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With the growing population and techno-
logical advancement, there is an ever-
increasing need for energy in various
forms across the globe. Energy is no more
a luxury; rather, it is a fundamental need.
Given the growing demand and limited
supply of energy with associated challeng-
es, it is vital to examine the economic and
policy aspects of energy, including its sup-
ply and demand implications. Against this
backdrop, the book under review presents
a collective work of 30 energy experts
based on their theoretical knowledge and
practical experiences from various parts of
the world. It also presents a good mix of
historical multi-country evidence, qualita-
tive research and quantitative analyses. It
will be useful to postgraduate students,
policymakers and energy professionals.
The book contains 16 chapters classified
into three parts. The first part ‘Fundamen-
tals of energy industry’ has seven chapters
highlighting the elements of structures,
drivers and the market of energy systems.
It also discusses carbon market and carbon
risk management. The second part on ‘Eco-
nomics and policy of energy transition’
with six chapters, constitutes the soul of
the book. It highlights energy innovation,
sustainability, energy transition and stor-
age technologies. Furthermore, from a regu-
latory and socio-economic perspective,
this part also covers energy system plan-
ning, geopolitical implications and the role
of public funding and collaboration in re-
newable energy. The third and final part,
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the ‘Energy data modeling and forecasting’,
which is primarily targeted at academic
and applied researchers, is quant-heavy. It
discusses econometric and machine learning
models as well as complex systems applied
to energy systems and electric mobility plan-
ning.

The first chapter presents the fundamen-
tals for understanding the energy sources
and energy carriers. Fossil fuels (coal, oil,
and natural gas) and renewable natural re-
sources (solar, wind, geothermal and hydro-
power, etc.) are the main sources of energy,
while electricity is the main carrier of en-
ergy to cater to the energy demand. Histori-
cally, coal has been the dominating fuel
source for energy generation and is expec-
ted to remain so in the future. This is due
to its vast availability, affordability, and
cheap technology to handle it. However, we
do not consume the energy directly; the
benefits derived from the energy, including
heating, cooling and transportation are our
final consumption. With growing popula-
tion and thereby consumption of energy,
there has been a significant increase in en-
ergy demand as well as carbon dioxide
(CO,) emissions. One of the solutions to
issues pertaining to growing energy demand
and CO, emissions is increase in energy
efficiency. The chapter recognizes the tech-
nological advancement, transition to renew-
ables, information and communication
technologies (ICTs), and policy initiatives
responsible for energy efficiency enhance-
ment and climate change mitigation. The
challenges associated with these alternati-
ves are discussed elaborately in the later
chapters.

The second chapter analyses the struc-
ture of energy demand. The energy demand
is seasonal and dynamic in nature. De-
pending on individual lifestyle and energy
consumption style, the energy demand pat-
tern varies. It is important to study this dyna-
mic pattern of energy demand to balance
the supply—demand mismatch. The chapter
highlights that energy demand is elastic in
nature and hence demand-side manage-
ment is helpful to control the peaks in de-
mand. In support of this, case studies
pertaining to the demand-side management
are presented from several European coun-
tries. The time-dynamic energy tariff and
smart metering are some of the solutions
proposed in this chapter for demand-side
management.

The counterpart of demand is ‘supply’,
which is discussed in the third chapter. It
starts with a discussion on the basic eco-
nomic theory of energy supply. The supply

curve is typically influenced by the price
in the energy market. Energy price is de-
pendent on three factors: value of resource,
technological advancement and Govern-
ment regulations. A high-value resource, if
extracted and handled with advanced tech-
nologies and backed by Government sub-
sidies, may cost less and hence could be
affordable. However, the transportation
cost structure and supply chain widely differ
with the type of fuel (oil, gas and electricity).
The chapter also highlights the finance
structure for energy supply, which is highly
capital-intensive. Three common sources
of financing for energy projects are discus-
sed: (i) the investor’s own funds (applica-
ble in developed economies); (ii) banks or
institutional investors (applicable for short-
term financing), and (iii) capital markets
(applicable for long-term financing). In
addition, indirect participation of the Gov-
ernment through tax incentives in energy
supply is also recognized. Along with en-
ergy supply, energy security is also vital,
especially for emerging economies. Energy
security refers to an uninterrupted supply
of clean energy at an affordable cost. To
support the ideas stated regarding energy
supply and security, this chapter ends with
a case study of an independent gas producer
in Russia, who introduced an optimal, resi-
lient and efficient mechanism for gas supply.

Extending the discussion to energy sup-
ply, chapters 4 and 5 deal with the specific
issues of transportation of gas and electri-
city. However, the book does not include a
discussion specific to the transportation of
another major energy source — oil. Histori-
cally, gas was considered a by-product of
hydrocarbon extraction. Later, the US pio-
neered the establishment of a gas market.
Due to its low storage density and high per-
meability, gas transportation is both tech-
nologically and economically challenging.
Its operation is broadly categorized into up-
stream (from well to gas hub), midstream
(gas hub) and downstream (gas hub to consu-
mers) phases. Similarly, electricity transpor-
tation has two broad phases: transmission
(generator to transformer) and distribution
(transformer to consumer). These phases
encounter operational and geographical
challenges which have cost implications.
Both gas and electricity transportation are
highly capital-intensive and therefore result
in monopoly. However, to protect the con-
sumers’ interests, monopoly must be either
broken or regulated by the Government.
This is achieved through open market oper-
ations, price regulation, negotiation and
long-term contracts.
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Chapter 6 highlights the wholesale mar-
ket and regulations in electricity and gas
that cater to a major part of global energy
demand. Through case studies, the chapter
summarizes the following factors which
contribute to the changes in the energy
market and its structure: (i) ever-growing
energy demand, (ii) emergence and invol-
vement of new technologies, (iii) active
participation of customers through demand—
response (discussed in chapter 2), (iv) bal-
ance between economy and ecology, and
(v) capture and storage of carbon emission
caused by energy transmission and con-
sumption. Carbon emission and climate
change are the negative externalities of the
energy market and must be addressed for a
sustainable economic growth. In this direc-
tion, chapter 7 elaborates on the issues per-
taining to the ‘carbon market’. Carbon
trading was started by the European Union
in 2005, but it has still not acquired mo-
mentum due to the developmental goals of
many developing as well as developed
countries. Clean Development Mechanism
and the Kyoto Protocol are important initi-
atives to manage the carbon market and
mitigate climate change.

To address the impact of climate change
while meeting the increasing energy de-
mand, energy innovation and sustainability
transition are required, as discussed in
chapter 8. Although carbon emission per
unit of energy consumption has been redu-
ced due to energy innovation and renewa-
bles, more innovation and transition are
required to further reduce carbon emission
and make the energy market sustainable.
To achieve this, a multipronged approach
involving active participation of technology,
economy, society and policy is required.
Historically, an increasing number of pa-
tents suggests growth in energy innovations.
Since innovation — generally a disruptive
event — has its own technological, economic,
societal and political limitations, renewa-
ble energy is the best alternative to cater to
the ever-increasing energy demand while
reducing carbon footprints. Chapter 9 dis-
cusses the impact of renewable energy
sources on the energy system, with a spe-
cial focus on solar and wind sources which
have a success story among renewables.
Both wind and solar energy share common
characteristics that are different from con-
ventional energy sources. These are: (i)
near-zero carbon emission in operation;
(i) near-zero operational cost; (iii) uncer-
tain power generation and (iv) asynchro-
nous interconnection to the power system.
While the first two characteristics are fa-

vourable to the sustainable energy system,
the latter two pose a challenge. Uncertainty
in generation can be addressed by develop-
ing the storage system (battery) and the
demand-response mechanism. Improve-
ments in the transmission system like ‘smart’
inverters and coordinated distributed re-
sources can address the issue of asynchro-
nous connectivity.

The regulatory implications of energy
storage systems are covered in detail in
chapter 10. Energy storage is essential
primarily for two reasons: (i) trading of
energy at different times, and (ii) avoidance
of transportation, and complex transmis-
sion and distribution networks. Together
they bring more flexibility to the energy
system. Although storage of energy does
not guarantee a reliable future energy sys-
tem, it can be mutually beneficial to both
producers and consumers in terms of flexi-
bility and efficiency in operation. The cha-
pter enumerates the following regulatory
challenges in integrating energy storage
into the mainstream energy system: (i) al-
tering the market design and (ii) restructur-
ing the tariff structure. The chapter ends
with prominent case studies of two energy
leaders, i.e. Germany and California, USA,
which have successfully designed and im-
plemented policies for energy storage to
respond to energy demand both efficiently
and flexibly.

An alternative for responding quickly
and flexibly to the growing energy demand
and urgent need of fast-growing econo-
mies is the ‘multicarrier’ energy system, as
discussed in chapter 11. Multicarrier refers
to the synergistic combination of multiple
energy carriers: electricity, gas and heat
energy. Electricity can be transported, but
not stored easily. In contrast, heat and gas
can be stored, but not transported easily.
Integration of these energy carriers increa-
ses flexibility and reliability of the supply
and helps in capacity optimization. The
chapter ends with the demonstration of a
mathematical model for optimization of a
multicarrier supply system.

Chapters 12 and 13 respectively, high-
light financial and geopolitical issues per-
taining to renewable energy. Due to lack of
maturity, high investment volumes and
high-risk factors, innovations in renewable
energy technologies fail to attract large and
early investors. In the renewable energy
segment, only solar and wind technologies
have been relatively successful in obtain-
ing finance from Government and private
investors across the globe. Typically, the
Governments support initial funding for
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R&D, and later, as the renewable energy
technologies attain maturity, private players
take over the financing. If this transition in
financing is not smooth, the renewable
technology suffers from a ‘technology val-
ley of death’. Geopolitical challenges for
renewable energy are also bottlenecks for
renewable technology growth. To address
these issues, interventions by the Govern-
ment as well as collaboration with private
partners are equally important.

Chapter 14 describes the macro-evolu-
tionary approach to model the complex in-
teraction between producers and consumers
in the energy market. This approach helps
in finding the optimal energy mix and re-
sponding to the fluctuating demand. It fo-
cuses on the diffusion of innovation and
ways to support the process with appropriate
policies. On the basis of a sound literature
review on the macro-evolutionary approach,
this chapter explains Jevons’ ‘rebound ef-
fect’ (1865) and Jensen and Skytte’s ‘merit
order effect’ (2002). The rebound effect
refers to the increase in energy consumption
due to increase in energy efficiency. The
merit order effect refers to the use of
renewables to reduce the overall energy
cost.

The last two chapters present economet-
ric modelling techniques for electricity
price forecasting and complex system ap-
plications to electric mobility respectively.
These chapters are primarily intended for
readers with an engineering background
and an understanding of stochastic proce-
sses. The chapters are highly mathematical.
With stylized facts about the electricity
market, chapter 15 presents the time-series
forecasting technique for electricity prices
by incorporating the trend and seasonality.
The limitations of such forecasting models
are as follows: (i) useful only for long-term
and low-frequency forecasts (quarter or
annual), but not for short-term and high-
frequency forecasts (hourly or daily); (ii)
lack of data; (iii) economic interpretations
of the complex models, and (iv) replication
of incumbent models with updated data.
Given these limitations, the chapter sug-
gests using output from multiple models
instead of relying on a single model. In the
case of high interaction between multiple
factors of the energy system, the use of a
complex system is suggested in chapter 16.
A complex system is defined as one that
has (i) complex interactions and nonlinear
dependency between the elements; (ii) dy-
namic and unpredictable elements, and (iii)
delicate elements sensitive to the macroeco-
nomic changes. Such uncertain and dynamic
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elements with complex interactions in the
energy system have been dealt with in the
previous chapters. They include carbon
market, renewable integration, regulatory
constraints, multicarrier energy system,
energy storage, energy financing and geo-
political challenges. In the presence of
many such new, dynamic and uncertain
elements in the energy system, complex
models are useful. They help solve prob-
lems pertaining to the demand forecast,
supply—demand balancing and meeting the

energy demand efficiently with a mini-
mum carbon footprint.

In summary, the book presents a homo-
geneous mix of economic and policy pers-
pectives on energy systems. To strengthen
the arguments, the authors have referenced
an adequate amount of empirical literature,
wherever appropriate. Tables and figures
are judiciously used to depict historical
findings and facts. The hypotheses are val-
idated with an elaborate narration of rele-
vant case studies that provide the right

context. Finally, algorithms and mathemat-
ical models are presented to lay the foun-
dation to implement the theories for
further research and analyses. Overall, this
is an excellent contribution to the field of
energy policy research.
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