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Preface

My first encounter with the energy problems in the remote tropics was in early
2016, at the start of my Ph.D. journey under Prof. Dipti Srinivasan. At the time, I
joined a community project organised by the Indonesian Students’ Association in
Singapore to an Indonesian island called Geranting. The island is located merely
30 km away from mainland Singapore, a global financial centre and one of the most
prosperous countries in the world, but the difference in the level of development
of the two islands could not be starker.

There are about 300 families in Geranting Island, and most of them are fisher-
men. The residents relied on an old diesel generator for five hours of electricity per
day. When the diesel generator breaks down—a common occurrence—the residents
resort to hazardous kerosene lamps for lighting. The island had actually received
grants from the government in the forms of solar home systems for each house and
communal solar PV systems for the local school and for water desalination.
Nevertheless, without the transfer of knowledge to the community and proper
maintenance, the systems quickly broke down and were abandoned.

After the community project in Geranting, a group of friends and I came back to
the island to repair the PV system at the local school and decided to try and solve
more of these problems. We discovered that this is the case not just in Geranting,
but in many islands and communities across Indonesia, and across the developing
economies. It is obvious that the technologies to solve the problems are already
available, but without proper implementation, the situation will not improve.

Throughout my Ph.D. and rural electrification journey, I have encountered and
learned from numerous people who have the same vision and passion to solve these
energy problems as sustainably as possible. Their advice, which comes from their
wealth of experience, has definitely helped me in the discovery and implementation
of sustainable energy solutions in the remote tropics.

When the opportunity arises to put the lessons I have learnt, combined with Prof.
Dipti’s expertise in renewable energy and energy systems, into a book, we
immediately contacted the experts whom I have encountered, as well as those
whose works have been instrumental in the sustainable energy sector. Many
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of them have agreed to become authors and shared their lessons learnt from their
own journey in their respective chapters.

The lessons from these experts are now more important than ever. As we are
faced with the “dual challenge” of meeting rising energy demand and emitting a
decreasing amount of carbon, we need to collaborate and combine all our efforts,
knowledge, and expertise to come up with, implement, and scale the solutions.

Working with such diverse groups of authors, from academia, industry, gov-
ernment, and non-profit sector—all of whom are experts in their chosen fields—has
been very enriching both personally and professionally. I would like to thank the
authors who have been committed in writing their respective chapters, particularly
Christoph Luerssen, who has contributed immensely to the book since the ideation
stage.

Singapore Oktoviano Gandhi

My interest has always been renewable energy in all its forms and its relation to
sustainable development. Although sustainable energy was not a popular term even
twenty years ago, the concept was widely discussed due to the fact that almost all
developing economies that have grown in the past fifty years have done so either
using non-renewable resources or by making formerly sustainable ecosystems, such
as natural forests, unsustainable in the long run through industrial exploitation, and
other activities. Furthermore, this development corresponds to nearly one for one
increase in the use of energy.

Today, people use more energy than ever from a variety of sources for a multitude
of tasks, which undoubtedly make our lives better. While Asia has an abundance of
natural energy resources, the main challenge has been to balance the energy demand
against sustainable practices. In 2008, I started offering a graduate-level course to
provide the students with a thorough understanding of analysis and management
strategies for promoting the advancement and use of economically and environ-
mentally sustainable electrical energy systems. The course covered distributed gen-
eration and renewable energy sources and strategies for supply and demand-side
management for efficient resource utilisation, as well as issues related to the envi-
ronmental impact of electrical energy generation. My encounters with these disci-
plines provided much inspiration and conceptual linkages that enhance the potential
for smart energy technologies to reduce or shift energy demand.

The last few years have seen a rapid increase in community-led sustainable
energy projects around the developing world, capitalising on alternative energy
initiatives taken by the governments and moving towards a sustainable low-carbon
economy. These initiatives have included both energy generation and conservation
projects, combined with micro-generation technologies and energy efficiency
improvement programmes. In this book, rather than providing a typical overview of
sustainability projects, various experts in the field provide an interesting account of
projects to illustrate how smart initiatives are potentially transforming everyday
practice. Our hope is that this book will speak to the engineers and economists who
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are designing, building, and making the case for sustainable development in remote
communities with little or no access to grid electricity. Towards this end, this book
draws on experience from a wide range of fields to reconceptualise and extend the
possibilities for sustainable development in remote regions. We hope to showcase
innovations for sustainability transitions that have been successfully implemented
as local projects and disseminate best practices to encourage innovation diffusion.

Singapore Dipti Srinivasan
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Introduction

Oktoviano Gandhi and Dipti Srinivasan

Climate change is probably themost difficult and important challenge of this century.
If left unsolved, it has the potential to end humanity as we know it. The world has
experienced approximately 0.6 °C increase in temperature as of 2014 compared to
the periods of 1950–1980 [1] and is predicted to suffer from a 3.5 °C increase in
temperature by the end of the century should the business-as-usual activities continue
[2]. So far, the temperature increase shows no sign of stopping: July 2019 was
recorded as the hottest July globally since 1880, at 0.95 °C above the twentieth
century average [3]. Even a mere 2 °C increase in temperature would cause sea level
to rise by 56 cm by 2100—submerging many low-lying islands and countries—and
increase the frequency of extreme weather conditions throughout the world, among
other severe and irreversible effects [4, 5]. At 3.5 °C increase, the consequences are
much worse.

The problem of climate change has been worsening due to the increasing use
of energy in both the developed and developing countries. The world energy con-
sumption has increased by approximately 40% from 2010 to 2017 and is predicted to
increase by more than 25% by 2040 even in the International Energy Agency (IEA)’s
“New Policies” scenario [6]. Under this scenario, the CO2 emissions in 2040 would
be 35.9 gigatonnes, up 10% from the 2017 value. Meanwhile, the United Nations
Environment Programme (UNEP) warned that CO2 emissions need to peak by 2020
and decrease drastically if we were to stay within a 2 °C temperature increase by
2100 [2].

The increase in the final energy consumption can be largely attributed to the
expanding economy of countries with large population like India, China, and Indone-
sia, particularly in the form of increasing electricity demand for industrial motors,
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as well as for space cooling and household appliances in urban areas [6]. The equip-
ment does not only consume energy when used but also has to be manufactured
using energy. Approximately, half of the increase in primary energy demand would
be fulfilled by fossil fuel generation [6], which emits greenhouse gases, among other
pollutants.

While the energy consumption of the urban dwellers continues to increase
unabated, there remains large portion of the population which still does not have
access to energy, especially in the form of electricity. These communities are usually
located in remote areas (or islands) in the developing world, most of which lie along
the Earth’s tropical belt. These remote communities too experience a growth in their
purchasing power, albeit at a slower rate than their urban counterparts. And, they
too need to increase their electricity consumption (often from 0) to improve their
livelihood, such as to have lighting in the evening, to have access to fresh food and
working vaccines, among other basic needs.

Yet, if the remote communities obtain their energy sources in the same way as
most of humanity before them did, i.e. by burning fossil fuels for electricity and
cutting wood from the forest for cooking, the problem of climate change will be
exacerbated. Ironically, these remote communities are also the most vulnerable to
the consequences of climate change. Therefore, there needs to be sustainable energy
solutions for the remote communities to improve their livelihood, while protecting
the world’s environment.

That is precisely the aim of this book, to not only provide an overview of the types
of problems that exist in the remote tropics but also the details of what the solutions
can be, accounts on how they have been applied in real life by experts in the field,
as well as their impacts and how these solutions can be made more sustainable, not
only for the environment but also for the communities. This book is targeted towards
people who want to make a real difference in the world, by solving one of the world’s
most challenging problems at any scale—one community, an island, a country, or
even a whole continent. These people can be existing energy practitioners in the rural
areas, academics, policy makers, or even students who are embarking on a learning
journey about energy and sustainable development. These people most definitely
include you, who have picked up this book to learn about the defining challenge of
our time and how to solve it.

1 The Remote Tropics

The tropics are the region around the equator, between± 23°27′ latitude as shown in
Fig. 1, characterised by warm weather (averaging 25–28 °C) all year round. Unlike
the temperate and the subpolar regions, the tropics only experience two seasons: wet
and dry seasons—some areas even experience only one hot season. It is home to
about a third of the world’s population.

The tropics are also home to the world’s largest tropical rainforests, one of the
key ingredients in keeping our Earth’s temperature to stay within a 2 °C increase.
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Fig. 1 World map with tropical region marked in crimson. Picture by Genetics4good/CC BY-SA
3.0

Unfortunately, the forest land keeps on decreasing due to corporate logging and
mining activities, as well as deforestation by locals to obtain wood for cooking fuel
and construction.

The countries that lie along the tropics are generally less affluent compared to its
temperate counterparts, as can be seen in Fig. 2. Almost all tropical countries fall
under the International Monetary Fund (IMF)’s category of “emerging and devel-
oping economies” [7]. As of 2019, they possess an average gross domestic product

Fig. 2 Annual GDP per capita of countries around the world. Source IMF [7]


