribution Company Ltd (WZPDCL),
Bangladesh Rural Electrification Board (BREB), Northern Electricity Supply
Company Ltd (NESCO) and BPDB’s four distribution zones. Almost 50% of
electrical power of Bangladesh is distributed by BREB which mainly distributes
power in the rural areas (Hasan et al., 2021).

In Bangladesh, as on October 2020, the total system installed capacity was
23548 MW (including Captive and Renewable), which includes 9,717 MW
from public sector, 8,884 MW from private sector, 662 MW PPP, 1,160 MW
imported from India and 365 MW renewable and 2,800 MW from off-grid cap-
tive power plants (BPDB, 2020). The total electricity generation in the fiscal year
2019-2020, was 71419 GWh (BPDB, 2020). The total energy generated in the
2019-2020 fiscal year (both in public and private sector power plants) by type of
fuel are shown in Fig. 1. At present, the total transmission and distribution loss in
Bangladesh is 11.23% (BPDB, 2020). Based on the standard emission factors for
different types of fossil fuels, it is possible to calculate the GHG emission for per
MWh energy production from different types of power plants. The technology-
based capacity of Bangladesh is shown in Fig. 2. Though the pie chart in Fig. 2 is
showing 0.16% solar energy supply capacity but recently, Government of Bang-
ladesh has setup some solar-based power plants (i. e., 73 MW solar power plant
at Mymensingh, 35 MW solar power plant at Pabna, 7.4 MW solar power plant at
Kaptai etc.). There are 36 solar parks in Bangladesh with a rated electricity gener-
ation capacity of 2110.56 MW (National Database of Renewable Energy, 2021).

In India, the production of electricity is mostly achieved through coal thermal
power plants. The government of India is focusing on electricity production from
renewable energies, but as of now, coal remains the dominant source of electricity
in the country. Energy generation from different sources and consumption in dif-
ferent sectors for India is shown in Fig. 3. Since 2000, the percentage production
of electricity from coal has been increasing and now has increased to 73% (World
Bank database, 2021). In 2019, India generated 356100.19 MW comprising of
Thermal 226279.34 MW (63.54%), Hydro 45399.22 MW (12.75%), Nuclear
6780.00 MW (1.9%) and Renewable Energy generation from different sources
and consumption in different sectors for India is shown in Fig. 3. (Energy Sources
(RES) 77641.63 MW (21.8%) (CEA, 2019). Renewable electricity in the form of
solar, wind, biomass, and small hydropower with a capacity of less than 25 MW
plants are progressing. Non-utilities or independent power producers have also
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Fig. 1 Energy generation from different sources and consumption in different sectors for
Bangladesh. (Source: BPDB, 2020 and PGCB, 2020)
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Fig.2 Technology-based Capacity in Bangladesh. (Source: BPDB, 2020)

been growing at a rate of 10% over the years (Energy Statistics, 2019). The con-
sumption of electricity is 1209972 GWh during the year 2018-19 in India. The
length of transmission and distribution lines is 12682649 ckt. -km.

Sri Lanka’s primary power generation sources were oil (23.6%) and coal
(31%) in 2017. Almost 40% of Sri Lanka’s electricity came from hydropower
in 2018 but coal’s shares in power generation have been increasing since 2010.
At present coal is the most dominating energy source of Sri Lanka. Fig. 4 shows
the percentage contribution of different sources in the power generation of Sri
Lanka. The maximum electricity demand is 2,616.10 MW in the year 2018. Sri
Lanka has hydropower, thermal power and solar, Biomass and wind power with
an installed capacity of 1793 MW, 2037 MW and 216 MW respectively. In the
case of sector-wise CO, production, transport produced 48.5% and electricity
and heat produced 38.84% in 2018 (IEA, 2019). The Peak daily demand of elec-
tricity and daily total energy is 2566.03 MW and 45.62 GWh on 22 April 2021
respectively (CEB, 2018). This increased dependence on fossil fuels has also led
to an increase in Sri Lanka’s GHG emissions, which while amongst the lowest in
the world (ranked 194th out of a total 251 countries) as well as in South Asia (1
tCO,e/capita in 2018) has been growing steadily over the past decade (from 0.6
tCO,e/capita in 2000) (ADB, 2020).
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Fig.3 Energy generation from different sources and consumption in different sectors for
India. (Source: IEA, 2020)
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Fig.4 Energy generation from different sources and consumption in different sectors for
Sri Lanka (Source: IEA, 2019)
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3 Comparison of Electricity Generation during Pre-
pandemic and Pandemic Regime

Due to the severe spreading effect of COVID-19, lockdown was declared on
March 17, 2020, in Bangladesh (Shammi et al., 2020, 6148). Offices, educational
institutes, industries, and shopping malls were shut down during the lockdown.
This lockdown also made an impact on the power generation in Bangladesh.
According to the announcement of the Government of the People’s Republic of
Bangladesh, the lockdown was relaxed on May 31, 2020. To realize the effect of
COVID-19 lockdown on power generation and the environment, electricity data
of April’19—]July 2019 (pre-pandemic regime) and April’20-July’20 (pandemic
regime) were collected from (PGCB, 2020) and compared.

The electricity generation sagged significantly during the lockdown period
(17 March 2020- 31 May 2020) compared to the same period of 2019. During
June 2020—July 2020 (after lockdown is relaxed), the electric power generation
was quite indistinguishable from that of the same period in 2019, shown in Fig. 5
which indicates the power sector recovered the accustomed trend of generation
as the lockdown was completely relaxed. From the data analysis, it is observed
that power generation decreased by 15.52% and 19.33% in April and May 2020
respectively. The most prominent effect of lockdown on the power sector is real-
ized after comparing the power generation of May 2019 with May 2020, which
is shown in Fig. 6. Fig. 7 is a comparative representation of the variation of total
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Fig.7 Comparison of total power generation in the months of April to July in the years
2019 and 2020 in Bangladesh. (Source: Hasan et al., 2021)
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power generation (%) in Bangladesh considering the pre-pandemic and pandemic
period (Hasan et al., 2021)

India is one of the most highly populated countries in the world with a popu-
lation of around 1.3 billion. The power sector of India went through rapid struc-
tural changes in the last couple of decades. The power network of India is divided
into five different regions: Northern Region (NR), Western Region (WR), South-
ern Region (SR), Eastern Region (ER) and North Eastern Region (NER). India’s
Power System Operation Corporation (POSOCO, 2019) oversees the national
power grid. India has one of the most extensive synchronous interconnected
grids in the world with an installed capacity of about 370 GW and regular base
load power demand is around 150 GW. Industrial and agricultural consumption is
around 50% and 25% respectively, while commercial consumption is around 8§%.
Likewise, in other countries, the COVID-19 outbreak started in India too and the
government started acting from the middle of March 2020. In India, Janata Cur-
few was imposed on 22 March 2020, whereas nationwide lockdown started from
25 March 2020 and continued till 17 May 2020. Before the start of Janata Cur-
few, the electricity consumption across the country attained a greater magnitude
around 3500 GWh. Subsequently, during the declaration, i. e., on 22 March 2020,
demand started to decay and obtained a value of about 3000 GWh, continued its
trend, and stretched lower most demand scale nearly 2500 GWh on 1 April 2020.
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Fig. 8 Comparative Analysis of Electricity Generation in India. (Source: IEA, 2020)
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Fig.9 Percentage of Electricity Generation reduction due to COVID-19 lockdown in
India. (Source: IEA, 2020)

In May 2020, the average all India daily energy consumption reduced by around
1000 GWh compared to that of 2019. In August 2020, India had a total net pro-
duction of 127442 GWh which is 1.4% less than August 2019. Comparative
Analysis of Electricity Generation in India is shown in Fig. 8. Fig. 9 shows the
percentage reduction of electricity generation during the COVID-19 lockdown
period. Electricity generation for India was reduced to about 10% in March 2020
(Kandari & Kumar, 2021). During April 2020, the electricity generation in India
decreased the most (26%) (IEA, 2020).

Figure 10 shows the electricity generation variation in 2019 and 2020 from Janu-
ary to August. During January-August 2019, the electricity generation in India was
1031412 GWh and during the same period in 2020, the electricity generation was
971761 (a reduction of 5.78%). The reason for this electricity generation reduction
is the COVID-19 lockdown during the period of 25 March—17 May 2020. Fig. 11
shows that during the lockdown period in 2020, the electricity demand was less and
as a result, that the most dominant electricity generating source, coal-based energy
production was on the decline in India. Gas, oil and nuclear do not show any signifi-
cant changes over the year. Nowadays, India is focusing on energy generation from
renewable sources, which is evident from Fig. 11.
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Fig. 11 Effect of COVID-19 lockdown on electricity generation from different energy
sources in 2020, India. (Source: IEA, 2020)

Sri Lanka reported the first case of COVID-19 on 27 January 2020. Conse-
quently, on 20 March 2020, curfew was declared nationwide till 24 March 2020,
and it was further extended till 19 April 2020. On 19 April 2020, the Govern-
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Fig. 12 Percentage electricity generation reduction due to COVID-19 in Bangladesh,
India, and Sri Lanka. (Source: IEA, 2020; USAID & SARI/EI, 2020)

ment of Sri Lanka decided to partially relax the curfew by permitting inter-dis-
trict travel only for essential and emergency purposes. After 52 days of curfew
declaration, on 11 May 2020, the government completely relaxed the curfew
by partially opening offices, industries, and businesses (Erandi et al., 2020, 1).
In Sri Lanka, the average daily energy generation is 48.5 GWh and during the
curfew, the daily generation reduced to 32.7 GWh. The peak demand decreased
to 2000 MW from 2600 MW. During the COVID-19 lockdown, the coal-based
900 MW power plant was maintained properly which supplied 30% of the loads.
The total generation was decreased in April 2020 in comparison to the same
period in 2019 (USAID & SARI/EIL 2020). In Bangladesh, electricity generation
was lowest in May 2020 whereas, in India and Sri Lanka, electricity generation
was lowest in April 2020. Fig. 12 shows the comparative percentage of electric-
ity generation reduction due to COVID-19 lockdown. India is highly affected
by COVID-19 in the South Asian region and the electricity generation of India
reduced the most in April 2020 in comparison to the other two South Asian coun-
tries considered in this paper.
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4 COVID-19 Impacts on the Environment: GHG
Emission

The demand and consequently the generation of electricity have been affected
during the lockdown period due to COVID-19 pandemic. In Bangladesh and
India, the maximum reductions in electricity generation have been observed in
May and April respectively. In this section, the changes in greenhouse gases
(GHGs) emission in the month of May for Bangladesh and in the month of April
for India in the years of 2019 and 2020 are estimated and analysed. In Bangla-
desh, the primary energy sources in power plants are coal, natural gas, oil, hydro-
power and imported high voltage direct current (HVDC) from India. In India, the
primary energy sources in power plants are coal, hydro, wind, solar, and natural
gas. The GHG emission due to the generated electrical energy (. E nerated associ-
ated with each primary source is calculated by multiplying the emission factor
(EF) of each source as follows:

GHGemission =EF x Egeneml‘ed (1)

Table 1 shows the GHG emission factors of each primary energy source presented
in (Woo etal., 2017, 340) where 167 previous studies involving the life cycle
assessment of GHG emission related to energy sources have been reviewed (Tur-
coni et al., 2013, 555).

Table1 GHG Emission Factor for Different sources (Woo et al., 2017, 340) (Turconi
et al., 2013, 555)

CO, (gCO,/kWh) NO, (gNO,/kWh) SO, (gSO,/kWh)
Energy |Min Max | Average| Min Max | Average Min Max | Aver-
Sources age
Coal 660 1370 |942.33 0.3 39 |21 0.03 6.7 3.365
Natural |380 1000 |533.17 0.2 38 |2 0.01 0.32 10.165
Gas
Oil 530 890 |773.80 |0.5 1.5 1 0.85 8 4.425
Hydro- |2 20 8.22 | 0.004 0.06 10.032 |0.001 0.03 |0.0155
power
Solar 13 53 65.05 0.02 0.11 10.065 0.02 0.09 |0.055
Wind |3 12 17.63 1 0.15 04 10275 0.12 0.29 10.205
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4.1 A. Calculation of GHG emission in Bangladesh

In each case, the average values are considered to calculate the GHG emission.
For Bangladesh, the GHG emission for the imported power through HVDC line
from India is assumed to be zero; and in case of India, the GHG emission for
other combined sources which are unspecified has been ignored.

It can be seen from Fig. 13 that the daily CO, and NOy emissions in 2020
are generally lower than those of 2019 as expected. As presented in Fig. 6, the
daily electricity generation reduced in the last 10 days of May due to lockdown
and so did all the GHG emission. The average daily CO,, NOy and SO, emis-
sions in May were 123.01 kiloton, 0.31 kilo-and 0.05 kiloton in 2019, and 95.59
kiloton, 0.27 kilo-and 0.06 kiloton in 2020 respectively, which clearly shows the
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Fig. 13 Daily GHG emission in the month of May in the years 2019 and 2020 in Bangla-
desh. (Source: Own depiction)
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impact of COVID-19 pandemic on the environment due to reduced generation of
electricity. The increase in the daily emission in the first couple of weeks, and
consequently, the average daily SO, emission can be contributed to increased
electricity generation from coal and discussed in the next section.

The results in Fig. 14 depict the GHG emissions due to electricity generated
from different sources in Bangladesh. The GHG emissions associated with fossil
fuels are substantially higher compared to the GHG emissions related to hydro-
power. In Bangladesh, the public power plants mainly consume natural gas and
coal to generate electricity, and the private sector equally uses natural gas and oil.
Thus, it can be concluded that natural gas is the primary source of electricity gen-
eration in Bangladesh. As a result, it can be observed that the highest amount of
energy generated, and associated GHG emission are from natural gas, followed
by oil and coal. In 2020, GHG emission from natural gas decreased by 16.03%
mainly due to 19.18% (2.92 MWh to 2.36 MWh) reduced energy generated in
public power plants. The electricity generation from coal increased by 79% in
2020 in comparison with that of 2019 in May (Hasan et al., 2021); and conse-
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quently, GHG emissions from coal increased by 70.52%. The generated energy
from oil in private sector decreased by 42.53% (1.27 MWh to 0.73 MWh) in the
month May in 2020 compared to that in 2020 while the generated electricity from
oil in public sector remained unchanged (Hasan et al., 2021). Therefore, the GHG
emission from oil is reduced by 48.44% in 2020. Fig. 15 shows the percentage
comparative GHG emission from different sources in the months of May in 2019
and 2020 in Bangladesh.

Since natural gas is the primary source of electricity generation in Bangladesh
and the electricity generated from natural gas decreased by 16.03% in May 2020
compared to April 2019, the change in total GHG emission in Bangladesh is con-
siderably influenced by it. The total CO, emission reduced by 22.29% (3567.5
kiloton to 2772.14 kiloton) and total NO,, emission reduced by 15.57% (8.93 kil-
oton to 7.8 kiloton) in 2020 during the month of May in Bangladesh as expected.
As presented in Table 1, the emission factor of SO, for coal (3.365 gSO,/kWh) is
significantly higher than that of natural gas (0.165 gSO,/kWh). As a result, over-
all emission of SO, is greatly influenced by coal. There has been 79% increase
electricity generation from coal in 2020 in compared with that of 2019 in May
(Hasan et al., 2021), which led to 70.52% (0.54 kiloton to 0.98 kiloton) increase
in the SO, emission from coal. Consequently, the total SO, emission increased by
23.36% (1.35 kiloton to 1.67 kiloton).
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Fig. 15 Total GHG emission in May in the years 2019 and 2020 in Bangladesh. (Source:
Own depiction)
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4.2 B. Calculation of GHG emission in India

To analyse the reduction in GHG emission associated with different sources in
the month of April in India, the total GHG emission from each source are calcu-
lated and presented in Fig. 16.

The results in Fig. 16 depict the GHG emission due to electricity generated
from different sources in April in the years of 2019 and 2020 in India. It can be
observed that the highest amount of energy generated, and associated GHG emis-
sion are from coal, followed by natural gas and hydro. It can be noted that except
natural gas and solar, the GHG emission reduced for all the sources. In April
2020, CO, emissions from coal, hydro and wind decreased by 31.52% (91066.84
kiloton to 62364.13 kiloton), 7.24% (98.96 kiloton to 91.07 kiloton) and 3.99%
(2.73 kiloton to 2.62 kiloton) respectively. The increase in GHG emission from
natural gas can be contributed to increase in generation of electricity from natu-
ral gas in 2020, although the overall generation from all sources combined has
reduced. Solar and wind power plants may not emit GHG during the generation
of electricity, but their lifetime emissions, related to the emission footprint from
the manufacturing of solar cells, solar panels, and wind turbines should be con-
sidered (Sara, n. d.) (Ziegler et al., 2018, 1261). In both cases, a system lifetime
of 25 years has been assumed to calculate the GHG emission. The increase of
28.07% GHG emission from solar energy suggests that new solar-based power
plants have been installed in the year of 2020 in India (ET Energy World, 2020)
(Renewable Energy World, 2020). Fig. 17 shows the total GHG emissions in the
months of April in 2019 and 2020 in India. Since coal is the primary source of
electricity generation in India, and the electricity generated from coal decreased
by 31.52% (96640.1 GWh to 66180.8 GWh) in April 2020 compared to April
2019, the change in total GHG emission is greatly affected by it. As a result, the
total CO, emission reduced by 29.75% (3567.5 kiloton to 2772.14 kiloton), total
NOy emission reduced by 29.59% (8.93 kiloton to 7.8 kiloton), and total SO,
emission reduced by 31.19% (1.35 kiloton to 1.67 kiloton).

Sri Lanka produced 20.6 Mt of CO, in the year 2018 where electricity pro-
duces 8 Mt of CO, (38.84%). In 2019, 1.16 tCO, per capita CO, emission and
24.84 million-ton annual CO, emission was recorded from power sector (Ritchie
& Roser, 2020). Sri Lanka experienced 10.04% SO, reduction during COVID-19
lockdown compared to the same period in 2019 (Roy et al., 2021, 144009). In
India, carbon emission from the sector wise perspective, a total 2307.78 Mt of
CO, was produced, and a majority of 1183 Mt of CO, (51.28%) was produced
from electricity and heat producers in 2018. According to IEA, global Carbon
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dioxide emission reduced by 8% in 2020 compared to 2019 (IEA, 2020). Power
industry contributes 29.1% of the total carbon-dioxide emission in Sri Lanka
(Worldometers, 2019). For Sri Lanka, Carbon dioxide emission from electricity is
0.71 kg/KWh (ODSM, 2021). Electricity and heat play a significant role in CO,
emission in all the three countries mentioned in this paper. In India, 2616 MtCO,
was released in 2019 (AWI, 2020). Comparative percentage reduction of GHG
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emission in India during lockdown shows that the reduction of CO, (-29.75%),
NOy (-29.59%) and SO, (-31.19%) emission is maximum in India during April
2020 which is in line with the electricity generation reduction scenario due to
COVID-19 lockdown.

5 Conclusion

In this paper, the impacts of the COVID-19 pandemic on the power generation
of three South Asian countries (Bangladesh, India, and Sri Lanka) and the conse-
quences on the environment due to GHG emission are presented. At first, neces-
sary statistics related to electricity generation in Bangladesh, India, and Sri Lanka
for a particular period in the year of 2019 and 2020 (during lockdown period)
are collected to realize the impact of this pandemic on the power sector and
environment. After that, rigorous comparative analyses are conducted. It is evi-
dent from the analysis that during the COVID-19 lockdown period, there was a
16.96% reduction of power generation in the month of May 2020 compared with
that of May 2019 in Bangladesh. In India, the reduction of electricity generation
was 26% in April 2020 compared to that of April 2019. Sri Lanka had a 22.7%
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reduction of electricity generation in April 2020 compared to the same period in
2019. There was a significant CO, emission reduction (22.29%) in Bangladesh,
in May 2020 whereas, in India, CO, reduction was 29.75% in April 2020. NOy
and SO, reduction in India were 29.59% and 31.19% respectively. In Bangladesh
during the lockdown in May 2020, NO, decreased by 15.57% and SO, increased
by 23.36%. It is also found that the electricity generation and GHG emission
reduction during lockdown agree of the severity of COVID-19 in these three
countries. India is the most affected country by COVID-19 in South Asia and the
power generation and GHG emission reduced the most in the case of India among
the three countries discussed in this paper. In the future, a similar study can be
performed for the other countries to investigate the impacts of COVID19 on the
power system and GHG emission.
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Abstract

India’s coal contribution to the total electricity generation mix stood at 73%
in 2018. To meet India’s NDC ambitions, the federal government announced
determined targets to integrate 450 GW Renewable Energy in the grid by 2030.
This paper explores the pathways to integrate high RE generation by 2030 with
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effective balancing of supply and demand and associated challenges of flex-
ibility requirements. A Unit commitment and economic dispatch model, which
simulates the power system operation was used. The overall share of variable
renewables reaches 26% and 32% in the Baseline Capacity Scenario (BCS) and
High Renewable Energy Scenario (HRES) respectively. Improved ramp rates
and a minimum thermal loading limit induce flexibility in the thermal fleet. In
the HRES, more than 16 GW of coal plants are required for two-shift opera-
tions in April and more than 50% of days see an aggregate all-India ramp from
the coal fleet in excess of 500 MW per minute. Battery Storage provides daily
balancing while reducing VRE curtailment to less than 0.2% in the HRES.
Nationally Coordinated dispatch shows increased power transfer from high
VRE regions to export power during high VRE generation periods. It is thus
found that high RE penetration is possible by 2030 at no extra system costs.

Keywords

Power Systems Modelling - Unit Commitment and Economic Dispatch -
Power System Flexibility - Renewable Integration System Costs -
Energy Storage

1 Introduction
1.1 Indian Policy Context

Providing affordable and reliable electricity is essential to the achievement of
India’s goals of poverty eradication and economic growth. At the same time,
the electricity sector is responsible for the largest share of India’s energy-related
CO, emissions, at 43.4% as of 2018, due to the high share of coal in the elec-
tricity mix (Enerdata, 2020). As part of its Nationally Determined Contribution
(NDC) to the Paris Agreement to reduce its emission intensity per unit of GDP by
33-35% till 2030, the Government of India has set an ambitious goal of achiev-
ing 175 GW of installed capacity of renewable energy by 2022 later revising the
target to 450 GW of renewable energy generation capacity by 2030 (Central Elec-
tricity Authority, 2020d). These targets are driven by the financial competitiveness
of wind and solar, which have achieved auction-based tariffs substantially lower
than the cost of new coal (Spencer et al., 2018).

As of October 2020, India had an installed capacity of 373 GW, excluding
captive power (Central Electricity Authority, 2020b). Of this, 55% was coal and
lignite, 7% gas and diesel, 12% large hydro, 10% wind, 10% solar, 2% nuclear,



Integrating Wind and Solar in the Indian Power System 141

and the remainder consists of small hydro and biomass (Central Electricity
Authority, 2020a). Total generation from variable renewable energy (VRE), i.e.
solar and wind, comprised of 9% of the total generation in fiscal year 2019-20
(Central Electricity Authority, 2020b). Thus, at one fifth of total capacity and
almost 10% of total generation, wind and solar already play a significant role in
the Indian power system. However, given the targets mentioned above, by 2030,
the share of VRE could be expected to be above 25% of total generation (J. D.
Palchak et al., 2019). Increasing the share of VRE in the electricity mix brings
additional challenges of grid integration. Even at the relatively low penetration
achieved today, Indian system operators are already experiencing some chal-
lenges of grid integration. These range between insufficient power evacuation
capacity, regulated scheduling and dispatch within Inter-state balancing areas. In
spite of having a well-developed transmission infrastructure with 432,785 circuit
kilometres of transmission network (Central Electricity Authority, 2020c), curtail-
ment issues in VRE rich states are rising due to the inadequacy of interstate trans-
mission infrastructure (Buckley & Shah, 2019).

1.2 Flexibility in the Indian power system

In addition to scheduling and transmission infrastructure concerns, the integra-
tion of VRE faces challenges due to inflexible coal fired generation. India has 198
GW of coal-fired generation capacity, of which 30% are centrally owned, 33% are
state-owned, and 37% are privately owned (Central Electricity Authority, 2020a).
The majority of state-owned coal generators have limited ramping capabilities
and a high declared technical minimum of 65-75% (Central Electricity Authority,
2019). In a recent report, the Central Electricity Authority (CEA) had emphasized
the requirement for thermal power plants to facilitate VRE integration by improv-
ing ramping rates, technical minimum, and two shift operation capabilities (Cen-
tral Electricity Authority, 2019). Adhering to which, these coal plants can assist in
energy transition to accommodate high shares of solar and wind in the Indian grid.

Currently, however, India mostly relies on its existing hydro and gas fleets to
meet its peak demand and fast ramping requirements. India has 46 GW of large
hydro power capacity (Central Electricity Authority, 2020a), which consists of
run of river hydro and reservoir hydro. Due to its fast ramping capability and
negligible startup time, the national system operator (POSOCO) proposed that
centrally-owned hydro stations provide fast response ancillary services (FRAS)
through regulated up and down services in five-minute time blocks (POSOCO,
2019). India also has about 5.6 GW of pumped storage capacities under opera-
tion, and another 3.1 GW under construction (Standing Committee on Energy,
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2019). However, limited utility from pumped hydro has been realized as of date.
This is due to adequate spinning reserves availability from coal fleet and mod-
erate ramp requirements. As the share of variable renewables will increase, the
fast ramping requirement and intermittent generation will aid to pumped storage
requirements. Gas power plants in India have provided a higher degree of ramp-
ing support to peak demand; however due to the lack of sufficient domestic gas
supply and expensive imported gas, this has left a 14.3 GW gas fleet stranded in
India (IEEFA, 2019).

13 Power System Modelling studies in India

In India, the Central Electricity Authority (CEA) of the Ministry of Power is the
technical body responsible for power system planning. As per the 2003 Electric-
ity Act, the omnibus legislation governing the power sector, the CEA prepares a
National Electricity Plan every five years. In a recent study, the CEA studied the
least cost optimal generation capacity mix required to meet the projected peak
electricity demand and energy requirements for 2029-30 (Central Electricity
Authority, 2020d). However, the study neglected the spatial aspect of grid integra-
tion by considering a single balancing area and neglecting other aspects of VRE
integration in terms of power transfers between balancing regions, and impacts due
to coal fired power plants flexibility which is a requisite for operational studies.

Energy system models such as that used by de la Rue du Can et al. (2019) are
useful for assessing the sectoral and fuel interactions of different pathways, but
face limitations in adequately assessing options for VRE integration and use sim-
plified heuristics to proxy integration constraints on VRE penetration. Lawrenz
et al. (2018) proposed an energy systems model that represents six sub-annual
time slices to explore issues related to VRE grid integration. These studies dis-
regard the operational aspects of power systems at hourly or sub-hourly tempo-
ral scale which is necessary to understand VRE integration, particularly in a high
coal system where unit commitment constraints may be substantial.

To model high VRE integration in the power system, it is essential to incorpo-
rate operational level detail in the modelling exercise (Balachandra & Chandru,
2003), in particular at least hourly time resolution in order to explore genera-
tor cycling, start up, and minimum output levels. Deshmukh et al. (2017) used
a mixed-integer unit commitment and dispatch model to model the costs of
integrating high VRE in the Indian Power system by 2030, finding additional
costs of 0.25-0.56 Rs/kWh for integrating more than 300 GW of VRE. Palchak
etal. (2017) provides one of the most comprehensive assessments of VRE grid



Integrating Wind and Solar in the Indian Power System 143

integration in India using an hourly unit-commitment and dispatch model with
individual representation of each Indian state and the interstate transmission
system. The study assessed the achievement of the 175 GW target by 2022, and
found that reducing the technical minimum of coal-based plants from 70 to 40%
would result in RE curtailment to reduce from about 3.7% to 0.76% by 2022.
Likewise, coordinating dispatch at national level would lead to 4% annual sav-
ings in production costs. However, this study assessed the year 2022 and a level
of VRE capacity by that year which now seems unachievable. In contrast, Palchak
etal. (2019) used the same modelling framework to study the impact of integrat-
ing a 22% share of VRE in total generation by 2030. However, this study looked
at a limited number of scenarios.

To address these limitations, this paper presents the results of a detailed mod-
elling exercise using a unit commitment and economic dispatch (UCED) model
to assess the least production cost scenario for integrating high shares of VRE in
the Indian power system by 2030. A mixed integer linear programming (MILP)
formulation was used with few modifications in the source code to adjust aspects
relevant to represent the Indian power system. An open source modelling frame-
work ‘Python for Power Systems Analysis (PyPSA)’ developed by Brown et al.
(2017) was used. PyPSA has been used in a growing number of studies of power
system planning and VRE integration (Horsch & Calitz, 2017; Dedecca et al.,
2017; Markus & Alexandre, 2017).

The paper is structured as follows. Section 2 provides a modelling approach
and scenarios description. Section 3 elucidates modelling results with recommen-
dations and Sect. 4 concludes the paper.

2 Modelling approach

2.1 PyPSA-India Model Description

PyPSA is a partial equilibrium model that can optimize both short-term opera-
tion and long-term investment in the electricity system as a linear problem using
linear power flow equations. Short term operation optimization computes opti-
mal generation of all generating units to meet the time varying load for a given
snapshot. Since long term investment optimization has not been considered in this
paper, build-up from current year 2019 to 2030 has not been assessed endoge-
nously to the problem formulation.
The model minimises the total annual system costs as per Eq. 1.
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The model consists of the capacities at each bus n for generation technologies r
and storage technologies s, while o, and o, are the variable costs of generation
technologies r and storage technologies s. The start-up cost and shut-down cost
for generator technologies r connected to bus n and at time t are given as SuCp
and sdt, ( respectively. Unserved load at time t and bus n is given by LS, with a
very high associated variable cost o js.

The dispatch of conventional generators g, is constrained by their capacity
G, and time-dependent availabilities g, and g, as per Eq. 2.

Uprt - gn,r,t : Gn,r < 8nrt = Unrgt 'gn,r,t ! Gn,rvn, r,t (2)

Time-dependent availabilities g, are used to model time series resource pro-
files for solar and wind. The binary variable uy, is not applicable for generators
that are not committable. For conventional generators such as coal and gas based
generating units, g, . and g, are considered to be 1 and O respectively, while
the binary variables are used to incorporate unit commitment constraints such as
minimum and maximum generation levels of committable generators, as well as
minimum up and down times for committable generators. The cost of generator
start-ups prevent frequent generator starts and stops, while minimum up times
and minimum down times constraints ensure that a given generator is on for at
least a minimum number of time stamps (minimum up time) after start-up and off
for at least a minimum number of time stamps (minimum down time) after shut
down. These binary values help incorporate start-up and shut down costs within
the objective function.

Limit on the maximum active power increase or decrease that thermal generat-
ing units are capable of from one snapshot to the next is captured by two param-
eters rd,, and ru,,, the ramp down limit and the ramp up limit as percentage of
rated generator capacity is elucidated in Eq. 3:

_rdn,r : Gn,r < (gn,r,t - gn,r,tfl> < I‘un,r : Gn,rvn: I',t >0 (3)
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Similarly, the dispatch of storage units h, s for energy storage units, connected to
bus n at time t is constrained by a similar equation to that for generators in Eq. 4,
where H,, ¢ is the maximum power capacity of energy storage s.

_Hn,s < hn,s,t < Hn,s Vn,s,t (4)

The energy levels e, s, in Eq. 5 for energy storage s and time ¢ has to be within
limits such that:

MinSOC . En,s < Cnst =< En,s -1 Vn,s,t (5)

where Mingoc is the minimum possible state of charge of energy storage s and
E,; is the energy capacity of storage s. The energy level e, at time t has to be
constrained consisting of the energy level in the previous time stamp e, s, dis-
patch of storage units during charging Lh,,,s,tJ *and discharging Lhmmj " and charg-
ing and discharging efficiency (9,5 +, Jns.—) as indicated in Eq. 6.

. +
enst = Cnsi—1 + (Tlmestamp st * Lhn,s,tJ ) -

_ (6)
(Timestamp* NMns— Lh,,,s,,J ) VY on,s,t

Linearized power flow equations for AC networks (Ringkjgb et al., 2018) are
used for the power flow constraints. This has proved useful in solving for optimal
power flow (Brown et al., 2017; Horsch et al., 2018).

The Kirchhoff formulation was used in this study to model power flow. The
power balance equations are applicable for each node n and time ¢. This is assum-
ing that the load is inelastic.

Z 8n,rt + Z hn,s,t + ; Xnt * fl,t = dn,lvn»t (7)

Here the electrical load at bus n at time t is d,; and the power flow on line joining
to buses is f;. The term oy, is used to incorporate the direction of the flow i.e.
oyt = —1if line | starts at node n and oy, = 1 otherwise. The power flow on any
given line is also constrained by the line rating and equivalent reactance (through
the power flow constraints).

2.2 Technical Constraints

Table 1 provides the baseline generator constraints used in this study, which were
derived drawing on the technical literature (Agora Energiewende, 2017), similar
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Table 1 Baseline generator constraints. (Source: Own depiction)

Constraint Unit Coal |Gas |Biomassand Waste | Hydro
Technical Minimum | % Nominal Power |55% 40% | 30% 10%
Ramp rate up and | % Nominal Power/ | 60% 100% | 100% 100%
down Hr

Minimum Up Time | Hrs 4 3 3

Minimum Down Hrs 6 4 3

Time

Start-up Costs INR/MW 14,100 | 6690 | 14,100 0

production cost modelling exercises (D. Palchak et al., 2017), and operational
data of Indian power plants (Central Electricity Authority, 2019). The model
works on hourly resolution and hence ramping constraints are denominated in
percent of nominal capacity per hour. The scenarios assessed in this study vary
from the baseline constraints given in Table 1. More detail on scenario design is
given in Sect. 2.3 below.

2.3 Scenario Description

As noted above, PyPSA-India was used to simulate power system operation with
highly detailed representation of unit commitment and economic dispatch. With-
out substantial adjustments to model structure, combining detailed representa-
tion of unit commitment and new investment decisions would make the model
problem computationally intractable (Palmintier & Webster, 2011). For this rea-
son, scenarios are defined exogenous to the model for 2030, drawing on the avail-
able literature as described below. The scenarios analyzed in this paper have been
designed across three different parameters, namely production capacities, trans-
mission system, and power system flexibility.

2.4 Production capacities

This refers to the assumptions regarding future capacities of different genera-
tion technologies, such as coal, gas, hydro, nuclear, wind, and solar. The capac-
ity assumptions are defined exogenously from the model, based on recent studies
by the Central Electricity Authority. Two contrasting scenarios are analyzed in
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this study. First, the Baseline Capacities Scenario (indicated in the scenario name
by the notation B) assumes a mix of coal and renewables by 2030, and reflects
broadly the assumptions of the 2018 National Electricity Plan, developed by the
Central Electricity Authority (2018a). In the second scenario, the High Renew-
able Energy Scenario (indicated in the scenario name by the notation H), has a
higher level of renewable energy production capacity of 450 GW by 2030, reflect-
ing the assumptions of the CEA’s more recent capacity expansion study (Central
Electricity Authority, 2020d). Table 2 depicts the scenarios. (Table 2).

2.4.1 Transmission system

Two contrasting transmission scenarios are developed. In the Unconstrained
Transmission Scenario, the power transfer capacities of each interstate trans-
mission line have been expanded sufficiently by 2030 such that power can flow
around the country in an unconstrained manner. A corollary — but implicit —
assumption here is that the electricity market ‘infrastructure’ is likewise devel-
oped by 2030 to allow seamless interstate scheduling and dispatch of power. In
the Expanded Transmission Scenario, the transmission system has been expanded
by 2030 in line with existing plans, such as the National Electricity Plan, such
that there will still be some capacity constraints in power transfer (Central Elec-
tricity Authority, 2018b). This scenario reflects a more fragmented electricity

Table 2 Installed capacities in the two scenarios for the year 2030. (Source: Own depic-
tion)

Technology source Installed Capacity (GW)
Baseline scenario (B) High RE Scenario (H)

Thermal 263 263

Nuclear 17 17

Large Hydro 74 74

Wind 129 169

Solar 189 229

Biomass and waste 23 23

Small Hydro 10 10

Total 705 785

Note: Thermal refers to coal, lignite, imported and domestic gas, and liquid fuel plants.
Large hydro refers to dispatchable pondage and reservoir hydro and run-of-river hydro
above 25 MW. Wind refers to only onshore wind
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Table 3 Description of transmission scenarios. (Source: Own depiction)

Notation | Transmission Scenario Description

E Extended Transmission Interstate transmission capacities extended to
2030 as per the National Electricity Plan

U Unconstrained Transmission | Interstate transmission capacities extended
such that there are no physical constraints on
power transfer between states

market, where power transfer is constrained by some infrastructural bottlenecks.
Table 3 describes the transmission scenarios.

2.4.2 Power system flexibility

This refers to the capacity of the power system to flexibly integrate VRE, through
supply-side, demand-side, and storage flexibilities (transmission flexibility is
dealt with previously). In particular, two aspects are studied. First, the impact of
lower or higher technical minimum for coal-based power plants is assessed. State
Coal fleet has currently inflexible technical minimum of 70%. In this regard a
more flexible fleet is analyzed pertaining to its high contribution in coal capacity
mix. Further, in a less optimistic scenario a low flexible thermal fleet is foreseen
if retrofits would be undertaken slowly by 2030. This is a crucial parameter for
the grid integration of VRE in India, as it allows the coal fleet to back down out-
put when VRE is high (for example, at midday for solar) and ramp it up quickly
when VRE output falls (for example, in the evening). Second, the impact of inte-
grating battery storage in the power system by 2030 is foreseen. Table 4 provides
a description of the flexibility scenarios.

2.4.3 Nomenclature of Scenarios

This paper follows a specific nomenclature to define various scenarios under this
study. The name of the scenario consists of 4 letters. The first letter defines the
capacity type, the second letter defines the transmission network system, and
the remaining two letters define the power system flexibility type. For example
the nomenclature HEHT indicates High Renewables, Expanded Transmission,
High Thermal Flexibility scenario. After taking all the above parameters of pro-
duction capacities, transmission system, and power system flexibility, seven sce-
narios have been prepared. Table 5 provides an overview of the seven unique
scenarios analyzed in this paper. BEBF and BELT scenarios were selected to
assess if a fairly expanded transmission and a moderate to limited coal flexibility
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Table 4 Description of power system flexibility scenarios. (Source: Own depiction)

Notation | Flexibility Type Description

BF Baseline flexibility All coal-fired stations can achieve a techni-
cal minimum of 55%

LT Low thermal flexibility Centrally owned and privately owned
coal-fired stations can achieve a technical
minimum of 55%. State owned coal-fired
stations can only achieve a technical mini-
mum of 65%

HT High thermal flexibility Centrally owned and privately owned coal-
fired stations can achieve a 40% technical
minimum from current 55%. State owned
plants can achieve a 55% technical mini-
mum from current 70%

BS High battery storage flexibility | All coal-fired stations can achieve a techni-
cal minimum of 55%, additional battery
capacity of 120 GWh/60 GW

Table 5 Final scenarios analysed in this paper. (Source: Own depiction)

Capacity Scenario | Transmission Scenario | Flexibility Scenario Notation

Baseline Capacity | Expanded Transmission | Baseline Flexibility Scenario | BEBF

Scenario Scenario Low Thermal Flexibility BELT
Scenario

Unconstrained Trans- | Baseline Flexibility Scenario | BUBF
mission Scenario

High Renewable Expanded Transmission | Baseline Flexibility Scenario | HEBF

Energy Scenario | Scenario Battery Storage Flexibility | HEBS
Scenario

High Thermal Flexibility HEHT
Scenario

Unconstrained Trans- | Baseline Flexibility Scenario | HUB
mission Scenario

could manage the fair transition to a renewable energy trajectory by mid-term.
Similarly with BUBF, an assessment with baseline flexibility and unrestricted
transmission corridor was carrier out to assess maximum transfer capaci-
ties between the Inter-state transmission corridors. In HRES scenario family, a
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high degree of flexibility is assessed through HEBS, HEHT and HUB. This was
predominantly identified to investigate the integration of battery storage with
expected augmentation of transmission corridor and a high level of thermal flex-
ibility across all thermal fleets.

3 Aggregate Scenario Results
3.1 Results Summary

This section provides a brief overview of the key results of the scenarios analyzed
(Table 6). The results include key indicators such as unserved load, wind and
solar curtailment and plant load factor (PLF). Note that each of the scenarios ana-
lyzed has same energy requirement (2260 TWh) and peak load (304 GW).

Across scenarios, unserved load was nearly zero. Some of the variance in the
small amounts of unserved load was driven by stochastic generator outages rather
than the dynamics of the scenarios themselves. For example, the Baseline Capaci-
ties, Expanded Transmission, Low Thermal Flexibility scenario (BELT) had
lower unserved load than the Baseline Capacities, Unconstrained Transmission,
Baseline Flexibility (BUBF), despite having less transmission and less thermal
flexibility. This also suggests that the capacities envisaged in both capacity sce-
narios are broadly robust to a range of power system flexibility outcomes.

Table 6 Key scenario results. (Source: Own depiction)

Scenario | Unserved |Solar Cur- | Wind Cur- | Gas PLF | Hydro Coal PLF
Name Load tailment tailment PLF
MWh % % % % %

BEBF 0.00 0.41 0.27 16.75 36.15 65.48
BELT 2.00 0.53 0.34 16.70 36.04 65.55
BUBF 38.74 0.34 0.01 16.66 36.03 65.55
HEBF 39.19 2.73 1.29 16.47 35.32 58.77
HEBS 0.00 0.10 0.08 16.55 36.05 57.77
HEHT 21.16 1.16 0.73 16.62 35.68 58.34
HUBF 214.00 3.00 0.92 16.41 35.06 58.92
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3.2 Curtailment

Annual VRE curtailment ranges from 0.2% in the High Renewables, Expanded
Transmission, Battery Storage Flexibility scenario (HEBS) to 4% in High Renew-
ables, Expanded Transmission, Baseline Flexibility scenario (HEBF). The high
curtailment in the HEBF scenario is mostly due to the operational constraints of
dispatchable sources during the times of excess solar injection in mid-day and
excess wind injection during monsoon. The similar curtailment issues in HRES,
Transmission Flexibility and low curtailment in HRES, Storage Flexibility sce-
nario confirms that the curtailment is largely driven by inadequate additional flex-
ibility options rather than the transmission availability.

Figure 1 shows monthly solar and wind curtailment by scenario. Solar curtail-
ment is more intense in the months of March, April, May, June. This is because,
particularly in April, the evening peak load requirement is high and the availa-
bility of wind and hydro resources are relatively low, as it is before to the start
of monsoon. This leaves the daily ramping burden to coal. Given the inadequate
flexibility of coal to shut down at mid-day and turn on to support evening peak,
solar has to curtail to make the coal available on standby and to contribute to
peak load. For wind, the curtailment concentrates in monsoon where its output is

Monthly Solar Curtailment
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Monthly Wind Curtailment
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Fig. 1 Monthly wind and solar curtailment by scenario. (Source: Own depiction)
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highest. Adding the hydro output which is high during the monsoon forces coal to
shut down. As the sufficient coal capacity is required to meet the variation in net-
load, the model is curtailing wind output. However, the peak monthly curtailment
is low compared to solar with maximum value of 2.5%, occurring in the month
of July in the High Renewable, Expanded Transmission, and Baseline Flexibility
scenario. Curtailment is substantially reduced in the High Renewable, Expanded
Transmission, Battery Storage Flexibility Scenario (HEBS) and the High Renew-
ables, Expanded Transmission, High Thermal Flexibility Scenario (HEHT). This
is due to the ability of storage to absorb high solar injection and contribute to
evening peak (HEBS), or the lower technical minimum facilitating higher solar
injection (HEHT). Curtailment is not substantially reduced in the High Renewa-
bles, Unlimited Transmission, Baseline Flexibility Scenario, indicating that it is
the aggregate flexibility of the dispatchable fleet which determines curtailment,
not localized transmission bottlenecks.

3.3 Plant Load Factor

The coal fleet PLF varies marginally in Baseline Capacity scenarios between
68.48% and 68.55%. In High Renewable scenarios, this declines significantly to
the range of 57.77% and 58.92% in Transmission Flex and Storage Flex respec-
tively. In the last four fiscal years, the coal PLF averaged 59%, indicating that
if renewables and coal capacity and demand evolve as per the Baseline Capac-
ity scenarios in this paper, the current situation of low coal PLF will continue.
The hydro PLF is relatively stable throughout all the scenarios, reflective of its
zero marginal costs and high operating flexibility which helps in balancing VRE
whenever required. Hydro is thus constrained by energy availability determined
by the seasonal flow of India’s river systems, not marginal cost. The gas PLF is
consistently low at around 17% across all scenarios due to the limited availability
of cheap domestic gas, and high cost of imported gas.

34 System Costs

This section summarises the implication of scenarios in terms of total system
generation cost, which is further broken down to fixed and variable costs. Here,
the per unit system-wide fixed cost in the High Renewable scenarios is higher
than in the Baseline Capacity scenarios as the total installed capacity is sub-
stantially higher. In the HEBF scenario, the system—wide fixed cost increases to
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2.63 INR/KWh compared to the HEBF scenario with 2.37 INR/KWh. Further in
the HEBS scenario, this again increases to 2.77 INR/KWh, driven by additional
investments in battery storage facilities. However, High Renewable scenarios
result in lower variable cost compared to Baseline Capacity scenarios due to the
large share of zero marginal cost renewables in the system. In the BEBF scenario
per unit variable cost is higher by 0.23 INR/KWh than in HEBF scenario. This
gap further raises to 0.29 INR/KWh in HEBS scenario, as storage outcompetes
high marginal cost sources of generation and reduces the need for expensive starts
and stops. The total system-wide generation costs in BEBF scenario is 4.8 INR/
kWh and 4.83 INR/kWh in the HEBF scenario. The total system cost is highest in
the HEBS scenario at 4.92 INR/kWh. In effect, the total system-wide generation
costs between two broad capacity scenarios are almost identical, and certainly
within the uncertainty margin of these calculations (Fig. 2).

3.5 Operation of the Coal Fleet
With an increasing VRE share in the generation mix, coal fleet contribu-

tion is reducing. In base line and high RE scenarios generation share of coal
power plants and annual PLFs are varying from 57% to 50% and 66% to 58%

Fixed Costs Variable Costs System Costs
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Fig.2 System generation costs by scenario. (Source: Own Depiction)
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respectively. Impacts on plant performance due to integration of VRE will be dis-
cussed in subsequent sections in detail.

3.5.1 Unit-Wise PLF by Scenario
In the Baseline Capacity scenarios, the coal fleet PLF is around 66%. It increases
from today’s levels of 58%-60% (56% in fiscal year 2019-2020), because load
grows faster than the addition of new coal-based generating resources. By con-
trast, in the High Renewables scenario the coal fleet PLF remains in the order
of 57%—58%. Figure 3 shows the unit-wise distribution of the coal fleet PLF in
scenarios analysed in this paper. An important conclusion emerging from Fig. 3
is the large variation on annual PLF across the coal fleet. On one end there are
a number of plants operating at close to 85% annual PLF, notably pit head coal
plants with very low variable costs, and on the other end of the extreme, there is
a group of plants, which, regardless of the scenario, never start. The relationship
between unit-wise PLF and marginal costs is analysed further in Fig. 4 below.
Another important conclusion relates to the impact of the different flexibility
scenarios on the coal fleet PLF. From Fig. 3 it can be seen that the spread of unit
PLF is higher in High Renewables scenarios, particularly in the HEBS scenario.
In this scenario, the model substitutes discharge for the high marginal cost coal
units that are used to meet peak demand in other scenarios. In the HEBS scenario,
the median coal plant PLF is four percentage points lower than the median coal
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Fig.3 Unit-wise coal PLF by scenario. (Source: Own Depiction)
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Coal Unit PLF and Starts Versus Marginal Cost

BEBF HEBF
100% INR/MWh

60%

PLF
PLF

4000

0%

20%

2000

Annual Starts Annual Starts

Fig.4 Unit-wise PLF and starts as a function of marginal costs. (Source: Own Depiction)

plant PLF in the HEBF scenario without storage, while the PLF of the bottom
quartile of plants is a full ten percentage points lower in the HEBS compared to
the HEBF scenario. This result shows that there is significant scope for battery
storage to compete against the higher marginal cost coal plants.

3.5.2 Unit-Wise Coal PLF and Unit Starts Versus Marginal Cost
Figure 4 shows unit-wise coal PLF on the y-axis versus unit-wise annual starts on
the x-axis. Marker colour represents the unit-wise marginal cost. Two scenarios
are selected for representation, the BEBF and HEBF scenarios. As expected, PLF
is inversely correlated with marginal cost. As the level of renewables increases
between the BEBF and HEBF scenarios, unit-wise PLFs are reduced, and the
number of unit-wise annual starts is increased substantially. The growth in annual
starts is particularly noticeable for the plants at the right end of the distribution,
with annual starts for the most aggressively cycled plants doubling between the
scenarios.

3.5.3 Two-Shift Operation of the Coal Fleet

Two-shifting refers to coal unit operation in which the unit is switched on and
off again within a short period of time, and on a regular basis. Due to operational
constraints of technical minimum and minimum shut down time, at times of high
evening peak demand some coal plants are required to operate in two-shifting
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mode, even if some solar is curtailed and considering high start-up costs. For ana-
lysing the two-shift operation by coal stations, for the purposes of this paper two
shifting is defined as four or more unit starts within a week.

Figure 5 displays a heatmap of the coal unit capacities on two-shifting oper-
ation per scenario across the months of year. According to the dispatch results,
about 3—4 GW of coal capacity runs on two shifting operation throughout the
year in Baseline Capacity scenarios. This capacity will increase to a maximum
of 20 GW, with a range between 5-20 GW for several months of the year, in the
High Renewable capacity scenarios particularly in March and April. In the HELT
scenario, the higher technical minimum of state-owned plants (65%) forces more
plants to operate on two-shifting in order to accommodate the injection of VRE at
midday. Similarly, the improvement of thermal flexibility in the HEHT scenario
decreases the requirement for two-shifting. The lower technical minimum achiev-
able by central and IPP plants allows the coal fleet to turn down to a lower level
to accommodate renewables injection at midday, without the necessity of plants
operating on two-shifting.

Average Weekly Coal Capacities Required for Two-Shifting Operation
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Fig.5 Monthly coal capacity on two-shift operation by scenario. (Source: Own Depiction)
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3.6 Insights in the Operation of Gas and Hydro

The hydro fleet offers low cost and substantial supply side flexibility by quick
ramp up and down support in order to cater peak power demand requirements (in
morning and evening). Considering this advantage, hydro can ramp down quickly
during midday to accommodate more solar in the grid. However, the power out-
put varies based on monsoon and non-monsoon seasons as seen in Fig. 6.There-
fore, ensuring a high degree of flexibility and coordinated dispatch from India’s
hydro fleet is critical to the integration of high levels of VRE.

The gas fleet also offers higher operational flexibility as compared to coal.
However, the dispatch of imported gas is limited by its high marginal cost (con-
sidered delivered price of $10-$12/mmbtu). The results suggest that the non-com-
petitiveness of imported gas based power with other existing options makes it an
unattractive option to dispatch in an hourly resolution. However, in a sub-hourly
(15 min) baseline capacity scenario, the result suggests the role of imported natu-
ral gas based fleet as a peaking power option as seen in Fig. 7 due to the strin-
gency of ramping resources in the system.
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All-India Dispatch Stack
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Fig.7 All-India dispatch stack, BCS, 15-min scenario. (Source: Own Depiction)

3.7 Role of Battery Storage

In the HEBS Scenario mentioned in Sect. 3, the model includes 60 GW, 120
GWh of battery storage. Here the sizing and allocation of Battery capacities is
examined through state-level solar and wind curtailment in the HEBF and BEBF
scenarios in form of the curtailment duration curves. Accordingly looking at steep
curtailment curves, the size of battery facilities is calculated to ensure sufficient
operating hours in the year and to make each battery unit a worthwhile invest-
ment. Given the steepness of the curtailment duration curves in the HEBF and
BEBEF scenarios, a power to energy ratio of 2 was most effective at reducing cur-
tailment while minimizing the investment in storage.

Figure 8 below shows the average hourly state of charge (SoC) of the battery
facilities in the power system, by hour of the day and month of the year. The bat-
tery facilities tend to begin the day with a zero SoC, indicating that they have
discharged the previous day and have not charged in the final hours of the day.
SoC tends to increase towards the midday, as the batteries assist with the integra-
tion of solar energy into the grid and reduce the need for solar curtailment, or
coal plant cycling. By evening the SoC of the battery facilities reduce, as they
discharge power to provide peak support and thus reduce the need for committed
coal generation to be online to meet the evening peak.
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Average Hourly State of Charge, System-Wide Battery Facilities
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Fig.8 Average hourly state of charge. (Source: Own Depiction)

4 Conclusion

The aforementioned analysis based on the unit commitment and economic dis-
patch model indicates a clear pathway to attain a moderate to high level of renew-
able energy grid integration in India by 2030. This pathway is subject to a robust
policy and regulatory interventions at national and sub-national level. It envisages
a massive change in supply and demand side interventions to impart operational
flexibility and demand shift to manage the peak demand.

Power System Flexibility: The Analysis suggests that substantial flexibility will
come from the coal fleet. The BCS, Low Thermal Flexibility scenario showed
a substantial increase in the risks of curtailment with decreasing thermal plant
flexibility. Increasing the transparency around state-level scheduling and dis-
patch, and plant performance, can increase the understanding of how the burden
of supply-side flexibility is being shared among different players in the system.
The degree of flexibility required from the coal fleet is potentially challenging to
meet, and perhaps the real advantage of battery storage in the next few years will
be in reducing the operational stress on the power system. The analysis presented
here suggests that an aggregate energy capacity of about 120 GWh, with a rela-
tively low power to energy ratio of 2, would have benefits in terms of reducing
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curtailment and the aggressive cycling required of the coal system. The analysis
also suggests that the requirement for storage would really begin to value more in
HRES. In the BCS, curtailment and metrics such as maximum hourly ramp rate
or capacity required for two-shifting appear more manageable. This suggests that
the development of battery capacities should be seen as a mid-term investment,
preparing the power system for greater shares of VRE thereafter.

Policy for Planning: The electricity sector is driven by the requirement to bal-
ance supply and demand. The sector encompasses a very long value chain, from
generation, transmission, distribution, and consumption, along which different
players respond to different incentives and physical constraints. The analysis
shows that the median trade intensity (the sum of imports and exports over the
sum of imports, exports, and load) among Indian states is almost 50%, implying
a high level of interstate power transfer and coordinated scheduling and dispatch.
Thus, Planning should be seen as a mechanism for coordinating the expectations
of players across the whole value chain.

Future work in the context could be focused towards a more robust power sys-
tem modelling with scenarios detailing uncertainties due to COVID shocks and
changing demand. An ever changing economic growth and disruptive technolo-
gies have changed the way of generating electricity to end consumption. Hence,
future models need to be elaborate on limitations of deterministic approaches
towards power system planning. Although an operations model can detail the
level on RE integration, the actual essence of future power system planning can
be enhanced by integrated capacity expansion and unit commitment models
working in tandem.
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Decentralized Electrification Pathways
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Abstract

The transition to “SDG7 -modern and sustainable energy for all” may recon-
figure the lives of citizens who live “outside the grid” in the rural commu-
nities in sub-Saharan Africa. The decentralization approach for developing
renewable energy in sub-Saharan Africa has constantly been promoted as a
means to rural electrification. This paper reviews the barriers to private sec-
tor participation in decentralized electrification projects and the solutions that
have been proposed and implemented. It is not only the economic approaches
that are analysed but also some of the solutions or drivers that have contrib-
uted to rural electrification. There are specific technological pathways which
have proven fruitful in sub-Saharan Africa that are unique to its economic
and demographic settings and that otherwise would not be adopted or used
in developed countries. This paper finally analyses these technological path-
ways with the objective of matching the drivers and obstacles to potential
solutions. Long term energy planning with the integration of regional power
pools is instrumental to reduce CAPEX as well as to increase the market size.
Blended financing together with already working technologies such as pay-
as-you-go, and mobile money will be the pillars to meeting SDG7 goals.
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1 Introduction

Universal access to electricity is key for achieving the global sustainable devel-
opment goals. According to the International Energy Agency (IEA, 2019), more
than 600 million people in sub-Saharan Africa still do not have access to electric-
ity (IEA, 2019). This includes 80% of the population in rural areas (IEA, 2019).
The Sustainable development goal number 7 (SDG7) aims exactly at solving this
problem by enabling the provision of access to affordable, reliable, clean, and
sustainable energy globally for all by 2030.

Electricity supply in emerging and developing countries, specifically sub-Saharan
Africa, is unreliable especially in rural areas, where frequently the maximum electric
output of generators is completely used for consumption and where, at times, there
are no capacity reserves be it primary, secondary, or tertiary reserves for flexibil-
ity management of such grids. This is a sharp contrast to the electricity systems in
developed countries of the global North where the grids are transitioning from cen-
tralized to bi-directional with the onboarding of prosumers as well as Distributed
Energy Resources (DER)!. Furthermore, the main purpose of distributed electrifica-
tion in the developed countries of the global North is to improve resource efficiency,
increase energy system resilience, and give individuals and communities a stronger
role in decarbonization while achieving the renewable targets set by many govern-
ments. Currently, DERs only account for a small proportion of the European market
but are predicted to outcome centralized capacity globally by more than 5-to-1 (Navi-
gant Research, 2016). To eradicate energy poverty in sub-Saharan Africa, distributed
renewable energy solutions can be a particularly good opportunity to increase energy
access and help establishing a previously non-existent electricity market. This will
also play a vital role in unlocking sustainable economic growth (Corfee-Morlot et al.,
2019). Additionally, access to electricity can ensure better health and wellbeing.

! Distributed energy resources (DERs) are small or medium-sized resources that can poten-
tially provide services to the power system, directly connected to the distribution network
or near the end-user (European Commission, 2015).
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Despite the electrification challenges, sub-Saharan Africa has multiple
untapped renewable energy resources, having the largest global renewable
energy potential. Taking solar as an example, the global irradiation average in
this region is about 220 W/m”2 compared with 150 W/m”2 for parts of the USA,
and about 100 W/m”2 for Europe and the United Kingdom (Renewable Energy
in South Africa, 2021). Solar energy potential is estimated at 470 PWh for CSP
and 660 PWh for PV (IRENA, 2014). Africa also has a wind potential of 460
PWh (IRENA, 2014). Hydro has a currently installed capacity of 37 GW which
corresponds to only 11% of the total hydro potential. Consequently, sub-Saharan
Africa has the highest untapped hydro potential with around 89% being underuti-
lized (iha, 2020).

While it is becoming evident that renewables have a leading role to play in the
electrification process of many countries in the region—including at small scale
and off-grid—several challenges remain and there is not a straightforward solution
due to the socio-economic complexities. These complexities are both on the supply
and demand side. On the supply side they are insufficient technical capacity and
poor utility performance in most of the rural areas. On the demand side these com-
plexities can be insufficient uptake and low consumption which may discourage
investments. The complexities also exist on the government’s side when it comes
to establishing appropriate regulations, attracting foreign investments, and setting
clear targets. There is a need for capacity building in the form of financial literacy
and educational campaigns to address some of these complex barriers. The local
electricity market has been inaccessible to private-sector companies due to chal-
lenges such as market willingness to pay, high transactional costs for managing
small loans, lack of clarity regarding leasing regulations for a non-financial institu-
tion. In addition, the rural consumers do not have any collateral to enable them to
acquire financing from other institutions such as the commercial banks.

2 Aims & Objectives
This paper aims to:

1. Analyse the technical and socio-economic obstacles and drivers for the decen-
tralized electrification for sub-Saharan Africa.

2. Explore the technological pathways and business approaches that are proven
and successful.

3. Derive frameworks and conclusions for various parts of the system (supply to
end consumers) based on a comparative analysis approach.
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3 Methods

The study is based on a literature review of several case studies and academic
papers about rural electrification in sub-Saharan Africa. Several of insights have
been retrieved from reports by renown organizations such as International Renew-
able Energy Agency (IRENA), The World Bank and the International Energy
Agency. The assessment evaluates drivers for success and obstacles that countries
and regions are likely to face.

This paper also dives deep into the emerging technological pathways that have
been implemented as well as regional and country specific responses on the mar-
ket and policy sides. Furthermore, an investigation of business models that have
proven to be successful in certain cases is provided.

4 Electrification Barriers

The obstacles identified can be broadly categorized into four major categories:
Market, Technical, Financial and Regulatory Barriers.

One of the biggest market obstacles is low Market Willingness To Pay
(MWTP)- where consumers are not sufficiently informed regarding the value of
electricity and that by paying for it, they enable provision of continuously run-
ning electricity services. Some effects of this are illegal connections to the grid or
theft of power. Another market obstacle is low electricity uptake, where in most
cases, consumers do not see the urge or the need to be connected to the grid even
though distribution lines could be a few meters from their homes (Blimpo & Cos-
grove-Davies, 2019). The connection charges and the complete process of get-
ting connected are an entry point barrier because connection charges are high in
comparison to income levels (Blimpo & Cosgrove-Davies, 2019). There is a lack
of proven business models since most of the adapted economic strategies are rela-
tively new. For private financers, the risk return profile of a project is a determi-
nant as to whether they should fund it or not. Such investors want to get a return
proportional to the risk they undertake. Renewable energy projects are affected
by foreign exchange risks as well as due to their novelty and short track record.
As a result, local financial institutions do not have expertise on how to mitigate
currency volatility and heavy reliance on foreign finance (UNEP, 2012). Finally,
there is the diminishing utilities factor: connecting more consumers to the exist-
ing grid without creating new infrastructure implies higher maintenance costs and
low profit margins and at times even losses (Blimpo & Cosgrove-Davies, 2019).
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Technical obstacles are mostly driven by the dysfunctional and poor state of
existing infrastructure in electricity grids. One reason for this is lack of plan-
ning from governments, with no progressive approach combining various deliv-
ery modes and harnessing digitalization trends where needed. Electricity together
with digital technology is now considered a general-purpose technology (GPT).
Digitizing the electrical grid leads to automated technology and analytics that
can influence consumption and contribute to new customer services. Digitaliza-
tion can improve reliability which then improves trust from customers (Blimpo &
Cosgrove-Davies, 2019). Another technical obstacle is high rural connection costs
due to geographical preconditions. Most countries in sub-Saharan Africa are large
in geographical land size with spread but concentrated population settlements,
where a majority of households does not meet minimum building connection stand-
ards as they have not been built with electrification plans in mind. This can be in
part solved by creating regional power pools. National grids in many sub-Saharan
countries have not been able to deliver reliable power supply at affordable prices to
their citizens. Governments have therefore been interested in regional multi-lateral
and bilateral agreements that emphasize coordination and combine their resources
to create a more robust regional grid involving cross-border interconnections as
well as electricity exchange and trade that can be traced (AfDB, 2011). Cross bor-
der transmission has a potential to lower costs and stimulate investments. It may
increase trade volumes addressing alack of market challenge. Investments can then
be paid up quicker, as more people get connected to the grid (Eberhard et al., 2011).
Consequently, it can lead to an increase in market size as well as reducing CAPEX
for grid/distribution infrastructure and the system operational costs (AfDB, 2011).

Thirdly, the financing obstacle has been a big barrier to decentralized electrifi-
cation in sub-Saharan Africa. There is a lack of capital needed to build generation
and transmission infrastructure. The region faces an annual infrastructure financ-
ing gap of 68-108 billion USD (AfDB, 2019), including electricity distribution
grid costs. Unfortunately, there are limited regional financial instruments and
institutions that can support such infrastructure. This leads to another problem.
Since most of the grid generation and distribution infrastructure are not manu-
factured or produced within the continent,importing them from other parts of the
world results in high CAPEX for investments.

Lack of regulation is the fourth major electrification barrier. Legitimate busi-
nesses may find it difficult to operate and compete with informal markets. These
sell products such as solar PV home modules—typically with low-quality stand-
ards and in some cases smuggled into the country. They also do not pay any taxes
or incur an administrative cost. As a result, they tend to be cheaper and, hence,
more appealing to local customers. This in turn locks out potential legitimate com-
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petitors. In certain circumstances, there may also be political manipulation of
prices, especially in countries where electricity prices are subsidized by the gov-
ernment. As a result of locally vested interests defending the status quo, private
investments may face adversities regarding cost coverage. Bolivia may serve as
an illustrative example, where electricity prices increased due to reforms in the
subsidy percentages, and this resulted into a public backlash against the reform
(E. Besant-Jones, 2006). As much as some of the political risk may seem vague,
trends like political sabotage, expropriation and monopoly by national utilities are
still a common phenomenon (UNEP, 2012). There are, in theory, possibilities for
new coming prosumers or commercial consumers to obtain bank loans from com-
mercial banks to finance installation of distributed solar PV modules. However,
commercial banks are usually not interested in issuing such loans because trans-
action costs for managing them are too high compared to expected returns. Costs
involved in the administration and management of such small loans are usually in
the range of 50 to 200$ (ECA, 2018). Also, given the absence of lending history
for such decentralized electrification products, their risk profile is perceived to be
high (ECA, 2018).

From the regulatory perspective, standardization is needed for fair competi-
tion. It is exceedingly difficult for companies to enter, operate and compete in an
economy where the electricity tariffs are fully regulated by the government. The
wholesale electricity prices are normally high while the regulated retail tariffs are
low (Blimpo and Cosgrove-Davies 2019).

Finally, there is lack of laboratory and R&D facilities or skilled knowledge for
testing and inspection to approve the quality of such products. Also, there is no
government entity or a regulatory body to control the quality of products supplied
in such markets.

5 Drivers

Electrification in sub-Saharan Africa has partly been driven by stakeholder ini-
tiatives such as NGOs and Development Corporations. A strong example of such
initiatives is Power Africa, an initiative led by United States Agency for Interna-
tional Development (USAID) with the aim to bridge the financial gap and double
electricity access for millions of people in sub-Saharan Africa. Since the launch
of Power Africa, the African Development Bank in cooperation with the World
Bank Group and the Swedish government through the Swedish development
corporation (SIDA), have committed cumulatively over nine billion dollars in
support of electrification in Africa (AfDB, 2019). Another example is the Interna-
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tional Finance Corporation (IFC) which established a leading position promoting
private sector investment in Africa. Over six decades, IFC has invested more than
$25 billion in African businesses and financial institutions, with the current port-
folio exceeding $5 billion (IFC, 2021).

On a similar front, NGOs such as Lighting Africa, whose aim is to catalyse
markets to deliver affordable, high-quality off-grid lighting and energy prod-
ucts such as solar home systems, have made a contribution. Lighting Africa has
already enabled 32.3 million people across Africa to meet their basic electricity
needs such as lighting and phone charging through quality verified solar off-grid
products (Lighting Africa, 2021).

As explained previously, the region’s ability to attract global commercial
financing to tackle challenges is hampered by the high perceived risks of invest-
ing as well as a lack of scalable investment opportunities. To reduce the per-
ceived risks, there is a need of de-risking private debt funds by combining them
with impact financing. Such an innovative financing has been termed as blended
financing. Blended financing is proving to be instrumental to incentivize commer-
cial investors to invest in small and medium companies working towards sustain-
able infrastructure projects. Blended finance is the use of catalytic capital from
public or philanthropic sources to de-risk transactions and improve their risk-
return profile allowing for increased private sector investment (Wamicwe, 2020).
Illustrative blended transactions include the Universal Green Energy Program by
Deutsche Bank which has raised $302 m to increase access to clean energy in
sub-Saharan Africa, especially for rural populations (Wamicwe, 2020). It is esti-
mated, this instrument could bridge the 2.5 trillion dollar per year of the invest-
ment gap in need for electrification in sub-Saharan Africa. In 2018, DFI blended
concessional finance projects saw a more than 70% increase in the total volume
of projects financed with an increase in private mobilization and doubling in
growth in the low-income countries (DFI, 2020).

On the technologies perspective, the falling photovoltaic (PV) costs have been
an enabler to electrification in sub-Saharan Africa. Solar PV costs decreased
by roughly 77% between 2010 and 2018 according to the International Renew-
able Energy Agency (Schwerhof & Mouhamadou, 2020). The development of
Unstructured Supplementary Service Data (USSD) has been leveraged with the
accessible photovoltaic technology to revolutionize electrification in sub-Saharan
Africa. In an ecosystem where mobile connectivity is higher than access to afford-
able electricity (44% of the population has mobile subscription (GSMA Intel-
ligence, 2019) against 80% with no access to electricity (IEA, 2022)), there has
been a huge development, since 2013, on the so called USSD. USSD has enabled
the development of mobile money that is revolutionizing access to financial ser-
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vices and therefore to electrification in the region. USSD is an advanced mobile
technology that allows its users to perform transactions or banking without using
the internet. This is made possible since USSD is an interface that links the mer-
chant account and the user through a telecom operator. The users are therefore
able to use banking features through short messages (SMS). Mobile payments,
using USSD, allows users to receive, withdraw, and send money without being
connected to the formal banking system, just between cell phone devices. It has
been adapted to serve numerous operator functions and value-added services. This
has high relevance in rural areas with limited network access or with no internet
connection, as it enables the rapid proliferation of mobile payments. It has been
the key driver for pay-as you-go (“PAYG”) business models, allowing low-income
customers to pay off their purchases over an extended period. The PAYG busi-
ness model emerged to provide electricity generated from Distributed Energy
Resources (DER) at affordable prices and between 2015 and 2020, around eight
million people gained energy access globally through it. The package usually
includes a solar home system that customers pay for by using mobile payment
technologies and mobile phone credit. An energy service provider rents or sells
solar PV systems in exchange for regular payments through mobile payment sys-
tems. This also has benefits for energy companies that are able to reduce opera-
tional costs that would be incurred in physical collection of fees.

Financially, the incorporation of PAYG financing through mobile money has
driven electrification in sub-Saharan Africa enabling consumers to pay in periodic
instalments. It has also made it possible to incorporate smart metering and data
analytics. Small businesses owners have often been forced to adopt solar photo-
voltaic technologies for electrification due to unreliable grid power supply which
experiences frequent load shedding. Solar off-grid electricity suppliers are also
more affordable than the electricity tariffs of the utilities, especially Energy Ser-
vice Companies (ESCOs) offering aPAYG model. The switch to mini grids will
be more beneficial and make more sense to entrepreneurs who in average experi-
ence 31% losses in sales due to power outages and lack of reliable supply to their
businesses (World Bank, 2019).

Finally, electrification in sub-Saharan Africa is sometimes fuelled by the
development of specific purpose infrastructure for critical needs such as hospitals,
military bases that have in turn led to the development of microgrids and nano-
grids. A case example was in Tanzania where the Bulongwa minigrid which was
initially constructed exclusively to provide power to the Lutheran hospital ena-
bled villagers to access electricity through standardized power producer’s agree-
ment (SPPA) since the generation from the minigrid was beyond the hospital’s
consumption (Ngowi et al., 2019).
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6 Technological Pathways

Micro-grids and mini-grids, stand-alone solar off-grid systems and other tech-
nological solutions have become commercially viable and climate resilient to
provide access to clean energy in sub-Saharan Africa. 40 million out of 315 mil-
lion people in rural Africa that will gain access to electricity will be served by
mini grids by 2040 according to the International Energy Agency Energy out-
look for subSaharan Africa (PWC, 2016). In accordance with the SDG7, con-
necting 500 million people in sub-Sahara Africa by 2030 would require more
than 210,000 mini grids and a total investment of around 220$ billion. The cur-
rent cost of solar hybrid mini grid is 0.55 $/KWh, and to become economically
more attractive across geographies, needs to be reduced to 0.22 $/KWh by 2030
(World Bank, 2019). This will make the LCOE of Hybrid mini grids (at load fac-
tor of 40%) less than the LCOE of 24 of the 39 Utilities in Africa. Mini grids
have already been implemented in countries like Kenya, Nigeria and Ethiopia and
have proven to be successful. According to the World Bank more than 700,000
standalone solar systems have been installed in sub-Saharan Africa so far, rang-
ing from lanterns to solar home systems (SHS). These systems are now driving a
new market segment called PULSE (Productive Uses Leveraging Solar Energy)
Systems applications. The most common PULSE appliances are water irrigation
pumps, grain milling machines, cooling, and refrigeration and agro-processing,
all powered by solar. A good example of PULSE application is a solar maize mill
which can be used in rural areas and is an attractive option for remote farmers,
bringing higher return on investment than a diesel generator after two years of
use (Clean Energy Solutions, 2020). Currently, the estimated serviceable market
for PULSE applications is around 734 million dollars with the potential to soar
to 11.3 billion dollars in the future (Lighting Global 2021). Standalone Solar PV
systems have proven to be cheaper than the costs of running diesel generators.
For example, in Nigeria customers of Lumos (the largest provider of off-grid
solar in Nigeria), are now paying only 15 $ a month instead of relying on diesel
generators whose fuel costs are around 70 $ per month (Silverstein, 2019).

Different business approaches have been exploited to tackle electrification in
sub-Saharan Africa and within the electrification value chain, entities can play
distinct roles: manufacturers of electrification components, financiers, installers
and DESCOs:

e Financiers could be impact investors that accelerate, scale, and improve
deployment of capital in the decentralized electrification sector. Some play-
ers identified in that sector are CrossBoundary (CrossBoundary, 2021) and
Responsibility (responsibility, 2021).
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e Manufacturers mostly develop the hardware and then partner with local organi-
zations for distribution. An example for this case would be Solaris, a start-up that
offers modular solar home systems with integrated PAYG technology in Tanzania
to more than 10 K customers. Some manufacturers also take the role of install-
ers. Some installers do not operate the grid but instead train local communities
to do it. An example is a start-up called Bennoo which through their Enterprise
resource management software helps local entrepreneurs manage micro-grids
by acting as an energy agency. Bennoo working in Djekloue, Togo has installed
their system in 75% of the households reaching it to almost 220 families.

e Finally, Distributed Energy Service Companies (DESCO’s) build a customer
relationship by installing assets such as solar home systems or connections to
mini grids at or near dwellings and small businesses. DESCOs then collect an
on-going payment for energy (or recurring fees) from the customer (PAYG
model), eliminating upfront costs thereby addressing the issue of affordability
for households. DESCO has been proven to be a business model that provides
return on investment.

Not only solar technologies are contributing to the transition of Africa in access
to clean energy, but three modelling tools have been identified to play a role to
electrification in sub-Saharan Africa. The focus areas for the tools can broadly be
classified as monitoring of policy frameworks, creation of investment scenarios
and finally country and regional long-term energy planning scenarios. The three
tools are as summarized below:

1. RISE (Regulatory Indicators for Sustainable Energy): This is a tool designed
specifically to monitor the status of policy frameworks to advance modern and
renewable energy in the developing world. (Strasser et al., 2018).

2. OnSSET (Open-source Spatial Electrification Tool): It has been used to gener-
ate 216 electrification investment scenarios per country for sixty countries in
Sub Saharan Africa, Central America, Asia, and the Pacific. This tool has been
the basis of the UNDESA modelling tool for universal access to electricity. The
same tool has also been used as the basis for the World Bank’s Global Elec-
trification Platform (GEP) (GEPE, 2021). The major electrification pathways
are increasing investments into the existing grid, stand-alone PV and new grid
connections. Figure. 1 shows that achieving 100% universal electricity access
targets in Kenya will be achieved by doubling investments in the existing grid,
increasing the investments in stand-alone PV by a magnitude of 5. An invest-
ment of around 3.6 billion USD would be required in new grid connections
and stand-alone PVs, which are the major pathways in achieving global elec-
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Fig. 1 Open-source spatial tool depicting electrification scenario in Kenya. (Source: www.
electrifynow.energy.data; ONSSET.ORG (2022))

trification by 2030, followed by an investment of around 2 billion USD into
the existing grid. An increase in capacity of roughly 1.6 GW of power is
needed to achieve the electrification targets, mainly contributed to by stand-
alone PV with new grid connections.

3. OSeMOSYS (Open-Source Energy Modelling System): Itis a full system
optimization model for long-term energy planning.It was featured as one of
the United Nation’s Modelling Tools for Sustainable Development. This tool
calculates the least-cost of electricity, energy, and resources supply options for
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countries all over the world. From this it is possible to evaluate and decide the
necessary investments and their timeframe and location (OSeMOSYS, 2021).

All the tools mentioned are open-source, and simple energy modelling tools, read-
ily accessible for researchers and decision makers from developing countries. This
offers an alternative for energy policy makers and analysts from governments with
limited resources and funding, to develop investment scenarios or even to be able
to create longterm energy plans and roadmaps on how they want to develop the
electrification infrastructure in a majority of the sub-Saharan countries.

7 Conclusions

Obstacles can be categorized on what part of the electrification value chain they
are encountered. On the supply side there are both technical as well as finan-
cial obstacles. Poor and dysfunctional infrastructure can be in part answered by
applying modelling tools for long term energy planning. Poor utility performance
which is a market obstacle as it results into low revenues can be solved by the
creation and integration of regional power pools which will reduce the CAPEX
for grid and generation infrastructure and increases the market size.

From a governance perspective, lack of appropriate regulations and no clear
electrification targets from the government are regulatory obstacles which can be
solved by using free and open-source modelling software such as OseMOSYS
for long term planning. RISE can be used for regulation tracking and monitoring.
Also, the government should lead in attempts to attract and de-risk foreign invest-
ments which can be achieved by promoting blended financing instruments.

Finally, on the demand side, market obstacles such as insufficient uptake and
low consumption can be addressed by raising awareness campaigns and education
on the benefits of electrification. Demonstrating the benefits of adopting stand-alone
solar off-grid systems and PULSE applications (such as irrigation systems and pico-
devices) to local communities, farmers and small business owners will increase
adoption as well. Also, if more energy companies adopt the DESCO model and
offer a PAYG model option to local energy communities and small business owners,
the main pain point of high upfront electrification costs will be decreased. For the
600 million people who live without electricity—80% of who live in rural areas—
governments need to do more, and they need to do it better. There is not a one-size-
fits-all solution, but there are positive changes (in technology, policy, and financing)
happening that are transforming lives and increasing access to clean energy. To
bridge the gaps in sub-Saharan Africa, it is necessary to focus on the actual people
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who lack connections, those who are unable to pay for electricity services despite
being connected, those with illegal connections, and those with unreliable or insuf-
ficient supply. Without this in mind, SDG7 and other development goals that rely on
the availability of electricity will remain a distant reality.
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Identifying Effective Electrification
Approaches and Combinations Thereof
to Meet Universal Electricity Access
Targets in Eastern Africa

Charles Muchunku and Georg Heinemann

Abstract

The gains made in increasing electricity access between 2010 and 2018 indi-
cate the benefit of a multi-pronged approach to electrification, which combines
on-grid and off-grid electrification approaches and efforts from both public
and private actors. The gains still fall short of the rate of increase needed to
achieve universal access to electricity by 2030, indicating the need to increase
the effectiveness of the multi-pronged approach. To do this the paper applies
the triple embeddedness framework theory. Within the scope of Eastern
Africa, we consider actors in the delivery of electricity access (irrespective
of approach or whether public or private) as delivering similar goods and ser-
vices, and conceptualize them as a collective entity i.e., firms in the electri-
fication industry. The paper then analyses how these firms are shaped by the
industry regime and influenced by the socio-political and economic environ-
ments, with a view to identifying where and how external pressure can be
exerted to stimulate and facilitate the reorientation and recreation required to
make progress towards universal electricity access. Through this exercise we
demonstrate that the triple embeddedness framework provides a structured

C. Muchunku
Nairobi, Kenya

G. Heinemann (2<)
TU Berlin, Berlin, Germany
e-mail: gh@wip.tu-berlin.de

© The Author(s) 2023 177
S. Groh et al. (eds.), Electricity Access, Decarbonization, and Integration

of Renewables, Energiepolitik und Klimaschutz. Energy Policy and Climate

Protection, https://doi.org/10.1007/978-3-658-38215-5_9


https://doi.org/10.1007/978-3-658-38215-5_9
http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-658-38215-5_9&domain=pdf

178 C. Muchunku and G. Heinemann

way of laying out the key aspects associated with electrification to create a
picture that enables one to ‘see the forest for the trees’ and identify where
and how to achieve more effective complementarity between on and off-grid
approaches, and public and private firms.

Keywords

Business models - Delivery models - Electrification - Energy access -
Institutional economics - Off-grid

1 Introduction

The Sustainable Development Goal Target 7.1 sets out the global goal for uni-
versal access to affordable, reliable, sustainable, and modern energy services by
2030. The target covers access to electricity (7.1.1) and access to clean cooking
(7.1.2). Recent years have seen rapid growth in access to electricity after accel-
erated deployment of affordable electrification options, consisting of both on-
and off-grid solutions. While the global population lacking access to electricity
dropped from 1.2 billion in 2010 to 789 million in 2018, these gains fall short
of the annual rate of increase needed to achieve universal access to electricity
by 2030. The world’s electricity access deficit is increasingly concentrated in
Sub-Saharan Africa; under current and planned policies before the start of the
COVID-109 crisis, it is estimated that about 620 million people will remain with-
out access in 2030, 85% of them in Sub-Saharan Africa (International Energy
Agency et al., 2020).

The gains made in increasing electricity access indicate the benefit of a
multi-pronged approach to electrification. However, to increase the effective-
ness of such an approach, it is necessary to understand how different electrifica-
tion approaches and actors are interconnected and complementary. This suggests
a shift from categorizing electrification actors i.e., by public or private, or cat-
egorizing electrification approaches (i.e., grid, mini-grid, or off-grid solar) and
analysing the categories separately. Instead, a broader understanding of the ‘elec-
trification industry’ is required. This includes, (1) an understanding of the firms
in the electrification industry, their roles and influence with regard to shaping
regime rules, (2) the economic and socio-political environment in which the firms
in the electrification industry operate and how they respond to the pressures cre-
ated by this environment, and (3) identifying where and how external pressure
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can be exerted to stimulate and facilitate the reorientation and recreation required
by firms in the ‘electrification industry’ to make progress towards the goal of uni-
versal electricity access.

2 Literature Review

To better understand what is involved in addressing societal problems through
substantial industry reorientation, Frank Geels developed the Triple Embed-
dedness Framework (TEF) (Geels, 2014). The TEF was developed to provide a
broad understanding of co-evolution of industries and their environments, and to
conceptualize specific causal mechanisms. It aims to unravel the complexity of
co-evolution of industries and their environments by distinguishing mechanisms
through which different environments exert pressure on firms, strategies firms
can use in response to these pressures, and regime elements which enable and
constrain the perceptions and strategies of firms-in-industries. This paper aims to
apply this framework to the electricity access challenge in Eastern Africa.

Other frameworks, notably the multi-level perspective, have been used to ana-
lyse the electricity access challenge in countries in sub-Saharan Africa. Bhamidi-
pati et al. uses the multi-level perspective to investigate the role of transnational
actors in the development of the off-grid solar PV (OGS) regime in Uganda, they
develop a typology of transnational actors and examines their roles in mobiliz-
ing the flow of knowledge, capital and technology towards shaping the coun-
try’s OGS rural electrification regime, and demonstrates the transnational nature
of regime development by discussing the role of foreign actors, their underlying
motives and shifting importance over time (Bhamidipati et al., 2019). Sergi et al.
(2018) also uses the multi-level perspective to illustrate the interactions between
state policies, investment in off-grid technologies, and expansion of electric-
ity access. He examines the institutions in the Kenyan and Tanzanian electricity
sectors, undertakes a quantitative analysis of investment and development aid
transaction data for on-grid and off-grid projects, and demonstrates that these
investments reveal the priorities and constraints of different actors across on and
off-grid technologies.

Also of value is literature that considers multi-pronged approaches to electric-
ity access and analyses the different environmental pressures exerted on firms
delivering electricity access (even though the analysis is not done using a specific
theoretical framework).
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Using the history of electrification in South Africa, Gaunt demonstrates that
electrification has been implemented to meet three significantly different objec-
tives: initially economic, later socio-economic, and recently social. He determines
that while different solutions are needed to achieve the different electrification
objectives, this was not evident because existing processes, networks, tariffs, and
regulations had developed around concepts of electrification driven by economic
objectives. He concludes that the experience of electrification in South Africa
indicates that identifying the differences between economic and social objectives,
and their effect on electrification, electricity tariffs, electricity distribution indus-
try restructuring and regulation, should contribute to better decision-making and
greater effectiveness in future (Gaunt, 2005).

Levin et al. argues that the emergence of lower cost distributed technologies
has created a fundamental shift in how energy services are being consumed, and
that developing countries have a unique opportunity to leapfrog the traditional
centralized model and achieve universal electricity access by transitioning to a
more distributed approach to electrification (Levin & Thomas, 2016).

Drawing on lessons from successful electrification programs, Barnes shows
that complementary solutions, involving both grid and off-grid approaches will be
needed for electrification in developing countries. Grid extension should be pur-
sued as a least-cost option in more densely populated and economically advanced
areas, where power demand and load densities are high, and where grid extension
is not least-cost or reaching remote communities through grid network expansion
is economically impractical, off-grid technologies and business models should be
adopted to provide basic levels of electricity service (Barnes, 2011).

Urpelainen describes three approaches to electrification and uses India as a
case study to illustrate these. These approaches are (1) complete separation, in
which off-grid electrification is pursued by private entrepreneurs and designated
government agencies in areas that are currently not planned for grid extension,
(2) uncoordinated integration, in which both grid extension and off-grid electri-
fication are pursued independently of one another by different agents within and
outside the government, and (3) integrated development, in which a consistent
electrification policy guides the progress of coordinated off-grid electrification
and grid extension. She concludes that explicit integration is the most effective
because it prevents coordination failure. She argues that as long as there are ongo-
ing grid extension efforts and offering power to some segments of the rural popu-
lation through the grid would be expensive, off-grid electrification is a potentially
useful complement to the conventional approach (Urpelainen, 2014).

Pedersen et al. investigates the practices and business approaches of pri-
vate mini grid developers in Kenya. The paper’s analytical focus is how private
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mini grid developers are influencing the electrification regime to strengthen and
expand the niche for private mini grids (Pedersen & Nygaard, 2018).

Bhattacharyya reviews funding needs and financing mechanisms for off-grid
electrification to find whether the funding for these activities has been adequate,
whether sufficient funding is likely to be available to meet the needs of univer-
sal energy access, and whether innovative approaches can be used in funding. He
finds that the size of investment required is significantly higher than traditional
levels for energy access provisions, and that development assistance will not be
sufficient. He concludes that developing country governments and private sector
will have to play a significant role. Governments will have to commit funds and
create an enabling environment for private businesses, micro-finance organiza-
tions, and for the management and implementation of energy access activities in a
timely and orderly manner (Bhattacharyya, 2013).

3 Methods

This paper considers actors in the delivery of electricity access (irrespective of
approach or whether public or private) as delivering similar goods and services.
This enables us to then conceptualize them as a collective entity i.e., firms in
the electrification industry, and then ask the broader question—What shapes
and influences the electrification industry? The paper focuses on the electrifica-
tion industry in Eastern Africa, primarily considering Kenya, Ethiopia, Uganda,
Tanzania, and Rwanda. We then apply Geels’s Triple Embeddedness Framework
(TEF) theory, which argues that firms are shaped by industry regimes and influ-
enced by external environments (i.e., economic and socio-political), to answer
this question (Geels, 2014).

The paper is divided into four sections. The first section identifies and
describes firms in the electrification industry. The TEF distinguishes firms in
industries into three types: core firms (which have the power to discipline other
firms and shape regime rules to suit their interest), firms ‘in the middle’, and
peripheral firms (fringe actors or new entrants for whom it is relatively easier
to deviate from regime rules) (Geels, 2014). The second section describes what
shapes the firms in the electrification industry i.e., the industry regime. This
includes their core capabilities e.g., technical knowledge and competency, shared
mindsets—that shape interpretations of external environments and influence stra-
tegic choices and decisions, industry mission and identity—beliefs that actors
have about themselves and their role in society, and regulations, laws, and stand-
ards—that shape electrification markets and innovation activities and reduce the
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set of choices available to firms in the electrification industry. The third section
describes the socio-political and economic environments that firms in the elec-
trification industry are operating in and how they are strategically responding to
these environments i.e., how are they positioning themselves within this environ-
ment, attempting to shape the environment or reorienting and/or recreating them-
selves to fit better within it.

The fourth section synthesizes and analyses the previous sections to identify
if, where and how external pressure can be exerted to stimulate and facilitate the
reorientation and recreation required by firms in the ‘electrification industry’ to
make progress towards the goal of universal electricity access. Reorientation
involves substantial changes in technology and market strategy, while recreation
additionally entails substantial changes in core beliefs and values (i.e., a foun-
dational rethink). Reorientation of firms requires increasing pressures from eco-
nomic and socio-political environments, without which firms are likely to be
locked-in to existing industry regimes (Geels, 2014).

The paper is based on information sourced from: (1) the electrification strate-
gies and plans for the five Eastern African countries under consideration, which
detail the institutional environment and anticipated roles of public and private
firms in electrification, (2) primary and secondary legislation relevant to electrifi-
cation (2) off-grid solar market trend reports—a series of biennial assessments of
the global off-grid solar market that provide information on the market environ-
ment for off-grid solar, the landscape of private firms and how they are respond-
ing to external pressures, (3) implementation reports for public electrification
projects funded by the World Bank and governments, which provide information
on how public firms are responding to external pressures, (4) other off-grid solar
and mini grid market reports and (5) academic literature on electrification in sub-
Saharan Africa and literature that analyses different electrification approaches.

4 Results
4.1 Firms in the Electrification Industry

In the 1990’s, as a result of the power crisis facing many countries, development
finance institutions prompted governments to adopt a set of standardized power
sector reforms with the offer of conditional financing. The need for reforms arose
from two primary concerns: dissatisfaction over the poor technical, financial, and
managerial performance of the state-owned electricity utilities, and the inabil-
ity of utilities and the government to mobilize sufficient investment capital for
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the electricity subsector’s development and expansion (Bacon & Besant-Jones,
2002). The five major reform options implemented in sub-Saharan Africa include:
(1) unbundling/restructuring—the process of separating vertically integrated utili-
ties into independent generation, transmission and distribution companies, (2)
management contracts—contracting out the management of a utility to a private
entity with the utility remaining the owner of the assets, (3) corporatization/com-
mercialization—transforming a state-owned utility into a limited liability corpo-
rate body often with the government as the main shareholder, (4) independent
power producers (IPPs)—creating an opportunity for private sector investment
in the wholesale power market by e.g., providing for long-term power purchase
agreements backed by suitable guarantees, (5) electricity law amendment—to
e.g., remove the monopoly of the national utility—a major barrier to private sec-
tor participation, provide for the establishment of an independent regulatory body
for the electricity subsector, and create a provision for a rural electrification pro-
gramme and/or fund.

Power sector reform is the origin of national electricity utilities and rural elec-
trification agencies in many countries in sub-Saharan Africa today. The key objec-
tive of corporatization was to ensure that utilities ran their operations to maximize
profits by adopting principles such as: separating the utility from the ministry,
creating a clear accounting framework, cost recovery in pricing, reducing, or
eliminating subsidies, and enforcing revenue collection. Rural electrification
agencies were essentially established because these principles of profit maximiza-
tion were incompatible with rural electrification, which aims to provide afford-
able electricity services in areas often characterized by low population density,
lower incomes, low electricity consumption and high operating costs. Once elec-
tricity utilities were corporatized, it was no longer possible for governments to
depend on them to achieve their rural electrification objectives.

Until recently there has been little coordination in Eastern Africa between
rural electrification agencies, national electricity utilities and private firms to
deliver electricity access. Historically, governments have focused on grid-based
approaches (and diesel-powered mini grids to a lesser extent) implemented using
public funds and through rural electrification agencies and national electricity
utility companies. Where rural electrification agencies and national electricity
utilities government have been unable to provide electricity connections and reli-
able electricity services, private sector has used this as an opportunity for value
creation; commercially offering off-grid solar products and electricity services
through renewable energy based mini or micro-grids.

The firms in the electrification industry can be categorised as follows:
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4.1.1 Rural Electrification Agency

Typically, a dedicated government agency responsible for developing and moni-
toring rural electrification plans, as well as managing the rural electrification
process and the funds dedicated for rural electrification. Their tasks include prior-
itizing areas for electrification, determining the electrification technology options
to use based on their suitability for different areas, and clustering of electrifica-
tion projects to optimize economies of scale. Kenya, Uganda, and Tanzania have
established government agencies that are dedicated to rural electrification agen-
cies. Although structured differently, Rwanda is similar, rural electrification is
implemented as a program (the Energy Access Rollout Program (EARP)), which
is managed by a department that is situated in the Energy Development Corpo-
ration Limited (EDCL), which is responsible for non-revenue generating infra-
structure development (The World Bank, 2020b). Ethiopia on the other hand has a
Directorate of Electrification within the Ministry of Water, Irrigation and Energy
(Ethiopian Ministry of Water, Irrigation and Energy, 2019).

4.1.2 National Electricity Utility

A limited liability company, often with the government as the main or sole share-
holder that is primarily engaged in the distribution of electricity. It is usually the
sole buyer of electricity from the transmission company or directly from genera-
tion companies, has national coverage and is effectively a natural monopoly. In
Kenya, Tanzania, Rwanda and Ethiopia, the national electricity utility is the elec-
tricity distributor. Uganda employs a different approach; through a concessional
arrangement, the national electricity utility has leased its distribution assets to a
private company who then distribute electricity. Unlike the other utilities, the Tan-
zanian utility is still vertically integrated; in addition to generation, it also per-
forms the functions of electricity generation and transmission.

The national electricity utilities are characterized by a large customer base,
with customer numbers as follows: Kenya—7 million, Ethiopia—2.7 million,
Tanzania—?2.3 million, Uganda—1.5 million and Rwanda—0.7 million (Source:
Utility websites). In addition, most of their revenue (44%—-56%) comes from
less than 1% of customers who fall in the large commercial and industrial cat-
egories. While rural electrification is the remit of rural electrification agencies,
where financially viable, national electricity utilities are usually responsible for
investments in urban electrification. If necessary, customers must pay connection
charges or additional monthly fees to contribute to investment costs that cannot
be recovered through standard tariffs. To accelerate urban electrification, govern-
ments have also directly funded national electricity utilities.
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4.1.3 Private Electricity Generation and Distribution
Companies

This category includes (1) private companies who develop, own and/or manage
small, isolated electricity generation and distribution systems, and (2) private
companies who manage publicly owned electricity grids under a concessional
agreement (e.g., grid expansion projects implemented by the rural electrification
agency); they purchase electricity in bulk from the national utility or transmis-
sion company for resale to consumers. Electricity customers on these privately
owned or managed distribution grids range from as low as 50 (in micro grids)
to tens of thousands (in distribution grid concessions). A 2020 mini grid market
study commissioned by Sustainable Energy for All (Mini-Grids Partnership et al.,
2020) estimates that Tanzania has 209 private isolated mini grids, while Uganda
has 34, and Kenya has about 40 isolated mini grids (NewClimate Institute & EED
Advisory, 2019). The private mini grid sector in Rwanda and Ethiopia is still
in its early stages of development, Rwanda is estimated to have 66 private mini
grids (although 59 of these are owned by one company and are micro grids below
4 kW) (Power Africa Off-grid Project, 2019a), while Ethiopia has about 6 (Power
Africa Off-grid Project, 2019b).

4.1.4 Off-grid Solar Companies

These are private companies marketing standalone solar PV solutions. These
solutions range from solar lanterns to solar home systems kits (pre-designed sys-
tems sold as a complete package that include appliances) to component-based
systems (custom designed to meet the consumers specific requirements). Special
attention is paid to solar lanterns and solar home system kits (collectively referred
to as off-grid solar products) because of the significant growth in global annual
sales from less than 1 million units in 2010 to almost 40 million units in 2019
(Lighting Global et al., 2020).

4.2 What Shapes Firms in the Electrification Industry—
The Industry Regime

4.2.1 Core Capabilities
To describe the knowledge and skills that reside in the electrification industry,
we consider on-grid, mini grid and off-grid solar electrification technologies and
implementation experience.
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On-Grid

We consider the scope of on-grid electrification as electricity distribution i.e., the
final stage in the delivery of electricity from the transmission system to individual
consumers. Distribution sub-stations lower the transmission voltage to medium
voltage (1-33 kV). Primary distribution lines then carry this medium voltage
power to distribution transformers. As a rule of thumb, multiplying the capacity
of the primary distribution line by a factor of two gives an indication of how far
it can be extended without negatively affecting voltage quality e.g., a 33 kV line
should not be extended by more than 66 km from the distribution sub-station to
the distribution transformer. Distribution transformers typically serve consumers
within a 600 m radius via secondary distribution lines. Domestic and small com-
mercial consumers are connected to secondary distribution lines through service
drops, while large commercial and industrial consumers are connected directly
to the primary distribution lines. The medium voltage network is considered the
backbone for electricity distribution, and therefore for on-grid electrification.

On-grid electrification approaches can be categorized into: (1) grid densifi-
cation—service drop installations and extending secondary distribution lines to
connect unserved customers within reach of existing distribution transformers, (2)
grid intensification—short extensions of the medium voltage network and instal-
lation of distribution transformers to connect housing clusters within 2.5 km of
the existing medium voltage network, and (3) grid extension—longer medium
voltage network extensions to connect settlements that are further away from the
existing medium voltage network. In the countries considered, the average per
connection costs for the different on-grid electrification approaches determined
during the development of their electrification plans, are as follows: grid densifi-
cation US$ 160-747, grid intensification US$ 600-1057, and grid extension US$
732-1273.

There has been experience with low-cost grid electrification technologies and
approaches such as: (1) low-cost house wiring techniques—e.g., ready boards,
which provide a standardized light and socket point for consumers who can
afford to pay to wire their premises and incorporate a meter (Golumbeanu and
Barnes, 2013), (2) single wire earth return technology (SWER)—suited to pow-
ering relatively small loads over long distances at low cost by cutting the quan-
tity of conductors and insulators required and reducing labour requirements for
line construction (Swiss Centre for Development Cooperation in Technology and
Management, 1992), and (3) Shied Wire Systems—that run along existing high-
voltage transmission lines and can supply household electricity to communities
located within 20 km of the high-voltage corridor at a fraction of the cost of new
substations or independent medium-voltage lines (ESMAP, 2017).
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Having access to electricity at the normal tariffs does not confer on households
the ability to afford to use it, which has necessitated the adoption of tariffs to sup-
port the social objectives of electrification. Gaunt outlines key specifications for
a social tariff: (1) includes a subsidy to reduce the costs to customers to levels
below a fully cost-reflective tariff, which may include the profits of a privatised
utility. The subsidy will not be so large as to damage the economy and be derived
from a source that can sustain it (e.g., a cross-subsidy), (2) promotes perceptions
of fair pricing by incorporating geographic uniformity, (3) may restrict the terms
of the service provided, such as by limiting the maximum current, (4) provides
enough energy to make a difference in respect of the purpose for which it is
intended, (5) enables beneficiaries to increase their power and energy consump-
tion (when ready and able) without having to make a significant capital invest-
ment to access additional capacity (unlike off-grid solar products), (6) delivers
the benefits to the targeted beneficiaries, with as little as possible leakage to those
outside the group, (7) is structured a simple way to promote understanding and
reduce the costs of implementing the tariff, and (8) is implemented in a way that
does not reinforce long-term social dependency e.g., the tariff has a structure that
provides flexibility for ‘managing’ it as conditions change (Gaunt, 2005). Lifeline
tariffs are a good example of a social tariff. They are targeted subsidies based on
the consumption level of households (i.e., subsidized rates based for a first block
of consumption enough to cover basic needs). The domestic electricity tariffs for
the countries considered, assuming a monthly consumption of 30kWh, are as fol-
lows: Ethiopia—US$ 0.02/kWh, Kenya—US$ 0.2/kWh, Rwanda—US$ 0.23/
kWh, Tanzania—US$ 0.07/kWh, and Uganda—US$ 0.2/kWh (The World Bank,
2017a).

Area coverage, a blanket electrification strategy based on connecting and sup-
plying all potential customers, is also appropriate for social electrification and
complements a social tariff. Restricting grid access to those customers who can
make the greatest economic or socio-economic use of electricity, or who can
afford connections, denies the benefit of a social tariff to the households most in
need of the support (Gaunt, 2005).

Mini Grids

Mini grids are generation and distribution systems that can provide electricity to a
few customers in a remote settlement, or hundreds of thousands of customers in a
town or city. They can be fully isolated from the main grid or connected to it but
able to isolate themselves from the grid. Mini grids interconnected to the main
grid can e.g., purchase power in bulk from the main grid to distribute and retail
to customers on the mini grid, generate power to supply their customers and sell
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excess power to the main grid via a power purchase agreement or net-metering
arrangement.

Nearly all current centralized electricity grid systems started with isolated
mini grids, which gradually interconnected. These first-generation mini grids
were key to the early development and industrialization of most modern econo-
mies. A second generation of mini grids is widespread in many low-income coun-
tries today. These systems are typically small and isolated, powered by diesel or
hydro, and built by local communities or entrepreneurs to provide access to elec-
tricity to households, primarily in rural areas that have not yet been reached by
the main grid. Mini grid developers are now leveraging transformative technolo-
gies and economic trends to build third-generation mini grids with the potential
to provide high-quality, affordable electricity at scale. A typical third-generation
mini grid is an alternating current (AC) mini grid that consists of a solar-hybrid
generation system that includes solar panels, batteries, charge controllers, invert-
ers, and diesel backup generators and is designed to interconnect with the main
grid. These mini grids typically use smart, remotely controlled electricity meters
that allow customers to prepay for their electricity, and deploy remote monitoring
systems to manage the status of the system in real time from a distance (ESMAP,
2019). Third generation mini grid developers are also stimulating electricity
demand by implementing or facilitating activities that provide their customers
with access to and financing for income generating appliances. Some directly
invest in equipment, that uses the electricity they generate, to provide services
such as refrigeration, water purification and milling for a fee (Absolute Energy,
2021).

Mini grid capital costs have been declining and are expected to continue a
downward trend through 2030. The costs of key mini grid components, such as
solar panels, inverters, batteries, and smart meters, have decreased by 62-85%
because of innovations and economies of scale in utility-scale solar projects, the
booming rooftop solar industry, and the growing electric vehicle market. This is
expected to bring down the capital costs from US$ 3900/kW in 2018, to below
US$ 3000/kW by 2030 (ESMAP, 2019). In the countries considered, the cost for
establishing mini grids, as determined during the development of their national
electrification plans, ranges from US$ 630-1712 per connection.

ESMAP modelling, indicates that a well-designed solar-battery-diesel hybrid
mini grid serving more than 1500 people has a levelized cost of energy (LCOE)
of about US$ 0.55/kWh when it serves household customers, giving it a load fac-
tor of about 22%. As the cost of efficient income-generating machines and equip-
ment decreases and developers increase demand for income-generating uses of
electricity during the daytime, mini grids can increase their load factor to more
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than 40%. An 80% load factor can be achieved by inclusion of a water pump with
storage tank and an anchor load, such as a telecom tower. As a result of declining
capital costs and increased load factor, the per kWh cost of mini grid electricity is
expected to decrease to US$ 0.20/kWh by 2030.

While most mini grids installed are AC, solar mini grids can also be config-
ured to be direct current (DC) mini grids (often referred to as micro-grids) that
integrate DC electricity supply with DC distribution and DC electrical appli-
ances. DC micro-grids possess significant energy efficiency and cost advantages
over AC distribution systems because of the lack of a need for energy conversion
(i.e., DC-AC inverters), and are well suited to rural communities with low power
demands. Where future grid interconnection is unlikely to be technically or finan-
cially feasible, DC micro-grid designs can be far more optimal due to lower capi-
tal costs and greater reliability, particularly in settings where settlements are more
compact and long-distance energy transmission or higher energy business uses
are not a factor (Mini-Grids Partnership et al., 2020). In Tanzania, for example,
Devergy has been implementing DC micro-grids that are based on interconnect-
ing small modular generation units, which are added as, when, and where needed
to meet growing electricity demand and new customers. This approach enables
the developer to expand the coverage and capacity of the micro-grid organically
and affordably e.g., by developing multiple clusters of micro-grids over time as
opposed to having to develop a single large mini grid at once.

Off-grid Solar
Price reduction in solar PV modules and balance of system components, as
well as technological advancements in LED lighting, Li-lon battery technology
and efficient appliances, enabled the development of a new generation of high-
performance low cost off-grid solar solutions i.e., single light solar lanterns and
multi-light solar systems (<10 Wp) and solar system kits (10-350Wp). A data-
base of over 190 quality verified products of this type can be viewed at https://
data.verasol.org/. This new range of solar lighting products provide a cost com-
petitive alternative to kerosene for lighting, while pre-designed solar system kits
(sold with lights and other appliances i.e., phone chargers, radios, TVs, fans and
fridges) address challenges related to appropriate sizing of systems and installa-
tion (historically responsible for high solar PV system failure rates and associ-
ated with the component-based approach to selling solar PV systems (Muchunku
et al., 2018)).

In Eastern Africa, off-grid solar companies also leveraged the development
and uptake of mobile money transfer systems to facilitate consumer finance mod-
els by bringing down the cost and complexity of debt recovery and making it
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possible to centrally manage a large pool of dispersed consumers. Mobile money
makes it easier for consumers to make repayments for their systems wherever
they can access a phone signal and make smaller payments more frequently. Fur-
thermore, these electronic payments are linked to remote monitoring and control
systems, enabling providers to monitor recovery rates in real time and remotely
disable systems of defaulting or delinquent customers (Muchunku et al., 2018).

The most common business models employed by off-grid solar companies
are (1) a retail model—cash sales for off-grid solar products up to 3Wp, in the
USS$ 3-30 price range, and (2) a Pay-As-You-Go (PAYGo) model—a consumer
financing model for products in 3—-100Wp range, with a cash price value of
US$ 30-1000. The PAYGo model is based on a 13—-19% down payment and peri-
odic repayments (often daily) over a 12-36-month period (Lighting Global et al.,
2020).

To a limited extent, a fee-for-service model has also been deployed for off-grid
solar systems. The fee-for-service model is similar to the grid or mini grid model
since customers only pay for the electricity services provided and ownership of
the system is never transferred. In solar system fee-for-service models, electric-
ity services are provided through standalone systems as opposed to an electric-
ity distribution network. The fee-for-service model is typically based on a one-off
joining fee and a monthly service fee for electricity services provided. For large
off-grid solar systems this approach is significantly more affordable for customers
than models where they have to pay for ownership as well as future maintenance
and replacement costs. In its most basic form, it can be also applied as a rental
model for solar lanterns or rechargeable batteries, where customers pay a recharg-
ing or usage fee. In 1999, the South African government introduced the fee-for-
service is model for off-grid electrification i.e., to provide 5S0Wp solar systems to
households more than 2 km from the distribution grid and in areas outside 3-year
grid electrification plans (Energy Department: Republic of South Africa, 2012).
Private companies who have implemented this model in Eastern Africa include
Nuru Energy in Rwanda and FRES in Uganda.

IEA’s Africa Energy Outlook forecasts that as income levels increase across
sub-Saharan Africa, households will increasingly own appliances such as phones,
televisions, refrigerators, washing machines and air conditioners. In rural areas
the largest increases in appliance ownerships are expected to be for televisions
and refrigerators. In the Africa Case policy scenario, television ownership is
expected to increase from 0.2 units per household in 2018, to 0.8 units per house-
hold in 2040, while refrigerator ownership increases from 0.1 units per household
to 0.7 units per household. Increases in ownership of air conditioners and wash-
ing machines are expected to be modest; in the range of 0.1 units per household
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in 2040 (International Energy Agency, 2019). Significant improvements in the
energy efficiency of DC household appliances and the bundling of these with
solar home system sales now enables off-grid customers to use appliances previ-
ously reserved for grid-connected AC customers (Lighting Global et al., 2020).
Today’s off-grid solar systems can technically provide the energy services that
most rural households are expected to require by 2040.

Most of the off-grid TVs currently sold are DC powered and are sold via
PAYGo as part of a solar system. They are mostly in the 15-32 inch size range
and the US$ 53-300 price range (Verasol, 2021). In terms of global sales, the
East African market represents the largest regional market for off-grid TV sales
with 2020 sales figures as follows: Kenya—259,691, Uganda—15,684, Tanza-
nia—30,709, Ethiopia—602, and Rwanda—10,414 (Global Oft-Grid Lighting
Association et al., 2020, 2021). Refrigeration units specifically designed for off-
grid applications still have an extremely low penetration rate. In Eastern Africa,
GOGLA’s 2020 reports indicate sales of 2722 refrigeration units in Kenya, 1100
in Uganda, and 38 in Tanzania. Most refrigeration units are sold through PAYGo
and bundled with a dedicated power system. These units, which range from
30-240 L in capacity, retail at US$ 160-1050 excluding the power system (Vera-
sol, 2021). The most common units are medium sized refrigerators i.e., 51-100 L
units with one or more fresh food compartments but no freezer compartment.

Taking into consideration only sales of quality verified off-grid solar prod-
ucts (Verasol, 2021), 2020 annual unit sales were estimated as follows: Kenya—
1.9 million, Ethiopia—600,000, Tanzania—290,000, Uganda—280,000 and
Rwanda—150,000 (Global Off-Grid Lighting Association et al., 2020, 2021).
This widespread adoption of off-grid solar systems is indicative of a change in
taste that is challenging an informal constraint i.e., that grid-based electricity is
the only form of electricity acceptable to consumers, and that solar PV systems
should provide a level of service identical to that provided by a grid connection.

4.2.2 Industry Mindset
We postulate that the following notions shape the mindset of the electrification
industry:

1. In addition to meeting the economic and socio-economic objectives of elec-
trification, governments and national electricity utilities also need to meet the
social objectives of electrification.

Using the South African experience, Gaunt demonstrates that electrification
has been implemented to meet three very different objectives: initially eco-
nomic (the first electricity utilities were the municipalities in the main towns
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and private companies supplying business, mining and related industries and
for 80 years (from 1900) economics drove electrification), later socio-eco-
nomic (spurred by political pressures in the 1970’s and 80’s, the electricity
utility extended subsidized supplies to farms and rural service centres to keep
farmers in business and support the development of rural areas), and recently
social (i.e., due to religious obligations to help the needy, philosophical princi-
ples of giving equal consideration to the interests of all, and political or prag-
matic reasons to help the poor). Although different solutions are needed to
reach different objectives, the change was not immediately evident in many
cases, because all the existing processes, networks, tariffs, and regulations had
developed around concepts of electrification driven by economic objectives
(Gaunt, 2005).
The viability assessments of economic electrification projects are based on
financial analysis e.g., financial models of net present value or internal rate of
return. Revenues based on realistic estimates of the customers’ demand and
consumption recover all costs. Only viable projects are implemented. If nec-
essary, customers must pay connection charges or additional monthly rental
to contribute to investment costs that cannot be recovered through standard
tariffs. The viability of electrification for socio-economic reasons is based on
economic analysis that attempts to quantify how electrification supports devel-
opment by contributing to improved health, education, and other services that
eventually bring customers into the formal economy. However, economic and
financial analysis are inappropriate for assessing the benefits of social electri-
fication because the development impacts are long term, because it is difficult
to of express the benefits in economic values, and because of the tendency to
understate welfare and multiplier benefits.
Social responsibilities have the potential to obscure or confuse the utilities’
more obvious goals of delivering electricity efficiently and profitably. They
also make more complex the role of the electricity regulators, who need to
interpret conflicting aspects of government policy with regard to economic and
social development.

2. Electricity tariffs should be geographically uniform to promote perceptions of
fair pricing.
Private sector mini grids are still considered experimental due the cost reflec-
tive nature of their tariffs; they charge significantly higher electricity tariffs
(4-20 times more than national grid tariffs), while political preference is for a
national uniform tariff. However, private mini grid developers argue that con-
sumers are able and willing to pay these high tariffs because they get a better
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service at a lower price than the alternatives that are available to them (i.e.,
kerosene, diesel, and phone charging services) (Pedersen & Nygaard, 2018).

3. Solar home systems are meant to be owned by the user.

This results from solar home system business models being historically and
predominantly based on selling products (i.e., transferring ownership) rather
than selling electricity services.

4. The solar home system is not socio-politically considered as a complete or

final electrification solution for households, and the same applies to mini grids
that do not provide a level of service equivalent to the national grid.
This can be illustrated by the Multi-Tier Framework (MTF) for measuring
access to electricity (Bhatia and Angelou, 2016), which uses five successive
tiers categorized on the basis of their electricity supply attributes e.g., the abil-
ity to use certain appliances (or access certain energy service). Other supply
attributes that are considered are the power/energy capacity, number of hours
per day electricity is available and aspects such as reliability, quality, afford-
ability, legality and health and safety, which mostly apply to higher electricity
access tiers. A complete and final electrification solution is considered as one
that allows a household to seamlessly graduate from the lowest to highest elec-
tricity access tiers when ready. While solar home systems can technically pro-
vide tier 0-5 levels of electricity access, affordability constraints restrict them
to mostly providing tier 0-2 levels of access i.e., providing general lighting,
phone charging, television, and air circulation (fan) if needed.

4.2.3 Values, Identity and Mission

Rural electrification agencies see themselves as responsible for facilitating equita-
ble and universal provision of electricity for social and economic development in
rural areas. Following changes in energy legislation in recent years, their mandate
in some countries (e.g., Kenya and Tanzania) has been extended to include provi-
sion of other modern energy services and promoting the use of renewable energy
technologies. However, provision of electricity in rural areas is still their focus.

Following the corporatization or commercialization of national electricity util-
ities, delivering shareholder value (where private investors have a stake), or deliv-
ering services commercially (where government is the main shareholder) is a key
part of their mission. These utilities strive to deliver electricity services sustain-
ably, while ensuring the quality and reliability of supply.

Both off-grid solar companies and private mini grid developers view them-
selves as social enterprises driven by a social mission to delivery electricity
access in a financially sustainable way through advanced technological compo-
nents and systems, and business models. The incentives of these companies are
designed such that more impact directly correlates to more profit.
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There was a strongly held belief amongst off-gird solar companies that the
lower cost of energy access via off-grid solar products, and economies of scale
were sufficient to enable access for all. Their position therefore was that public
and donor funding should solely be directed towards activities that developed a
sustainable and competitive open market e.g., subsidizing industry wide needs
such as the development of quality standards, mass consumer education cam-
paigns, and activities that provide consumers with opportunities to see the ben-
efits of off-grid solar (Global Off-Grid Lighting Association, 2015). However,
more recently, the prevailing view of these companies is that end-user subsidies
will be needed to reach the poorest households with clean energy access. Nev-
ertheless, they emphasize that due to the potential risk of negative market distor-
tion, which could instead slow-down energy access, end-user subsidies need to be
carefully designed and implemented to ensure there is no competition between
the subsidized and commercial market (Global Off-Grid Lighting Association &
Get.invest, 2021).

Private mini grid developers also consider themselves as niche actors working
to challenge the incumbent electrification regime to develop and grow the private
mini grid niche. The electrification regime is currently based on grid extension
and mini grids for large towns, which are operated by the national electricity util-
ity. The work these niche actors are undertaking includes: (1) research to generate
data from pilot projects to build a business case for mini grids to attract invest-
ment, (2) creating a normative and moral narrative about the private mini grid
model (e.g., challenging the national uniform tariff norm by demonstrating that
private mini grids provide better service at a lower price that the inferior alterna-
tives available to those without access), and (3) improving the policy framework
for private sector mini grids by establishing the parameters of future institutional
structures and practices e.g., tariff models, grid codes, grid interconnection and
cross-subsidy models for private mini grids (Pedersen & Nygaard, 2018).

4.2.4 Regulations, Laws, and Standards

Electricity Licensing Laws or Regulations

Licensing regulations specify the license and permit application processes, fees,
requirements, obligations and conditions for license or permit revocation for the
following: (1) generation licensees—entities authorized to operate a generat-
ing station and connect to a distribution or transmission network, (2) transmis-
sion licensees—entities authorized to operate a transmission network and connect
its network to another transmission or distribution network, (3) distribution
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licensees—entities authorized to operate a distribution system, and (4) supply
licensees—entities authorized to supply electricity to consumers through a series
of commercial activities i.e., procuring the energy from other licensees, inspec-
tion of premises, metering, selling, billing and collecting revenue.

Rwanda’s electricity law additionally provides for concession licenses—to be
granted by the Minister in charge of electricity, and rural electrification licenses—
a simplified license to expedite licensing for rural electrification projects for those
operating in rural areas (“Law No.21/2011 Governing Electricity in Rwanda”,
2011). Tanzania’s legislation provides for licensing exemptions for generation,
and off-grid distribution and supply activities in rural areas where the capacity is
below 1 MW (“The Electricity Act of 2008, Tanzania”, 2008).

Licenses contain particulars or conditions for e.g., provisions for bulk and
retail tariffs or charges for electrical energy and capacity for different types of
licensees and classes of consumers, provisions for the determination of charges
for use of the transmission and distribution network services, the term of the
licence, the maximum capacity of supply of the undertaking and the area of sup-
ply of the undertaking. Licensing regulations specify the factors considered in the
granting of a license, which include: the economic and energy policies in place,
the economic and financial benefits to the country or area of the undertaking, the
proposed tariff offered, potential adverse effects to the contractual rights, and
obligations of an existing licensee.

Electricity laws also require that all agreements relating to the sale of elec-
trical energy and the provision of transmission and distribution network ser-
vices between and among licensees, and between licensees and consumers, be
approved by the electricity regulator before execution. The regulator also pre-
scribes the principles for the tariff structure and the terms for the supply of elec-
tricity to consumers and is responsible for the review and approval of retail tariffs
(which could be on a cyclical or need basis).

Licensing and tariff design principles have effectively legitimized and
entrenched distribution utility monopolies and uniform national tariffs. Licensing
regulations favour incumbent utilities since a distribution and supply license can-
not be awarded for areas that have already been licensed out. Monopolies, how-
ever, make some regulations impossible to enforce e.g., revocation of licenses. In
addition, since incumbent utilities have the widest network coverage nationally,
the tariffs they charge become a national benchmark, which makes it politically
inexpedient for regulators to approve higher tariffs for smaller distribution and
supply licensees, even when they are justified.
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Rural Electrification Fund

Rural electrification funds are typically established through primary legislation
with the objective of accelerating the development of electricity infrastructure to
provide electricity services to improve economic and social. development in rural
areas. The legislation prescribes where the monies for the fund will be sourced
e.g., electricity sales levy, and other monies appropriated by parliament, loans and
grants from other governments and international finance institutions, and grants
from non-governmental organizations. The fund is usually administered by the
rural electrification agency.

Rwanda adopted a different approach to raising funds for electrification. The
Ministers of Finance and Energy and senior development partners developed
an energy sector-wide approach (SWAp) to help achieve its target of increasing
electricity access. Under the SWAp approach, governments, donors, and other
stakeholders join within a particular sector to coordinate sector specific policy,
funding, and goals. Under government leadership, the approach involves move-
ment over time toward common goals and coordination for funding and pro-
curement. The SWAp is anchored in an investment prospectus for extending
electricity access, which is used to raise co-finance from development partners
to address the investment funding gap (Sanghvi and Gerritsen, 2012). In addi-
tion to this, the 2011 Law Governing Electricity in Rwanda provides for a Uni-
versal Access Fund to optimize access to electricity. It is based on contributions
collected from dealers in electricity, as determined by Presidential Order (“Law
No.21/2011 Governing Electricity in Rwanda”, 2011).

Net Metering

Some electricity laws provide for net metering where a consumer who owns a
renewable energy generator located in the area of supply of a distribution or sup-
ply licensee may enter into an agreement to operate a net metering system i.e.,
a system that measures the amount of electrical energy that is supplied by the
distribution or supply licensee to the consumer who owns the renewable energy
generator and vice versa (“The Energy Act No.1 of 2019, Kenya”, 2019). In the
countries considered for this study, Kenya and Tanzania have legislation that pro-
vides for this. Uganda, Rwanda, and Ethiopia do not currently have net metering
legislation, but there are indications of government interest. Under its Decen-
tralized Renewables Development Program (African Development Bank, 2017)
Uganda has plans to pilot net metering systems on public buildings and draft leg-
islation and standards to scale-up net metering. Rwanda has piloted net meter-
ing, while Ethiopia is considering it as regulatory environment improvement for
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mini grid development i.e., as a strategy for integration in mini grids are intercon-
nected with the main grid (Ethiopian Ministry of Water, Irrigation and Energy,
2019).

Distribution Grid Code

The distribution code is defined as the requirements that users (i.e., persons or
entities), connected to or making use of the electricity distribution system, must
meet to ensure safe, secure, reliable and efficient of the system. Users include
generation licensees, distribution licensees, and consumers—a person or entity
obtaining end-use electricity supply from a licensee. Since the grid code applies
to licensees, it is used in conjunction with the electricity licensing regulations.

The distribution code specifies: the technical and design criteria and proce-
dures for the planning and development of the distribution system, the minimum
standards for the methods of connection to the distribution system, operational
components of the distribution system (e.g., demand management, interruptions,
incident reporting), safety and system emergencies, the technical and operational
criteria for providing metering services, and the technical and operational perfor-
mance standards for supply quality, power quality and distribution energy losses,
and the indicators used to measure these.

Unlike distribution systems supplying economic customers, the costs of under-
design and under-capacity for electrification systems implemented for social
objectives are low. This enables conservative load forecasting, which allows for
leaner, more flexible design specifications and for the adoption of low-cost solu-
tions e.g., (1) greater application of single-phase instead of the traditional three-
phase distribution at medium and low voltage, (2) adoption of new technologies
in line design and feeder conductor selection, (3) broad application of pre-pay-
ment metering, and (4) revised industry standards and implementation procedures
(Bernard et al., 2008). Since low-cost electrification technologies and approaches
are in line with the government’s objectives of increasing electricity access, the
distribution code, which is typically developed and enforced by the electricity
regulator, has not been a significant barrier to adoption. In Tanzania, for example,
electricity legislation allows the regulator to prescribe different technical qual-
ity of supply and reporting standards for licensee activities in rural areas, where
such standards can reduce the cost and promote investment in rural electrification
(“The Electricity Act of 2008, Tanzania”, 2008).

Electricity Supply Reliability and Quality
Electricity supply reliability and quality are key attributes for defining and meas-
uring energy access. Reliability is measured by the frequency and length of
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unscheduled outages/interruptions, while quality relates to voltage and frequency
fluctuations. The distribution code specifies thresholds for the quality of supply
that distribution utilities should comply with. With regard to reliability of sup-
ply, utilities are required to measure and report on their performance using a set
of prescribed indicators. In Tanzania, distribution utilities are required to make
public their targets for reliability of supply for the following year, disaggregated
into targets for rural, urban and industrial consumers (Energy and Water Utili-
ties Regulatory Authority, 2017). Requirements for reliability of supply are rarely
specified in the distribution code or actively enforced. Kenya does prescribe per-
formance standards for unscheduled interruptions and voltage level tolerance
values. Its distribution code disaggregates consumers into urban and rural, with
lower performance requirements prescribed for rural consumers (The Energy and
Petroleum Regulatory Commission, 2017).

Two indicators commonly used to monitor grid reliability are, (1) System
Average Interruption Frequency Index (SAIFI)—a measure of the average num-
ber of outages experienced by a customer on the grid, typically measured over
a year, and provided for a city, region, or entire national grid in units of out-
ages per year per customer, and (2) System Average Interruption Duration Index
(SAIDI)—a measures of the average time of outages experienced by a customer
on the grid, typically measured over a year, and provided in units of minutes
or hours of outages per year per customer. The tolerances prescribed in Kenya
for unscheduled interruptions for urban and rural customers respectively are
SAIFI—3 and 6 outages per year, and SAIDI—2.5 and 7 h per year. Grid reli-
ability data for Kenya collected as part of the World Bank’s Doing Business (The
World Bank, 2021a) and Enterprise surveys (2021b) gives SAIFI and SAIDI val-
ues of 6.9 outages and 12 h from the 2019 Doing Business surveys, and SAIFI
and SAIDI values of 45.6 outages and 264.5 h from the 2018 Enterprise surveys.

By comparing reliability data across 109 low- and middle-income countries,
Taneja demonstrated that utilities on average reported 15% of the outage dura-
tions that customers reported (Taneja, 2017). This conclusion was based on
comparing data from the Doing Business surveys (which is reported by utilities)
with information from the Enterprise surveys (which is reported by consumers).
Before electricity reliability can be improved, it needs to be accurately meas-
ured. However, many utilities in low- and middle -income countries have lim-
ited instrumentation for measuring electricity reliability events. While there may
be sensors for monitoring the condition of transmission lines, distribution lines
often go unmonitored, and outages go unreported until unhappy customers con-
tact the utility directly. While this can be addressed by smart meters capable of
automatic notification of electricity outages, due to the technical capacity and
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excessive costs of meters, installation, and the analytic packages required, many
utilities in the developing world have few, if any, plans to install such meters. In
their absence measuring the reliability of electric grids is difficult (Taneja, 2017).

The foremost cause of electricity outages in Nairobi, Kenya is fuses. These
faults occur when there is a local overload on a transformer, causing one phase
to blow its fuse and lose power until the fuse is replaced. Proactive strategies to
prevent such outages include replacing undersized transformers and rebalancing
of phases i.e., moving customers from phases with heavier loads to phases with
lighter loads. Though phases were likely initially balanced, unequal evolution
in customer demand is likely to create imbalances over time. Faults with wider
scope were found have a larger impact on the SAIFI and SAIDI indicators than
those with the highest frequency. These are: (1) feeder faults—large scale out-
ages resulting from maintenance activities (including scheduled outages) and
other major events, and (2) phase across feeder faults—medium voltage conduc-
tor faults that can affect customers on the same phase of all transformers on the
feeder. These can be addressed with better maintenance scheduling strategies and
accelerating response to unexpected large faults. Beyond the customer service
benefits of fewer and shorter outages, a key motivation for reducing outages is
collecting revenue from additional electricity sales (Taneja, 2017).

A case study of a rural distribution grid in Unguja, Tanzania illustrates that
when electricity is supplied by a capacity constrained grid to a resource con-
strained population, the quality of service can vary both spatially and temporally
(Jacome et al., 2019). Using measurements from sensors at increasing distance
from transformers revealed periods in which voltage measurements were well
below the standard of 10% of the nominal voltage, which can lead to damaged
appliances. Notably this was predominant for connections outside the 600 m rec-
ommended connection radius for the transformer. The study showed that voltage
quality was more of a problem for respondents who owned high tier appliances
(e.g., fridges, freezers, or blenders), than for those who only owned low-tier
appliances (e.g., lights, television, or irons), which are common and less sensitive
to voltage fluctuations.

The Multi-Tier Framework (MTF) for measuring access to household elec-
tricity supply sets thresholds for electricity reliability and quality. The thresholds
for reliability are based on the SAIFI and SAIDI indicators and are more than
728 outages per year for tiers 0-3, 208—728 outages per year for tier 4, and less
than 156 outages per year and a SAIDI of less than 312 h for tier 5. The quality
requirement is that voltage is within the parameters specified by the distribution
code and that voltage problems do not prevent the use of desired appliances.
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The World Bank has implemented surveys on energy access using the MTF in
Kenya, Rwanda and Ethiopia (The World Bank, 2020c). In Kenya 48.8% of grid-
connected households experienced outages between 3—14 times a week (SAIFI of
156-728 outages), and 17.5% faced voltage issues that resulted in appliance dam-
age (The World Bank, 2019). In Ethiopia 57.6% of grid-connected households
experienced 4-14 outages a week (SAIFI of 208-728 outages), and 15.8% of
households faced voltage issues that led to appliance damage (The World Bank,
2018a). In Rwanda 91.7% of grid-connected households experience more than
4 electricity disruptions a week (SAIFI of >208 outages). Nationwide, 20.9% of
grid-connected households face voltage issues such as low or fluctuating voltage
(The World Bank, 2018b).

Mini Grid Regulations

Tanzania is considered a regional leader in mini grid development (Odarno et al.,
2017). In 2008, Tanzania adopted a ground-breaking mini grid policy and regula-
tory framework to encourage investment in the sector, which has been reviewed
and updated several times, most recently in 2020 (Energy and Water Utilities
Regulatory Authority, 2020). A possible key success factor is the formal estab-
lishment, through the regulations, of a working group on small power develop-
ment comprising of representatives of key public and private sector actors and
stakeholders in the mini grid sector. The role of the working group includes
advising the regulator on modifications or general improvement of the rules and
guidelines related to small power development.

Tanzania’s mini grid legislation defines a strategic area as an existing publicly
owned distribution network operating at 33 kV or below with at least 10,000 cus-
tomers. Small power projects, defined as electricity generating projects with a
capacity of 100 kW—10 MW, can only be developed in strategic areas if: (1) they
improve the voltage profile, (2) reduce the distribution network operator’s system
losses by at least 10%, or (3) they are being served using diesel or furnace oil
engines. Small power projects can be developed through unsolicited proposals i.e.,
an application to a distribution network operator for a letter of intent—a statement
of intent from a distribution network operator to connect and purchase power that
a small power project developer offers to produce. A distribution network operator
may also invite developers to submit bids to supply identified strategic areas. The
regulations prescribe a 20-year standardized power purchase agreement based on
technology specific tariffs pre-approved by the regulatory authority.

Very small power projects are defined as electricity generating projects with a
capacity of <15 kW at a single site selling power to at least 30 retail customers,
or a with a capacity of 15-100 kW either selling power at wholesale to a public
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distribution network operator or retailing it to end customers. These types of pro-
jects shall only be developed in remote areas certified by the Ministry responsible
for electricity.

Electricity generating, distribution or supply activities for projects with a
capacity below 1 MW are exempt from licensing. However, developers of these
projects are required to apply for and be issued with a certificate of registration
from the regulatory authority before commencement of commercial operations.
Mini grid operators are granted exclusive rights to distribute electricity in the area
of service specified in the license or registration certificate issued by the regulator.

If a public distribution network operator or the rural electrification agency
intends to connect a mini grid to the national grid, Tanzania’s legislation makes
provisions for the small power producer serving the mini grid, and the small
power distributor retailing electricity to customers on the mini grid. The small
power producer selling electricity to the mini grid may apply to the regulator for
the right to sell electricity to the public distribution network operator, and the
small power distributor may apply to purchase electricity from the national grid
(i.e., through the public distribution network operator) under a bulk supply tar-
iff, for resale to the customers on the mini grid. Alternatively, the small power
producer and small power distributor may apply for asset compensation from the
public distribution network operator or the rural electrification agency. The val-
uation of the distribution assets is dependent on their conformity to prescribed
standards and the compatibility of the meters used with the public distribution
network operator’s billing and collection system.

Tanzania’s legislation also prescribes specific tariff design principles for small
power producers that retail the electricity they generate, and small power distribu-
tors, who purchase electricity in bulk for resale. The tariff design principles are
based on full-cost recovery and a reasonable return on equity, and tariffs require
approval by the regulator before the sale or offer of sale of electricity to custom-
ers. In addition, the community to be supplied should be informed about any tar-
iff application due to be submitted to the regulator for approval. To calculate a
reasonable return, the assets considered by the regulator exclude grants received
from the rural electrification agency, government, or donors. Retail tariffs may
include on-bill financing for e.g., connection charges, internal wiring, and end-
use equipment for productive use.

Bilateral power purchase agreements for the sale of electricity to eligible cus-
tomers are exempt from tariff approval. Eligible customers are entities authorized
by the regulator to enter into contract for the purchase of electricity directly from
an entity licensed to supply electricity.
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Mini grid regulations in Kenya, which are under development, are more oner-
ous, they propose a three-step process comprising of: (1) submission of an expres-
sion of interest (EOI) to the Ministry for exclusive site reservation and allocation,
(2) an application for tariff approval from the regulator, and (3) an application to
operate the generation and distribution infrastructure (Energy & Petroleum Regu-
latory Authority, 2021). These requirements are for all mini grids with a capacity
of up to 1 MW i.e., there is no provision for exemptions or simpler requirements
for low-capacity mini grids (e.g.,<100 kW), as is the case in Tanzania.

To submit and EOI for site reservation private mini grid developers already
have to had undertaken a feasibility study, engaged with the local community,
received a letter of no objection from the local government and developed an
indicative tariff. Subsequent to the EOI being approved, the developer then has
to fulfil additional and more detailed requirements for tariff approval (e.g., full
feasibility study, environmental authority approval, proof of land ownership or
land lease agreement for the generating plant, way leave agreements for the dis-
tribution network and a community endorsement contract), and for licensing (e.g.,
local government planning approvals, evidence of a physical office or dedicated
on-site staff, and publishing of a public notice of the license application to enable
persons who may be affected to lodge an objection with the regulator). Kenya’s
proposed regulations also have provisions for the arrival of the national grid and
its interconnection with the mini grid, which are intended to enable private devel-
opers to (1) continue generating income from the generation or distribution and
supply or electricity, or (2) to sell off their assets to recover their investment.

In contrast, for the development of public mini grids for which the national
uniform tariff shall apply, the implementing agency is only required to submit
a notification to the regulator, which comprises of: (1) a feasibility study, (2)
environmental authority approval, (3) an agreement between the implementing
agency and the agency that will be responsible for operation and management of
the mini grid where applicable (it is common practice for the rural electrification
agency to develop mini grids and then transfer them to a distribution and supply
licensee for operation and maintenance), and (4) evidence of dissemination of a
public notice of the intention to develop the mini grid.

Uganda and Rwanda’s mini grid regulations are similar to Kenya’s, but they
have simplified requirements i.e., requiring only application for registration for
mini grids with a capacity below 500 kW and 50 kW in Uganda and Rwanda
respectively (Electricity Regulatory Authority, 2020) (Rwanda Utilities Regula-
tory Authority, 2019). In Ethiopia, while developers or mini grids with a capacity
of up to 50 kW also require a license, they are allowed to negotiate tariffs directly
with the community and enter into a contractual agreement with customers,
subject to endorsement from the local authority. They are exempted from a tariff
application and review by the regulator (Ethiopia Energy Authority, 2020).
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Rwanda and Kenya explicitly provide for DC mini grids, while Uganda and
Ethiopia’s power quality specifications only allows for AC mini grids. However,
in all the countries considered, DC mini grid developers have no recourse when
the main grid arrives.

There is information asymmetry between public actors (i.e., rural electrifica-
tion agencies and national electricity utilities) and private mini grid developers
with regard to which sites are not considered for grid extension or mini grids, in
the short to medium term, in the national electrification plans. The result of this
is that mini grid developers can, and do, spend a lot of resources in identification
of potential sites and the preparatory work to develop these, only to be informed
that the sites are already considered for electrification by the rural electrification
agency or national electricity utility.

To a significant extent current mini grid regulations lean more toward being
tokens to appease private mini grid developers rather than an acknowledgement
of the value they can add and a deliberate attempt to fully integrate them into
national electrification planning and implementation. The regulations require a
significant level of effort required from private mini grid developers to identify
and develop a site. In contrast, due to government support, rural electrification
agencies and national electricity utilities do not have to put in anywhere near
the same level of effort to identify and develop mini grid sites. Considering the
remoteness, low population density and low economic activity in most of the
available sites, this effort is not concomitant with the potential return on invest-
ment for mini grid developers.

Pedersen et al. point out that in Kenya, some private mini grid developers are
deliberately avoiding the time-consuming and bureaucratic process of obtain-
ing licences and negotiating tariffs with the regulator. Instead, they have estab-
lished a verbal agreement that they can run their projects as pilots to avoid the
bureaucratic process. They focus on, (1) improving operations and services to put
themselves in a position to a first choice for potential investors, and (2) develop-
ing collaborative relationships with the national utility to position themselves to
provide contractor services and supply technology. Other developers are adopting
a more head on approach, initiating bilateral and multilateral meetings with the
regulator, the national electricity utility and the rural electrification authority to
agree on how the proposed policy and regulations can be implemented effectively
in practice (Pedersen & Nygaard, 2018).

Off-grid Solar Quality Standards

In a review of solar home system projects supported by the World Bank and the
Global Environmental Facility from 1993-2000, Martinot et al. state that the mar-
ket for solar home systems has historically been plagued by challenges of poor
quality products, poor installation and maintenance, and systems being oversold
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(i.e., through marketing claims that raise false expectations about what the systems
can deliver) (Martinot et al., 2001). Funded projects can prescribe and enforce the
standards within the scope of their project. However, after project completion, this
task should transition to government by supporting the development and imple-
mentation of broader national compliance frameworks to enforce the standards.

The Lighting Africa program, developed by the International Finance Corpo-
ration and the World Bank and launched in 2009, adopted this approach (World
Bank & IFC, 2021). Lighting Africa is a regional market development program
with the objective of catalysing markets to deliver affordable, high-quality off-
grid lighting and energy products. To protect consumers from poor-quality prod-
ucts and promote consumer confidence, Lighting Africa developed a series of
quality standards and test methods for pico-PV lanterns and subsequently for
solar home system kits with a peak solar PV capacity up to 350Wp. To meet the
standards, products were tested against a baseline level of quality, durability, and
truth-in-advertising. The market development program then exclusively worked
with products that met the prescribed minimum standards, which resulted in a vir-
tuous cycle of positive consumer experiences leading to increasing consumer con-
fidence and increased adoption. These positive consumer experiences have also
contributed to increasing government confidence in off-grid solar products and
subsequently resulted in them ratifying the use of public funding to support the
use of off-grid solar as an electrification approach.

As part of the transition to adoption and enforcement of these standards by
governments, these program standards were adopted the International Electrotech-
nical Commission (IEC), which paved the way for their adoption by governments
as national standards (Verasol, 2020). These standards have recently been adopted
by Kenya, Tanzania, Uganda, Rwanda, and Ethiopia as mandatory national stand-
ards, which will be enforced by restricting the importation of off-grid solar prod-
ucts to only those that can demonstrate that they meet the adopted standards.

4.3 What Influences Firms in the Electrification
Industry—External Environments

4.3.1 Socio-Political Environment

National Electrification Plans and Strategies

Largely driven by commitments to deliver on the sustainable development goals,
most of the governments in the countries considered for this study have recently
developed or updated their national electrification plans and strategies with a
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view to achieving universal electricity access by 2030. These strategies incorpo-
rate both on-grid and off-grid approaches, with private sector envisioned as hav-
ing a key role in delivering electricity access through off-grid approaches.

Electrification planning typically uses geospatial data on e.g., electricity trans-
mission and distribution infrastructure, population settlements (e.g., administra-
tive cities, towns and villages, clustered housing structures, and trading centres),
and social and administrative infrastructure (e.g., educational institutions, public
water supply, health facilities and police stations), to determine which on-grid or
off-grid electrification approach is most technically and economically suitable to
deliver access. Using this geospatial information, integrated electrification plan-
ning defines the grid expansion boundary which demarcates where off-grid pro-
jects are developed, prescribing mini grids for settlements with sufficiently high
housing density and off-grid solar for those without.

The foundation of an electrification plan is based on, (1) the existing medium
voltage distribution network coverage, and how it is projected to grow over the
planning period, and (2) the unit of electrification—the minimum size of the pop-
ulation settlement considered for grid extension or mini grid projects.

Countries with low medium voltage network coverage usually have unelectri-
fied population settlements that are large in both size and number. These countries
have a greater need for grid extension or mini grids to deliver electricity access to
these large population settlements. In addition, where it will take time to increase
the medium voltage network coverage, off-grid approaches are expected to have
a long-term role i.e., the duration before mini grids are interconnected with the
national grid and before households with off-grid solar systems get access to
a grid connection. In Tanzania, development centres are considered as the unit
for electrification, these are defined as settlements with at least 1500 inhabitants
with existing social or administrative infrastructure (e.g., a school, dispensary,
police station etc.), good access by road and some business activities. Tanza-
nia’s electrification plan leans heavily towards grid extension (i.e., 57% of the
3.8 million connection target) (Innovation Energie Développement, 2014), and
is supplemented by a program to support the development of private mini grids
(SIDA & DFID, 2016).

On the other end of the spectrum are countries with high medium voltage net-
work coverage and unelectrified population settlements that are generally fewer
and much smaller in size. These countries have less need for grid extension and
mini grids and instead focus on grid densification—to connect unserved cus-
tomers within reach of existing distribution transformers, and grid intensifica-
tion—to connect housing clusters within 2.5 km of the existing medium voltage
network. Off-grid solar is then considered for those who fall outside the reach of
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grid intensification. In Kenya grid intensification is considered for housing clus-
ters, within 2 km of the medium voltage network, which can justify short medium
voltage line extensions with distribution transformers. The justification is based
on whether the grid intensification costs significantly exceed the average cost of
grid extension projects. Where this is the case consideration is then given to off-
grid solar systems. Kenya’s electrification plan therefore leans heavily toward
grid densification and intensification (i.e., 56% of the 5.65 million connection tar-
get), and to off-grid solar (i.e., 40% of the connection target) (NRECA Interna-
tional, The World Bank, & ESMAP, 2018).

On-grid electrification plans are implemented through a phased approach
with different criteria being used for prioritization. Since it takes time to increase
the medium voltage network coverage, and because governments often have a
long-term vision of eventually electrifying the whole country with the grid, this
sometimes influences whether off-grid approaches are considered interim (i.e., as
pre-electrification) or final.

In Tanzania, settlements are connected as the medium voltage backbone is
expanded, with development centres in proximity of expanded backbone (up to
40 km) being prioritized. In Ethiopia, the grid program will be expanded from the
centre to the periphery, while off-grid technologies are distributed in parallel from
the periphery (beyond 25 km). The strategy acknowledges that many consum-
ers targeted for the grid program will have to wait a long time for a connection,
it tries to address this through the provision of off-grid solutions as an interim
solution. Grid connections are prioritized for areas within 2.5 km of the grid, off-
grid solutions provided as a pre-electrification solution for areas 2.5-25 km of
the grid, and as a long-term solution for areas beyond 25 km. After the arrival
of the gird, it is expected that off-grid solutions will support the quality and reli-
ability of electricity by providing backup services. In Kenya, the sequencing of
grid and mini grid projects over the implementation duration is based on prior-
itizing ‘low hanging fruits’ i.e., areas with the lowest average cost per connec-
tion and the highest potential for new connections. Rwanda’s rural electrification
strategy aims to prioritize high consumption areas when rolling out the electricity
grid network e.g., productive use centres, agro processing industries and mining
areas, that will drive economic growth and households capable of paying for the
connection costs (Rwanda Ministry of Infrastructure, 2016).

The table above (Table 1) provides an overview of the electrification
approaches and targets of the five countries considered for the study as extracted
from the national electrification plans of these countries. The investments costs
are based on unit cost estimates for the different electrification approaches. The
per connection costs across the five countries for the different approaches are as
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follows: grid densification US$ 160-747, grid intensification US$ 600-1057; grid
extension US$ 732-1273; off-grid solar US$ 192-210; and mini grids US$ 630-
1712. NB: The off-grid solar cost per connection does not reflect the cost of the
system, but rather the government’s contribution; it is expected that these systems
will be delivered by the private sector with customers contributing to the cost.

Electrification planning has identified electricity connection fees as a key bar-
rier to the achievement of electrification targets. Connection subsidies and provid-
ing end users with payment plans for grid connection fees are common strategies
for addressing this. Uganda has chosen to provide a subsidy of US$ 160 for all
new household connections within the secondary distribution network; to be con-
nected new customers are only required to pay a US$ 14 inspection fee after wir-
ing their premises (Uganda Ministry of Energy & Mineral Development, 2018).
Tanzania and Kenya combine a connection subsidy with a payment plan. In Tan-
zania, the fees (US$ 111-201) must be paid in three subsequent monthly instal-
ments before the customer is connected. In Kenya, the connection fee (US$ 150)
is paid over a 12-month period as part of the electricity bill. This approach ena-
bles a blanket electrification strategy to be deployed. In Ethiopia, the connection
fee is based on electricity consumption and ranges from US$ 0-370$. House-
holds in the first income quintile are exempted, while those in the second quin-
tile pay US$ 50. The fee increases progressively for subsequent income quintiles
(Ethiopian Ministry of Water, Irrigation and Energy, 2019).

Financing Plans for Electrification

The implementation of national electrification plans is a resource intensive under-
taking and most of the plans considered for this study highlight, investment fund-
ing gaps, dependence on development partners, and the importance of private
sector contribution and customer contributions from connection fees.

In Tanzania, the electrification plan is to be financed through levies (on elec-
tricity, pre-destination inspection and fuel) that contribute the rural energy fund
(REF). Donors i.e., the governments of Sweden and Norway, also contribute to
the REF. Private sector contribution is expected for off-grid projects; about 30%
of the investment and preparatory costs. An annual funding gap of U$ 123 million
is estimated, and to partially address this the electrification program prospectus
proposes that the electricity connection subsidy also be recovered from customers
through a monthly surcharge of US$ 5, which would represent a significant per-
centage of electrification costs for low consuming customers) (Innovation Ener-
gie Développement, 2014). In Uganda, the electrification plans are to be mainly
funded through: (1) budgetary allocation from the Consolidated Fund (i.e., a fund
consisting of all revenues generated by the central government, local govern-
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ments, or other public agencies) and the transmission levy, (2) US$ 80 million
committed for last mile connections from the World Bank, the UK Department
for International Development (via the Energizing Development Program), the
German Development Bank (KfW), the European Union (via the African Devel-
opment Bank) and the French Development Agency, and (3) government com-
mitment of 50% of its annual rural electrification budget to finance connections
(Uganda Ministry of Energy & Mineral Development, 2018).

The Government of Kenya has made progress towards reaching universal
electricity coverage through the Last Mile Connectivity Program which has been
supported by donor-financed agreements. The levels of investment for grid expan-
sion, densification, intensification, and mini grids over the first two years of the
electrification plan, are roughly equivalent to the funding that has been pledged
for the Last Mile program. Funding for Last Mile activities beyond year three
has not yet been secured. The African Development Bank, the World Bank, the
European Investment Bank, and the French Development Agency have jointly
pledged approximately US$ 770 million, while years 1 through 3 requirements
for densification and intensification are equivalent to approximately US$ 1082
million. Kenya’s electrification strategy also recommends the establishment of a
National Electrification Trust Fund that could be used to (1) manage all treasury
allocations or (2) only manage the pool of repayments from customers connected
through the last mile program. It is estimated that the latter could grow to US$
280 million over the next 5 years (NRECA International, The World Bank, and
ESMAP, 2018).

Ethiopia involved development partners in the design of its electrification pro-
gram to facilitate buy-in and support. The grid component is to be funded through
government contributions (15%), customer contributions (35%), and concessional
finance and grants from development partners (50%). Customer contributions
will be from connection fees charged; an average of US$ 150 per connection. For
the off-grid component, the government’s contribution is 40%, with the balance
expected to be covered by contributions from development partners and private
sector resources. Most of the funding from development partners is yet to be
secured, aside from a US$ 375 million loan from the World Bank for the Ethiopia
Electrification Program approved in 2018 (Ethiopian Ministry of Water, Irrigation
and Energy, 2019).

Influence of Development Agencies

Bhamidipati etal. demonstrates that transnational agencies (e.g., develop-
ment agencies) tend to play a leading role in mobilizing resources, exert vary-
ing degrees of influence through financing projects and providing expertise, and
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enjoy a superior position in global networks. This allows them higher bargain-
ing power, with the opportunity to advocate and support their preferred solu-
tions. They gain legitimacy due to their embeddedness and siting within the wider
global network instead of specific actor characteristics as such (Bhamidipati
etal., 2019).

A review of the history of World Bank policies toward aid to the electric utility
sector over the last three decades of the twentieth century, shows a shift in policy
from supporting large infrastructure projects of vertically integrated, government-
owned utilities, to support for liberalization, privatization, and restructuring of the
electric utility industry in potential recipient countries, with aid often hinging on
reforms of this nature (Hausman et al., 2014). This demonstrates the bargaining
power that transnational agency such as the World Bank have, and how they use it
to influence electricity policy (including electrification approaches).

Recent World Bank electrification project designs suggest a shift towards
results-based financing mechanisms (e.g., output-based aid). The Global Part-
nership on Output-Based Aid (GPOBA) is a global partnership program admin-
istered by the World Bank. It was established in 2003 to develop output-based
aid (OBA) approaches across a variety of sectors—among them water, energy,
health, and education. As of September 2015, through a portfolio of 44 projects
with US$ 228 million in commitments for subsidy funding and ongoing tech-
nical assistance activities, GPOBA is demonstrating that OBA can deliver a
diverse range of services and lasting results for the poor (Khalayim, 2016). OBA
has been used as a model to finance on-grid electrification activities in Ethio-
pia, Uganda, and Kenya. Ongoing World Bank electrification projects in Kenya,
Rwanda and Burundi are now incorporating the use of results-based financing
mechanisms to deliver electrification through solar home systems (Kenya (The
World Bank, 2017b), Rwanda (The World Bank, 2020b) and Burundi (The World
Bank, 2020a)).

The Role of Civil Society

Broadly speaking some civil society organizations have been contributing to elec-
tricity access by implementing or supporting projects that pilot or demonstrate
new or different approaches to delivering electricity access. These organizations
use funds that they source from development partners and donors. Their approach
ranges from developing and implementing projects or programs that provide
demand side or supply side subsidies (e.g., results-based financing programs
targeting underserved areas and low-income households (EnDev, 2021)) to pro-
grams supporting innovative technologies and business/delivery models that dem-
onstrate alternative electrification approaches and drive systemic change. Some
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of the alternative approaches nurtured by civil society have been subsequently
adopted by governments. EnDeyv, for instance, has served as an incubator and
source of innovation in the development of new types of results-based financing
instruments in the energy access sector, some of which have subsequently been
adopted for wider implementation by the governments of Kenya, Rwanda and
Burundi for oft-grid solar electrification, using funding from the World Bank (i.e.,
the projects mentioned in the section above).

Public-Private Partnership Models for Electrification

If structured properly and offering appropriate incentives, Public-Private Partner-
ships (PPPs) can enlist private resources to supplement public resources, thereby
increasing the pool of capital available to meet the electrification challenge.
Some PPP strategies considered in the electrification plans reviewed include: (1)
demand side subsidies -proposed in Rwanda, Kenya and Ethiopia to address off-
grid solar affordability challenges for low-income households by directly reduc-
ing the retail cost, (2) supply side support—proposed in Kenya and Ethiopia in
recognition of higher working capital costs and extra capital and operational
expenditure costs associated with marketing off-grid solar in areas beyond the
grid. This support is to avoid these costs being borne by the end-customer, either
in terms of a higher system price or the absence of the service altogether, (3) mar-
ket support services—proposed in Ethiopia in the form of collection of customer
and market information, and customer aggregation for businesses, and (4) reduc-
ing costs, de-risking investment and providing credit lines for prospective mini
grid developers in Tanzania and Ethiopia.

Governments also acknowledge that the ability of private sector to provide off-
grid solar products or mini grid services affordably depends in part on exemp-
tions from tax and import duties. Until 2014, most governments in East Africa
offered tax and duty exemptions for equipment for the generation of solar and
wind energy, including accessories, spare parts and batteries that use or store
solar energy (which allowed appliances solar with solar PV systems to also ben-
efit from tax and duty exemptions). However, the scope of these exemptions was
subsequently limited to equipment used for generation and storage of energy,
thereby excluding appliances, spare parts, and other accessories (Coffey Interna-
tional Development Ltd, 2019).

Electricity Concessions

Electricity concessions represent one approach to increase the flow of private sec-
tor resources and expertise to electrification. Under concession arrangements,
the state delegates to the private sector the right to provide a service yet retains
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some control over the sector by incorporating in a concession contract or license
the terms and conditions that will govern the infrastructure project or company.
Concessions may be better understood when located along the continuum of PPP
arrangements in the provision of infrastructure services. Options along that con-
tinuum vary based on the allocation of risks and responsibilities—from pure pub-
lic to pure private ownership and operation (Guislain and Kerf, 1995).

Leasing represents a type of concession in which the public sector retains
ownership of the assets as well as responsibility for making new investments and
expanding the asset base. The private partner assumes responsibility for operat-
ing and maintaining the assets, providing the public service, and collecting pay-
ments for it. In exchange for the right to collect payments, the concessionaire
makes regular lease payments to the asset owner. Strict concessions, as opposed
to leases, require the private lessor to operate, maintain, and expand the asset in
accordance with negotiated and specified terms. The lessor must return the asset,
with all improvements, to the owner at the end of the concession period.

The rural electrification concessions that have been attempted in sub-Saharan
Africa are:

1. Mini grid concessions—Mostly for isolated mini grids generating and distrib-
uting power. However, some serve as local distributors of power acquired from
the national grid e.g., concession of small grid extensions—distribution-only
networks that sell power generated by a national utility to local areas previ-
ously unconnected to the grid. Some mini grid concessions have been estab-
lished through competitive selection (e.g., the WENRECo mini grid in the
West Nile region of Uganda), while others have been selected and negotiated
on a case-by-case basis. In Uganda, in the concessions for distribution only
networks, the rural electrification agency finances, designs and constructs
grid extensions and then leases the lines to private entities. The agency also
covers major maintenance costs e.g., repair and replacement of transformers.
However, electricity tariffs are designed to be cost reflective; the lease allows
concessionaires to apply for tariff reviews. Uganda has 5 concessionaires oper-
ating under this model, who as of 2015, were together serving 40,000 custom-
ers (Castalia, 2015).

2. Solar Home System concessions—Contracting of private firms to install and
maintain solar home systems in defined geographic areas (typically sparsely
populated areas far from the grid). Solar companies compete to have an exclu-
sive right to supply solar home systems or electricity from solar home systems
to the area. The expectation is that in return for these exclusive rights, the con-
cessionaire will invest in establishing supply and maintenance networks in the
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target region. This was implemented in South Africa where the concessionaire
was expected to assume the risks of capital investment, operations, collection,
system losses, inflation, and fluctuating rates of interest and foreign exchange.
The only shared risk was that of fluctuating demand, which was split between
the participating municipalities and consumers. The latter were charged a min-
imum monthly service charge and the former were meant to provide a monthly
operating subsidy to reduce the demand risks assumed by the concessionaire.
Cost-recovery remained a significant operational challenge to the continued
operation and expansion of these companies (Hosier et al., 2017).

3. Rural zonal concessions—enable governments to concede the rights to elec-
trify a large area or zone. The terms of the contract may be technology-neutral,
leaving the concessionaire free to deploy whatever technology they consider
most advantageous to service the area. The area of a rural zonal concessions
should be large enough to permit economies of scale. Concessionaires charge
cost-recovery tariffs subject to regulatory oversight, but the rural electrification
agency may help keep costs low by providing initial capital subsidies as part
of its contribution to the partnership. In Senegal, which hosts the one case of
a rural zonal concession in Sub-Saharan Africa, the risk associated with the
prices of purchased power and fuel is shared between the concessionaire, the
government (which provides subsidies to the utility that are passed through to
concessionaires in pricing), and consumers (fuel-price pass-throughs). Owing
to the complexity of risk-sharing formulations; the rules and standards gov-
erning multiple electrification technologies in the same contract; and the need
for negotiation of capital cost subsidies, rural zonal concessions require strong
institutional capacity both to establish and to regulate (Hosier et al., 2017).

The characteristics of the rural electricity market in developing countries limit the
scope of concession arrangements and the potential of private sector participation.
Because rural electrification has usually been inconsistent with the investment
requirements of private investors, many concessionaires demand public grants or
cost-sharing to meet the financing gap associated with rural electrification pro-
jects (Hosier et al., 2017).

Sufficient Electricity Access and Energy Mobility

Monyei et al. argues that electrification policies in the global south are ambiguous
and inconsistent with regard to (1) what constitutes sufficient electricity access
and (2) how electrification projects can guarantee energy mobility for connected
households (Chukwuka G. Monyei et al., 2019). Energy mobility is defined as the
ability of households to increase their energy demand (which may result from an
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increase in the number of electrical appliances they own or extending the usage of
already owned electrical appliances) (C. G. Monyei et al., 2018).

Monyei et al. uses the South African example to illustrate the disparity and
injustice in the distribution of resources between poor households that are grid
connected and those that are off grid. Under the 2014 Free Basic Electricity
(FBE) policy, poor households that are grid connected are guaranteed electric-
ity supply of up to 50 kWh/month and peak electricity demand of up to 20A. In
contrast, the 2018 Non-Grid Electrification Policy Guidelines identify solar home
systems as a suitable temporary alternative to grid electricity and specify a 95Wp
capacity solar home system with the capacity to supply 475 Wh/day (14.25 kWh/
month). The system limits the appliances the household can use and the number
of hours they can be used i.e., allows for the use of a DC colour television for
four hours; four hours of lighting using high efficiency lights; the use of a port-
able radio for ten hours; and charging of mobile phones (NB: This is an upgrade
from the 2012 policy guidelines which specified a S0Wp solar home system)
(Energy Department: Republic of South Africa, 2018). Monyei et al. argues that
advocating for implementation of solar home systems in poor oft-grid households
boosts rural peripheralization and caps electrical appliance ownership by house-
holds. Since most of these households cannot afford the systems (which are sub-
sidized by government and implemented via a fee-for-service model), it follows
that they will not be able to afford a system upgrade on their own.

The electrification plans of Kenya, Ethiopia, and Rwanda, prescribe off-grid
solar systems capable of at least delivering Tier 1 level of electricity service to a
household i.e., an entry level solar home system kits with a capacity of 11-21Wp.
Ethiopia tries to address energy mobility through its pre-electrification strategy
and the expectation that they will electrify the whole country with grid equiva-
lent service in the long term. Off-grid solar and mini grids will be used to offer
mid-term pre-electrification to 5 million households between 2.5-25 km from the
existing grid. These households are expected to be connected to the grid between
2025 and 2030. An additional 3.3 million households are expected to get a grid
connection by 2025, but since the rollout will take up to seven years, short-term
pre-electrification through off-grid approaches will be used to provide them with
access. Finally, about 1 million households located>25 km from the existing
grid, and not expected to be connected at least-cost by the grid by 2030, are con-
sidered for long term pre-electrification (Ethiopian Ministry of Water, Irrigation
and Energy, 2019).

Electrification planning therefore tries to guarantee households access to
a minimum quantity of electricity (i.e., a Tier 1 level of service), and tries
to address energy mobility through the expectation that all households will
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eventually be connected to the grid. However, while commendable, the ambition
to connect all households to the national grid it is unlikely to be realized in prac-
tice. As a starting point, electrification planning should therefore consider how
households who are initially connected through an entry level solar home sys-
tem (delivering Tier 1 level of service), can at least graduate to an off-grid solar
system delivering Tier 2 level of service—more specifically along the trajectory
of entry-level systems (11-21Wp) to basic systems (21-50Wp) to medium sys-
tems (50—-100Wp) to high-capacity systems (>100Wp) as defined by the Lighting
Global program (Lighting Global et al., 2020).

4.3.2 Economic Environment—What selection pressures,
exerted by markets, are faced by different firms?

Rural Electrification Agency

The International Energy Agency estimates that to reach full access by 2030 and
maintain it to 2040 in Africa, would require multiplying current investment levels
by five. The cumulative investment would reach more than $2 trillion between
2019 and 2040 (or over $100 billion per year). Half of the investment needs
would be spent on grid expansion, reinforcement, and maintenance. Most of the
rest would be for low carbon power capacity, where solar PV takes an impor-
tant role, reaching almost $25 billion per year on average (International Energy
Agency, 2019). With electrification agencies heavily dependent on international
funds from development agencies and banks, these agencies are effectively com-
peting against each other for the same limited pool of funds for electrification. In
addition, with pressure to achieve universal electrification by 2030, electrification
agencies must stretch the funds they have at their disposal to deliver increasingly
more connections per dollar spent.

National Electricity Utility

While most of the capital costs for electrification are not borne by national elec-
tricity utilities, experience has shown that electrification programs (especially
large-scale blanket electrification programs) have resulted in increased opera-
tion and maintenance costs for utilities without a concomitant increase in revenue
from newly connected customers.

The unviability of South Africa’s electrification program was found to be a
direct consequence of the household energy consumption being substantially
lower than expected during the planning stages. Average energy consump-
tion during the first 5 years after connection was reported as 83, 95, 106, 121
and 138 kWh/month, while a consumption per household of 400 kWh/month is
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needed to break even. Thus demonstrating that the electrification programme was
uneconomic and unsustainable without cross-subsidisation (National Electricity
Regulator, 1998). Rwanda’s Ministry of Infrastructure arrived at a similar conclu-
sion, their Energy Sector Strategic Plan estimated that a consumer would need
to use approximately 130 kWh per month to fund the cost of their own connec-
tion. However, results from their Electricity Access Roll-out Programme (which
increased electricity access for households from 364,000 in 2012 to 590,000 in
2016) showed that almost half of the consumers connected were using less than
20 kWh per month (Rwanda Ministry of Infrastructure, 2016). Kenya’s aggres-
sive electrification program led to an increase in domestic consumers from 1.5
million in 2010, to 4.5 million in 2015. However, newly electrified consumers
are lower consuming, and they brought down the average electricity consump-
tion of domestic consumers in 2016 to 30% of 2009 levels. A deeper look into
how consumption develops for newer customers showed that their consumption
peaked at a lower level; between 20-25 kWh per month for rural consumers and
25-40 kWh per month for urban and peri-urban consumers (Taneja, 2018).

With most of the electricity revenue for national electricity utilities coming
from a small number of large industrial and commercial consumers, electrifica-
tion activities that focus on domestic consumers in rural areas are of no financial
benefit to these utilities. With rural domestic consumers frequently falling within
the subsidized segment of the tariff structure (the lifeline tariff), utilities strug-
gle to cover the costs of supplying electricity in rural areas. While this could be
addressed by reviewing the tariffs, the tension resulting from these utilities being
government owned and/or government regulated, and the government being keen
for electricity to remain affordable for all, prevents this from happening.

It is reasonable to suspect that the increased operation and maintenance burden
resulting from grid extension projects, will subsequently result in a reduction in
the responsiveness of the utility to electricity outages, and that this will be More
so the further away that customers are from urban and peri-urban areas (i.e., as
one approaches the external boundaries of the national grid). However, without
accurate, disaggregated, and representative grid reliability measurements, this
theory is difficult to prove.

Where national electricity utilities are already in a weak financial position
(e.g., TANESCO in Tanzania), the approach of handing over grid extension pro-
jects financed and implemented by the electrification agency to the national elec-
tricity to operate and maintain is being reconsidered. In Tanzania, a consequence
of the significant increase in grid extension projects will be an increase in opera-
tion and maintenance activities for TANSECO e.g., maintenance of the lines and
substations, connection of customers (only a first wave of customers is connected
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under the grid extension projects), extensions of the distribution network, instal-
lation of the logistics for pre-paid meters, and control of pre-paid meters. The
implication is that TANESCO will need more personnel to cope with the high
increase in the workload, as well as organizational or even institutional changes.
The alternatives considered in Tanzania’s National Electrification Program Pro-
spectus include: (1) the creation of a rural electrification business entity in TANE-
SCO with separate accounts, (2) the creation of private distribution companies
which buy in bulk from TANESCO and assume all functions of a distribution
company, (3) the outsourcing of the distribution activities to private companies
under a management contract, and (4) the creation of a separate rural utility
(Innovation Energie Développement, 2014).

Small Private Electricity Generation and Distribution Companies

Mini grids are expected to have a key role in delivering electricity access in rural
areas sub-Saharan Africa. IEA estimates that mini grids are the least cost option
for 160 million people (about 28% of the full access target for rural areas) (Inter-
national Energy Agency, 2019). However, jury is still out on whether purely pri-
vate mini grids, which generate their own electricity and whose revenue is solely
or primarily from retail electricity sales, will play a significant role. The indica-
tion currently is that purely private mini grids are still in the experimental phase,
and that commercial investors will not invest until the business models for private
mini grids are documented, and credible and robust evidence provided for inves-
tors to base decisions on. To address this, some mini grid developers are working
to collect data from their installed mini grids to generate key success indicators
for mini grids, which can be used to advise new investors in the field (Pedersen &
Nygaard, 2018).

The main challenges faced by private mini grids include: (1) lower average
revenue per user than the threshold required to make private mini grids viable,
which is due to small, inconsistent or dormant users (inconsistent electricity use
is linked to the seasonality of income), and (2) the difficulty in identifying and
consolidating large numbers of commercially viable sites to sustainably cover
their overhead costs (Muchunku et al., 2018).

Since most private mini grids do not currently generate enough revenue for
private companies to depend on them exclusively, some mini grid developers
double up as contractors, technology suppliers and/or service providers for other
mini grid developers (including governments and donors) (Pedersen & Nygaard,
2018). Where private mini grids are interconnected with the national grid and can
sell power to the grid (e.g., in Tanzania), these companies combine retail electric-
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ity sales with independent power production and sale to the national utility under
a long-term power purchase agreement.

Uganda has experience with public private partnerships through mini grid
and grid extension concessions. Mini grid concessions were designed to encour-
age entrepreneurs to electrify regions on the principle of commercial viabil-
ity, through delineating concession areas and providing a 20-year concession
to generate, distribute and sell electricity within the concession area. However,
this approach did not work as envisioned. The reasons for this included: (1) tar-
iff caps, which meant the concessionaire was unable to cover operational costs,
and (2) lack of capital or delays in accessing capital, which translated into sig-
nificant delays in developing new generating capacity and expanding the distribu-
tion network to increase the customer base. The lessons learnt from piloting this
approach were that (1) there was a significant commercial risk in rural electrifica-
tion, and (2) there was a lack of commercial interest in financing electrification
projects.

In response to these experiences, the concession model was restructured so
that the government would finance and construct grid extension projects (through
the rural electrification agency) and the lease these lines to private entities. The
rationale was that simple operating agreements allocated less risk to the private
sector. By creating concessions that are less focused on capital improvement, grid
extension concessionaires would be able to focus more resources on customer
relation and service quality. Uganda’s experience with these grid extension con-
cessions has shown some promise, with concessionaries able to consolidate large
numbers of customers, and most of them being cash flow positive (or demonstrat-
ing the potential to be) (Castalia, 2015).

The profitability of grid extension concessionaires is ultimately depend-
ent on revenue from electricity sales i.e., the number of customers, the quantity
of electricity they consume, and the margin between the tariff that concession-
aries charge and the bulk supply tariff they pay. The rural electrification agency
is responsible for the design, extension, and upgrade of the distribution systems
(i.e., to connect new customers), and major maintenance (e.g., the repair and
replacement of transformers). Since the electrification agency’s objectives are
non-commercial, this translates into how they design and plan the distribution
grids; they tend to focus on the quantity of connections rather than the quality
(i.e., larger consumers). In addition, since concessionaires are dependent on the
electrification agency for major maintenance, upgrades and extensions, imple-
mentation delays significantly affect revenue generation and growth. Conces-
sionaires lack the capital to implement these themselves (as and when required),
and then apply for reimbursement from the rural electrification agency (Castalia,
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2015). Operational challenges and timely access to capital are the main barriers to
the success of small grid extension concessionaires. However, these challenges do
not appear to be insurmountable.

Off-grid Solar Companies
The predominant business model for systems that can at least deliver Tier 1 level
of electricity service (the minimum requirement for most national electrification
plans) is the PAYGo model. The PAYGo value chain consists of the following
segments: Product manufacturing, product design, software development (for
sales and customer management), marketing and distribution, consumer financing
and after-sales support. The PAYG model requires a responsive customer service
system to register customers, address technical challenges, coordinate, and deploy
technicians and follow up on defaulters (customers tend not to make repayments
when their system is not working). First generation PAYGo companies are typi-
cally vertically integrated, dealing with all segments of the value chain, excluding
manufacturing. However, the sector now has a diverse array of companies who
only focus on specific segments of the value chain (Lighting Global et al., 2020).

The vertically integrated PAYGo business model inherently necessitates
rapid growth and scale. Companies that implement this model require finance
to develop new products, set up software platforms and distribution networks,
expand into new markets and extend consumer loans. PAYGo companies do not
accept deposits like a commercial bank, and are therefore dependent on fund-
ing from investors, lenders, and internal cash reserves to finance the consumer
loans. The larger the value of a consumer loan and the lengthier its term, the more
the working capital needed to fill the negative cash flow gap that is generated
during the normal course of business. For example, a PAYGo company selling
1500 units per month (with a system cost of US$ 200 and an 18-month repay-
ment period), can create a loan book of approximately US$ 1 million after five
months (Lighting Global et al., 2020). As a result, working capital is necessary
for a PAYGo business to scale up, and the lack of it will restrict growth. Financ-
ing needs for receivables are closely tied to the rate of revenue growth, and thus
PAYGo companies will not remain reliant on external capital indefinitely. They
will be able to finance most of their operations from internal cash flows once they
reach scale and their growth rates slow (conversely, the more aggressive the com-
pany’s growth, the greater the need for external funds). It is therefore estimated
that they may need to rely on external sources of funding for 8-15 years (Bar-
douille et al., 2017).

Market experience has shown that aggressive growth can affect long-term sus-
tainability, creating a tension between maintaining both fast growth rate and high
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portfolio quality. Fast growth can be generated by e.g., lowering the amount of
customer down payment to make sales easier, extending repayment periods to
increase addressable market, simplifying customer vetting processes, using part
time contractors to maximize deployment speed, and using commissions that
focus on rewarding acquisition (without putting sufficient emphasis on portfo-
lio quality). However, while these approaches generate fast initial growth, they
subsequently lead to low earnings and plateauing growth due to higher default
rates and sales force churn. This not only leads to increased direct costs but also
translates into negative word-of-mouth and lower penetration (Hybrid Strategies
Consulting, 2017).

In response to both investor pressure and the challenges of building a sus-
tainable off-grid solar business, PAYGo companies are shifting from growth at
all costs to focus on unit economics, profitability, and sustainable scale. A key
business model shifts is optimizing the customer relationship established and the
knowledge generated from initial PAYGo sales (e.g., the creditworthiness of the
customer) to offer other energy products and services (e.g., clean cooking solu-
tions) and new products e.g., insurance, cash loans and other durable goods.
Essentially increasing the value generated from each PAYGo customer secured.

The off-grid solar industry is also seeing the disintegration of the vertically
integrated business model as companies find and focus on their niches and
increase efficiency along the value chain. The industry is seeing more speciali-
zation, including from previously vertically integrated companies, as compa-
nies focus on financial sustainability and the off-grid solar industry grows large
enough to support a wider array of specialist firms. Examples of this include, (1)
emergence of third-party service providers offering PAYGo software to off-grid
solar companies in different parts of the value chain, (2) large international com-
panies are partnering with better positioned local distributors to reach unserved
markets, rather than trying to establish large-scale last mile distribution them-
selves, and (3) several PAYGo companies have expressed interest in and the
intent to outsource consumer finance to both microfinance institutions and larger
finance institutions so that they can focus on their core capabilities (e.g., product
or software) (Lighting Global et al., 2020).

Notably, off-grid solar software providers have developed an application
programming interface that allows mini- or micro-grid developers to integrate
off-grid solar PAYGo software into their platforms. This enables the integrated
management of both mini grid and off-grid solar revenue streams (Lighting
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Global et al., 2020). One implication of this is that companies no longer need to
fit into either the mini grid or off-grid solar category, they can provide either or
both depending on the context.

Customer repayments for PAYGo systems are dependent on the cost of the
system and repayment duration; for more expensive systems, the repayment dura-
tion would need to be longer for the repayment fee to be lower. The effective-
ness of the PAYGo model in delivering affordable electricity access is therefore
dependent on the amount of daily/weekly/monthly repayment fee charged i.e.,
the extent to which this fee can be covered by the discretionary income of the
target market segment (the lower the fee, the larger the potential market). The
2014 Africa Energy Outlook estimates that Kenyan households spend 3-5% of
their income on electricity, with poor households spending the larger percentage
(Global Energy Economics Directorate, International Energy Agency, 2014). This
would indicate that the PAYGo model is primarily serving households in the US$
6-40 $/day income range, who would not typically be considered as low income.

The 2020 Oft-Grid Solar Market Trends Report provides estimates for the
addressable market in sub-Saharan Africa for different off-grid solar products
based on theoretical affordability. The addressable market is the population of
households without electricity access, a product is considered affordable if the
monthly cost is<5% of total monthly expenditure, and theoretical affordability
assumes the payment of equal monthly instalments of the product cost through-
out its lifecycle. Based on these assumptions the percentage of households
in sub-Saharan Africa able to afford the different sizes of PAYGo solar home
systems is as follows: entry-level systems (11-21Wp)—83%, basic systems
(21-50Wp)—35%, medium systems (50-100Wp)—32%, and high-capacity sys-
tems (>100Wp)—10% (Lighting Global et al., 2020).

5 Discussion

5.1 Representing the Electrification Industry using
the TEF—A Summary of the Findings

Geels illustrates the triple embeddedness framework using a diagram that high-
lights the relation between firms and the industry regime and their interactions in
economic and socio-political environments. Figure 1 below uses the TEF diagram
to summarize the findings from the sections above.
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Fig.1 An illustration of the electrification industry using the triple embeddedness frame-
work. (Source Authors’ elaboration)

5.2 Postulating the Reorientation and Recreation
Required to Make Progress Towards the Universal
Electricity Access Goal

Acknowledging electrification funding constraints, the capacity limitations of
national electricity utilities (in terms of their ability to provide a similar level of
service to both urban and deep rural customers), and that new rural household
connections are eating into the revenue margins of national electricity utilities,
two challenges that should be addressed are, (1) increasing the flow of private
sector resources and expertise to electrification, and (2) reducing the burden that
on-grid (and mini grid) electrification activities are creating on national electrifi-
cation utilities.

Grid densification and intensification should remain the preserve of national
electrification utilities, especially in urban and peri urban areas. However, for grid
intensification additional criteria should be used to determine which settlements
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or housing clusters qualify i.e., intensification should be done for economic or
socio-economic reasons, but not solely for social reasons. Thresholds based on
standardized financial and economic analysis that applies realistic estimates of
customer demand should be used to determine the settlements or housing clusters
that qualify for grid intensification. For settlements or housing clusters that do
not qualify for grid intensification, a combination of DC micro-grids and off grid
solar systems should be considered.

Due to the industry lock-in created by the long-held perception that AC elec-
tricity is superior to DC electricity, the potential of DC micro-grids is not fully
appreciated. ESMAP’s projection that the development costs for third-generation
AC mini grids will reduce, and their LCOE as a result, could be further extrapo-
lated when considering DC micro-grids. Furthermore, because these systems are
based on low voltage DC, they represent a low safety risk, which justifies the
deregulation of these types of grids. Deregulation would allow DC micro-grid
developers to completely bypass the onerous regulatory requirements applicable
to the development of private AC mini grids and enable them to identify and serve
household clusters in the same way that off-grid solar companies identify and
serve individual households.

While deregulation implies that the question, ‘what happens when the national
grid arrives,” remain ambiguous, it is also reasonable to assume that if a house-
hold on a DC micro-grid has affordable and reliable access to all the electricity
services they need and want, then the arrival of the national grid will be of no
interest to them. When the grid arrives, customers with high power and energy
demands can be specifically targeted. In addition, with AC-DC converters readily
available in the market, it would be straightforward to supplement the capacity of
the DC grid with electricity from the national AC grid, if required.

The availability and affordability of high efficiency DC appliances is invalu-
able for off-grid electrification efforts since they are suited to both off-grid solar
systems and DC micro-grids. The demand for these appliances is still low (rela-
tive to AC appliances), making it difficult for manufacturers to achieve economies
of scale and drive down costs. Government policy should therefore be targeted at
addressing this by bringing down the cost and increasing demand. However, the
opposite is happening, with import duty and taxes currently being levied on appli-
ances used in off-grid solar systems.

The key challenges that need to be addressed to effectively use off-grid solar
to meet national electrification targets are energy mobility and market distortion.
The off-grid solar fee-for-service model has characteristics that suggest poten-
tial to address these challenges. The fee-for-service model provides a low entry
requirement for the customer (in form of a connection fee) and lower ongoing
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payments since the customer is only paying utility bills for the electricity service,
rather than making payments to own the system. The model also provides for
energy mobility; when customers are ready and willing to make larger utility pay-
ments, the off-grid solar provider can upgrade their system by e.g., increasing the
generation and battery storage capacity to enable them to use their existing appli-
ances for longer and/or use additional appliances. If an upgrade requires replace-
ment of the existing system with a new system, then the off-grid solar provider
can remove and refurbish the old system for reuse (i.e., to provide electricity ser-
vices to a new customer), or sell it at its residual value on a cash or PAYGo basis.

The fee-for-service model for off-grid solar is well suited for the application
of both a demand side and supply subsidy because it contributes to making elec-
tricity services more affordable for the consumer. In addition, as it is provided as
a capital subsidy to the off-grid solar provider, it reduces the company’s capital
requirements and reduces the long payback period associated with the fee-for-
service model. The model is also compatible with the application of results-based
financing instruments.

Targeted subsidies would be the most effective way of addressing market dis-
tortion i.e., when using subsidies to deliver connections through off-grid solar.
However, targeting low-income groups works best in countries with the institu-
tional capacity to collect accurate income data, or where there is a comprehensive
classification system in place e.g., the Ubudehe program in Rwanda, which clas-
sifies the Rwandan population into four categories based on income levels. Other
countries implement more generic social protection programs with databases
of beneficiary households. While these provide a good start for identifying who
should benefit from an off-grid solar system subsidy, they are not exhaustive.

The fee-for-service model can mitigate against market distortion because of
the following: (1) there is little overlap between the two models, which means
they don’t directly compete—one sells electricity as a service and the other sells
off-grid solar products, (2) to date there has been limited use of the fee-for-ser-
vice model in Eastern Africa, which means the playing field will be levelled for
everyone—the subsidy won’t provide one PAYGo company a unique advantage
over another, (3) it will possible to clearly communicate the distinction to cus-
tomers i.e., PAYGo being used to provide an off-grid solar system on a commer-
cial basis and fee-for-service being used to provide an off-grid solar electricity
connection under the public electrification program, and (4) this distinction will
facilitate the continuous monitoring, evaluation and review of the eligibility cri-
teria being used to provide the subsidy and the effectiveness of how it is being
applied.
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A notable advantage of using PAYGo companies to provide off-grid solar con-
nections is the potential to leverage their interest in also providing offer other
energy products and services (e.g., clean cooking solutions) and new products
e.g., insurance, cash loans and other durable goods. With SGD 7.1 also setting
out targets for universal access to clean cooking solutions and governments keen
to address this as well, the interest that PAYGo companies have in also deliver-
ing clean cooking solutions provides an opportunity for governments to combine
electricity access programs with access to clean cooking programs and use the
same companies to deliver on their targets.

The capacity of national electrification utilities to operate and manage exist-
ing grid extension and mini grid projects (i.e., those that have been or will be
financed and developed through the rural electrification agency) should be evalu-
ated. For existing projects (mini-grid and grid extension distribution networks)
comprehensive electricity quality and reliability measurement protocols should
be established and minimum performance requirements set. If, as determined by
the regulator, the national electricity utility repeatedly fails to meet these perfor-
mance requirements, then these projects should be withdrawn from the national
electricity utility and leased out private electricity distribution and supply com-
panies. These companies would purchase electricity in bulk from the national
electricity utility for resale to end consumers, be allowed to develop their own
renewable energy generating capacity to supply the distribution network and have
the option to enter into a net metering arrangement with the national electricity
utility. To optimize logistics and facilitate economies of scale for private compa-
nies, the rural electrification agency would have to develop suitable clusters of
these projects when inviting private companies to bid for them.

Rural electrification agencies should also re-evaluate the current approach of
unconditionally handing over grid extension and mini grid projects developed
with rural electrification funds to national electricity utilities. Because most
national electricity utilities are owned by the government, it is likely that they
take up these projects out of obligation as opposed to commercial interest. Rural
electrification agencies should instead invite both private companies and national
electricity utilities to bid for the operation and management of newly established
distribution networks.

The current practice of developing mini grids or grid extension projects is
based on engineering, procurement, and construction (EPC) contracts i.e., turn-
key projects procured by the rural electrification agency. A key flaw with this
approach is that the EPC contractors have no long-term responsibility for the
operation and maintenance of the distribution network. A procurement pro-
cess that combines the EPC contract with a lease to operate and maintain the
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distribution network could in theory result in a better-quality distribution net-
work, because it would be in the interest of the EPC contractor to design and con-
struct the grid in a way that makes it cost effective to operate and maintain. It also
creates a larger financial opportunity for private companies, who would generate
revenue from the EPC contract in the short term, and from electricity sales in the
long term.

6 Concluding Remarks

When the triple embeddedness framework was developed, it had in mind indus-
tries associated with societal problems (e.g., decarbonisation and air pollution
control) and large incumbent firms (mostly private) with bargaining power. While
the societal problems could be addressed through sustainability transitions, the
firms in these industries are reluctant to address them. The TEF postulates that
the reorientation of incumbent industries towards radical innovations that address
grand challenges will require pressure from consumers, policymakers, civil soci-
ety, and social movements. The accumulation of such pressures may stimulate
incumbent firms to overcome lock-in mechanisms and reorient towards more rad-
ical innovations.

This paper sought to apply the TEF to a different kind of societal problem
i.e., universal access to affordable, reliable, and modern energy services (SDG
7), where the incumbents are public companies and government agencies (i.e.,
national electricity utility companies and rural electrification agencies) and the
private firms in the industry are small and have little or no bargaining power. The
application of the TEF to this problem was then used to identify (1) how to facili-
tate the foundational rethink (unlearning of existing beliefs) required, and (2)
where and how external pressure could be exerted to achieve electricity access
targets. The TEF provides a structured way of laying out the key aspects associ-
ated with electrification to create a picture that enables one to ‘see the forest for
the trees’ and identify where and how to achieve more effective complementarity
between on and off-grid approaches, and public and private firms.
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Abstract

While it is commonly acknowledged that mini-grids are the new pathway to
bridging the high electricity access deficit in Sub-Saharan Africa (SSA), com-
parably few studies have assessed how existing regulations and tariff policies in
SSA affect their potentials to attract the number of private investments required
to scale-up deployments. Private investors’ participation is particularly crucial
to meet the annual electrification investment needs of $120 billons in SSA. We
study the regulatory framework, the tariff structure, and the subsidy schemes for
mini-grids in Tanzania. Additionally, using an optimization technique, we assess
the profitability of a mini-grid electrification project in Tanzania from a private
investment perspective. We find that the approved standardized small power pro-
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ducers’ tariffs and subsidy scheme in Tanzania still do not allow mini-grid for
rural electrification projects to be profitable. A further study is required to iden-
tify successful business models and strategies to improve mini-grids profitability.

Keywords

Electricity Access - Mini-grids - Africa - Clean Energy Policy -
Energy Regulation - Pricing

1 Introduction

Mini-grids are becoming the mainstream solution to electrification problems in
high electricity access deficit countries, especially in Sub-Saharan Africa (SSA),
where there is evidence of a significant gap between urban and rural population
(IEA; IRENA; UNSD; WB; WHO, 2019). Given the enormous solar energy poten-
tial (about 300,000 Giga Watts) of SSA and the declining cost of renewable energy
technologies, it is expected that by 2030, solar mini-grid solutions would provide
more than 60% of rural electricity access in SSA (IEA, 2017a, b). Large-scale
commercial deployments of mini-grids require a degree of profitability to ensure
their financial sustainability (Peters et al., 2019). For this to happen, new regula-
tions and cost-reflective electricity tariffs for small power producers are needed to
incentivize private sector participation in the power sector. Private investors’ partic-
ipation is particularly crucial to meet the annual electrification investment needs of
$120 billons in the region (IEA, 2019). However, in most SSA countries, non-cost-
reflective electricity tariffs as a result of institutional and political pressure to keep
tariffs low and high commercial risk of mini-grid projects! are significant barriers
that disincentivize private mini-grid developers from investing in the power sector
(Eberhard & Shkaratan, 2012; Peters et al., 2019; IEA et al., 2019).

Amidst these challenges, Tanzania policymakers have implemented innova-
tive policies and regulatory frameworks that have seen increased investments
in small power projects. According to the World Bank (2019), Tanzania’s com-
prehensive approach to mini-grid developments has achieved one of the fastest
results in electricity access (56% and 73% increase in national and rural access
rates respectively over the past decade) in SSA. The Tanzanian mini-grid model

! Commercial risks refer to low customer ability to pay for power and or low demand for
power due to inefficient power use.
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is anchored on public—private partnerships, where the government introduced a
regulatory framework and legal and financial support to attract private mini-grid
developers (Peters et al., 2019). This remarkable performance makes Tanzania a
unique case of interest in Sub-Saharan Africa (Org et al., 2016). Therefore, this
study is interested in understanding the factors that account for the proliferation
of small power projects in Tanzania. Besides, given the need for increased pri-
vate sector investments in mini-grid deployments to meet Tanzania's electrifica-
tion needs, we further investigate whether the current tariff structure in Tanzania
is cost-reflective for private commercial mini-grid developers.

Understanding mini-grid projects’ profitability from an investment perspective
is particularly crucial for designing optimal regulations and cost-reflective tariff
schemes to attract adequate private sector investments in the power sector. How-
ever, this is a less explored area in the literature. Comparably, only a few quanti-
tative studies have critically assessed how existing regulations and tariff policies
in SSA affect mini-grid projects’ potential to attract the number of private invest-
ments required scale-up deployments (Williams et al., 2018). From another per-
spective, there is no consensus in the literature about whether mini-grid projects
in SSA are profitable enough to crowd in private financing of mini-grid projects.
On the one hand, some researchers argue that mini-grid projects powered by
renewable energy are economically viable and capable of paying-off their financ-
ing cost and earning adequate returns for investors (Arowolo et al., 2019). On the
other hand, other studies also argue that mini-grid projects in SSA are not eco-
nomically feasible; thus, it requires subsidies to enable investors to recover their
production (Azimoh et al., 2016). This controversy about the profitability of mini-
grid projects in SSA further strengthens the motivation of this paper.

Firstly, we review the regulatory policies and the operation of mini-grid sys-
tems in Tanzania to draw useful lessons for other SSA countries. Secondly, we use
an optimization model to estimate the levelized cost of energy (LCOE) for three
mini-grid project designs: Thermal, PV+Battery and Hybrid systems in Mafinga
Town. The model uses a derivative-free optimization? to search for the least costly
system. The LCOE for the least costly system is then compared with the regulated
mini-grid tariff and the available subsidy schemes in Tanzania to access the mini-
grid project's profitability. Mafinga Town, the study's specific location, is based on
recommendations by the Electricity and Water Regulatory Authority (EWURA)

2Derivative-free optimization: It is a search algorithm that the model employs to find the
most efficient system configuration that delivers the lowest LOCE; however, since this is a
non-derivative method of optimization, the optimality cannot be guaranteed.
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and the World Resource Institute (WRI). It is one of the preferred locations for
private mini-grid investments in Tanzania. Additionally, this choice is also moti-
vated by other factors, including high electricity need (92% unconnected house-
holds) and the presence of a high solar resource of 6.24 kWh/m?2.

We organize the rest of the paper as follows. Section 2 presents a background
of mini-grid development, regulation, financing, and operation in Tanzania. In
Sect. 3, we describe both the methodology and the study area chosen for this
paper. Section 4 discusses the results from our LCOE model vis-a-vis the current
tariff structure in Tanzania. Section 5 concludes with some policy recommenda-
tions.

2 History of Mini-Grid Projects in Tanzania

Tanzania has rich experience in terms of mini-grid developments and regulations.
The development and operation of mini-grid systems in Tanzania is dated as far
back as 1908 during the colonial era, where the colonial masters developed mini-
grid systems to power railway workshops, mining and agricultural industries (Org
et al., 2016). During the same period, faith-based organizations also developed
mini-grid systems to provide social services in a particular part of Tanzania. After
independence in 1964, Tanzania continued to develop mini-grid systems to pro-
vide electricity access to decentralized communities in the country. Despite Tan-
zania's long history with mini-grid systems development, electricity access in the
country is still low. According to the World Bank (2016b) household electrifica-
tion survey, only 32.8% of Tanzanians have access to electricity. About 6.2 mil-
lion rural households in Tanzania lack access to electricity (World Bank, 2016b).
Given the dispersed type of settlement in rural Tanzania, grid extension is not a
cost-effective option for extending electricity access to rural consumers. There-
fore, TANESCO, the national utility company, uses standalone mini-grid systems
powered by diesel and natural gas to extend electricity access to isolated commu-
nities. Tanzania currently has about 109 mini-grid systems in 21 regions operated
by the national utility company, faith-based organizations, local communities, and
private developers. Figure 1 shows the various types of mini-grid systems in Tan-
zania as of 2014. It highlights areas suitable for various mini-grid technologies
based on the energy resources available in those areas. The black location indica-
tion on the map represents the specific area of interest for our study..
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Existing Transmission Lines

Fig.1 Mini-grid Projects in Tanzania. (Source: Authors’ elaboration from the WRI energy
access map)

2.1 Regulatory Framework

After several years of operations, mini-grid developers in Tanzania still face some
challenges, including a lack of regulatory framework and a specific tariff policy
for mini-grid systems. The Electricity and Water Utilities Regulatory Author-
ity (EWURA), which oversees Tanzania's power sector regulation, introduces
a specific regulatory framework for small power producers (SPPs). The regula-
tory intervention saw the implementation of standardized power purchase agree-
ments (SPPA) and standardized power purchase tariffs (SPPT), popularly known
as feed-in-tariffs (FiT) for SPPs. However, the first generation of feed-in-tariffs
EWURA introduced was technology-neutral, which means that the FiT favours
some technologies. The regulator also quotes the FiTs in the local currency,
which exposes developers to high currency risks.
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In response to the above challenges, in 2008, the regulator developed attractive
mini-grid policies and regulatory frameworks that address the power sector's chal-
lenges and encourage further investments in renewable energy-based mini-grid
systems in the country (Org et al., 2016). EWURA revised the SPP regulatory
policies to provide clear policy guidance for SPPs connected to the national grid
and mini-grid systems that serve isolated communities. The regulations require
developers of mini-grid systems with capacities of 1 MW and above to obtain a
license from the regulator before commencing operations. Mini-grid systems
between 1 MW and 100 kW are required to register with the regulator, whereas
projects below 100 kW require neither a license nor the regulator's tariff approval.
Additionally, EWURA implemented the technologic-specific and size-specific
feed-in-tariffs for various mini-grid technologies. Feed-in-tariffs for mini-grid
systems connected to the national grid were denominated in the US dollar to
reduce the currency risks. Also, EWURA removed taxes and import duties on
renewable energy technologies to make them more competitive. Additionally, the
EWURA introduced a mini-grid information portal and geospatial portfolio plan-
ning tools, which provide comprehensive information on mini-grid developments
in Tanzania and reduce pre-site preparation costs significantly.

2.2 Financing Mini-Grid Systems in Tanzania

Furthermore, from 2008 to 2014, the Tanzanian government, with support from
the World Bank, established some financial support schemes to encourage local
mini-grid developers to invest in the rural electrification program. The financial
support scheme includes Smart Subsidies and Credit Line Facility. Under the
Smart Subsidies, policymakers assist local developers with a matching grant of
$100,000 for environmental impact assessment and business plan development.
Also, as part of the Smart Subsidies, developers benefit from a performance grant
of $500 for each household connected. However, renewable energy-based mini-
grid systems require high initial capital investments that are often difficult for
local developers to access from financial institutions due to doubts about mini-
grid projects’ economic viability (Ahlborg & Hammar, 2012). Therefore, the gov-
ernment introduced the US $23 million credit line facility to provide commercial
loans to small power producers. The loan facility is accessible through the Tanza-
nia Investment Bank with 15 years payback period. Additionally, the World Bank
has also made available $75 million under the Renewable Energy Rural Electri-
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fication Program to support the development of mini-grid projects between 2015
and 2019 (Org et al. 2016).

Despite the above regulatory interventions, there is still uncertainty among pri-
vate developers about the fate of their investments in the arrival of the national
grid. Up to date, there is no clear regulatory directive in that regard. However, the
regulator envisages the following possible options. Firstly, the mini-grid operator
can continue its operations as a small power producer and sell excess electricity
to TANESCO. Secondly, in the event where the mini-grid operator is unable to
compete with the national utility, the operator has the option to decommission its
generation asset and buy electricity from TANESCO as a small power distributor.
Lastly, the operator has the option to decommission its generation assets and sell-
off its distribution assets to TANESCO.

23 Tariff Regulatory Policy in Tanzania

Electricity regulators in SSA face the choice of applying the uniform national tar-
iff or the cost-reflective tariffs for mini-grid systems operators.

The uniform national tariff is a fixed regulated rate that the regulator charges
all customers irrespective of whether they are served by the national grid or by
mini-grid systems. The idea behind this tariff scheme is to ensure equality and
fairness across all consumer types. Mostly, utility regulators fix the electricity tar-
iff for commercial mini-grid operators at the same rate as the state-owned util-
ity service, which the government often subsides below the cost of supply (Reber
et al., 2018). Usually, the main drivers of the tariff scheme are political and social
considerations. Mini-grid systems operators struggle to be competitive under the
national uniform tariff scheme as their production costs are often significantly
higher than the uniform national tariffs.

Under the cost-reflective tariff scheme, the regulator deregulates the electricity
rates, and operators are allowed to charge rates that will enable them to recover
the power supply costs and earn favourable returns on their investments. With the
cost-reflective tariff scheme, economic considerations are the main determinants
of the electricity rates underpinned by ‘willing buyer — willing seller agreements’.
Therefore, it is perceived as a more effective scheme for attracting private mini-
grid developers and encouraging efficient electricity supply (Economic Consult-
ing Associates Viewpoint Mini-Grids: Are Cost-Reflective Tariffs Necessary?
What Are the Options? Economic Drivers of Tariff Policy, 2017). However, it
does not consider the consumer ability to pay for power.
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According to the Economic Consulting Associates (ECA), there is a mid-
way approach that serves as a third option for regulators. Under the mid-way
approach, operators are allowed to charge regulated cost-reflective tariffs. How-
ever, the regulator and the operator must agree on the rate of financial returns and
the payback periods (Economic Consulting Associates Viewpoint Mini-Grids:
Are Cost-Reflective Tariffs Necessary? What Are the Options? Economic Driv-
ers of Tariff Policy, 2017). In the case of Tanzania, the regulator is more inclined
towards the mid-way approach. EWURA sets the mini-grid tariffs relatively
higher than the grid rate (TZS203.11/kWh or $0.08/kWh). However, EWURA
determines the rate of financial returns and the payback periods for the mini-grid
operators. EWURA uses the ‘avoided cost’ methodology to determine the elec-
tricity tariffs for small power producers in Tanzania. Moner-Girona et al. (2016)
define avoided cost as “the price that the utility would have paid if it had to
produce the power by itself or bought it.” In order words, it is the best-forgone
alternative for a set of consumer groups at a particular location. Therefore, “the
avoided cost, therefore, serves as the ‘floor’ price (a price specified in a market-
price contract as the lowest purchase price of electricity, even if the market price
falls below the specified floor price)” (Moner-Girona et al., 2016). Once the floor
price is determined, a capacity band is applied to balance the tariff option for
the various mini-grid technologies effectively. The approved standardized small
power producers’ tariffs are then subject to review once every three years. Table 1
presents the recently updated approved tariffs for various mini-grid system opera-
tors in Tanzania.

Table 1 Approved Standardised Small Power Producers Tariffs (Selling to the Grid).
(Source: EWURA, 2019a)

Capacity (MW) | Minihydro | Wind Solar Biomass Bagasse
USc/kWh USc/kWh | USc/kWh | USc/kWh | USc/kWh
0.1-0.5 MW 10.65 10.82 10.54 10.15 9.71
0.51-1 MW 9.90 9.95 9.84 9.34 9.09
1.01-5 MW 8.95 9.42 9.24 8.64 8.56
5.01-10 MW 7.83 8.88 8.34 7.60 7.55
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3 Methods and Data

This section describes the methodology adopted by this study. We provide an
overview of the selected community for the study, followed by the explanations
on the LCOE and modeling approach. Later, we describe the data used for this
project.

3.1 Description of Project Site - Mafinga Town

Our study's area comprises five villages in Mafinga Town, located in the Mufindi
district of central Tanzania (Iringa Region). The villages are Ivambinungu,
Mkombwe, Pipeline, Malingumu, and Mjimwema. According to the 2012 Tan-
zania national census, Mafinga Town has a total population of 51,902 and a
total household number of 12,532 (The United Republic of Tanzania, 2013).
We choose Mafinga Town for our study because both EWURA and the World
Resource Institute (WRI) identify the Mufindi district as a preferred location for
mini-grid enterprise investment. Both in terms of the rich solar energy resource
potential and the economic buoyancy of the district. However, the district has
one of the lowest electrification rates in the region. Out of the total households in
Mafinga Town, 11,629 households with about 92.8% do not have access to elec-
tricity. Kerosene remains the primary energy source of light in the entire Maf-
inga Township to the extent that its usage has decreased by only 3.8% between
2012 and 2016 (The United Republic of Tanzania 2017). The five villages consid-
ered in this study have a total unconnected population of 18,140 people and 4424
unconnected households. Figure 2 shows a satellite image of Mafinga Town with
the five villages earmarked for mini-grid electrification.

3.2 Solar Resource

The Iringa region is considered to have one of the highest solar energy resources
in Tanzania, as presented in Fig. 3 (ESMAP, 2015). The Global Horizontal Irradi-
ance (GHI) of the region located at latitude 7.67 south and longitude 35.75 east is
estimated at 6.24 kWh/m? (ESMAP, 2015). We use the HOMER software, linked
to NASA’s Surface Meteorology and Solar Energy (SSE) dataset, to estimate the
region's average daily radiations. The SSE has proved to be an accurate and reli-
able source for providing solar and meteorological data for regions with sparse or
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Fig.2 Satellite image of Mafinga Town. (Source: Tanzania Mini-grid Portal GIS)

no surface measurement data (Pavlovi et al., 2013). Additionally, the SSE data set
is explicitly formatted to support PV power system designs.

The graph in Fig. 4 illustrates the average daily variations in the solar resource
data for the Iringa region downloaded from NASA’s SSE dataset.

33 Levelized Cost of Energy

The LCOE is the cost of producing a kilowatt unit of electricity. To compute
the LCOE, we use the Hybrid Optimisation of Multiple Electric Renewables
(HOMER), a computational software developed by the Alliance for Sustain-
able Energy System (ASES). For the proposed project, we consider three system
design options: Thermal generation with a diesel generator, renewable energy
generation with PV+Battery and a Hybrid System with a combination of thermal
and renewable generation sources. The objective is to evaluate the economic and
technical feasibility of these technology options. We use the HOMER software
to model the project’s power system’s physical behaviour by performing energy
balance calculations and simulating all feasible system configurations such as siz-
ing system components (PV array, Battery, system converter and generator). The
software calculates the energy flow to and from each component to determine the
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Fig.3 Photovoltaic Power Potential of Tanzania. (Source: World Bank Group, 2013)

best system configurations required to meet the load demand and estimate the
system’s minimum capital and operating and maintenance costs over the project's
lifetime. HOMER uses a derivative-free optimization to search for the least costly
system ranked by the LCOE, which is then compared with the approved mini-grid
tariff to determine the mini-grid project's profitability. Figure 5 illustrates the sys-
tem design..
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Solar GHI Resource for Mafinga Town
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Fig.4 Solar GHI for Mafinga Town- Iringa Region, Tanzania. (Source: Authors’ elabora-
tion with data obtained from the SSE database, 2019)

34 Modelling the Energy Flow and the LCOE

We discuss the calculation of the energy flow and the simulation of the feasible
system configuration components that feed into the financial model.

3.4.1 The PV+Battery system model

The PV+Battery system consists of a PV array, a battery storage system,’ and a
converter* as illustrated in Fig. 5. The model uses Eq. 2 to simulate the PV array
power output from a series of parameters, including the solar irradiance of Maf-
inga Town, temperature, degradation factor, PV module installation and system

3Battery Storage System (BSS) a group of batteries connected using a series or parallel
wiring to store the excess power generated from the solar PV.

4Converter (Inverter): a device that converts the direct current (DC) from the PV array to
alternating current (AC).
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Fig.5 Proposed mini-grid system design. (Source: Authors’ own elaboration)

component specifications. We present the PV module's system optimized capac-
ity in the LCOE result summary in Table 4 and the total net present cost and the
annualized cost of the PV module in Appendix A.

Equation 1: PV array power output

G
P, = Pvﬁw(%) [1+ap(T. — Tesc) ] ey

T.8STC

Where: Y), is the predicted average power output of the PV array under standard
test conditions in kW, f,, denotes the derating factor of the PV array, Gr is the
solar radiation incident on the PV array in the current time step expressed in (kW/
m?), Grsrc represents the incident radiation at the standard test condition given
as (1 kW/m?), ap is the temperature coefficient of power expressed as (%/°C), T.
equals to the ambient temperature of PV cell, average throughout the test (°C), and
T, stc equals to the PV cell temperature of 25 °C under standard test condition.
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3.4.2 Battery Storage System

“The variability and intermittency of solar generation require a flexible storage
system” (Hoarau & Perez, 2019). Therefore, to ensure the system’s higher reli-
ability, we consider a battery storage system consisting of several Lithium-Ion
(Li-ion) batteries. Li-ion batteries have higher round-trip efficiency (97.5%)
and a higher life span than lead-acid batteries. The temperature at which a bat-
tery is kept has a strong bearing on the storage system’s life span. According to
Smith et al. (2017), batteries exposed to higher temperature often have a shorter
life-span. Therefore, we consider a battery maintenance system consisting of
air conditioning, active air circulation, and direct evaporative cooling to con-
trol the batteries’ temperature and improve the storage system's useful life for
the proposed project. Lockhart et al. (2019) referred to this maintenance system
as the heating, ventilation, and air-conditioning (HVAC) configuration, which
the Authors found to be very useful in prolonging a battery's life-span in SSA.
However, it costs relatively more to implement the battery maintenance system's
HVAC configuration; therefore, we consider $20 per kWh as the battery mainte-
nance cost, consistent with Lockhart et al. (2019).

The battery storage system (BSS) model requires the following values to cal-
culate the total cost of the BSS: The Battery initial and replacement cost ($/kW),
maintenance cost ($/kW), the life-span of BSS (years) and BSS total capacity.
HOMER uses a simulation optimization technique to determines the optimal BSS
capacity. We present the storage systems’ capacity in the LCOE result summary
in Table 4. Table 4 shows the BSS initial cost, and in Appendix A the replacement
cost and maintenance cost are included.

The life-span of the BSS is determined using the following Equation.

Equation 2: Life-Span of the storage bank

Rbatt _ MIN< batt thetlme , Rbatt,f)

thrpt

2

Where Ryy is the BSS’ life (yr.), Npu; is the number of batteries in the BSS,
Qlitetime 18 the lifetime throughput of a single battery (kWh), Qe and Rpay s TEp-
resent the annual storage throughput (kWh/yr.) and storage float life (yr.) respec-
tively.

3.4.3 Generator model

Following values are needed to model the LCOE for the diesel generator system
design: the generator capacity, fuel consumption rate, generator efficiency rate,
diesel cost ($/litre), generator life-span and operation and maintenance cost. The



Are Mini-Grid Projects in Tanzania Financially Sustainable? 247

fuel cost is a significant cost parameter of the generator model, depending on the
generator’s fuel consumption curve. The fuel consumption curve is defined as the
amount of fuel the generator consumes to produce a kilowatt-hour of electricity;
thus, it is linearly related to the electrical output as expressed in Eq. 3 and illus-
trated in Fig. 6.

Equation 3: Fuel consumption curve

F = FOngen + Fl »Pgen (3)

Where F denotes the total fuel consumption for each timestep, F represents the
non-load fuel consumption per kW by the generator (fuel curve intercept coef-
ficient expressed in (units /hr/kW)), and Y., represents the rated capacity of the
diesel generator (kW). F is the marginal fuel consumption per kW of the genera-
tor output in each timestep (the fuel curve slope also expressed in (units /hr/kW)),
and Pge, represents the electrical output of the diesel generator. For our proposed
project, we use the system optimized Fo = 32.4 L/hr and F; = 0.236, which give
the fuel consumption curve illustrated in Fig. 6.

The life-span of the generator represents the generator's actual operational life
(Rgen), after which a replacement is required. It is defined in Eq. 4 as the life-
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Fig. 6 Fuel Consumption Curve. (Source: Authors’ elaboration)
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time hours of the generator (Rgen, nr) divided by the number of hours the generator
operates during the year (Ngep).
Equation 4: Operational life-span of the generator
R hr
R _ gen, 4
gen Ngen ( )
The summation of the annualized fuel cost, generator initial and replacement
costs, and OPEX divided by the total electrical load served gives the LCOE for
the generator model. We present the individual cost components in Appendix A
and the generator's auto-sized capacity in Table 4 (LCOE result summary).

3.44 Modelling the LCOE
The LCOE is the total annual cost of installing, operating and maintaining the
mini-grid system divided by the total electricity served to consumers. We use
Eq. 5 to calculate the LCOE,

Equation 5: Levelized Cost of Energy

Cann,tot

LCOE = (5)

E served

where Cypy o 18 the total annualized system cost per year expressed in ($/yr). The
Eqerveq 1s the total electrical load served respectively.

3.4.5 The Annualized Cost

As mentioned, the proposed mini-grid system has a life-cycle of 25 years, which
implies that system components such as the battery storage system, converter and
Genset will require replacements at particular times. Therefore, we assume a dis-
count rate of 10% to translate all future cash flows of the project to present costs
to estimate the proposed project's net present cost. This assumption is consistent
with (Hittinger et al., 2015). The total NPC and annualized cost of each system
components are presented in Appendices A and B.

Equation 6: Annualized Cost

Cann,tot = CRF-CNPC,tot (6)

Where Cann or represents the total annualised cost, Cnpc.ot , 18 the total net present
cost ($), CRF is the capital recovery factor (the present value of an annuity), and
it is defined in Eq. 7 as:
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Equation 7: Capital Recovery Factor
_ia+)Y
i+ -1

Where: i and N represent the real discount rate and the number of years, respec-
tively.

@)

3.5 Data and Load Estimation

We obtain the local economic and techno-economic data from the Tanzania 2012
National Population Census, Tanzania mini-grid portal, World Bank Group, and
the National Renewable Energy Laboratory (NREL) publications. We obtain
about two-thirds of the cost assumptions from the World Bank Group's publi-
cation on mini-grids market outlook (ESMAP, 2019). Table 2 shows the cost
assumptions used in this study.

3.6 Electricity Demand Estimation

We rely on data from the following two sources to estimate the potential electric-
ity demand from the five villages in Mafinga Town (Ghosh Banerjee et al., 2017);
(Williams et al. 2017). Ghosh et al. (2017) include case-studies of two mini-grids
systems in Tanzania, of which the Mwenga mini-grid project is of comparable
size as the proposed project, in terms of similar household types, commercial,
community and agricultural activities. Likewise, the study by Williams et al.
(2017) is based on case-studies of mini-grid projects in four different Tanzania
communities, which exhibit similar daily load consumption reported by the World
Bank report. The Rural African load profile tool simulates the hourly electrical
load profile for various households and commercial entities commonly found in
rural Sub-Saharan Africa. Thus, based on the data obtained from the world bank
publication and validated with (Williams et al., 2017), we used the Load profile
tool to simulate the potential electricity demand for Mafinga Town. Table 3 pre-
sents the total estimated daily, yearly loads and the peak demand for the various
consumer types in the five villages in Mafinga Town. The projected load profile
for Mafinga Town is exhibited in Fig. 7.
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Table 2 Cost assumptions of the input parameters. (Source: see table)

Assumptions Base Case | Future Projections | References

Solar generation

Installed PV cost [$/kW] | $230 $140 Estimated 39% cost
PV O&M $/kW $10 $6.1 Eg‘é‘ﬁ:’; % 1290)30
Useful life 25 years 25 years

Battery storage cost [$/ $263 $95 Estimated 64% cost
kWh] reduction by 2030
Battery useful life 15 years 15 years (ESMAP, 2019)
Battery O&M [$/kWh- $20 $10

installed]

Converter costs [$/kW] $115 $58 Estimated 50% cost
Converter replacement cost $58 $58 reduction by 2030
[$/KW] (ESMAP, 2019)
Converter useful life 15 years 15 years

Thermal generation

Diesel genset cost [$/kW] | $500 $400 NREL and ASES
Useful life 10 years 10 years (https://www.nrel.gov/)
Fuel cost [$/L] $0.95/L $0.95/ (EWURA, 2019a, b)
Fuel escalation rate 3% 3% NREL and ASES
System fixed and operational cost

Total distribution system | $160/client | $160/client (ESMAP, 2019)

costs

Smart Meters $40/client | $30/client

Pre-operating soft costs $2300 $2'300 (Reber et al., 2018) and
[$/kW] NREL, (ESMAP, 2019)
Annual labor costs [$/year]| $38'000 $38'000

Annual land lease costs [$/| $800 $800

year]

4 Results

This section discusses the results of the HOMER model. Table 4 shows the pos-
sible system configuration, such as the system components’ capacity, the system
cost summary, and the LCOE for the three system designs. Figure 8 demonstrates
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Table 3 Load Profile Output Table. (Source: Author’s estimation)

Household | Commercial | Public Service | Total Community
Load Load Load Load
Total MWh/day | 4.36 3.75 4.44 12.55
Total MWh/year | 1'591.40 1'368.75 1'620.60 4'580
Peak MW/day 0.57 0.25 0.36 0.77
Reserve Margin | 10% 10% 10% 10%
Timestep vari- 16% 16% 16% 16%
ability
Daily Variations | 20% 20% 20% 20%
Load Factor % 22% 27% 27% 31%
Estimated Load Profile (MWh) of Mafinga
Town
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Fig. 7 Estimated Load Profile of Mafinga Town. (Source: Authors’ estimation)

the breakdown of the LCOE by system cost components. Appendix A and Appen-
dix B offer the detailed cost summaries for the Base Case and the Future Case.
The LCOE vary significantly from one technology option to another. The
Hybrid System emerges as the most cost-effective solution with approximately
89% penetration of renewable energy generation (PV+Battery) throughout the
year. Its optimal system configuration is expected to generate 16.75 MW of



Fig.8 LCOE Breakdown. (Source: Authors’ elaboration)
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Table 4 LCOE Result Summary. (Source: Authors’ elaboration)
Diesel Genset | PV+Battery Hybrid System
PV capacity - 5095 kW 2849 kW
Battery (LA) capacity - 24,122 kWh 10,625 kWh
Converter capacity - 2276 kW 1460 kW
Diesel generator capacity 1900 kW - 1900 kW
NP life-cycle cost $33'495'760 $26'713'380 $18'186'120
Initial Capital cost $1'837'100 $20231'101 $11'922'078
Operating Cost $2'518'502 $515'677 $498'315
LCOE $0.58 $0.46 $0.32
Total emission/yr 4,067,580 kg 0.00 kg 451,083.50 kg
SSP Tariff $/kwh $0.10 $0.10 $0.10
Difference $/kwh —$0.48 -$0.37 —$0.22
Annual Loss —$2213'876 —$1'675'193 —$995'855
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electricity per day, approximately 22% more than the estimated load demand of
12.55 MW per day. It has a total life-cycle cost (net present cost) of $18.20 mil-
lion and requires an electricity tariff of 32 cents to breakeven. The PV+Battery
System appears to be the second cost-effective solution and compared to the
Hybrid System, it will cost consumers extra 14 cents per kWh of electricity con-
sumed. The PV+Battery system generates almost twice the projected electricity
demand (23.17 MWh per day) to ensure high system reliability, indicating that
the feasible system configuration is over-sized to make-up for the PV's inter-
mittent generation. The Diesel Genset option is the least cost-effective solution.
Besides, it has a higher impact on the environment and produces about 4,067
tonnes of greenhouse gas emission per year. It also produces about 16% excess
electricity to ensure high system reliability. The cost of fuel accounts for about
half ($0.36/kWh) of the LCOE. However, under the PV+Battery and the Hybrid
Systems, capital expenditure (CAPEX) accounts for more than half of the LCOE
(see Fig. 8).

4.1 The Profitability of the Proposed Mini-Grid System

The approved tariff for the proposed mini-grid project is approximately 10 cents
per kWh, below the LCOE of the most cost-effective solution for the proposed
project — the Hybrid System. The Hybrid system requires a minimum of 32 cents
per kWh to recover its cost of investments. Thus, selling electricity at the current
rate of 10 cents per kWh for the proposed mini-grid system will result in a loss
of 22 cents on every kWh of electricity produced, which amounts to a total gross
loss of $998,145 per year. Besides, EWURA approves an 18.5% return on equity
for SPPs. Therefore, for the proposed mini-grid project to be financially sustain-
able, it must retail its electricity at a minimum rate of 38 cents per kWh, which
implies that the project will require a subsidy of approximately $1 million per
year to be financially feasible.

However, most of the subsidies for mini-grid projects in Tanzania were imple-
mented between 2008 and 2014 (Org et al., 2016). Even if we apply the subsi-
dies that used to be in place (Marching Grant and Performance Grant), they will
not be enough to make the project profitable. Therefore, we argue that under the
current tariff scheme in Tanzania, mini-grid projects are not financially viable
from an investment perspective.
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4.2 Sensitivity Analysis

Although the Hybrid System emerges as the most cost-effective solution, the
competitiveness of the PV+Battery system is highly influenced by parameters
such as cost of capital, system reliability and capital investment cost. Therefore,
given the rapidly declining cost of renewable energy technologies, we performed
a sensitivity analysis on the LCOE for the three system designs using the 2030
cost estimates by ESMAP (2019), different discount rates from 3 to 15% and
annual capacity shortages from 5 to 30%.

We assess the effect of all the variables on the LCOE and find that combining
the three factors will deliver the lowest LCOE between 10 cents per kWh and 7
cents per kWh. However, this is an extreme case, which in the context of Tan-
zania, is neither feasible now nor by 2030. This is based on the assumption that
given the high investment risks associated with mini-grid projects in SSA, most
private investors prefer to discount their future cash flows at the interest rates
they anticipate receiving over the life of their investments (Williams et al., 2018;
Grant Thornton, 2018). Thus, it is less likely for solar mini-grid projects to be dis-
counted at the rate of 3% in SSA from an investment perspective. Therefore, this
reinforces our argument that private commercial mini-grid projects in Tanzania
purposely for rural electrification are not profitable even by 2030. Figure 9 illus-
trates the sensitivity of the LCOE to all three variables.

5 Conclusion and Policy Implication

Our analysis shows that despite a well-structured mini-grid tariff system and
subsidies initiatives in Tanzania, operating privately-owned mini-grid systems
in rural communities is not financially feasible. Further, we describe some of
the challenges with the effective deployment of mini-grid systems in Tanzania.
Specifically, we highlight non-cost-reflective tariff for mini-grid projects and the
commercial risk of mini-grid projects as significant challenges facing the com-
mercial deployment of mini-grid systems in Tanzania. Therefore, the government
may consider the following:

Firstly, EWURA may want to review its tariff scheme for mini-grid develop-
ers to reflect the electricity supply cost from an off-grid system to serve isolated
rural communities. This is particularly important because it appears the current
tariff scheme is based on mini-grids systems connected to the grid. Meanwhile,
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B PV+Battery MHybrid ® Diesel Gen.
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CASE HIGH Cs FC HIGH Cs,
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Fig.9 Sensitivity analysis using DF® and CS® for the 2030 cost (FC”) estimates. (Source:
Authors’ elaboration)

the grid-connected mini-grids enjoys significant trade-offs between buying unmet
load from the grid and selling excess load to the grid and oversizing the system
to ensure system reliability. This option is rarely available to off-grid developers
except for the latter, which is considerably more expensive.

Secondly, given the Hybrid and PV+Battery systems’ high initial capital
requirement, the government may consider expanding its loan facilities to enable
private developers to access adequate funding for their projects at a considerably
low rate.

Lastly, as pointed out earlier, with an annual capacity shortage of 15%, the
PV+Battery system emerges as the most cost-effective solution for providing
electricity at the rate of 28 cents per kWh (approximately 40 percent decrease in

SDiscount Factor: High DF =15% and Low DF=3%
6 Capacity Shortage: 25% (about 18 h of power supply per day).
7Future cost: 2030 cost estimates.
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LCOE). In this regard, we recommend that private developers consider comple-
mentary solutions such as Solar Home Systems to make-up for the capacity short-
age if necessary.
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Appendix A: Base Case Cost Summary

Table 5 Cost Summary — Hybrid System. (Source: Authors’ elaboration)

HYBRID SYSTEM
Net Present Cost
Name CAPEX OPEX Replace- | Salvage Fuel Total

ment
Genset $950'000 | $741'593 | $398'506 | —$58'376 | $1'930000 | $3'961'723
Li-Ton Bat- | $2'790'000 | $2'000'000 | $430'367 | —$54'588 | $0 $5'165'779
tery
PV Array | $7'120°000 | $358'140 | $0 $0 $0 $7'478'140
Converter | $167'938 | $0 $34'466 —$6'309 | $0 $196'095
System FC | $887'100 | $487'733 | $0 $0 $0 $1'374'833
& VC
Annualized Cost
Genset $75'574 $58'995 $31'702 —$4'644 | $153'463 | $315'090
Li-Ton Bat- | $222'297 | $159'375 | $34'236 —$4'343 | $0 $411'565
tery
PV Array | $566'620 | $28'491 $0 $0 $0 $595'111
Converter | $13'360 $0 $2'742 —$502 $0 $15'600
System FC | $70'570 $38'800 $0 $0 $0 $109'370
& VC
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Table 6 Cost Summary — PV+Battery. (Source: Authors’ elaboration)
PV+BATTERY
Net Present Cost
Name CAPEX OPEX Replacement | Salvage Total
Cost
Li-Ion Battery | $6'340'000 | $4'550000 | $932'487 —$170'684 | $11'651'803
PV Array $12'700'000 | $640'495 $0 $0 $13'340'495
System Con- | $261'785 $0 $53'726 —$9'834 $305'677
verter
System FC & | $887'100 $487'733 $0 $0 $1'374'833
VC
Annualized Cost
Li-Ion Battery | $504'683 $361'830 | $74'181 —$13'578 | $927'116
PV Array $1'010'000 | $50953 $0 $0 $1'060'953
System Con- | $20'825 $0 $4'274 —$782 $24'317
verter
System FC & | $70'570 $38'800 $0 $0 $109'370
VvC
Table 7 Cost Summary — Diesel Genset. (Source: Authors’ elaboration)
DIESEL GENSET
Net Present Cost
Name CAPEX | OPEX Replace- | Salvage Fuel Total
ment
Genset $950'000 | $6"280'000 | $6"700'000 | —$85'264 | $18'300'000 | $32'144'736
System FC | $70'570 | $38'800 $0 $0 $0 $109'370
& VC
Annualized Cost
Genset $75'574 | $499263 | $532'964 | —$6'783 | $1'450'000 | $2'551'018
System FC | $70'570 | $38'800 $0 $0 $0 $109'370
& VC
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Appendix B: Future Case Cost Summary

Table 8 Cost Summary — Hybrid System. (Source Authors’ elaboration)
HYBRID SYSTEM
Net Present Cost
Name CAPEX OPEX Replacement | Salvage Fuel Total
Genset $760000 $504'426 | $158'926 —$105289 | $1'330'000 | $2'648'063
Li-Ton $1'230'000 | $897'058 | $184'791 —$33'824 | $0 $2'278'025
Battery
PV Array | $4'580'000 | $226'539 | $0 $0 $0 $4'806'539
Converter | $98'706 | $0 $20083 | —$3'%676 | $0 $115'113
System FC | $842'860 $487'733 | $0 $0 $0 $1'330'593
& VC

Annualized Cost
Genset $60459 | $40'128 | $12643 | —$8'376 | $106'131 | $210'985
Li-lon Bat- |$98'057 | $71362 | $14'700 | —$2691 | SO $181'428
tery
PV Array $364'386 $18'022 | $0 $0 $0 $382'408
Converter | $7'852 $0 $1'598 —$292 $0 $9'158
System FC | $67'051 $38'800 | $0 $0 $0 $105'851
&VC

Table 9 Cost Summary — PV+Battery. (Source: Authors’ elaboration)
PV+BATTERY

Net Present Cost
Name CAPEX OPEX Replacement Cost | Salvage Total
Li-Ion Battery $3'107'165 | $465'816 | $2261276 —$85264 | $5'748'993
PV Array $6'625'056 | $0 $327'658 $0 $6'952'714
System Converter | $136'247 | $27'721 | $0 —$5'074 | $158'894
System FC & VC | $842'860 | $487'733 | $0 $0 $1'330'593
Annualized Cost

Li-Ion Battery $247'180 | $37'057 | $179'889 —$6'783 | $457'343
PV Array $527'035 $0 $26'066 $0 $553'101
System Converter | $10'839 $2205 $0 —$404 $12'640
System FC & VC | $67'051 $38'800 | $0 $0 $105'851
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Table 10 Cost Summary — Diesel Genset (Source: Authors’ elaboration)

DIESEL GENSET
Net Present Cost
Name CAPEX | OPEX Replace- | Salvage Fuel Total

ment
Genset $760'000 | $6280'000 | $4'020'000 | —$51'158 | $18"300'000 | $29'308'842
System FC | $842'860 | $487'733 | $0 $0 $0 $1'330'593
& VC

Annualized Cost
Genset $60'459 | $499'263 | $319'778 | —$4'070 | $1'450'000 | $2'325'430

System FC | $67'051 | $38'800 $0 $0 $0 $105'851
& VC
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Abstract

Energy inclusion is a major concern in Tanzania, where rural areas are widely
lacking access to both power networks and off-grid systems. Different barri-
ers are slowing the achievement of Sustainable Development Goal 7: universal
electrification in the country raises concerns in delays and equity. Financial
exclusion adds to the complexity of adopting appropriate technological solu-
tions, particularly for rural communities. Solar photovoltaic solutions rep-
resent an opportunity to increase energy access and enable growth. The
introduction of new technological products requires to establish local power
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markets, including demand, financial resources and providers, supply mecha-
nisms and after-sale services. The financing of renewable energy solutions for
rural households partially relies on microfinance institutions and community
financial groups. Technology suppliers are also providing financial services
to expand access to solar and photovoltaic products, applying models mostly
enabled by mobile payment systems. The paper assesses the effects of an ini-
tiative implemented in Malinyi and Kilombero districts to support the estab-
lishment of local solar power markets. The involvement of Village Community
Banks to engage communities and develop sustainable financial schemes is
evaluated, together with the complexity of combining awareness raising on
technological solutions and financial education. Results of the implementation
are presented and discussed evaluating the different ingredients of the estab-
lished markets.

Keywords

Financial education - Access to Finance - Renewable energy (Renewables) -
Photovoltaic - Rural areas (Rural)

1 Introduction

This paper sums up the experience acquired within project “Solar Finance 4 All”
(SF4A), implemented between January 2018 and April 2020 by Associazione
Microfinanza e Sviluppo ONLUS (AMS) in partnership with Tanzania Renew-
able Energy Association (TAREA), Associazione Mazingira ODV, NADIR Onlus
and MUSE—Museum of Science. The project has been financed by the Autono-
mous Province of Trento, in Italy. Main objective of the initiative was to establish
a functional market of renewable energy technologies, including:

Demand for Solar and Photovoltaic Technologies (SPTs).
Financial services for ensuring access to SPTs.

Supply mechanisms of good quality, fairly priced SPTs.
Affordable installation and maintenance services.

SF4A contributed to the creation of a demand for SPTs, despite the efforts were
hindered by the expansion of the national grid. Interest in SPTs and capacity
to compare different technologies was built towards financial service provid-
ers rather than community members. The provision of SPTs through Village
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Community Banks (VICOBAS) allowed to positively combine financial education
and access to energy, reaching a wide population through these community-based
financial providers.

The financing of solar lanterns gave positive results, with a high satisfaction
and repayment rate. The external financial support provided by project partners
to kick-start the provision of SPTs was fully re-collected and made available for
future financing cycles. SF4A positively supported the establishment and growth
of local installation and maintenance services ensuring the presence of local tech-
nicians, indispensable component for the completion of a viable market.

This paper starts with an introduction on access to energy and its linkage with
financial inclusion, also assessing the presence of inclusive and community-based
financial service providers. The activities implemented within the SF4A project,
and the data collection methodology are presented. Results are discussed ana-
lysing the four components identified for the establishment of local markets for
SPTs.

1.1 Access to Energy in Rural Tanzania

According to the World Bank and the Tanzanian Rural Energy Agency, access to
electricity deeply divides urban and rural citizens in Tanzania, with 66% of inhab-
itants living outside cities, where energy is available to only 24 % of the popula-
tion (REA, 2020; World Bank, 2018). The country is far from achieving universal
electrification by 2030, priority highlighted by Sustainable Development Goal
(SDG) 7. The Government of Tanzania is currently implementing a national
energy policy, the National Rural Electrification Program (2013-2022), whose
goal is to increase the country’s overall electricity access of the population from
36% in 2014 to 50% by 2025 and to at least 75% by 2033 (IED, 2018).

The program, led by the Ministry of Energy and the Rural Electrification
Agency includes both on-grid and off-grid solutions and has four priorities; (i)
the connection of new customers to the grid in already electrified settlements; (ii)
new connections to the grid; (iii) electrification through off- grid investments; and
(iv) the development of distributed technologies, in particular off-grid solar and
other renewable technologies (IED, 2018).

Tanzania’s central grid, managed by the state public utility TANESCO, is
responsible for 98% of electricity supply, counting on Independent Power Pro-
ducers (IPP) and Emergency Power Producers (EPP) to provide 26% and 13% of
the demand. Independent producers with a capacity inferior to 10 MW account
for 2% of total capacity (WFC, 2017). The dependency from hydroelectric
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systems, which supplied up to 80% of electricity needs, was hindered in recent
years due to extensive droughts. This forced TANESCO to use significant load
shedding, thermal power plant for base load, and hire emergency power installa-
tions, at a relevant financial cost. Hence, the energy security of the country fell,
making Tanzania dependent on imported fossil fuels for its electricity (AFDB,
2015; MoEE, 2016).

This represents a heavy burden for the country’s socio- economic development
and energy plans. An increasing dependence on fossil sources is causing fuel
price shocks, inflation and it is hindering government efforts to expand energy
access due to the scarcity of financial resources. In addition, the nearly 1 mil-
lion tons of charcoal consumed each year produces over 20 million tons a year in
CO, emissions and requires an estimated 30 million cubic meters of wood, with
annual average loss in forest cover at 100,000-125,000 hectares (AFDB, 2015).
This energy supply and end use structure reflects Tanzania’s low level of devel-
opment and contributes to the intensification and perpetuation of poverty (WFC,
2017). Worldwide, electricity provision in rural areas no longer relies only on
centralized grid expansion, but also on off-grid and mini-grid systems, differing
both physically and institutionally in electricity delivery. In 2019, the share of
Tanzanians connected to off-grid solar supply was 2% (IEA, 2019).

1.2 Energy Inclusion and Financial Inclusion Barriers

Energy inclusion in rural Tanzania is threatened by different factors including
lack of access to human capital, difficulties in planning and donor dependency,
low rural markets and little appeal from private sector, and finally more straight-
forward technical matters such as difficulties with installing electric equipment in
traditional buildings (Ahlborg & Hammar, 2014). A dearth of investment is linked
to the existence of excessive negative financial uncertainties or risks related to
electricity infrastructures (Gregory & Sovacool, 2019), being a concurrent cause
to the high exclusion rate. SDG 7 promotes access to “affordable, reliable, sus-
tainable, modern energy” (UNDESA, 2020) but makes no attempt to track the
mentioned describers (Moss, 2019). The existing different energy delivery sys-
tems in Tanzania raise, indeed, equity and justice concerns around how they are
implemented. Electricity costs can be differently reasonable for consumers when
access is provided by various technologies operated under different business
models (Menghwani et al., 2020). Available data reveals that poor citizens spend
up to 35% of their household income on energy while the better-off spend only
14%; even those connected to the grid opt for burning cheaper biomass to avoid
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paying high electricity prices (WFC, 2017). Renewable energy solutions, and par-
ticularly SPTs, are perceived as an effective way to overcome domestic energy
poverty in rural areas (Zubi et al., 2019), though financial access and effective
convenience must be assessed depending on final users, technology, maturity of
local SPTs markets.

According to the nationally representative survey “FinScope Tanzania 20177,
65% of the adult population (over 16 years old) has access to either formal or
informal financial services. The 14% growth of formally included people from
2013 mostly is related to transitioning from informal ones. The number of Tan-
zanians not having access to financial services, being formal or not, remained
constant around 28% between 2013 and 2017. Rural communities are the most
affected with excluded being 79% of the population (Elvis et al., 2017). The most
financially excluded come from the two poorest quintiles of the population and
are from rural Tanzania, where proximity to financial services is lower. They are
also more likely to be people with no formal education, women, farmers, young
people, and dependants (Andrew, 2013; Elvis et al., 2017; Lotto, 2018).

1.3 Tanzanian Microfinance and VICOBAs

The Tanzanian microfinance sector services a large portion of the population who
would not have access to credit and finance otherwise (Rabodiba, 2019), possi-
bly due to inefficient incomes or unawareness (Elvis et al., 2017). With the aim
of enhancing economic growth and accelerating poverty reduction, the Tanzanian
Ministry of Finance and Planning (MoFP) enacted a Microfinance Act, executing
the 2017 National Microfinance Policy (MoFP, 2017). The Act licenses, regulates,
monitors, and supervises microfinance institutions, structuring their businesses
into four tiers that reflect size, function, and potential for development:

1. Deposit-taking institutions (e.g., banks).

2. Non-deposit-taking institutions (e.g., credit providers).
3. Saving and Credit Cooperatives (SACCOs).

4. Community financial groups.

The fourth level includes Village Community Banks (VICOBAs), small member-
based groups mobilizing financial resources by saving and giving out loans
among people within groups. Services are generally provided without any col-
lateral, using joint liability and referees within the institution (Ahlén, 2012).
VICOBAs proved a success in empowering community members over the years
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(Bakari et al., 2014; Nkyabonaki, 2017), partially contributing to poverty reduc-
tion (Ahlén, 2012). They differ in interest rates and repayment schedules, on a
three to six months base.

According to Begasha, the main difference between the VICOBA model and
the well-known Grameen model is the usage of the interest rate, which is not col-
lected to cover lenders' operational costs while it is used to increase the capital
collected, with the aim of providing bigger loans (Begasha, 2011). At the end of
the cycle the interest rate is usually divided between the members together with
savings sharing with them the increase of capital. VICOBAs differ from minimum
and maximum amount of savings and loans, how loans can be linked to shares and
how often group members divide the money among participants (Ahlén, 2012).

1.4 Financing SPTs in Rural Tanzania

Energy financing by financial institutions towards Micro, Small, Medium Enter-
prises was a sector at infancy before this decade, with most of the end user
finance in the energy sector being for solar lanterns (SLs) or solar home systems
(SHS), generally for domestic use (Kariuki & Rai, 2010). In Tanzania, Renew-
able technologies suppliers themselves offer targeted financial services to expand
access to SPTs, hindered in the past by high costs of technologies combined
with low purchasing power (Kassenga, 2008). An example is the Pay as You Go
(PAYG) model, where an energy service provider rents or sells SPTs in exchange
for regular payments through mobile payment systems; in cases of non-payment,
the service provider can remotely disconnect the service (IRENA, 2020). Several
positive aspects enabled the expansion of the sector, including consumer aware-
ness of PAYG models (IRENA, 2020), remote monitoring and control (Mazzoni,
2019), and eased incremental repayments allowing access for poor households
(USAID, 2017). Nonetheless, negative factors must be considered. There is a
wide range of standardised products and solutions (Energypedia, 2016), possi-
bly not covering tailored needs and making SPTs only complementary to other
energy sources (Collings & Munyehirwe, 2016). Customers lack education about
the capabilities of the products (Collings & Munyehirwe, 2016), and technical
faults are often untackled due to distances or absence of technicians, due to the
highly sales-oriented model adopted by PAYG companies (Naqvi & Bhatt, 2019).

To increase their profit, suppliers often deliver inappropriate low-quality prod-
ucts at a high service cost, aiming to expand their sales at the expense of clients.
(Naqvi & Bhatt, 2019). Finally, as mentioned by D. Waldron and A.M. Sinderen,
the rapid emergence of remote lockout technology in lending raises important
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difficult questions (Waldron & Swinderen, 2018): When is it appropriate to dis-
able a financed asset? What balance must be struck between borrowers’ dignity
and lenders’ need for security?

2 Intervention Methodology and Implementation

Seen the need for improving energy inclusion in rural Tanzania, combined with
the necessity to fund access to energy solutions, the intervention implemented
by AMS contributed to the establishment of the different ingredients that ground
solar power markets in villages, directly working in rural areas in Malinyi and
Kilombero districts, Morogoro Region. The envisioned methodology grounds on
combining social, technological, and financial aspects to generate a viable system
of demand and provision of SPTs as well as technicians and financial providers.

2.1 Project Stakeholders

Through participatory initiatives, SF4A engaged the different stakeholders,
assessing their diverse needs related to their status and interests. The target local
community, residing in the eight villages of Misegesi, Kipingo, Lugala, Igawa,
Mang’ula A e B, Mwaya e Mgudeni, has been involved together with local
authorities, public and private institutions, and associations active in the area.
A group of 36 VICOBASs has been selected as local financial provider, the local
partner TAREA has been involved in the process acting as a supply chain linkage
together with local retailers. In Kilombero, 7 technicians have joined the initia-
tive and 5 had been previously involved in Malinyi.

2.2 Theory of Change

SF4A combines the socio-cultural factors related to the demand of SPTs, depend-
ing on financial capabilities, understanding of solar and photovoltaic solutions
as well as community engagement that ground the market of these products. The
aim was to establish a viable network of stakeholders composing a solar market,
able to identify, purchase, sell, finance, install and maintain SPTs in rural areas.
The expected impact of the initiative was the enhancement of the economic,
social, and environmental capital of the area, contributing to the sustainable
development of the region. To achieve this, SF4A provided training and technical
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assistance together with capital, while working with the different stakeholders to
approach the achievement of the expected long-term result. The envisioned the-
ory of change highlights the process that leads from target stakeholders to direct
outputs of the activities conducted and to the outcomes in the short and medium
term, potential indicators of the contribution to the expected long-term impact,
see also Table 1. Hence, the intervention methodology implies the development
of four complementary components functional to the creation of a sustainable
enduring mechanism. The components, highlighted in Table 1, include:

e Awareness raising on SPTs, communities and local authorities engagement.

e Financial education, at family and financial provider level (prioritization of
savings principles).

e Innovative financial mechanisms for SPTs: rotative funds.

e After-sale services for SPTs.

Table 1 Theory of change: expected outputs (OPs) and outcomes (OCs) of SF4A project
activities in Malinyi and Kilombero, disaggregated by type of activity and targeted group.
(Source Authors’ elaboration)

Target Activities Outputs Short Term OCs| Medium Term
OCs

Local commu- | Awareness Community Community Established

nity raising aware of benefits | understanding | demand for SPT
of SPTs and dif- | and demanding | products and
ference between | SPTs services
good/bad quality
SPTs

VICOBASs’ Financial Educa-| Usage of Sav- | First financial Financial ser-

members tion ings notebooks, | service piloted | vices for SPTs
provision, and made available
reimbursement

of solar lanterns

VICOBAs, Technical Assis- | Selection, Supply channel | Access to good

TAREA, retailers| tance purchase, seed | of good quality | quality SPTs
funding of good | SPTs piloted through local
quality SPTs retailers

Local Techni- Technical Assis- | Development of | Piloting of ser- | Affordable

cians tance local techni- vices for SPTs’ | installation/
cians’ skills and | adopters maintenance
incorporation of services avail-

a cooperative able
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23 Data Collection Methodology

Through qualitative semi-structured questionnaires and quantitative data col-
lection tools, baseline data for the intervention were collected. Surveys were
conducted in Swahili language by local trained operators. With the aim of under-
standing the stakeholder’s status and developing tailored initiatives, the baseline
provided data for tracking the achievement of expected outcomes and behavioural
changes. Monitoring indicators and research questions were, though, not as struc-
tured and organized in the initial phase compared to the final evaluation, due to
the inability to foresee project variations, unexpected changes in the environment
as well as varied priorities and updated expectations. The initial assessment con-
ducted focused on:

e Appraising access to energy sources and SPTs.

e Evaluating local financial behaviours, family budgets, in particular on energy-
related expenditures.

e Understanding the functioning of local financial providers, in particular VICO-
BAs.

The final evaluation of the initiative assessed the appreciation, usage of SPTs and
related services, local community members’ progress and the enhancement of the
local solar market. The evaluation also included a final survey with 199 qualita-
tive interviews conducted towards VICOBAS’ leaders, their members who did and
did not purchase SPTs, community members not joining VICOBAs. Six evalua-
tion sections were included in the questionnaire to evaluate:

Respondents’ situation (e.g., poverty level, work).
Knowledge of and access to SPTs.

Appreciation of financing method and usage of SPTs.
Access to and usage of financial services.

Family budget management (for trained people).
Activities and performance of VICOBAs (for leaders).

The Poverty Probability Index analysis of project beneficiaries highlighted that
the poverty rate of the target community is in line with rural Tanzania levels, and
that the financial situation of VICOBAs’ members is comparable to the one of
non-members. Working with such local financial providers is therefore an effec-
tive way to target a population representative of the reference community, and a
way to achieve multiplier effects.
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24 Activities Implemented and Financial Scheme
Established

The SF4A project has been implemented over a period of two years, started in
February 2018. Initiatives realized through SF4A, apart from coordination and
management related activities, include:

e 2 awareness events on SPTs (600 + participants).

e 3 demonstrative installations of photovoltaic systems.

e 4 demonstrative provisions of photovoltaic systems to local entrepreneurs for
productive activities.

e 36 VICOBAs identified, 2 financial education cycles provided to 3 leaders of
each, financial education sessions provided to members.

e | rotative fund for SPTs financing established.

e 30 VICOBAs involved in SPTs financing.

e 7 technicians trained and supported in incorporating a viable service coopera-
tive.

e | training program for SPTs retailers.

The provision of technical assistance allowed the establishment of a rotative
mechanism for SPTs supplies and delivery, kick-started along with a seed finan-
cial injection. The mechanism allows TAREA, Tanzanian non-profit promoter
of renewable energies, to negotiate large quantities of high quality SPTs under
favourable market conditions. SPTs are then provided to VICOBAs, depending
on orders placed by their members. VICOBAs provide the reserved SPTs, manag-
ing the monthly recollection of expenditures and withholding a quota as expen-
ditures cover, revenue source and first year guarantee. VICOBAs then refund
TAREA of both purchasing and transportation costs. The process allows the sup-
ply of selected SPTs with an advantageous quality- price rate. Once expenditures
are covered, collected funds can be reallocated to new financing cycles. VICO-
BAs’ margins can be redistributed either as services or as shared profit between
all contributors at the closure of the saving scheme cycle. Through a participa-
tory methodology, SF4A worked together with VICOBAs’ representatives and
TAREA on the definition of appropriate prices related to the adoption of SPTs,
being solar lamps or solar home systems (including photovoltaic panels, batteries,
basic home grids). Technologies, costs, delivery, reimbursement rules and profit
share were discussed and agreed by and with them.
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3 Results

Outputs and outcomes of the initiative are presented and discussed according to
the adopted theory of change, to assess the progress towards expected results and
to evaluate unforeseen effects and findings. Four results sections follow.

3.1 SPTs Awareness

The engagement of community leaders of public and private institutions at Vil-
lage, Ward, District level successfully matched the participation of residents, both
involved in awareness initiatives and SPTs’ demonstrative installations, in both
community spaces as well as private enterprises. Installations benefited more than
3 buildings with 1000+ beneficiaries and 4 small entrepreneurial activities. The
interest in SPTs was limited due to a direct competition with the expansion of the
TANESCO grid, preferred by 45% of respondents. Connecting to the grid is posi-
tively perceived because of being powerful enough to support different devices
(45%), while it is dispraised for being too expensive or subject to power cuts
(53%). More than half of the respondents’ value SPTs as less expensive because
of only being tied to an initial investment (52%) and for being available even in
case of power-cuts (23%). 45% of respondents, though, fear usage issues during
the rainy season. When assessing the differences between analogous SPTs, 26%
of interviewees highlight huge differences, while 33% notice only slight dissimi-
larities. Results are presented in Fig. 1.

The goal of building the capacity to evaluate SPTs depending on their quality
was not reached as hoped. 74% of the sample stated they are not able to identify
good and bad solar. Although, the result was achieved with suppliers and local
technicians, and only 22% of VICOBASs’ leaders state that no differences can
be noticed between similar technologies, suggesting that financial providers can
guide the adoption of selected solar and photovoltaic products.

3.2 Community Members’ Financial Education
and Engagement

SF4A invested in enhancing financial capabilities of both VICOBAS’ leaders and
members, with a particular focus on enhancing effective resources management
to increase access to and usage of sustainable energy sources. Training has been
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delivered to financial institutions’ leaders (presidents, secretaries, treasurers of 36
VICOBAs) who then trained their participants (for a total of over 700 associates).
100% of committee members positively evaluated the benefits of the training. The
percentage falls to 66% within members, denoting that VICOBAs’ leaders are
a good information channel though their capacity to transfer knowledge can be
improved. Financial education on family budget management and savings gen-
eration helped 80% of participants in changing their behaviours, starting to track
expenditures (39%), or increasing their bookkeeping frequency 14%. Indirectly,
training success can be evaluated through the adoption of the tool provided for
basic accounting; the tailored saving notebook developed has been tested by 80%
of trainees and permanently adopted by 35%, apparently a limited result but a
significant fraction basing on similar experiences. The practical saving exercises
conducted, which were positively valued by 36% of interviewees, and the assess-
ment of energy related expenditures were strongly correlated within the training
on SPTs. Results are presented in Fig. 2.

553 people decided to purchase a SL (going beyond the initial objective of
400 adopters). Out of the surveyed members who got a lantern, 80% appreciate
the product, mostly because of its light quality, portability, fair price. SLs were
mostly acquired by members who already had access to the hydroelectric grid
(60%), highlighting the benefits of blended solutions in relation with grid-related
problems. Negative feedback registered highlights that SLs were not able to illu-
minate the entire household and that some VICOBAs’ members would have pre-



Establishing Local Power Markets and Enabling Financial Access ... 275
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ferred to directly adopt a higher scale SHS. In fact, 87% of buyers declared to
be interested in purchasing a SHS for their home, mentioning difficulties in both
identifying products (44%) and having the needed financial resources (43%). This
result underlines the importance of the facilitation role guaranteed by local finan-
cial providers.

SLs were mostly used to illuminate the main room of the household (96%), to
light the shelter close to their crops (83%), to allow kids studying when it gets
dark (75%), to charge phones (76%), and to illuminate the workplace (11%). Most
buyers appreciated the reimbursement scheme introduced by VICOBAs (88%),
defined beneficial but improvable by 9% of respondents and criticized by 3% only.
The totality of SL purchasers who did not appreciate the product were though sat-
isfied of the reimbursement scheme. Aspects that the community would improve
include extending the reimbursement period (50%), reducing the final price (22%).
While 60% of purchasers acquired the SL without problems, 40% have found (and
overcome) some difficulties, mostly related to the duration of the repayment cycle.

3.3 SPTs Financing and Supply Chain

A demand for SPTs has been proven even in areas served by the national grid, as
substitutes or complementary. SLs are not the only product requested, 83.7% of
respondents are interested in SHSs, even if financial access is not possible for all.
The final evaluation registered an increased demand, within VICOBAs’ members
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and non-members who contacted project partners. The willingness of purchasing
SLs in cash highlights a market for local retailers and technicians. SPTs availabil-
ity has increased since the beginning of the implementation, and targeted train-
ings have been provided to local retailers, representing a strategic communication
channel.

The financing scheme adopted for SLs has proven to be effective. The five
financing cycles implemented closed with a 97.5% repayment rate, meaning that
only 2.5% of purchasers were not able to reimburse the product. The rotative
fund established is therefore a viable and well understood mechanism that part-
ners can extend to future financing cycles in the long term. The scheme allowed
a multiplier effect generating 1.73 the value of each Tanzanian Shilling invested.
The counter-value was therefore made available for the beneficiary community,
meaning that SLs have been provided for a value 1.73 times higher than the initial
capital allocated.

Prior to the end of the initiative, the financial conditions for financing SHS
were defined, a bank account was established for the capitalization of a fund
and products have been presented to community members. VICOBAs’ finan-
cial stability and capitalization is still a restrictive factor, to be possibly partially
mitigated through further education on savings generation. SHSs remain barely
accessible for households, while representing a promising opportunity for entre-
preneurial activities. The initiative registered an initial request of 39 SHSs, rea-
sonably lower than the 553 SLs distributed.

34 After Sale Services

Installation and maintenance services are available and fairly priced in the area.
SF4A allowed the reinforcement of the existing cooperative of technicians
AMBASE, established in Malinyi district, through a previous initiative by AMS
also funded by the Autonomous Province of Trento. The cooperative is effec-
tive and growing, reaching a capital exceeding 4,000,000 Tanzanian Shillings
over two years. The equivalent of 1,500 USD, around 300 USD for each of its
five members, is a significant amount in a country in which the Gross National
Income per capita was around 1,080 USD/year in 2019 (World Bank, 2019). In
Kilombero district, 7 technicians were trained, resulting in the incorporation of
ANGAZA cooperative, which opened a bank account and established its office.
The cooperative became operational and positively concluded 6 interventions
before the end of the initiative. Upon the 40 VICOBAs members who received
services from the two cooperatives, over 80% of interviewees confirmed they
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were satisfied with the interventions, the remaining ones affirmed it was at stand-
ard level and no one criticized their work.

3.5 Threats: Environmental Factors and Covid-19

External factors had an unforeseen effect on the initiative. Intense rainfall seasons
posed an important threat, with Malinyi district remaining isolated for over three
months in 2018 and 2020. A drought in 2019, as well as heavy precipitations in
2020 affected agricultural production, main source of income for most of the
beneficiaries. Significantly reducing their saving capacity, economic investments
were hindered. Though 41% of SL buyers stated they did not encounter any prob-
lem, the first distribution unrolled during the rainy season. Stakeholders therefore
agreed to delay the repayment phase, avoiding late reimbursements or insolvency.
The flexibility of the financial mechanisms is therefore capable to match the need
to combine resources planning, climate hazards and related debts.

Environmental threats particularly affected the adoption of SHSs, for which
interested buyers preferred to delay the acquisition. Losses, combined with
unforeseen damage remediation expenditures, affected the purchase of SHSs,
which had been planned at the end of the agricultural cycle in both early 2019
and early 2020. Adding to this, the COVID-19 Pandemic affected the adoption
of energy systems. SHSs, in fact, had been selected based on their quality from
European and Indian companies, while in any case most spare components are
made in China, and were therefore not available on the market. The distribution
has been interrupted and will be carried out with the support of TAREA when
possible.

4 Conclusion

SPTs represent a valuable opportunity to diversify energy access in rural areas,
both where villages are reached by electrical grids and in unconnected com-
munities. Even with the positive results obtained with project SF4A, access to
appropriate good quality technologies and products remains a barrier for rural
communities.

The initiative highlighted, in fact, the potential of introducing small scale SLs
able to provide a source of light or charge small appliances. SLs, though, cannot
cover the needs of an entire household, and remain bounded to weather condi-
tions and product reliability. The limited benefit of this device cannot sustain the
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behavioural change possibly related to accessing electricity, and willingness to
expand its usage for different uses. SHSs, on the other hand, are still too expen-
sive, not allowing most community members to cover the initial sum needed for
the investment. SHSs are more appropriate to cover growing electricity needs,
however it would still bound households to the presence of the sun, in a country
where the rainy season is yearly expected for three months.

The financing mechanism can be flexible enough to delay reimbursements in
case of external threats, but it is unable to cover the diversified needs of com-
munity members with different financial resources and capabilities. VICOBAs, in
fact, proved to gather a wide range of adherents, including landowners, farmers,
employees, entrepreneurs and more. Their diverse needs are not addressed with
different financial products or conditions. The price of SPTs and the investment
capacity leads to different levels of access, with only wealthier members reach-
ing products able to guarantee a satisfactory energy access. VICOBAs’ growth
capacity is bound to their functioning mechanisms, which limits a permanent cap-
italization of these financial institutions. Dividing shares between members at the
end of every cycle means that VICOBAs can generate value and growth but can-
not stabilize and increase their resources ensuring longer term sustainability. A
direct issue, for instance, is allowing large scale investments for the community,
having portfolios unable to scale compared to amounts saved by the community.
This means that future greater financial opportunities, and in this case large scale
adoption of appropriate SPTs, can be difficult.

The value of this intervention remains relevant. Possible future initiatives must
evaluate how to improve the defeat of both financial and technological barriers,
possibly focusing on different solutions in terms of financial schemes and renew-
able energy sources, always considering how to assemble all collateral compo-
nents of local power markets.
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