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Introduction
Naoyuki Yoshino, Farhad Taghizadeh-Hesary,  

Youngho Chang, and Thai-Ha Le

Energy security has been widely discussed and a variety of definitions of 
it have been offered. While it has been broadly understood as securing 
energy resources, mere physical availability does not necessarily mean 
that they can reach the end-user. For instance, coal is abundant, but 
huge proven reserves in developed countries are not fully utilized 
due to environmental reasons. Japan’s huge installed nuclear energy 
capacity was mothballed after the Fukushima nuclear accident in 
2011. This shows why energy security should be defined beyond mere 
physical availability.

Energy security is typically defined as, “adequate and reliable 
supply of energy resources at a reasonable price” (Toman 1993; Bohi and 
Toman 1996; Bielecki 2002). Extending such a definition presents four 
dimensions of energy security: availability, applicability, acceptability, 
and affordability (Yao and Chang 2014). This framework has been applied 
to examine energy security in Association of Southeast Asian Nations and 
Asian countries (Tongsopit et al. 2016; Taghizadeh-Hesary et al. 2019; 
Malik et al. 2020).

Unlike energy security, energy insecurity has not been extensively 
studied. Energy insecurity is not a mirror image of energy security, 
given the diverse consequences and impacts of unavailability of energy 
for households. For example, high energy costs, especially for low-
income people, cause severe food insecurity (Taghizadeh-Hesary, 
Rasoulinezhad, and Yoshino 201b). This trade-off can lead to poor 
health conditions (Nord and Kantor 2006). Children from energy-insure 
households face higher chances of poor health and development risks 
(Cook et al. 2008). Possible causes of energy insecurity for low-income 
households are their inability to invest in energy-efficient improvements; 
in addition, split incentives by landlords limit energy-efficient facilities 
for renters (Bird and Hernandez 2012).

Using Rasch models and household responses to energy security 
questions, an energy insecurity index was built along the same lines as 
the household food insecurity index. The definition of energy security 
or insecurity pertains more to having enough income to afford sufficient 
energy reliably. By linking food security to the level of energy insecurity, 
questions that addressed a household’s access to enough energy to keep 
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them warm during winter months or cool during summer months were 
asked and responses were analyzed (Murray and Mills 2012).

A slightly different approach examined the relationship between 
inadequate fuel and electricity supply and the stability of states in India. 
For this case, energy insecurity is primarily defined as an insecure 
supply of fuel and electricity, that is, “the inadequacy, unreliability or 
unreasonable price of fuel or electricity supply” (Varigonda 2013).

New research on energy insecurity elucidates the relationship 
among energy, the built environment, and health for people who are 
vulnerable to the impacts of climate change. (Hernandez 2013).

Phoumin and Kimura (2019) investigated the impacts of energy 
insecurity on household welfare in Cambodia. They defined household 
energy insecurity as the status quo derived from the interplay of 
inadequate and insufficient energy consumption that prevents 
households from meeting basic energy needs. The notion of energy 
insecurity can only be understood by investigating the local context 
as it varies from place to place. Households facing insufficient energy 
consumption may forgo many other opportunities. Their study 
confirmed that energy insecurity has an enormous negative impact on 
the welfare of the households, with a further negative impact on the 
human capital formation of children in Cambodia. 

There are three suggested dimensions of energy insecurity: 
economic, physical, and behavioral. Reviewing these shows how 
energy insecurity leads to disease and disadvantage and damages 
housing-related factors such as type, quantity, or quality that must be 
addressed via policy coordination and fuel advocacy (Hernandez 2016). 
In the framework of energy justice, energy insecurity is defined as, “the 
everyday challenges in meeting basic household energy needs”. Energy 
justice has four rights: healthy, sustainable energy production; best 
available energy infrastructure; affordable energy; and uninterrupted 
energy service (Hernandez 2015).

Energy insecurity’s positive relationship with fragile families 
presented perhaps its most typical example. In this light, energy insecurity 
is defined as, “an inability to adequately meet basic household heating, 
cooling and energy needs”. (Hernandez, Aratani, and Jiang 2014).

Apart from the health-related consequences of energy insecurity, 
an aspect of energy security was cyberattacking on energy facilities. 
Cyberattacks on energy companies such as Saudi Aramco and Qatari 
natural gas company RasGas showed how such attacks would affect 
energy prices and the world economy. The discussions aligned with the 
context of the disruption of oil/energy supplies (Clayton 2012).

The status of energy insecurity for 24 Asian economies was examined 
by a framework based on 12 indicators with the application of a principal 
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component analysis (Le et al. 2019). The covered indicators were CO2 
emissions-related electric power transmission and distribution losses, 
energy imports, energy intensity, two measures of energy use, fossil 
fuel energy consumption, renewable electricity output, and renewables 
consumption.

Considering the scarce definition of energy insecurity in the 
literature, this book will identify challenges and explore solutions in the 
context of energy insecurity in Asia.

This book consists of two parts. Part I consists of five chapters 
providing a number of thematic and regional studies dealing with energy 
insecurity and offers solutions.  

Peimani and Taghizadeh-Hesary discuss the role of renewables in 
resolving energy insecurity in Asia, with a special focus on Southeast 
Asia. Their study employs a multidimensional definition of energy 
security, including the availability, affordability, applicability, plausibility, 
and acceptability of energy supplies. Furthermore, the authors relate 
the use of renewables in solving prolonged regional environmental 
degradation. In this regard, they propose a comprehensive approach to 
energy insecurity. The choice of energy needs to be based on social and 
economic impacts. 

Farabi-Asl et al. focus on clean cooking technologies. Nearly 
3 billion people lack access to clean cooking facilities worldwide, mostly 
in Asia and sub-Saharan Africa; of these, 2.5 billion cook with biomass 
in inefficient and polluting stoves. This leads to severe health impacts 
since household air pollution from solid fuel used in cooking causes 
more than 1 million premature deaths each year in the People’s Republic 
of China (PRC) (World Bank 2013) and 2.8 million worldwide (IEA 
2018). Furthermore, the biomass used in cooking technologies and tools 
often comes from unsustainable sources. Nevertheless, there have been 
limited programs and policies to address the clean cooking challenge. 
As such, more effective policies are needed. In this context, their study 
presents international evidence on the experiences of promoting clean 
cooking policies and programs. By using quantitative analysis, this study 
expects to help policy and decision makers to identify challenges and 
issues, and possible solutions, for providing clean cooking technologies 
in developing Asia.

Shadrina reviews the role of renewable energy in resolving the 
energy insecurity in Kazakhstan, the Kyrgyz Republic, Tajikistan, 
Turkmenistan, and Uzbekistan. Shadrina explores the potential for 
renewables development in Central Asia and identifies common regional 
and specific national barriers for renewables development. 

Sarker, Hossain, and Nazmul Islam emphasize regional cooperation 
and integration with respect to energy security in South Asia, particularly 
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regarding access among developing countries. In addition, the authors 
opine that strengthening regional cooperation and integration in 
different layers of resource sharing, production, and trade can help bring 
countries together into network of interdependence, thereby ensuring 
the maximum use of resources.

Xie compares the PRC’s and Japan’s approaches to energy security. 
The PRC and Japan present an interesting case study being the world’s 
second- and third-largest economies. Both countries are highly 
dependent on fossil fuels and increasingly reliant on energy imports. 
As such, to resolve the energy insecurity, both countries are urgently 
adopting and enhancing their renewables policy. While both the PRC 
and Japan have had success in developing renewables, energy insecurity 
remains a major challenge to both countries. The study then recommends 
some policy options to promote renewables in both countries.

Part II discusses the importance of renewables policies in 
addressing energy insecurity in Asia and presents several country case 
studies. There are many factors for countries investing in renewables 
to consider such as energy security, climate change mitigation, and air 
pollution reduction. Besides, investment costs for some renewables 
technologies have declined in recent years.

Aydin examines the prospects and challenges of renewables policies 
in Azerbaijan. As a large hydrocarbon producer, Azerbaijan also expects 
to generate 20% of its electricity from renewables by the end of 2020. 
This study evaluates Azerbaijan’s renewables potential and the country’s 
achievements in this area. 

Sarangi, Mishra, and Taghizadeh-Hesary address whether regulation 
promotes sustainable development outcomes. This chapter is an empirical 
study of the Indian electricity sector using a panel data sample from 12 
provinces. Independent regulatory institutions created for the electricity 
sector were expected to drive the sector on a sustainable trajectory. 
The study suggests that, while regulation is a crucial determinant for 
economic and environmental outcomes, social outcomes are negatively 
impacted. This has clear policy implications for larger overarching policy 
questions of energy security and sustainable development.

Lee and Kim estimate the policy risk factors of renewables 
investments in Kazakhstan. The study then evaluates their impact on 
the weighted average cost of capital in the country. The authors find that 
policy instability represents the biggest risk factor for the cost of capital. 
To solve energy insecurity in Central Asia, a stable renewables policy 
constitutes the best opportunity to transition away from fossil fuels.

Shumais and Mohamed examine different dimensions of energy 
insecurity for small islands. Despite these countries’ progress in 
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electrification, secure and reliable low-carbon energy supplies remains 
a challenge. Each small island country faces a distinctive energy 
security position, with Maldives being the only one in South Asia with 
100% access to electricity. Despite interventions undertaken during the 
tsunami recovery program and a greater focus on renewables, power 
cuts are still common on many islands. In this context, this study 
evaluates Maldives with respect to the United Nations’ Sustainable 
Development Goal 7 and provides insights on the distinctive energy 
security issues facing small islands, and offers recommendations based 
on this analysis.

Malik et al. applied the “availability, applicability, acceptability, 
and affordability”  framework to assess Pakistan’s energy insecurity. 
Specifically, they employ a quantitative approach, identify major 
hindrances to the promotion of renewables, and propose policy 
recommendations. Pakistan is highly exposed to international energy 
price shocks since the country is dependent on imported oil, coal, 
and liquefied natural gas for its energy. Having a sustainable energy 
policy is important for the country’s economic development in the 
long term.

Taniguchi evaluates energy insecurity in the Philippines. Despite 
improvements in electricity access in cities, the supply in rural areas 
has lagged. This has led to higher tariffs, and increased inequality in 
distribution, putting the system’s reliability at risk. The study proposed 
two approaches to resolve this problem, namely the Nordic variable 
renewable energy (VRE) model and the distributed VRE model. 
Furthermore, the study suggests that the combination of VRE and 
storage is a more cost-effective option than the traditional fossil fuel 
generation model.

Shokri-Kalehsar looks at the energy transition in Turkey toward 
renewables. Turkey has had an impressive rate of energy market 
expansion over the past decade, second only to the PRC. If Turkey 
can overcome its technological and financial challenges to develop its 
renewable sources, its energy insecurity will be resolved, contributing 
to the sustained economic growth of the country. 

In the last chapter, Dang and Taghizadeh-Hesary examine the power 
sector in Viet Nam. Viet Nam is an emerging case of energy insecurity, 
attributable to several factors: (i) the rapid growth in demand for the next 
3 decades; (ii) the heavy dependence on imports of fossil fuels, coal in 
particular; and (iii) the low level of diversification in energy supply. In this 
context, the involvement of the private sector is essential to facilitate the 
country’s energy transition process. However, this study indicates four 
obstacles to promoting private participation in Viet Nam’s power sector: 
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(i) uncertainty and instability of the regulatory system; (ii)  concerns 
on reforming state-owned power sector enterprises to maintain a level 
playing field; (iii) inadequate development of infrastructure to keep 
pace with electricity generation; and (iv) immaturity of local financial 
markets to attract the participation of foreign private sector businesses 
in this field. 
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1
The Role of Renewable  

Energy in Resolving Energy 
Insecurity in Asia

Hooman Peimani and Farhad Taghizadeh-Hesary

1.1 Introduction
Energy security, as an interdisciplinary field, focuses on various factors 
(e.g., energy, natural resources, environmental, economic, social, 
political/geopolitical, military/security, and technological) and issues 
(e.g., economic, energy and foreign policies, crises and conflicts, climate 
change, and sustainable development/energy) affecting countries’ 
efforts to secure their energy requirements in an environmentally and 
economically sustainable manner while being socially acceptable.  In 
other words, it involves the availability, affordability, applicability, 
plausibility, and acceptability of energy for countries. 

Implying lack of  sustainability of countries’ energy supply, energy 
insecurity is widespread in Asia. Within this context, Southeast Asia 
serves as an example of Asia’s energy insecurity. Despite regional 
efforts to expand each country’s share of renewable energy (hereafter 
renewables) of its energy mix, fossil energy (oil, gas, and coal) still 
dominates. Various factors have hindered the expansion of renewables 
in Southeast Asia, thus prolonging this environmentally unsustainable 
situation. Addressing these factors demands a comprehensive approach 
to ensure regional energy requirements, as well as social and economic 
development, all of which determine countries’ choice of energy.

Having fossil-dominated energy mixes, Singapore and the 
Philippines serve as good examples of energy insecurity in Southeast 
Asia. Expanding their share of renewables demands different plans 
linked to their sustainable development, which is true for the rest of 
Southeast Asia. Yet, achieving this requires different methods, given 
their differences in terms of the availability, affordability, applicability, 
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plausibility, and acceptability of energy supplies, particularly renewables. 
The latter requires sustainable development to make such renewables 
a necessity, the local production of which could serve as an engine for 
economic development while ending countries’ energy insecurity.

To shed light on this chapter’s main argument, Section 1.2 
contextualizes energy security in Southeast Asia while elaborating 
different definitions and implications. Serving as a background to the main 
argument, Section 1.3 studies the obstacles to renewables in Southeast 
Asia, in particular in Singapore and the Philippines. Specific reasons for 
the domination of fossil energy in Singapore and the Philippines are the 
focus of Section 1.4, while Section 1.5 discusses the relationship between 
sustainable development and sustainable energy in Southeast Asia and 
how renewables could benefit the former. Finally, Section 1.6 serves as 
the conclusion and provides policy recommendations for Southeast Asia.

1.2 Context of Energy Security
Energy security implies the availability, affordability, accessibility, 
plausibility, and acceptability of energy for countries.1 Apart from the 
“traditional” definition of energy security focusing on the availability 
and affordability of energy supplies as defined, for instance, by the 
International Energy Agency (IEA), i.e., “the uninterrupted availability 
of energy sources at an affordable price” (IEA 2019), other definitions 
have also been suggested, such as the following broader perspective by 
Taghizadeh-Hesary et al. (2019: vi):

The multi-faceted characteristics of energy security range 
from the inherent economic aspect of energy security to 
the strategic and geopolitical nature of energy security. 
This in turn presents four broadly defined dimensions 
on which energy security could be defined—economic, 
political, geopolitical, and institutional legal, and regulatory 
context. The first dimension is the economics of energy 
security, which mainly covers the consequences of import 
dependence and instability of energy markets. The second 
dimension is the political economy of energy security, which 
specifically examines interrelations between crude power 
and oil-importing and -exporting countries. The third 
dimension is the geopolitics of international relations, which 
explores how the geopolitics influences and shapes coalition, 

1 For a detailed discussion of this definition, see Peimani (2011).
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cooperation, or unilateral action for energy security. The 
fourth dimension is the aspect of energy security in terms of 
institutional, legal, and regulatory frameworks in the local, 
regional, and international contexts. 

Tongsopit et al. (2016) offer another definition focusing on four 
elements, namely the availability, acceptability, affordability, and 
applicability of energy supplies for countries. 

This study uses Peimani’s 2011 definition, as it is comprehensive 
and thus involves not only the economic elements (availability and 
affordability), but also political/security (accessibility), environmental 
and developmental (plausibility), and social (acceptability) ones in 
assessing countries’ energy security.

Given this definition, which focuses on energy sustainability, energy 
insecurity is widespread in Asia, although there are many differences 
among the Asian countries in terms of the contributing factors. Southeast 
Asia serves as an example for energy insecurity on this continent despite 
the differences in the scale and scope of this phenomenon between the 
regional countries.

The six largest Southeast Asian countries in terms of land, 
population, and/or gross domestic product (Indonesia, Malaysia, the 
Philippines, Singapore, Thailand, and Viet Nam) consumed 609.6 million 
tons of oil equivalent (mtoe) of energy in 2017 (Table 1.1), accounting 
for the bulk of their region’s consumption,2 an increase of 9.9 mtoe 
over their 2016 consumption of 589.7 mtoe (BP 2018).3 Their energy 
consumption is increasing because of their expanding economies and 
growing populations. Southeast Asia’s annual energy growth rate in the 
period ending 2025 is estimated at 4%, “amounting to a rise of 50% over 
2014 levels” (IRENA 2016). 

This estimated increase makes addressing the region’s energy security 
a priority for at least two major reasons. On the one hand, Southeast Asia’s 
own fossil energy resources are unevenly distributed among the regional 
countries, leaving Singapore with no reserves and small or insignificant 
reserves for others (Cambodia, the Lao People’s Democratic Republic 
[Lao PDR], and the Philippines), as reflected in Table 1.2.

The proven regional fossil energy reserves are not enough to fully 
satisfy even their current energy requirements, making the region 
dependent on energy imports (Table 1.3), with its associated financial 

2 Comparable data on the smaller regional countries (Brunei Darussalam, Cambodia, 
the Lao People’s Democratic Republic, Myanmar, and Timor-Leste) are unavailable.

3 Total consumption, increased consumption, and the percentage of growth were 
calculated by the author.
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Table 1.1: Energy Mix of Southeast Asia, 2017  
(mtoe)

Country Oil Gas Coal
Nuclear 
Energy%a

Hydro-
electricity Renewables Total

Brunei 
Darussalamb

... ... ...  ... ... ... ...

Cambodiab ... ... ...  ... ... ... ...

Timor-Lesteb ... ... ...  ... ... ... ...

Indonesia 77.3 33.7  57.2  ...  4.2 2.9 175.2

Lao People’s 
Democratic 
Republic*

... ... ...  ... ... ... ...

Malaysia 36.9 36.8 20.0  ... 5.6 0.4 99.6

Myanmar ... ... ...  ... ... ... ...

Philippines 21.7 3.2 13.1 ... 2.2  3.1 43.3

Singapore 75.3 10.6 0.4  ...  ... 0.3 86.5

Thailand 63.9 43.1 18.3 ... 1.1 3.4 129.7

Viet Nam 23.0 8.1 28.2  ... 15.9 0.1  75.3

mtoe = million tons of oil equivalent.
a Southeast Asia’s energy mix lacks nuclear energy.
b Comparative data are unavailable. 
Source: Authors’ creation based on data provided in BP (2018). 

Table 1.2: Proven Reserves of Fossil Energy in Southeast Asia, 2017

Oil
(billion barrels)

Gas
 (trillion cubic 

meters)
Coal

(million tons)
Brunei Darussalam 1.1 0.3 …

Indonesia 3.2 2.9 22,598

Malaysia 3.6 2.7 …

Myanmar … 1.2 …

Thailand 0.3 0.2 1,063

Viet Nam 4.4 0.6 3,360

… = insignificant or no reserves.
Source: Authors’ creation based on data provided in BP (2018). 
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burdens and risks. Thanks to Southeast Asia’s growing economies and 
populations as well as improving living standards, the growing increase 
in energy demand will expand their dependency on energy imports.

On the other hand, the current heavy consumption of oil, gas, and 
coal by Southeast Asian countries is unsustainable and worsening 
climate change, with its devastating environmental, health and 
economic/financial consequences of delaying, damaging and, quite 
possibly, preventing the sustainable development of these countries 
should the current trend continue.

Apart from the obvious environmental unsustainability of any 
increase in fossil energy consumption and its negative impact on 
regional populations’ health, the resulting air pollution will damage 
the regional economies extensively. As estimated by the International 
Renewable Energy Agency (IRENA), Southeast Asia’s “external costs 
caused by air pollution from fossil fuel combustion will increase by 35%, 
jumping from $167 billion in 2014 to $225 billion in 2025” (IRENA 2016). 
Hence, reducing the regional countries’ dependency on fossil energy 
and aiming at low-carbon and eventually zero-carbon economies is as 
much an economic necessity as an environmental one. 

1.3 Energy Insecurity in Southeast Asia
This region has a large and growing population, with expanding 
economies and increasing energy consumption. Appreciating the 
unsustainable nature of the growing consumption of fossil energy, the 
regional countries have sought to decrease their dependency on such 
energy by increasing their share of renewables in their energy mix. In 
particular, the Association of Southeast Asian Nations (ASEAN), of which 
all the regional countries except Timor-Leste are members, has tried to 
support and quicken the achievement of this objective as a necessity for 
their sustainable, secure and prosperous future. Thus, it has set a target 
share of 23% for renewables of the region’s primary energy consumption 
by 2025, a major increase of its share of 9.4% in 2014. However, according 
to IRENA, the “current policies – including those still under consideration 
– only suffice to reach just under 17% renewables. This leaves a crucial 
six-percentage-point gap” (IRENA 2016).

As it stands today, other regional initiatives will not help to fill this 
gap as they do not require any additional increase in Southeast Asia’s 
renewables consumption than that of ASEAN. Chief among them is the 
initiative of the Asia-Pacific Economic Cooperation (APEC) forum, as 
presented in the 2014 APEC Economic Leaders Declaration. Accordingly, 
APEC declared its 2030 objective of doubling the share of renewables in 
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its energy mix, including in power generation, through the efforts of its 
21 member countries, of which seven (Brunei Darussalam, Indonesia, 
Malaysia, Thailand, the Philippines, Singapore, and Viet Nam) are 
Southeast Asian countries (APEC 2017). Additionally, the APEC target 
is for the entire APEC region, which includes 14 non-Southeast Asian 
economies (the People’s Republic of China [PRC]; Hong Kong, China; 
Taipei,China; Japan; the Republic of Korea; Papua New Guinea; 
Australia; New Zealand; Canada; the United States (US); Mexico; Chile; 
Peru; and the Russian Federation). Given that they account for the bulk 
of the APEC region’s energy consumption and include four of the world’s 
five largest energy users (the PRC, the US, the Russian Federation, and 
Japan), its target, which does not require the doubling of this share in 
every APEC member economy, can be achieved by the uneven efforts of 
only some of its members, while others lag behind.

In short, Southeast Asia’s current energy insecurity can and should 
be addressed to ensure regional sustainable growth. Yet, as it stands 
today, the pace of events will not address this challenge in the foreseeable 
future. Hence, addressing it requires the identification and removal of 
the obstacles to the expansion of renewables in Southeast Asia.

1.4 Obstacles to Renewables and Case Studies
1.4.1 Obstacles to Renewables

Various factors have hindered the expansion of renewables in Southeast 
Asia. The availability of fossil energy is a major factor. The regional 
countries, excluding Singapore, all have a degree of oil, gas and/or coal 
reserves, although none is fully self-sufficient and, in some cases, such 
reserves are insignificant or small (e.g., Cambodia and the Lao PDR). 
Consequently, the majority must rely on large imports of some or all of 
these fuel requirements, as shown in Table 1.3. Despite this, oil, gas, and 
coal are abundant both globally and in the Asia and Pacific region (e.g., 
Australia and the Russian Federation), of which Southeast Asia is a part. 
The world’s single-largest oil- and gas-exporting region, the Persian 
Gulf, is in close proximity to Southeast Asia to which it has been a major 
supplier, in addition to North, East and West African suppliers. 

Hence, the ease of accessing supplies (accessibility) is another 
major factor. Such supplies are, by and large, affordable despite periodic 
price hikes, which mainly affect oil, while gas and coal are significantly 
cheaper, which is the main reason for the region’s large consumption 
of coal with an exception (Singapore), as shown in Table 1.4. Thus, the 
affordability of fossil energy is yet another reason. 
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Cost considerations as a component of affordability account 
for another major factor. Apart from the traditional renewables, 
which are widely available and inexpensive (e.g., wood, charcoal, and 
animal waste), other major renewables (solar and wind) require the 
importation of foreign-developed technologies, making them costly 
and thus not preferable. Of course, their prices have been falling for 
various reasons (technological advancements, large-scale production, 
etc.), as discussed in detail by Taghizadeh-Hesary, Yoshino, and Inagaki 
(2019) in their elaboration on the role of the contributing economic and 
monetary factors in lowering the prices of solar panels. Nevertheless, 
such technologies remain expensive and are not affordable for many 
Southeast Asian countries.

The exception is hydroelectricity, which accounts for a significant 
share of Viet Nam’s energy mix (21.11% in 2017); other regional countries 
with a suitable natural environment have much smaller shares, as 
demonstrated in Table 1.5. Apart from hydroelectricity, another exception 
is geothermal energy in the case of the Philippines, accounting for a 
significant portion of its renewables. In 2015, for example, geothermal 
energy accounted for 14% of the Philippines’ energy mix for electricity 
generation (IRENA 2017b).

As a related component of cost considerations, financing renewables 
projects is a major obstacle for low-income South Asian countries. In this 
regard, the major challenge is the lower rate of return and higher risk 
of green projects compared to fossil fuels. Yoshino, Taghizadeh-Hesary, 
and Nakahigashi (2019) and Taghizadeh-Hesary and Yoshino (2019) 
proposed two types of innovative financing solutions to increase the rate 

Table 1.4: Share of Coal in Southeast Asia’s Energy Mix, 2017

Country

 Total Coal 
Consumption

(mtoe)

Total Energy 
Consumption

(mtoe)

Share of Coal 
of Total Energy 
Consumption

(%)a

Indonesia  57.2 175.2 32.64

Malaysia 20.0 99.6 20.08

Philippines 13.1 43.3 30.25

Singapore 0.4 86.5 0.46

Thailand 18.3 129.7 14.10

Viet Nam 28.2  75.3 37.45

mtoe = million tons of oil equivalent.
a Authors’ calculations.
Source: Authors’ creation based on data provided in BP (2018). 
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of return and reduce the risk of investment in renewables projects. The 
first is utilizing spillover tax revenue originally generated by green energy 
supply and returning it to green energy projects in order to increase their 
rate of return, making them more interesting for private investors. The 
second solution is the establishment of a green credit guarantee scheme 
to reduce and manage the risk of investment in renewables projects. 

It should be stressed that, hydroelectricity and geothermal aside, the 
bulk of the renewables used in Southeast Asia is biomass, also known as 
bioenergy, which emits greenhouse gases (GHGs) when consumed and/
or their process of production is pollutive (in the case of biofuels). For 
example, Indonesia has massively destroyed its forests to clear land for 
palm tree cultivation to produce palm oil used in many industries (e.g., food 
and hygiene) globally. A growing part of such oil is used as a raw material 
for producing biofuel partly in Indonesia, but mainly in economically 
advanced countries. Indonesia produced 2.33 mtoe of biofuel in 2017, 
registering an eleven-fold increase in its production compared to 2007 
when it produced 217,000 tons of oil equivalent (BP 2018).

The release of the stored CO2 in the trees cut for land clearing added 
to that emitted during the intentional burning of trees, which is the 
fastest and cheapest method for clearing land for planting palm trees, 
have been the single major source of CO2 emissions in Indonesia. In 
fact, Indonesia’s deforestation has turned it into the world’s 11th-largest 
GHG emitter, with 515 million tons of carbon dioxide emissions in 2017 
(BP 2018), an unenviable rank inconsistent with its gross domestic 
product of $1.02 trillion, making it the world’s 16th-largest economy 
(World Bank 2018). 

A major part of biomass consumed in Southeast Asia is traditional 
bioenergy (e.g., wood, charcoal, and animal waste), used especially in 
rural areas as a readily available inexpensive fuel, which is the case in 
many other developing countries.

As a matter of fact, the major global growth of renewables, including 
in Asia and its subregions such as Southeast Asia, has been in pollutive 
and thus non-green bioenergy, as reported by IRENA:  

About three-quarters of the world’s renewable energy use 
involves bioenergy, with more than half of that consisting of 
traditional biomass use. Bioenergy accounted for about 10% 
of total final energy consumption and 1.4% of global power 
generation in 2015 (IRENA 2017a).

This type of cheap and easy-to-produce renewable is presented as a less 
pollutive and more sustainable alternative to oil, gas, and coal for a range 
of applications, including transportation (bioethanol and biodiesel) and 
household needs (e.g., biogas). The environmentally-destructive nature 
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of  bioenergy expansion in Southeast Asia is especially true when its 
production is done without regard for environmental considerations, 
which accounts for the majority of cases, as reflected in the clear-cutting 
of forests for burning wood and charcoal production, as well as palm oil 
production for producing biofuels, and exhausting fresh water resources 
for biofuel production.

The 10 forming countries of the ASEAN region consumed 49.25 
mtoe of traditional bioenergy in 2015, the most recent year for which 
such data exist (ACE 2017). This consumption accounted for 7.83% of 
their total primary energy supply of 628.45 mtoe (ACE 2017).

Other factors hindering the expansion of renewables in Southeast 
Asia include the ease of use of fossil energy given the regional countries’ 
decades of using oil, gas, and coal, which has shaped their economies 
and the daily life of their populations. Finally, the lack or limited 
availability of indigenous renewable technology is another obstacle.

Addressing these factors and thus removing the obstacles to the 
expansion of renewables demands a comprehensive approach not only 
to ensure the energy requirements of the regional countries, but also 
their overall situation. The latter includes, particularly, the social and 
economic realms, given their significance in terms of determining the 
individual countries’ choice of energy supplies.

Briefly, ease of use, availability, accessibility, and affordability of 
fossil energy to which the Southeast Asian nations are accustomed have 
made oil, gas, and coal socially acceptable, although their expanding 
health, environmental, and economic costs are challenging their 
acceptability to a varying extent depending on their significance in 
the regional countries. Hence, their environmental and developmental 
challenges and associated health hazards are increasingly prompting 
their populations to question the use of oil, gas, and coal as the main 
source of energy for the Southeast Asia countries and, thus, their 
unsustainable nature, resulting in energy insecurity.

1.4.2 Case Studies

Singapore and the Philippines serve as good examples to examine 
energy insecurity in Southeast Asia, given their respective ranks as 
one of the region’s most and least prosperous countries, respectively.4 
Despite their differing energy requirements and the availability of 
means to satisfy them, their energy mixes are dominated by fossil 
energy, although that of the Philippines has a larger share of renewables. 

4 Cambodia, the Lao PDR, and Timor-Leste are less developed and less prosperous 
than the Philippines, but comparable data on them are unavailable.



22!Energy Insecurity in Asia: Challenges, Solutions, and Renewable Energy

Singapore
Fossil energy accounted for practically the entire energy consumption of 
Singapore in 2017 (99.66%), and its total energy consumption of 86.5 mtoe 
(Table 1.6) left a negligible share of 0.34% for renewables. Waste-to-
energy accounted for the bulk of its renewables, except for a small amount 
of solar energy. The country has four waste-to-energy power generators 
(NEA 2019a), with the bulk of its electricity being generated by gas. In 
2017, the country’s energy mix for electricity generation consisted of gas 
(95.15%), petroleum products (0.67%), and others (4.18%) (EMA 2018a). 
“Others” consisted of municipal waste, biomass and solar (2.9%), and coal 
(1.3%).5 Diesel and fuel oil accounted for the bulk of petroleum products 
(EMA 2018b; figures are rounded up). The share of solar energy of the 
country’s electricity generation was only 0.2% (EMA 2018c).

Singapore encourages waste-to-energy for which municipal 
waste and biomass are used as a means to address the country’s waste 
management and minimize the need for landfill space, a necessity 
because of its land scarcity, while diversifying its aforementioned energy 
mix using the most practical type of renewables. Singapore’s National 
Environment Agency (NEA) describes the process as follows:  

At source where the waste is generated, recyclables are 
sorted and retrieved for processing to conserve resources. 
The remaining waste is collected and sent to waste-to-
energy plants for incineration.

5 Figures are rounded up by the source, i.e., Singapore’s EMA.

Table 1.6: Share of Renewables and Fossil Energy  
in the Energy Mixes of Singapore and the Philippines 

Hydro-
electricity

(mtoe)

Other 
Renewables

(mtoe)

Total 
Renewablesa

(mtoe)

Total Energy 
Consumptiona

(mtoe)

Share of Total 
Renewables  

of Total 
Energy 

Consumption 
(%)a

Share of Total 
Fossil Energy  

of Total 
Consumption 

(%)a

Philippines 2.2  3.1 5.3 43.3 12.25 87.75

Singapore  …b 0.3 0.3 86.5 0.34 99.66

mtoe = million tons of oil equivalent.
a Calculated by the authors.
b Singapore has no river suitable for dam building.
Source: Authors’ creation based on data provided in BP (2018). 
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Incineration reduces the waste by up to 90%, saving landfill 
space, and the heat is recovered to produce steam that 
propels turbine-generators to generate electricity, providing 
up to 3% of the island’s electricity needs. The incineration 
ash and other non-incinerable wastes are then transported 
to the Tuas Marine Transfer Station (TMTS) from where 
they are barged to Semakau Landfill for final disposal  
(NEA 2019b).

With the existing renewable technologies, the country has a limited 
potential for renewables given its lack of a suitable environment for all 
types of renewables except solar, as stressed by the country’s Energy 
Market Authority (EMA):

In Singapore, we have limited renewable energy options. 
There are no hydro resources, our wind speeds and mean tidal 
range are low, and geothermal energy is not economically 
viable. Solar energy remains the most viable renewable 
energy option for Singapore when it becomes commercially 
viable (EMA 2018d).

While solar is an option pursued by Singapore, the country’s 
very small land surface (722.5 square kilometers), and population of 
5.61 million (Singstat 2017) creates challenges to its expansion. Land 
scarcity leaves rooftop solar panels as the main suitable option, now 
accounting for almost all the installed grid-connected solar panels.

While Grid-connected installed capacity grew sharply from 
7.7 MWac in 2012 to 96.7 MWac in 2016, its growth had 
moderated recently and total installed capacity stood at 
114.8 MWac in 1Q 2018. This growth is likely to increase. The 
Housing & Development Board (HDB) and the Economic 
Development Board (EDB) are jointly spearheading the 
acceleration of the deployment of solar PV [photovoltaic] 
systems in Singapore through the SolarNova project, which 
was launched in 2014. As part of this effort, three solar leasing 
tenders have been called to-date. Singapore is expected to 
reach the committed solar PV capacity of 350 MWp via this 
project by 2020 (EMA 2018e).

The country has sought to expand its solar power generation within 
its geographical limits by exploring pioneering technologies recently 
used in other countries, such as floating solar panels on its water 
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reservoirs (World Bank 2018). Singapore’s Tengeh Reservoir has already 
been used for testing solar panels for such purpose on a small scale 
(1 megawatt peak [Mwp]), with positive results to prompt Singapore’s 
national water agency to deploy a 50 MWp floating solar panel system 
at the reservoir by 2021 (Today Online 2018). Additionally, it is now 
building a large offshore floating solar panel system near its northern 
shores, which is, reportedly, “one of the world’s largest sea-based floating 
photovoltaic (PV) system[s]” to generate about 6,388 MWh annually; it 
is scheduled to become operational in 2019 (Tan 2018).

Despite these encouraging projects, a major expansion of renewables 
in Singapore in the foreseeable future is highly unlikely, at least with the 
existing technologies, given the geographical and geological restrictions. 
While the use of rooftop and floating solar panels will become more 
common, their contribution to the country’s electricity generation will 
be small; waste-to-energy will therefore remain the largest and most 
commonly used renewable energy in Singapore.

The Philippines
Fossil energy dominates the Philippines’ energy mix, as it does in 
Singapore (Table 1.6); oil, gas, and coal accounted for 87.75% of its mix 
of 43.3 mtoe in 2017 equal to 38 mtoe. Of course, at 12.25%, the share 
of renewables, including hydroelectricity, in its energy mix is much 
larger than that of Singapore. Lacking any significant reserves of oil, 
gas, and coal, the country’s heavy dependency on their imports with 
its tremendous financial burden on the economy has been a major 
incentive for the country to increase the production and consumption of 
renewables. The country’s geographic and geological characteristics have 
provided a suitable ground and potential for the expansion of renewables, 
particularly in certain fields. Based on the most recent available statistics 
(2017), the Philippines’ geothermal sector (868 MW) now ranks second 
globally after the US (3,591 MW) (Think Geoenergy 2019). Unlike most 
renewables (wind and solar), geothermal is not an intermittent source of 
energy and thus it is suitable for supplying baseload electricity.

Appreciating the necessity of decreasing its fossil fuel consumption 
for health and environmental reasons and being mindful of the heavy 
cost of its dependency on imported fossil energy, the Philippines has 
encouraged the production of indigenous renewables by using its largely 
unharnessed potential.

As a recent major example, its National Renewable Energy Program 
(NREP) of 2011 “outlines the policy framework enshrined in Republic 
Act 9513” by stating:

the strategic building blocks that will help the country achieve 
the goals set forth in the Renewable Energy Act of 2008. 
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The NREP signals the country’s big leap from fragmented 
and halting RE [renewable] energy initiatives into a focused 
and sustained drive towards energy security and improved 
access to clean energy. The NREP sets out indicative interim 
targets for the delivery of renewable energy within the time 
frame of 2011 to 2030 (DOE 2019a).

The NREP seeks a three-fold increase in the Philippines’ renewable-
based capacity of 2010 to 15,304 MW by 2030 (DOE 2019b). Apart from 
institutionalizing “a comprehensive approach to address the challenges 
and gaps that prevent and/or delay wider application of RE technologies 
in a sustainable manner,” and outlining “the action plans necessary 
to facilitate and encourage greater private sector investments in RE 
development,” the NREP intends to realize the following objectives:

(1) Increasing geothermal capacity by 75%;
(2) Increasing hydropower capacity by 160%;
(3) Delivering an additional 277 MW biomass power capacity;
(4) Attain wind power grid parity with the commissioning of 

2,345 MW additional capacity;
(5) Mainstreaming an additional 284 MW solar power capacity 

and work towards achieving the ultimate target of 1,528 MW; 
and

(6) Developing the country’s first ocean energy facility (DOE 
2019b).

Table 1.7: Summary of the Philippines’ Awarded  
Renewable Energy Project by End of 2017

Awarded  
Projects

Potential Capacity 
(MW)

Installed Capacity 
(MW)

Commercial Own-Use Commercial Own-Use Commercial Own-Use

Hydropower 444 … 13,467.53 … 974.79 …

Ocean 
Energy

7 … 26.00 … … …

Geothermal 41 … 575.00 … 1,906.19 …

Wind 65 1 2,461.50 … 426.90 0.006

Solar 216 16 6,882.92 4.286 905.18 3.218

Biomass 55 24 346.68 16.77 407.15 128.16

Subtotal 828 41 23,759.63 21.056 4,620.21 131.38

TOTAL 869 23,780.69 4,751.59

MW = megawatt.
Source: Authors’ creation based on data provided in Department of Energy (2019c). 
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Despite government support, the Philippines still has not realized 
its extensive potential in hydro, ocean energy, geothermal, wind, and 
solar. According to the available statistics provided by its Department 
of Energy, many renewables projects have been awarded in these fields, 
most of which have not been implemented. Of the awarded projects, 
only geothermal, biofuel and biomass ones have exceeded the expected 
potentials, as shown in Table 1.7, although the fact that the awarded 
projects are still a fraction of the country’s achievable potential in 
renewables should be kept in mind. 

Comparative Analysis
The Philippines and Singapore have both taken measures to expand 
their renewables sectors. As is the case in all other countries, both in 
Southeast Asia and other regions, these measures are mainly aimed 
at replacing fossil energy with renewables for electricity generation, 
but not as an alternative to liquid fuel for transportation. As it stands, 
these two countries, like other ASEAN nations, will not be able to meet 
ASEAN’s target for their renewable energy mix share (23%) by 2025 and, 
thus, must increase their efforts to cover the projected gap of 6%. Tables 
1.8 and 1.9 reflect this situation. Using 2014 achievements as a reference, 

Table 1.8: Share of Renewables in Electricity Generation in 2014  
and Projected Share in 2025, the Philippines

Unit 2014
 Reference 
Case 2025

 REmap  
2025

Total electricity 
generation

TWh  77.3 142.6 143.4

Renewable 
generation

TWh  19.8
(25.62%  
of total)

40.6
(28.47%  
of total)

46.7
(32.56%  
of total)

Hydropower TWh 9.1 14.8 14.8

Wind TWh  0.2 0.6 2.2

Biofuels (solid, 
liquid, gaseous)

TWh  0.2 2.5 3.8

Solar PV TWh  0.0 2.6 5.7

Geothermal TWh  10.3 20.1 20.1

Marine, other TWh 0.0 0.0 0.0

Nonrenewable 
generation

TWh  57.5 101.9 96.8

PV = photovoltaics, RE = renewable energy, TWh = terawatt hour.
Source: Authors’ creation based on data provided in IRENA (2016). 
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Table 1.9: Share of Renewables in Electricity Generation in 2014  
and Projected Shares in 2025, Singapore

Unit 2014
 Reference 
Case 2025

 REmap  
2025

Total electricity 
generation

TWh 48.27 64.81 64.81

Renewable 
generation

TWh  0.92
(1.90% of total)

 1.47
(2.26% of total)

 6.18
(9.53% of total)

Hydropower TWh 0.00 0.00 0.00

Wind TWh 0.00 0.00 0.83

Biofuels (solid, 
liquid, gaseous)

TWh  0.88 1.18 1.51

Solar PV TWh 0.04 0.29 3.34

Geothermal TWh 0.00 0.00 0.00

Marine, other TWh 0.00 0.00 0.50

Nonrenewable 
generation

TWh 47.35 63.34 58.63

PV = photovoltaic, RE = renewable energy, TWh = terawatt hour.
Source: Authors’ creation based on data provided in IRENA (2016). 

they compare the Philippines’ and Singapore’s government-projected 
expansion of their electricity generation by renewables by the target 
year (Reference Case 2025) with the required increase in their electricity 
generation to meet the target share in renewables (REmap 2025).

Thus, in the case of the Philippines, the actual renewable electricity 
generation in 2014 (19.8 TWh) was 25.62% of the total, reflecting the 
large share of GHG-emitting fossil energy. As it stands, the Philippines’ 
renewable share of its electricity generation will increase to 28.47% 
(40.6 TWh) in 2025, though it must reach 32.56% (46.7 TWh) to meet 
the target share. The projected volume of generated electricity in 2025 
matches the required volume only in the cases of hydropower and 
geothermal, but lags behind in wind, solar PV and biofuels, as reflected 
in Table 1.8.

In the case of Singapore, the share of renewables in its electricity 
generation in 2014 was 1.90% (0.92 TWh) of the country’s total electricity 
generation of 48.27 TWh, indicating the almost total domination of 
GHG-emitting fossil energy in the country’s electricity generation 
energy mix. According to its government’s projections, the expected 
growth in renewables will secure a share of only 2.26% (1.47 TWh) of 
the country’s total electricity generation in 2025. Meeting ASEAN’s 
aspirational goal means that Singapore must increase this share to 
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9.53% (6.18 TWh) of that year’s total projected electricity generation of 
64.81 TWh. Lacking hydropower, wind, geothermal, and marine energy, 
the expected growth in biofuel and solar PV will not be large enough to 
help the country match the required growth in renewables to meet the 
aspirational target.

Specific Reasons for the Domination of Fossil Energy  
in Singapore and the Philippines
By and large, the above-mentioned obstacles to the expansion 
of renewables have served as the common reasons justifying the 
Philippines’ and Singapore’s opting for fossil energy as their main source 
of energy. However, the differences in their overall situations demand 
different solutions in order to significantly expand the renewables share 
of their energy mixes. The cost of switching to renewables is certainly 
a common reason for discouraging not just for these two countries or 
Southeast Asia countries in general, but for just about any other country 
from expanding their renewable sector, as discussed in detail in many 
scholarly works and, most recently, by Sachs et al. (2019) in their dealing 
with the importance of green financing.

However, cost is more of a reason for the Philippines as a middle-
income Southeast Asian country than for Singapore, the region’s 
wealthiest and most developed country, although it is certainly a major 
consideration that country as well. Despite this, Singapore’s lack of 
potential for hydro and geothermal eliminates these two renewables 
as options. Its weak wind speeds mean the commonly used horizontal 
axis wind turbines are not an option either. Lacking gas and oil reserves 
to make it 100% dependent on imports, the regional availability of 
these fuels is not the reason for the negligible share of renewables in 
its energy mix.

Having said that, land scarcity is the single major obstacle for the 
limited growth of renewables. This explains why the country, which is 
blessed with sunshine, has had very limited progress in solar energy, 
notwithstanding its aims at turning itself into a hub of research and 
development for solar technology and eventually a technology exporter. 
To this end, it established the Solar Energy Research Institute of 
Singapore in 2008 to, for example, “conduct industry-oriented R&D 
in solar energy technologies and their integration into power systems 
and buildings” (APERC 2018). Hence, removing the major obstacles to 
renewables’ expansion in Singapore necessitates the country addressing 
this issue through certain innovations to be discussed in this study’s 
policy recommendations. 

In the case of the Philippines, land scarcity is not a reason for 
the limited progress of renewables, although such progress is much 
larger than that of Singapore; neither are geological realities an issue, 
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as the country has unharnessed potential for geothermal, wind, solar, 
ocean and hydro energy. The Philippines’ reserves of oil and coal in 
particular, while not enough to wholly meet its requirements of fossil 
energy, have created an incentive to use them. Nevertheless, the cost 
of switching to renewables, which requires imported technology, has 
certainly functioned as a major disincentive. This explains why locally 
available renewables, such as traditional biomass, are widely used in 
Southeast Asia, including the Philippines. Addressing the cost issue is 
therefore the main solution in expanding the the share of renewables in 
the Philippines’ energy mix for as long as the country is dependent on 
foreign technology for this purpose.

1.5  Sustainable Development  
and Sustainable Energy

In a broad sense, sustainable development is the main objective of the 
Philippines and Singapore and, in fact, all the Southeast Asia countries, 
even though achieving this objective demands different approaches and 
plans. The reason lies in their differences with respect to their current 
level of development, on the one hand, and the availability, affordability, 
applicability, plausibility, and acceptability of supplies of energy to fuel 
such development, on the other. Consequently, sustainable development 
necessitates sustainable energy to make certain environmentally 
clean renewables (wind, solar, geothermal, and run-off river hydro), 
though not all types (e.g., biomass and biofuel) a necessity. After all, 
renewability does not mean energy sources are non-pollutive and thus 
environmentally clean.

Added to generating clean energy for the aforementioned countries 
as representatives of their region and, in a broad sense, Asia, the local 
production of the required renewable technologies could, in itself, 
serve as an engine of economic development and/or its consolidation, 
depending on the case (i.e., the level of development of a given country 
and the available options for development). This is a feasible solution, 
of course, to a varying extent depending on the concerned countries’ 
industrial and scientific development, among other factors.

1.6 Conclusion and Policy Recommendations
Briefly, environmentally clean renewables have an essential role in 
ending energy insecurity in Asia in a sustainable manner, which cannot 
be achieved using other types of energy. While some of these types are 
environmentally unsustainable (e.g., coal and thus coal-fired electricity 
generators), other types that do not emit GHGs, such as nuclear power 
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generators are perhaps too costly and/or unaffordable for many Asian 
countries, including Southeast Asian ones. As a result, renewables are 
the best option for most of the Southeast Asian countries, which are 
developing and low- or middle-income. However, given most of the 
major types of renewables are intermittent sources of energy, meaning 
not being available all the time (e.g., wind and sunshine), a combination 
of intermittent (wind, solar, and ocean energy) and continuous (mainly 
hydro, run-off river hydro, and geothermal) energy needs to be used 
together to ensure the availability of reliable alternatives to oil, gas, and 
coal for a large part of Asian countries’ energy needs for commercial, 
industrial, residential and agricultural activities. For the total 
replacement of fossil energy and permanently halting the bulk of human-
made emissions and related unsustainable practices (e.g., the rapid 
depletion of fresh water resources), environmentally clean alternatives 
to fossil liquid fuels (gasoline and diesel fuel) for transportation are yet to 
be developed at a large scale. In spite of the common belief, the currently 
available biofuels are not sustainable alternatives to such fuels. This is 
due to their unsustainable water and fossil energy-intensive nature at 
the production level and/or the damage they inflict on the environment 
at the cultivation level, especially regarding forests being destroyed to 
clear land to grow raw materials such as corn and palm trees.

The 10 Southeast Asian countries are yet to harness their renewables 
potential for a differing number of the above-mentioned factors. Since 
costs are an obstacle for all of them despite the differences in its preventive 
strength (i.e., from a factor to the single most important one), addressing 
this is a necessity for which certain options are recommended.

Opting for less technologically challenging renewables that, unlike 
biomass, are environmentally clean and can easily be developed in all 
these countries is one option. Examples include solar boilers, which use 
direct sunshine to boil water and thus do not require the sophisticated 
technology that is not locally available and/or is too expensive to afford 
at a large scale. Such boilers, which can easily be installed on the rooftops 
of all buildings, large and small alike, can replace a significant amount of 
fossil energy for a range of consumers from small-scale residential to 
large-scale commercial/industrial ones. Advancing modern technology 
in the Southeast Asian countries is a fortunate by-product of developing 
and manufacturing water boilers for these countries.

Also known as run-off river hydro, small hydro-generators constitute 
affordable types of renewable technologies for all the regional countries. 
They can easily be developed in all of them, including the Philippines, as 
has been the case in the low- and middle-income countries of the Asia 
and Pacific region such as India. There is a wide range of run-off river 
hydro options, which are not technologically complicated and can meet 
the small-scale electricity needs of the region. 
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Vertical axis wind turbines are a serious option for all the regional 
countries. They require much weaker winds than those needed for the 
widely used large horizontal ones and are less expensive and much 
easier to locally develop, install and maintain. These are an especially 
sensible option for Singapore, which suffers from land scarcity, as they 
can be installed on rooftops. Singapore is currently using a small fraction 
of its rooftops to install solar panels, now exclusively part of those of its 
government-built Housing & Development Board buildings for mainly 
low-income families. Therefore, the country still has hundreds of such 
rooftops, as well as thousands of its large high-rise ones to be used for 
small vertical axis wind turbines.

Singapore, which can afford to import advanced foreign technologies, 
can also use some of its rooftops for vertically concentrated solar power 
generators, which has been developed to provide the benefits of in-use 
horizontal ones for large-scale solar energy generation, without taking 
up the space required by the latter.

Adding platforms to the sides of rooftops for solar panels, vertical 
concentrated solar power generators, solar water boilers, and vertical 
axis wind turbines could help Singapore to create space to expand its 
renewables generation and thereby overcome the challenge of land 
scarcity to a significant extent. This is a solution for all other countries 
suffering from land scarcity in Asia and elsewhere.

Apart from solar technologies, these recommended measures are 
relatively feasible, inexpensive, and easy-to use technologies that can 
be developed locally. Once adopted, they will help the Southeast Asian 
countries, low- or high-income alike, decrease their dependency on 
fossil energy, meet their growing electricity requirements, including 
those of their rural areas demanding small-scale technologies, and 
reduce the financial burden of their heavy imports of fossil energy, while 
also reducing their GHG emissions. 

Thanks to their expanding production and technological 
developments, the ongoing declining cost of renewables technologies, 
which are not currently produced in these countries, such as wind and 
solar energy, will make them more affordable to import for the regional 
countries, particularly the low- and medium-income ones so long as 
they lack their home-grown technologies. 
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2.1 Introduction
The World Health Organization (2006: 4) affirms that, “energy is 
essential to meeting our basic needs: cooking, boiling water, lighting and 
heating. It is also a prerequisite for good health - a reality that has been 
largely ignored by the world community.” At the household level, energy 
insecurity is defined as an, “inability to adequately meet basic household 
energy needs” (Hernandez and Siegel 2019: 78). Hernandez (2016) 
described the associated adverse consequences of household energy 
insecurity in environmental aspects (e.g., indoor hazardous exposures 
due to traditional biomass cookers, heat stress, and cold stress), health 
aspects (e.g., asthma, chronic stress, mental health trigger), and social 
aspects (e.g., parental fear and stigma, family disruptions, and residential 
instability). Energy insecurity at a household level has three primary 
dimensions: economic; physical; and behavioral (Hernandez 2016).

The economic dimension of household energy insecurity is defined 
as, “financial hardships associated with the cost of energy relative 
to income and other expenses” (Hernandez 2016: 3). The economic 
dimension has various sub-dimensions including poverty, material 
hardship and tenuous employment, energy-specific financial hardships, 
priorities and trade-offs (e.g., between paying the rent, bills, and food), 
seasonal variation, billing issues (e.g., charging a delivery fee for liquefied 
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petroleum gas (LPG) gas capsules for cooking), landlord improprieties 
(mainly for shared houses and buildings), and discontinued service due 
to nonpayment.

The physical dimension of household energy insecurity is defined 
as “deficiencies in the physical infrastructure of the home environment 
that impact thermal comfort, include harmful indoor exposures, and 
increase energy costs” (Hernandez 2016: 4). The main drives of the 
physical dimension are poor overall housing quality, faulty building 
infrastructure, and improper changes in building energy systems. 

Finally, the behavioral dimension of household energy insecurity is 
defined as, “behavioral strategies used to cope, improvise and counteract 
the impacts of economic and structural energy insecurity” (Hernandez 
2016: 5). The main sub-dimensions of the behavioral aspect are energy 
conversation (e.g., using the same device for cooking and heating in 
some of the households in Asian developing countries), seeking thermal 
comfort, and lump sum and partial bill payments.

Clean and affordable sources for cooking are a primary need in 
both developed and developing countries. However, nearly 2.1 billion 
people in Asia in 2014 were without access to clean cooking (ESCAP 
2018). Widespread introduction of improved cooking technology to 
the poorest third of the planet has been heralded as an affordable 
intervention with potential to make enormous progress to mitigate 
these burdens (Anenberg et al. 2013; Smith and Haigler 2008). If done 
properly—that is, by ensuring use of clean cooking technologies that 
offset use of traditional, polluting stoves and fuels —and sustainably, the 
introduction of clean cooking technology can drive progress toward at 
least five of the 2030 Sustainable Development Agenda’s Sustainable 
Development Goals (Rosenthal et al. 2018).

Table 2.1 shows the population of major countries without access 
to clean cooking in Asia. India, the People’s Republic of China (PRC), 
Bangladesh, Indonesia, and Pakistan have more than 100 million 
people without access to clean cooking. The total number of people 
without access to clean cooking in 14 selected countries in Table 2.1 is 
2.059 billion.

Figure 2.1 shows the Asian countries with a clean cooking access  
share of less than 75%, along with their annualized change in share of 
access. Indonesia showed an outstanding change in share of access (4.3%), 
with their recent policies for promoting clean cooking. The change in 
share of access for India and the PRC is 0.8% and 0.7%, respectively. 
Figure 2.2 shows the clean cooking access share and annualized change 
in share in Asian countries for 2000– 2014. The access share in 2000 is 
slightly below 40%, reaching to 51.2% in 2014. The annualized change in 
access share is 0.7%–0.9%, showing steady progress toward increasing 
clean cooking access. 
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Table 2.1: Population without Access  
to Clean Cooking in Asia by Country, 2015 

(millions)

Country Number of people 
India 853

People’s Republic of China 584

Bangladesh 143

Indonesia 110

Pakistan 102

Philippines 55

Myanmar 49

Viet Nam 45

Afghanistan 26

Democratic People’s Republic of Korea 23

Nepal 23

Sri Lanka 17

Thailand 16

Cambodia 13

Source: Adapted from ESCAP (2018).

Figure 2.1: Share of Access to Clean Cooking (for Countries  
Less than 75%) and Annualized Change in Share, 2015

PRC = People’s Republic of China, Lao PDR = Lao People’s Democratic Republic.
Source: Adapted from ESCAP (2018).
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In previous years, energy access issues in Asian developing 
countries received special attention. Figure 2.3 shows the number of 
Asia and the Pacific economies with energy access targets in 2000–2014. 
The economies with energy access targets increased to 42 in 2014 from 
only five in 2000.

Figure 2.2: Clean Cooking Access  
and Change Rate in Asia, 2000–2014

Source: Adapted from ESCAP (2018).
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At the same time that plans and targets for energy access in Asian 
countries were established, “clean cooking” received special attention, 
due to both health impacts and energy insecurity issues. During the last 
3 decades, various programs and policies for promoting clean cooking in 
Asia started, including:

ƀǇ international and multilateral initiatives; 
ƀǇ capacity building;
ƀǇ facilitating access to finance; and
ƀǇ financial incentives.

Results of these programs increased access to clean cooking in Asian 
developing countries. As shown in Figure 2.4, progress in increasing 
access to clean cooking in Asian countries is steadily rising. However, 
the speed is not enough. Figure 2.4 shows the past and future goals for 
clean cooking in various regions and countries by 2030. Most of the 
countries and regions are aiming to achieve 60%–80% access to clean 
cooking by 2030, which requires an intensive set of actions and policies 
to meet the goals. 

This study aims to provide a picture of clean cooking in Asian 
countries, the policies for promoting clean cooking with their impacts, 

Figure 2.4: Clean Cooking Access Share, History (2000–2015) 
and Projections (2015–2030)

PRC = People’s Republic of China.
Source: Adapted from IEA (2017).
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the reasons for limited success in some cases, and possible policy 
solutions for accelerating access to clean cooking in Asian countries. 

2.2  Cooking Fuels, Technologies,  
and Health Impacts

Various fuels and technologies are meeting cooking energy demands, 
ranging from traditional to modern technologies. Figure 2.5 shows the 
main sources for cooking fuels, with their energy contents. As is shown, 
traditional cooking fuels have very low energy content per unit of 
weight. The use of traditional fuels needs a considerable amount of time 
per day for fuel gathering and it causes household air pollution, which 
comes with threats to the inhabitants’ health.

Figure 2.5: Energy Content of Cooking Fuels

LPG = liquefied petroleum gas.
Source: Adapted from WLPGA (2014).
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Figures 2.6 and 2.7 show the fuel sources for cooking in India and 
Japan, respectively. More than 67% of energy for cooking in India is 
supplied by traditional sources like firewood, crop residue, cow dung 
cake, coal, lignite, and charcoal. In a developed Asian country like Japan, 
the main cooking energy sources are city gas, LPG, and electricity.
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Figure 2.6: Cooking Fuel Sources in India, 2015

LPG = liquefied petroleum gas.
Source: Adapted from WHO (2018).
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Figure 2.7: Cooking Fuel Sources in Japan, 2015

LPG = liquefied petroleum gas.
Source: Adapted from EDMC (2017).
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Quantitative studies conducted to measure the health impacts 
from the collection of fuels (Parikh 2011) show that they include neck 
ache, headache, backache, bruises, burning eyes, coughing, and even 
wild animal and snake encounters. Additional harmful effects on 
health are due to household air pollution, including ischaemic heart 
disease, stroke, lung cancer, chronic obtrusive pulmonary disease for 
adults, and acute lower respiratory infection for children. Figure 2.8 
shows the rate of deaths attributable to household air pollution (per 
100,000 capita) in various regions. This number in Southeast Asia is as 
high as 94; limited access to clean cooking and technologies is one of 
the reasons behind it.

Energy consumption for cooking has impacts on health and 
climate. Figure 2.9 shows the health impact and climate impact of 
cooking technologies. The minimum impacts on health and climate 
achieved by modern cooking technologies (Region 4 in Figure 2.9), 
and the least impacts are attributed to modern renewable technologies 
(biogas and solar).

Increasing the contribution of LPG in meeting cooking energy 
demand over biomass (e.g., in India) and kerosene (e.g., in Indonesia) 
is one of the key targets in most of the clean cooking programs in Asian 

Figure 2.8: Deaths Attributable to Household Air Pollution 
(deaths per 100,000 capita)

* Low- and middle-income countries
Source: Adapted from WLPGA (2014).
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countries. Table 2.2 shows the pros and cons of LPG in comparison 
with biomass and kerosene as cooking fuels. The important criteria in 
Table 2.2 are ease of use, safety, ease of transport, health and air quality, 
greenhouse gas emissions, dependence on centralized networks, impact 
on children’s time, local ecosystem, and costs.

Figure 2.9: Health Impact and Climate Impact  
of Cooking Technologies

ICS = improved cookstove, LPG = liquefied petroleum gas. 
Source: Adapted from IRENA (2017).
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Table 2.2: Summary of Advantages and Disadvantages of LPG, 
Compared to Biomass and Kerosene as Cooking Fuels

Characteristic LPG compared to biomass Kerosene compared to LPG
Ease of use 
of household 
cooking

Controlling, ignition, and storing 
LPG is easier than biomass. 
Nevertheless, it is necessary to 
buy LPG in large volumes. 

Controlling and ignition of 
kerosene is easier than biomass, 
but harder than LPG. There is 
a possibility for small kerosene 
purchase and storage. 

Safety Transportation and usage of LPG 
in local scale has some safety 
concerns that governments must 
address. The additive odorants 
in LPG containers are helpful for 
leakage warning and reducing the 
risks at the household level.

Storage and consumption of 
kerosene has safety concerns 
including fires and child 
poisonings in some cases. 

continued on next page
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Characteristic LPG compared to biomass Kerosene compared to LPG
Ease of local 
transport

The LPG cylinders are heavy to 
carry for women and children for 
refilling purposes. 

The pressure cylinders are not 
necessary for kerosene.

Health- 
damaging air

The polluting emission from LPG 
combustion is much lower.

The polluting emissions in 
case of kerosene is lower than 
biomass, but not lower than LPG. 

Greenhouse 
pollutants

We should always consider net 
emissions. However, greenhouse 
gas emissions in case of LPG is 
still lower than with biomass if 
biomass goes through a poor 
combustion process. 

Greenhouse gas emission in case 
of kerosene is higher than LPG.

Dependence 
on centralized 
networks

LPG production is a function of 
the global petroleum cycle and 
market. Distribution of LPG at 
local scales needs necessary 
infrastructure (railroad and/or 
trucks) with careful planning and 
management.   

Kerosene production is a 
function of global petroleum 
cycle and market, same as LPG. 
The different point with LPG 
is the competition of kerosene 
with other petroleum products 
(e.g., diesel) in the production 
process.  

Impact on 
demand for 
children’s time

Biomass harvesting is a time-consuming activity for children.  

Local ecosystem Unsustainable biomass harvesting is affecting the local ecosystems 
and causing soil degradation and deforestation.  

Daily cost at 
household level

If we exclude the value of the 
time for biomass harvesting, 
the LPG in rural areas (that 
the biomass gathers) is more 
expensive.    

Kerosene is usually cheaper than 
LPG. 

Capital cost at 
household level

Traditional biomass stove is 
cheaper than LPG cooking 
systems. However, the price 
of advanced cookstoves is not 
different with LPG system.    

Kerosene stoves are usually 
cheaper than LPG cooking 
system.  

LPG = liquefied petroleum gas.
Source: Adapted from WLPGA (2014).

Table 2.2 continued

Table 2.3 groups the cooking technologies into three categories: 
improved cookstoves, modern fuel stoves, and renewable fuel stoves. 
Each cooking category consists of three or more technologies, and each 
technology is graded (minimum 0 and maximum 4), according to nine 
criteria: affordability; custom; durability; safety; fuel saving; cooking 
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time; environment; health; and employment. Table 2.3 provides a picture 
of multiple options for improving the quality of cooking from various 
points of view. According to the information in Table 2.3, most of the 
clean cooking technologies are not properly meeting the affordability 
criteria. The clean cooking programs and incentives are mainly targeting 
affordability, aiming to provide affordable clean cooking fuels and 
technologies for the households in Asian countries that are suffering 
from this issue.

2.3  Plans, Policies, and Actions  
for Clean Cooking in Asia

The actions and supportive policies for promoting clean cooking in Asian 
countries are mainly focused on improving the quality of traditional 

Table 2.3: Various Performance Metrics by Stove Type

Aff
or

da
bi

lit
y

Fi
t W

/ 
Cu

st
om

Li
fe

/
D

ur
ab

ili
ty

Sa
fe

ty

Fu
el

 S
av

in
gs

Co
ok

in
g 

Ti
m

e

En
vi

ro
nm

en
t

H
ea

lth

Em
pl

oy
m

en
t

Improved 
cookstove

Legacy Stoves ●●●● ●●●● ●○○○ ●○○○ ●○○○ ○○○○ ○○○○ ○○○○ ●○○○

Basic Efficient Stoves ●●●○ ●●●● ●○○○ ●●○○ ●○○○ ●○○○ ●○○○ ●○○○ ●●●○

Chimney Rocket ●●●○ ●●○○ ●●●○ ●●●○ ●●●○ ●●○○ ●●○○ ●●○○ ●●○○

Portable Rocket ●●○○ ●●●○ ●●○○ ●●●○ ●●○○ ●○○○ ●●○○ ●○○○ ●○○○

Advanced Charcoal ●○○○ ●●●○ ●●○○ ●●●○ ●●●○ ●●○○ ●●○○ ●●○○ ●○○○

Natural Draft Gasifier ●○○○ ●○○○ ●●○○ ●●●○ ●●○○ ●●●○ ●●●● ●●●○ ●●○○

Fan Gasifier/Jet ●○○○ ●○○○ ●●○○ ●●●○ ●●○○ ●●●● ●●●● ●●●● ●○○○

Modern LPG ●●○○ ●●○○ ●●●● ●●○○ - ●●●● ●●●○ ●●●● ●○○○

Electricity ○○○○ ●●○○ ●●●● ●●●● - ●●●○ ●●●○ ●●●● ○○○○

Kerosene ●●○○ ●●○○ ●●●○ ●●○○ - ●●●○ ●●●○ ●●○○ ●●●○

Renewable Ethanol ●●○○ ●○○○ ●●●● ●●○○ - ●●●○ ●●●○ ●●●○ ●●○○

Biogas ●○○○ ●○○○ ●●●○ ●●●○ ●●●○ ●●●● ●●●● ●●●● ●●○○

Solar ●●○○ ●○○○ ●●○○ ●●●● ●○○○ ○○○○ ●●●● ●●●● ●○○○

Briquettes/Pellets ●●●○ ●●○○ - ●●●● ●●○○ - ●●●● - ●●●○

Retained Heat Devices - ●○○○ ●●○○ ●●●● ●●○○ ○○○○ ●●●● ●●●● ●○○○

LPG = liquefied petroleum gas.
Source:  Adapted from IRENA (2017).
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biomass cookstoves, replacing traditional cooking fuels with modern 
fuels including LPG, kerosene and electricity, and utilizing renewable 
sources, including biogas, solar, and bioethanol.

India has the highest population without access to clean cooking 
in the Asian countries (see Table 2.1). Clean cooking policies, programs, 
and schemes have been conducted for increasing market penetration of 
LPG in India (WHO 2018). Since the 1970s, LPG was the main option 
for clean cooking policies in India. During the last decades, a large part 
of Indian society received subsidies for LPG, which were transferred 
directly to the families below a specific income level to prevent leakage. 
To expand LPG distribution in rural areas, the Indian government made 
the distribution license criteria easier for applicants. By investing $4.6 
billion into infrastructure, the Indian government is aiming to provide 
LPG to 95% of households by 2019. Total capacity of LPG bottling will be 
expanded to 21 million tons by adding 47 new plants by the state-owned 
oil companies. The total budget for LPG subsidies in India for 2016–17 
was $2.9 billion.

The Indian Ministry of Petroleum and Natural Gas (MOPNG) is 
managing the 2014 Pratyaksha Hastaantarit Laabh anti-leakage scheme. 
This program covered 45 and 622 districts in 2014 and 2015, respectively. 
Consumers who join this scheme can obtain LPG cylinders at the 
nonsubsidized price and receive the subsidy by direct payment into their 
bank account. The number of subsidies was 130 million and 174 million 
in 2014 and 2016, respectively. Direct transfer of subsidies to households 
in rural areas has challenges due to the lack of banking infrastructure 
and limited familiarity of consumers with cashless transfers.

The Government of India launched the Pradhan Mantri Ujjawala 
Yojana program in May 2016 with the MOPNG is acting as the nodal 
ministry, aiming to provide an LPG connection to 50 million women in 
families that are below the poverty line. The Pradhan Mantri Ujjawala 
Yojana program supported 20 million connections out of the total 32.2 
million new LPG connections in India in 2016–17 fiscal year. As the result, 
LPG penetration reached 86%. In spite of the considerable success of 
Pradhan Mantri Ujjawala Yojana, the second LPG refill is not receiving 
support under this program. Refilling LPG cylinders is not affordable for 
most Indian households below the poverty line.

MOPNG launched the “Give it up” or “Giveback” scheme in 
March 2016, asking households with high incomes to give up their 
LPG subsidies voluntarily. The idea behind this program is moving the 
existing LPG subsidies toward the poor households. As a result of this 
program, almost 10 million households agreed to give up their subsidies. 
Ujjwala Plus Scheme, an ongoing MOPNG program for low-income 
households started in August 2017, asks high-income households that 
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have already given up their LPG subsidies to provide free connections 
for neighboring families who cannot afford them.   

The SAHAJ program launched in August 2015, in coordination 
with oil companies acting under the MOPNG. SAHAJ is providing 
online applications for new LPG connections. After online payment and 
issuance of an “e-SV”, a new LPG connection is released. The pilot step 
of the SAHAJ program was conducted by the Indian Oil Corporation on 
May 2015 in Delhi. On its first day, 550 e-SVs were issued covering 308 
distributors. As a result, 98% of online applications had LPG connections 
within 7 days after registration. Nevertheless, due to rural households’ 
lack of internet access and online skills, this program is facing some 
challenges.

Some of the programs are directly dealing with the safety issues 
related to LPG consumption for cooking fuel. For instance, MOPNG 
dedicated a round-the-clock multilingual emergency line with a web-
based application for LPG consumers beginning in January 2016. The 
LPG emergency line received over 137,000 calls by November 2016.

Figure 2.10 shows the LPG market in India for 2007–2017. The 
number of registered domestic LPG consumers in 2017 reached 
235 million, up from 94 million in 2007.

The clean cooking programs in India are not limited to LPG (Patnaik 
and Tripathi 2017), with some intended to improve biomass cookstoves 
(ICSs) in India. The National Program on Improved Chulhas started in 
April 1986, and 35 million ICSs were distributed in 16 years. After the 

Figure 2.10: Domestic Market for LPG in India, 2007–2017

LPG = liquefied petroleum gas.
Source: Adapted from WHO (2018).
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program finished in 2002, ICS research and development continued 
using public investments. While the Unnat Chulha Abhiyan scheme 
stated a target of 2.75 million ICSs in 2014–17, only 1% was achieved.

In the long run, energy security studies showed that 20% of India’s 
rural population will use traditional biomass for cooking through 
2047. Taking this number into account, $1.2 billion of investment will 
be necessary to provide ICSs for them. According to the estimation of 
Clean Energy Access Network for 2017–20, the largest enterprises in the 
sector require $1.5 million, $9 million, and $761,500 in the form of debt, 
equity, and grants, respectively.               

Biogas is another fuel for clean cooking in India. The National 
Biogas and Manure Management Program has been promoting biogas 
since 1981 through financial support for households, as well as training 
courses. This program achieved 55% of its target deployment in 2016–
17. More investment (approximately $9 million) is necessary to meet 
the target. 

Other programs are targeting piped natural gas for clean cooking in 
India. The main effort of the Indian government since 2014 is to provide 
natural gas at uniform prices to the city distributors in order to control 
prices for consumers. Results of a study by the Petroleum and Natural 
Gas Regulatory Board showed that demand for piped natural gas in India 
would reach almost 1.26 million standard cubic meters in 2030, from 
around 0.24 million standard cubic meters in 2017. The target number 
for natural gas connection is 20 million by 2020, up from 3.3 million 
in 2016. In terms of distribution, there is a plan to add 228 cities to 
existing networks by 2022. This shows the necessity of investments for 
increasing natural gas distribution in India in the upcoming years. The 
total investment in India’s natural gas sector will be $100 billion by 2022.

For cooking with electricity in India, universal household 
electrification is the first step. The Deendayal Upadhyaya Gram Jyoti 
Yojana program aims to improve electricity for 100% of rural villages 
in India by 2019. The total budget for this program is $12 billion. The 
Pradhan Mantri Sahaj Bijli Har Ghar Yojana scheme further promotes 
universal household electrification by investing $2.5 billion.       

One of the main barriers to clean cooking technologies is their 
relatively higher cost and lack of proper financing schemes, as shown in 
Table 2.3. Figure 2.11 shows the cost of cooking with different fuels and 
stoves in developing countries.  

Households with low income in developing countries face a big 
challenge in affording clean cooking fuels and technologies. Patnaik and 
Tripathi (2017) investigated clean cooking affordability issues for India. 
Currently, the share of biogas deployment is less than 1% in India. The 
average cost for a biogas plant under the National Biogas and Manure 
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Management Program plan is $307, which is not affordable for low-
income families. Subsidies for biogas plant installation vary between 
$138 and $261.

Patnaik and Tripathi (2017) state that 88% of households in India do 
not use LPG due to its high cost and affordability issues. It is interesting 
to note that the share of cooking energy cost for more than 40% of 
households in energy-deprived states in India is zero.

Patnaik and Tripathi further concluded that the monthly cooking 
energy cost with electricity is comparable with LPG ($8). Cooking with 
electricity requires reliable and universal access to the grid. On the other 
hand, having access to clean cooking technologies does not necessary 
mean it is used as the primary source of cooking. For example, in 2015, 
1% of households in rural areas used ICSs or electricity for cooking, 
while the share of households that used those technologies as primary 
cooking technologies was only 0.01%.      

Financial tools and policies are necessary to solve clean cooking 
affordability issues in developing countries. Patnaik and Tripathi (2017) 
worked on the clean cooking financial ecosystem in India, including the 
government, microfinance institutions, banks, multilateral agencies/
donors, and impact investors. 

Microfinance institutions provide loans for end-users. The ICS 
manufacturers work closely with them and they combine the demand 

Figure 2.11: Typical Cost of Cooking with Different Fuels  
and Stoves in Developing Countries, 2010 

($/month)

LPG = liquefied petroleum gas.
Source: Adapted from WLPGA, (2014).
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and provide financial support for the consumers. The size of loans 
for ICSs is small and microfinance institutions cannot invest at scale. 
Nevertheless, they worked to provide primary customers with clean 
energy solutions. Microfinance institutions also act as ICS distributors 
and after-sale service providers. 

The Government of India supports the clean cooking strategies 
mainly by subsidies and grants through MOPNG and the Ministry of 
New and Renewable Energy. The amount of investment for promoting 
biomass cookstoves was $45 million. They also allocated $138–$260 
subsidies for the biogas plants with the size of 2–6 cubic meters for 
households. The total expenditure in this sector was $20 million. The 
total investment of the Pradhan Mantri Ujjawala Yojana programs is 
$1.2 billion. 

Indian banks are providing loans for enterprise finance. Bankers’ 
familiarity with technical aspects and the benefits of clean cooking 
technologies should be improved in order to increase access. High 
interest rates for loans (e.g., 12%), as well as the necessity of collateral, 
are other obstacles for clean cooking loans. 

Multilateral agencies and donors provide grants, seed funding, and 
interest subsidies on loans to promote clean cooking in India. They also 
support clean cooking solutions by integrating resources and capacity 
building. The Global Alliance for Clean Cookstoves works on clean 
cooking issues in developing countries by collaborating with global 
partners. Deutsche Gesellschaft für Internationale Zusammenarbeit 
and Tata Trusts work on ICS and biogas policies and programs with the 
Government of India. 

Lastly, investors in clean cooking financial ecosystems in India fund 
the enterprises. The Global Alliance for Clean Cookstoves and Deutsche 
Bank started the Clean Cooking Working Fund and invested in Envirofit 
and Biolite in 2016. The Shell Foundation has been supporting Envirofit 
since 2007. 

The PRC has recognized the importance of clean cooking issues over 
the last few decades. More than 180 million ICSs were distributed in the 
PRC during the 1980s and 1990s under the PRC’s National Improved 
Stoves Program.

The PRC government and the World Bank launched the China Clean 
Stove Initiative (CSI) in 2012 as part of the East Asia and Pacific CSI 
program (covering Indonesia, Mongolia, the Lao People's Democratic 
Republic (Lao PDR), and the PRC). The main idea is providing ICSs for 
low-income families and the families in rural areas that are going to use 
solid fuels for cooking after 2030.

In the first phase of CSI in the PRC, they conducted initial 
stocktaking and developed the implementation strategy. In the second 
phase, they mainly worked on capacity building and institutional 
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strengthening. In the third phase, they implemented the scaled-up 
program. Finally, the program was evaluated, and its lessons were 
disseminated in the fourth phase.

The next step of CSI in the PRC will mainly focus on improving the 
standards of the stoves in a collaboration with Global Alliance for Clean 
Cookstoves, as well as building a regionally recognized stove testing 
center (World Bank 2013). 

The fuel-changing program in Indonesia was launched in 2007 to 
replace kerosene with LPG, even for the households that do not use 
kerosene as their primary energy source (see Table 2.2 for the differences 
between kerosene and LPG as cooking fuels). The target was 6 million 
and 42 million households in 2007 and 2012, respectively. As a result 
of this program, kerosene consumption decreased by 92% in less than 
10 years. In 2015, the Indonesian National Statistics Agency conducted 
a survey and reported that 68.8% of households claimed that LPG was 
their main cooking fuel. The share of firewood, kerosene, electricity, 
and charcoal as the main source for cooking were 24.4%, 4.4%, 0.6% and 
0.2%, respectively (Thoday et al. 2018).     

In Bhutan, biogas and ICSs for clean cooking were first promoted 
in the 1980s. The Bhutan Biogas Project and Bhutan Sustainable Rural 
Biomass Energy program were launched in 2008 to support biogas and 
ICS as clean cooking technologies in rural areas. The rural electrification 
program started in 1990 in Bhutan, with 100% household electrification 
achieved in 2015. This program also provides 100 units of free electricity 
per month for each rural household. The clean cooking programs in 
Bhutan have had considerable achievements during the past 3 decades. 
However, studies show that indoor air quality is still a big issue in rural 
households (Dendup and Arimura 2019).

The Pakistan Centre for Renewable Energy Technologies is working 
on promoting biogas as a clean cooking technology, with more than 1,600 
biogas plants installed by 2006. In 2009, the Pakistan Domestic Biogas 
Program started as the result of collaboration between the Netherlands 
Development Organization, Winrock International, and the United 
Nations Development Programme Pakistan in order to provide biogas 
for rural households using animal dung. The target of this program was 
providing incentives to install 14,000 biogas plants in Central Panjab by 
2014. They installed 5,360 biogas digesters in Central Panjab by 2014. 
A biogas plant with a capacity of 4 cubic meters can provide cooking 
energy for a family of four (Yasmin and Grundmann 2019; Noorollahi et 
al. 2015; Ghimire 2013).

The Asian Development Bank (ADB) is conducting clean cooking 
programs in developing countries, mainly covering biomass, biogas, 
ICSs, and LPG. The Quality and Safety Enhancement of Agricultural 
Production and Biogas Development Program was started in 2009 
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in Viet Nam to support installation of biogas digesters in rural areas. 
Initially, the biogas program was supported by the Netherlands 
Development Organization, and ADB’s credits and subsidies added 
$19 million for expanding infrastructure and facilitating biogas access for 
low-income families. The combined support facilitated the installation 
of 40,000 digesters by 2015 in 16 provinces in Viet Nam (ADB 2013). 

In the Lao PDR, the Harnessing Climate Change Mitigation 
Initiatives to Benefit Women started in 2011 as a technical assistance 
program with $2.7 million investment. This program was the next 
step of existing ADB and nongovernment organization programs for 
expanding low-carbon technologies and providing the possibility for 
women to receive benefits for their contributions. The Netherlands 
Development Organization’s Improved Cook Stove National Program 
connected to this program in the Lao PDR, aiming to increase clean 
cooking technology deployment, increase indoor air quality, and control 
black carbon emissions. In this program, women can play a role in ICS 
manufacturing and marketing, providing direct benefits for women 
from ICS sales.

The Capacity Building for the Efficient Utilization of Biomass for 
Bioenergy and Food Security Program started in 2011 in the Greater 
Mekong Subregion as a technical assistance project to support 
bioenergy, while considering the food insecurity issues. With $4 million 
investment, 10 pilot projects including ICSs, biogas, and biochar started 
in the Lao, Cambodia, and Viet Nam.

In 2013, the Rural Energy Project started in Cambodia. In a 
collaboration between ADB, the Australian Agency for International 
Development, and Groupe Energies Renouvelables, Environnement et 
Solidarités, $6.11 million of grant funds was provided for 11 manufacturers 
to produce 90,000 ICSs with higher fuel combustion efficiency for 
households in rural areas.

The policy tools (e.g., subsidies on LPG and clean cookstoves) have 
considerable effect on clean cooking in Asian countries. At the same 
time, various studies examined the importance of social networks 
in dissemination and deployment of clean cooking options in poor 
communities. For example, Kumar and Igdalsky (2019) investigated 
the role of social networks in clean cooking technology deployment. 
They drew on interventions in reproductive health and microfinance to 
outline how social networks could disseminate clean cooking systems 
in poor communities. Their three case studies included the following: 
personal communication networks to an entertainment-education 
radio soap opera in Tanzania; self-help groups in India; and the role 
of social networks in diffusion of nontraditional cookstoves across 
Western Honduras.
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Results of their study showed that the rural households using 
traditional stoves were homogeneous, sharing similar socioeconomic 
challenges at the household level. Controlling for other network 
attributes such as opinion leaders and gendered networks, these rural 
poor communities presented an ideal social system for a successful 
ICS dissemination and implementation. It was also found that in a 
gendered social system, women’s networks are critical for disseminating 
innovations, especially at the community level. This finding is in line with 
the recommendations of the World LPG Association report (WLPGA 
2014), which also emphasized the importance of influencing opinion 
leaders in adoption of a technological innovation. Female opinion 
leaders can play an especially powerful role because the “domino 
effect” of their influence in a unified social structure of women is more 
pronounced than is the case in men’s networks. Also, interaction with 
the opinion leaders helps women members of the communities shape 
their arguments and advocate for clean cooking technologies in their 
own households.

Top-down approaches (programs and policies) are the main factor 
for increasing clean cooking technology deployment in developing 
countries in Asia. However, household opinions on accepting this 
technology are also very important. As an example, Figures 2.12 and 2.13 
show the main reasons for accepting/not accepting LPG as the cooking 
fuel in Indonesia.

Figure 2.12: Main Reasons for Using LPG  
by Households in Indonesia

LPG = liquefied petroleum gas.
Source: Adapted from WLPGA 2014.
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Household cooking fuel choice is an important topic aligned with 
clean cooking policies. Several empirical analyses of the determinants 
of household energy choices in developing countries can be found in 
the literature (e.g., Campbell et al. 2003; Heltberg 2004, 2005; Alem  
et al. 2016).

Poblete-Cazenave and Pachauri (2018) proposed a structural model 
to estimate household demand and choices for cooking fuel using micro-
datasets from nationally representative surveys for a subset of developing 
countries. They found that the model provides a close approximation to 
the observed patterns in the data from the surveys. They also reported 
that as long as incomes rise and the relative difference between the prices 
of biomass and cleaner fuels decreases, households would transition 
to cleaner cooking fuels. They discussed potential applications of the 
method for constructing and analyzing future scenarios of cooking 
energy transitions. The MESSAGE-Access model and similar models are 
useful for analyzing and forecasting the effects of policies on increasing 
the clean cooking access rate in developing countries.

2.4 Renewable Technologies for Clean Cooking
Fossil fuel-based cooking prevents the adverse health impacts of the 
polluting, traditional cookstoves. However, the deployment of LPG and 
kerosene on a large scale has potential impacts on climate change and 
the dependency of developing countries on imported energy. Clean 
cooking using domestic renewable fuels could prevent these issues. 

Figure 2.13: Main Reasons for Not Using LPG  
by Households in Indonesia

LPG = liquefied petroleum gas.
Source: Adapted from WLPGA (2014).
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Biogas is produced from various resources and is a clean, renewable 
source for cooking in developing countries.

Tables 2.4 and 2.5 show examples of biogas yields from livestock 
and crops, respectively. Biogas digesters are of various sizes, and the 
selection is usually based on the biogas demand, available investment, 
and available material. Table 2.6 shows the key parameters of biogas 
digesters with different sizes in Pakistan. Table 2.7 shows the number 
of household-scale biogas digester units in selected Asian countries  
in 2014. 

Table 2.4: Examples of Biogas Yields from Livestock

Biogas source Fee stock per year
Biogas methane yield  

per year (m3)
1 cow (milk) 20 m3 liquid manure 500

1 pig 1.5–6 m3 liquid manure 42–168

1 cow (beef) 2–11 tons solid manure 240–880

100 chickens 1.8 m3 dry litter 242

m3 = cubic meter. 
Source: Adapted from IRENA (2017).

Table 2.5: Examples of Biogas Yields from Crops

Feedstock
Tons of dry stock 

per hectare

Methane yield  
(m3/ton fresh 

weight)

Biogas methane 
yield per hectare 

(m3)
Maize (whole crop) 9–30 205–450 1,660–12,150

Grass, cut 10–15 298–467 2,682–6,305

Sudan grass 10–20 213–303 1,917–5,454

Red clover 5–19 300–350 1,350–5,985

Reed canary grass 5–11 340–430 1,530–4,257

Sugar beet 9.2–18.4 236–381 1,954–6,309

Wheat (grain) 3.6–11.75 384–426 1,244–2,428

Barley 3.6–4.1 353–658 1,444–2,428

Alfalfa 7.5–16.5 340–500 2,295–7,425

Rapeseed 2.5–7.8 240–340 540–2,387

Potatoes 10.7–50 267–400 2,658–18,000

m3 = cubic meter. 
Source: Adapted from IRENA (2017).
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Table 2.6: Key Parameters of Biogas Digesters  
with Different Sizes in Pakistan

Plant size 
(m3)

Required animal 
dung (kg)

Gas production 
(hour/day) Installation cost ($)

4 30 4 470

6 45 5–6 550

8 60 6–8 600

10 75 8–10 670

15 113 13–15 800

20 150 16–18 950

25 188 19–21 1,200

kg = kilogram, m3 = cubic meter.
Source: Adapted from Yasmin and Grundmann (2019). 

Table 2.7: Household-scale Biogas 
Digester Units in Selected  

Asian Countries, 2014

Country Number of Units
PRC 43,000,000

India 4,750,000

Nepal 330,000

Viet Nam 182,800

Bangladesh 37,060

Cambodia 23,220

Indonesia 15,890

Pakistan 5,360

Lao PDR 2,890

Bhutan 1,420

PRC = People’s Republic of China, Lao PDR = Lao People’s 
Democratic Republic.
Source: Adapted from Patnaik and Tripathi (2017). 
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2.5 Conclusions and Recommendations
Clean and secure energy resources are necessary to prevent the effects 
of polluting, traditional cooking methods on health and quality of life. 
Various programs and policies have increased households’ access to 
clean cooking fuels and technologies in Asian countries during the 
last 2 decades. So far, improved cookstove programs and promotion of 
LPG for cooking have achieved considerable success in many countries. 
Although the progress is steady, it is slow in some countries. 

Although clean cooking programs are successful mainly in the 
cities, rural households are facing difficulties receiving their subsidies. 
New programs and plans are necessary in developing Asian countries 
to provide incentives for rural households with limited access to bank 
accounts. 

A considerable number of programs are targeting LPG promotion 
for cooking. In other words, most of the clean cooking programs in 
Asia are subsidies for fossil fuels. The populations of developing Asian 
countries are increasing and these programs will impose dependency 
on imported energy with hard-to-predict prices. Renewable sources 
for clean cooking should receive more support and attention. Biogas 
can be produced from domestic resources in both urban and rural areas 
at reasonable prices. Intensive programs and plans are necessary for 
promoting biogas for cooking.

Some of the studies showed that fuel prices for cooking with 
electricity might be comparable with LPG. To increase the share of 
electricity for clean cooking, universal access to the electricity grid must 
be achieved, along with shaping household fuel choices by training and 
sharing information. By increasing the share of renewables in power 
generation in the upcoming decades, cooking with electricity will also 
have a long-run positive effect on climate change issues.

Increasing the awareness of women about clean cooking 
technologies and improved cookstoves is crucial, and a comprehensive 
set of actions is necessary to guarantee the success of clean cooking 
programs in developing countries. Conducting impactful research on 
modeling of consumer choices for cooking fuels in Asian countries, as 
well as developing the right business model for scaling up the clean 
cooking market, will be helpful for successful design and implementation 
of clean cooking policies and programs.
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3
Renewable Energy in Central 

Asian Economies: Role in 
Reducing Regional Energy 

Insecurity
Elena Shadrina

3.1 Introduction
The International Energy Agency (IEA) defines energy security as, “the 
uninterrupted availability of energy sources at an affordable price” and 
distinguishes between long-term energy security that focuses on, “timely 
investments to supply energy in line with economic developments and 
environmental needs” and short-term energy security, which concerns, 
“the ability of the energy system to react promptly to sudden changes in 
the supply-demand balance.”1 

Originally, energy security was perceived in an immediate 
connection to national security as a whole, and was therefore approached 
through the theory underlying international relations, security studies, 
and geopolitics (Grigas 2017; Yergin 1992). Moreover, in the aftermath 
of the 1973 oil crisis, energy security was long equated with security of 
supply (Ang, Choong, and Ng 2015; Månsson, Johansson, and Nilsson 
2014; Winzer 2012; Yergin 2006, 2011). Treating energy security in that 
way, major importers made security one of the principal goals of their 
national energy policies, addressing the matter through an array of 
means at the international (under the aegis of the specially established 
IEA) and national levels (via strategic stockpiling; sundry backing for 
national companies’ overseas projects; enabling domestically oriented 

1 For the definition, see https://www.iea.org/topics/energysecurity/ (accessed 
10 February 2018).
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exports; enhancement of investment in domestic energy systems and 
supply chains; etc.). These contributed to the inception and evolution of 
the 4As concept of energy security, comprising availability, accessibility, 
affordability, and acceptability of energy (Ang, Choong, and Ng 2015; 
Cherp and Jewell 2011; Kisel et al. 2016). 

By the turn of the 21st century, the notion of security of energy 
demand had somewhat consolidated (Dickel 2009; Johansson 2013a; 
Yenikeyeff 2006). National, regional, and global energy markets 
began to undergo a dramatic transformation, a result of continuous 
investment in energy saving and energy efficiency, enhancement of 
technical and technological progress in production (revolutionary 
advancements of nonconventional energy and renewable technologies), 
transmission, distribution and storage of energy, spatial and structural 
optimization of energy infrastructure, incorporation of information and 
communications technologies (ICT) in the distributed energy systems, 
harmonization of regulatory frameworks, and many other shifts. 
Accustomed to trading in a sellers’ market, major energy producers 
and exporters initially did not recognize the complexity of the ongoing 
modifications and remained averse to structural and geographic 
diversification of their exports, investment in energy value chains, 
and ignored institutional transformations in the consumer markets. 
Expectedly, the exporting nations started more frequently to encounter 
the consequences of institutional inconsistences. To illustrate, 
research into energy relations between the Russian Federation and 
the European Union (EU) confirms that the conflicts between the two 
originate in their institutional incompatibility: while the EU seeks 
to solve its energy supply insecurity through the liberalization and 
harmonization of energy markets, the Russian Federation pursues long-
term energy demand security, operating upon the principles of state 
capitalism and resource nationalism (Buchan and Keay 2015; Dickel 
2009; Kuzemko et al. 2012; Kuzemko 2014; Stern and Yafimava 2017; 
Yafimava 2013; Yenikeyeff 2006). Addressing these sorts of inquiry, a 
strand of studies inspired by institutional theory treats energy security 
as a public good, thus placing it within the realm of public policy at 
national, supranational, international, and global levels (Energy Charter 
Secretariat 2015; Goldthau 2017; Goldthau and Witte 2010). 

Contemporary energy security research additionally embraces the 
concept of sustainability (Saavedra, Fontes, and Freires 2018; Stockholm 
Environment Institute 2011), which advocates for an interdisciplinary 
approach and nexus-thinking for the interlinkages among energy, 
water, food, and climate change (Al-Saidi and Elagib 2017; Biggs et 
al. 2015; Endoa et al. 2017; Goldthau 2017; Goldthau, Keating, and 
Kuzemko 2018; Kuzemko 2013; Raszewski 2018). As is demonstrated 
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further, Central Asia is one of the most convincing cases justifying the 
nexus approach.

The diffusion of renewable energy technology brought about 
the conceptualization of renewable energy security. Initially, greater 
reliance on renewable energy was analogous to ensuring energy 
security. While security of renewable energy (SRE) shares the features 
of a general case of conventional energy,2 it involves several distinct 
aspects. That is, SRE implies a dependence on variable flows rather than 
exhaustible stock; necessitates solutions for the scattered character of 
renewable energy sources’ location, their interrelated nature (hydro-
resources—food, biomass—food, solar power—land) (Taghizadeh-
Hesary, Rasoulinezhad, and Yoshino 2019), irregularity in their 
availability (for example, solar and tidal energy), or dependence on other 
materials (e.g., rare-earth metals needed for the manufacturing of solar 
panels); and, most seriously, encompasses considerations of technically 
and technologically diverse modes for renewable energy electricity 
generation (Johansson 2013b). Moreover, SRE relies on ICT in every 
segment of the value chain, from generation, transmission, distribution, 
and process technologies to energy market services; therefore, 
cybersecurity arises as a critical category. Furthermore, renewable 
energy is often perceived as a domestic source, which automatically 
helps reduce import dependence and enhance self-sufficiency, though 
the contemporary regional energy markets are increasingly integrated 
logistically and commercially (through the mechanisms of international 
trading). This has long been the case for the European power markets, 
and to some extent for the trade in hydropower electricity in Central 
Asia. In other words, renewable energy does not necessarily imply 
lower dependency on external supplies (Francés, Marín-Quemada, and 
González 2011). 

Finally, the advancements in energy security studies include 
inquiries into improved metrics of energy security with the incorporation 
of parameters of technical resilience, operational resilience, technical 
vulnerability, energy efficiency, cost efficiency, societal effects, 
economic dependency (including the case of export), environmental 
impacts, political affectability, and others (Ang, Choong, and Ng 2015; 
Bhattacharya et al. 2016; Kisel et al. 2016; Radovanović, Filipović, and 
Pavlović 2017). 

2 This is, to an extent, a figurative assumption, as security of natural gas, oil, and coal 
would have many specific aspects in each respective case. However, in a comparative 
case such as fossil energy vs. renewable energy, such generalization is permissible 
as fossil energy and renewable energy will have common features within their 
respective categories.
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This study proceeds upon adopting the definition of energy security 
as “low vulnerability of vital energy systems and sustained provision of 
modern energy services” (Cherp and Jewell 2014: 415). The vulnerability 
of an energy system is determined by the interaction between the 
parameters of risk and resilience (Figure 3.1). 

Energy insecurity in Central Asia has a multifaceted nature 
influenced by national, regional, and international factors. Strictly 
speaking, all the Central Asian nations have plentiful domestically 
available energy resources. Some—Turkmenistan, Kazakhstan, and, to a 
lesser extent, Uzbekistan—are rich in hydrocarbon resources; others—
the Kyrgyz Republic and Tajikistan—have hydro resources capable 
of generating a significant amount of electric power, sufficient even 
for export (Jalilov, Amer, and Ward 2018). Yet the Kyrgyz Republic 
and Tajikistan experience severe shortages of electricity in winter. 
To a great extent, this is due to a lack of intraregional cooperation 
(Sokolov 2017). After Turkmenistan exited the Soviet-era Central 
Asia United Power System (CAPS) in 2003, and Uzbekistan followed 
suit in 2009, the Soviet-style practice of exchanging the upstream 
nations’ hydropower in summer for electricity or fuels supplied by the 
downstream nations in winter was abandoned (Tomberg 2012). In the 
subsequent years, intraregional cooperation continued to shrink further 
owing to Uzbekistan’s indifference about cooperation with neighbors, 
and Turkmenistan’s self-chosen isolationism. The Kyrgyz Republic, 
and especially Tajikistan, were left alone to face the disastrous seasonal 
shortages of electricity, and it was mainly funding by international 
financial institutions that helped the two nations build some critically 
needed electricity-generating capacities and somehow overcome the 

Figure 3.1: Energy Security: Conceptual Framework

Source: Author, based on Al-Saidi and Elagib (2017); Biggs et al. (2015); Cherp and Jewell (2014); Endoa et 
al. (2017).
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acute energy deficits. Since 2017, however, Uzbekistan has become 
interested in improving regional cooperation and has engaged in 
initiating multiformat dialogues (Morozov 2018) and settling the border 
disputes with Tajikistan and, especially, the Kyrgyz Republic (Larin 
2017). Such dynamics create a vital environment for regional energy 
cooperation in Central Asia. 

The rest of the chapter is devoted to examining the potential role 
of renewable energy in solving energy insecurity in Central Asia. In 
doing so, the chapter first analyzes the principal components of energy 
insecurity originating in the interlinkages among the Central Asian 
nations along the water–energy nexus and within the regional electrical 
grid. Analysis of the national energy profiles of Kazakhstan, the Kyrgyz 
Republic, Tajikistan, Turkmenistan, and Uzbekistan focuses on the role 
of renewable energy in the respective countries. The study identifies 
specific national and common regional barriers for renewable energy 
development in Central Asia. The chapter argues that, faced with 
energy insecurity, Central Asian economies need to enhance regional 
and international cooperation in harnessing the tremendous existing 
potential for renewable energy development. However, this should be in 
parallel with the implementation of effective national renewable energy 
policies by respective Central Asian governments.

3.2  Putting Energy Insecurity  
into a Regional Context 

3.2.1 International Dimensions 

Energy security in Central Asia is inseparable from its geopolitical context 
(Shadrina 2010). The geostrategic significance of Eurasia, to which 
Central Asia belongs, was emphasized by Mackinder and Spykman.3 
After the demise of the Soviet Union, studies on Eurasia’s geopolitical 
and geoeconomic role saw a resurgence, influenced by Brzezinski (1997: 
124), who characterized the Eurasian Balkans—wherein he included 
Central Asia—as “infinitely … important as a potential economic prize: 

3 This paragraph is written based on Shadrina (2010: 6–7). The spatial-functional 
structure of the world with a significant role designated to Central Asia was initially 
presented by British geographer and geopolitician Halford J. Mackinder in his 1904 
speech “The Geographical Pivot of History” at the Royal Geographical Society. Later, 
an American political scientist Nicholas Spykman also emphasized the importance of 
Eurasia (Spykman 1938). Early post-Soviet studies of Eurasia were largely influenced 
by an American geostrategist and former National Security Advisor Zbigniew 
Brzezinski, author of The Grand Chessboard (1997).
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an enormous concentration of natural gas and oil reserves is located in 
the region, in addition to important minerals, including gold.” Such a 
perception of Central Asia reflects the logic prevalent in the early post-
Soviet period scholarly debate, named the New Great Game4 (Edwards 
2003; Pomfret 1995). Over time, however, this approach, denying 
the independent roles of the Central Asian nations and portraying 
them as satellite states governed by non-regional powers, has become 
increasingly inaccurate.

Despite the Russian Federation having certain security and economic 
influence over Central Asia, it initially prioritized a Greater Europe 
concept. After 2014, the Russian Federation found itself at a juncture that 
dictated formulation of a novel idea suiting the pronouncedly changed 
geoeconomic context. Accordingly, a Greater Eurasia5 paradigm was 
developed to enhance interconnections with the emerging economies 
in Asia and Central Asia in particular (Maçães 2018; Shadrina 2018). 
Throughout the post-Soviet period, the People’s Republic of China 
(PRC) has been methodically mastering trade and investment channels 
to substitute the Russian Federation in Central Asia. Seeking natural 
resources just as much as additional external drivers for its sustained 
economic growth, the PRC has been perhaps the most energetic 
and creative actor, seriously contesting traditional external players’ 
positions in Central Asia.6 Having confirmed their interest in the PRC’s 
Belt and Road Initiative, the Central Asian nations have nonetheless 
grown increasingly cautious of an upsurge of PRC workers to Central 
Asia (Laruelle 2018), as well as uncontrolled financial dependency 
on the PRC.7 Following the 9/11 terror attacks, the United States (US) 
attempted to augment its military presence in Central Asia. However, 
as some regional economies (Kazakhstan and Turkmenistan) grew 
stronger, they chose an independent stance, while others (the Kyrgyz 
Republic) eventually opted to resume closer economic connections 

4 For a brief description of the Great Game, see, for instance, Pomfret (1995: 21–25).
5 Clauses 51, 78–80, 82–4, and 87–90 of “Ob utverjdenii Kontseptsii vneshnei politiki 

Rossiiskoi Federatsii”, Ukaz Prezidenta Rossiskoi Federatsii, № 640, 30 November 
2016. http://static.kremlin.ru/media/acts/files/0001201612010045.pdf (accessed 
17 April 2018); Luzyanin, S. 2018. Bol’shaya Evraziya: Obchie zadachi dlya Kitaya i 
Rossii. Mejdunarodny Diskussionny Klub Valdai. 16 April 2018. http://ru.valdaiclub 
.com/a/highlights/bolshaya-evraziya-zadachi/ (accessed 17 April 2018).

6 See Soyuz, da ne tot: Kitai “perekupaet” kandidatov v EAES. CA-portal. 6 February 
2018. http://www.ca-portal.ru/article:40669 (accessed 6 February 2018).

7 Kitaiskii posol v rezkoi forme napomnil Kyrgyzstanu o neobhodimosti platit’ po 
dolgam. StanRadar 21 March 2018. http://stanradar.com/news/full/28903-kitajskij 
-posol-v-rezkoj-forme-napomnil-kyrgyzstanu-o-neobhodimosti-platit-po-dolgam 
.html (accessed 22 March 2018).
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with the Russian Federation.8 Most recently, the US modified its policy 
toward Central Asia, trying to enhance economic and other ties with the 
region via a newly invented C5+1 format.9 The EU has a rather noticeable 
profile as an economic partner to the Central Asian nations. However, 
Turkey, with its multi-dimensional agenda underpinned by its pan-
Turkic aspirations, and Iran, attempting to diversify its economic links 
away from the nations practicing or threatening to resume sanctions, 
are progressively contributing to the palette of powers and interests 
intertwined in Central Asia (Laruelle and Peyrouse 2013). In one way 
or another, energy—be that resources, commodities, technologies, or 
infrastructure—constitutes an important agenda for all the regional and 
non-regional players in Central Asia.

3.2.2 Regional Setting 

There has been a significant conflict of interests between the water-rich 
Kyrgyz Republic and Tajikistan and fossil fuels-endowed Turkmenistan, 
Uzbekistan, and Kazakhstan.10 The Kyrgyz Republic and Tajikistan’s 
respective Naryn and Amu Darya rivers boast gigantic potential for 
generating hydropower. 

Dependency on transboundary water ranges from critical to high 
(Turkmenistan 94%, Uzbekistan 77%, Kazakhstan 42%), and this has 
been a key factor impeding hydropower development in the upstream 
countries, especially as they started to monetize their hydropower 
potential through the exports. 

8 The Manas Air Base installed near Bishkek in 2001 was closed in 2014. In 2015, the 
Kyrgyz Republic acceded to the Eurasian Economic Union (EAEU).

9 Uzbekistan and Turkmenistan are parties of the Non-Alignment Movement, which 
explains their attitude toward any kind of military alliance, including those supported 
by EAEU member states. Yet, in 2015, a C5+1 was created at a first meeting of foreign 
ministers in Samarkand as a format for dialogue and a platform for joint efforts to 
address common challenges faced by the US and Central Asian states. It focuses on 
three sectors: security (terrorist threats), economy (enhancement of intra-regional 
trade, and trade and investment links with the US), and environmental challenges. At 
the second meeting in Washington in August 2016, five projects—counterterrorism, 
Central Asia business competitiveness, transport corridor development, power in the 
future to advance low-carbon energy solutions, and national and regional adaptation 
planning to identify environment risks and prioritize actions—were concretized and 
allotted $15 million funding through USAID.

10 Gidroenergeticheskie problemy v Tsentral’noi Azii: vzglyad iz Kazakhstana. 12 April 2016. 
http://stanradar.com/news/full/20425-gidroenergeticheskie-problemy-v-tsentralnoj 
-azii-vzgljad-iz-kazahstana.html (accessed 2 March 2018).
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By the end of the Soviet era, CAPS connected more than 80 power 
plants with a total generating capacity of 25,000 megawatts (MW).11 
More than half of the total CAPS electricity was generated in Uzbekistan; 
Tajikistan and the Kyrgyz Republic added about 15% each, with the rest 
being split almost equally between Turkmenistan and Kazakhstan. CAPS 
was part of the energy-water sharing mechanism, which helped supply 
electricity across the region and prevent seasonal power interruptions. In 
the post-Soviet period, energy-rich Central Asian economies adopted more 
self-oriented positions, disregarding the benefits of regional cooperation. 
Water-energy tensions were exacerbated by the border disputes between 
Uzbekistan and the Kyrgyz Republic and Uzbekistan and Tajikistan. 
Eventually, Turkmenistan withdrew from CAPS in 2003; the electricity-
for-fuels seasonal schemes between Tajikistan and Uzbekistan stopped 
in 2009; and Tajikistan departed from CAPS in 2009. By 2008, the intra-
regional trade in electricity had shrunk to 4 gigawatt hours (GWh) (from 
25 GWh in 1990), allowing Turkmenistan to expand electricity exports 
to Iran, whereas Uzbekistan and Tajikistan started transmitting power to 
Afghanistan.12 Presently, CAPS links southern Kazakhstan, Uzbekistan, 
and the Kyrgyz Republic. 

Because of its geographical position, Uzbekistan holds the key to 
energy cooperation in Central Asia. A more open and region-oriented 
policy in Uzbekistan since 2017 has improved the prospects of such 
cooperation.13 Uzbekistan has endorsed the transit of Turkmen electricity 
to the Kyrgyz Republic and southern Kazakhstan, with a possibility also 
open for winter deliveries to Tajikistan. Reopening of CAPS, recovery of 
the capacity market, and connection to the grid in eastern Afghanistan 
promise to promote regional cooperation.14 

3.3 Central Asian Economies
Energy profiles of Central Asian economies are dissimilar (Asian 
Development Bank 2014). Kazakhstan and Turkmenistan are significant 

11 Elektroenergetika Kyrghyzskoi Respubliki. http://energo-cis.ru/wyswyg/file/Kyrgyziya 
.pdf (accessed 3 February 2018).

12 For more detail, see https://energycharter.org/fileadmin/DocumentsMedia 
/Events/12RECA_Almaty_2016_S2_VTsyssin.pdf (accessed 26 March 2018).

13 The President of Uzbekistan, Shavkat Mirziyoyev, concluded the year with a historic 
first address to the Parliament. http://voicesoncentralasia.org/a-year-of-economic 
-reforms-with-president-mirziyoyev/ (accessed 27 March 2018).

14 For more detail, see https://energycharter.org/what-we-do/events/12th-meeting-on 
-regional-energy-cooperation-in-central-and-south-asia/ and https://energycharter 
.org/fileadmin/DocumentsMedia/Events/12RECA_Almaty_2016_S2_KShamsiev.pdf 
(accessed 26 March 2018).
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producers and exporters of hydrocarbon resources; Uzbekistan is self-
sufficient in oil and natural gas; and the Kyrgyz Republic and Tajikistan 
have only one indigenous resource suitable for electricity generation—
water (Table 3.1). Distribution of energy resources in Central Asia 
suggests a case for solid regional cooperation, but this has been 
problematic. 

Kazakhstan possesses large oil reserves; consequently, the energy 
sector largely determines its foreign trade and investment. The EU has 
become one of Kazakhstan’s key partners,15 but the country pursues 
diversification of export routes. Also, Kazakhstan is interested in 
augmenting its renewable energy segment. Overall, the incorporation 
of national energy potential into various international initiatives—
the Central Asia Regional Economic Cooperation (CAREC) program, 
the Eurasian Economic Union (EAEU), and the PRC-led Belt and 
Road Initiative—has been increasingly important to Kazakhstan. 
Turkmenistan has abundant natural gas reserves. Following the 
commencement of the gas pipeline in 2009, the PRC market has 
become the key destination for Turkmen exports (Chichkin 2017). A 
party to CAREC and a recipient of significant PRC investment in the 
gas sector, Turkmenistan is barely engaged in intraregional cooperation. 
Like Kazakhstan, Turkmenistan is actively pursuing new options for 
export diversification. While Kazakhstan considers the possibilities for 
greater oil and gas exports to the PRC, Turkmenistan is eager to reach 
the European gas markets via the Trans-Caspian, TANAP, TAP, and 

15 For a review of EU–Central Asia relations, see http://voicesoncentralasia.org/three 
-reasons-why-the-eu-matters-to-central-asia/ (accessed 2 February 2018).

Table 3.1: Reserves of Energy Resources in Central Asian Economies

Kazakhstan
Kyrgyz 

Republic Tajikistan Turkmenistan Uzbekistan
Coal (bt) 31.3 0.9 3.6 – 3.3

Natural gas 
(tcm)

2.4 0.006 0.006 7.5 1.8

Oil (bb) 30 0.04 0.01 0.6 0.594

Hydro 
(MW) 

20,000 26,000 40,000 – 1,700

bt = billion tons, tcm = trillion cubic meters, bb = billion barrels, MW = megawatts.
Source: Author, based on The World Factbook. Central Intelligence Agency. https://www.cia.gov/library 
/publications/the-world-factbook/
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White Stream gas pipelines.16 Possessing no fossil fuels of significance, 
the Kyrgyz Republic and Tajikistan rely heavily on import thereof and 
depend profoundly on hydropower for electricity generation. Yet, the 
two, as explained, are vulnerable to border and water disputes with 
neighbors, most seriously with Uzbekistan. Uzbekistan has sufficient 
energy resources and, owing to its geographical location, plays a key role 
in regional cooperation. 

Regarding economic development (Table 3.2), Kazakhstan and 
Turkmenistan appear to lead in the region. With the demography 

16 Gas genatsvales: Georgia Promotes Turkmen Gas in Europe. EurAsia Daily. 
31  January 2018. https://eadaily.com/en/news/2018/01/31/gas-genatsvales-georgia 
-promotes-turkmen-gas-in-europe (accessed 26 March 2018).

Table 3.2: Central Asian Economies’ Profiles

Kazakhstan
Kyrgyz 

Republic Tajikistan Turkmenistan Uzbekistan
Population 
2017  
(millions)

18.04 6.2 8.92 5.76 32.39

Population 
growth 
1992–2017  
(annual 
average, %)

0.35 1.26 1.93 1.61 1.68

GDP growth 
1992–2017 
(annual 
average, %)

3.45 1.87 2.08 4.99 4.73

GDP per  
capita growth 
1992–2017 
(annual 
average %)

3.05 0.57 0.12 3.34 3.00

GDP per 
capita, PPP 
(constant 2011 
international $) 
2017

24,079 3,393 2,910 16,389 6,253

GDP = gross domestic product, PPP = purchasing power parity.
Notes: The latest available data for Turkmenistan are from 2014.
Source: Author, based on The World Bank. DataBank. World Development Indicators. Retrieved from 
https://databank.worldbank.org/source/world-development-indicators.
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factored in and the parameters of growth considered more closely 
(Table 3.3), the Uzbekistani economy seems to be comparatively more 
robust. 

With all the Central Asian economies performing poorly at the 
outset of the post-Soviet period, the Kyrgyz Republic, additionally 
affected by two revolutions, and Tajikistan, most profoundly hit by the 
civil war and insurgencies, experienced the most dramatic economic 
declines (Table 3.3). Tajikistan is likely to remain the weakest economy 
in the region with the highest (and projected to remain so) population 
growth. Increasingly, the economic achievements of an acclaimed early 
democracy of Central Asia—the Kyrgyz Republic—are disappointing.

All hydrocarbon-rich economies rely on their domestic resources 
and, unlike water-rich nations, are energy self-sufficient (Table 3.4). 
Uzbekistan, closely followed by Turkmenistan, is the most energy-
intensive economy. Tajikistan, with the Kyrgyz Republic following, 
appears to have the highest efficiency of energy use, i.e., it generates 
greater GDP value per unit of energy use. 

In terms of average growth rate throughout the transition period, 
the economy of Turkmenistan has been growing most rapidly, but this 
expansion has been accompanied by an even higher surge in electricity 
intensity (Figure 3.2). Assessing the trends in GDP dynamics, total 
electricity output (TEO), and total final energy consumption (TFEC), 
Uzbekistan appears to secure its GDP growth at the expense of a modest 
increase in TFEC and a decline in TEO. 

Table 3.3: Summary of Central Asian Economies’  
Growth Statistics 1992–2017

GDP Growth  
(%)

GDP per Capita Growth  
(%)

GDP per Capita  
(PPP Constant 2011 Int. $)

Mean SD Max Min Mean SD Max Min Mean SD Max Min

Kazakhstan 3.45 6.64 13.5 –12.60 3.05 6.16 13.69 –11.32 15,640.3 5843 24,078.2 8,282.9

Kyrgyz 
Republic

1.87 7.71 10.92 –20.1 0.57 7.34 8.74 –20.06 2,500.7 511.8 3,393.5 1,696.4

Tajikistan 2.05 11.04 10.93 –29.0 0.11 10.72 8.77 –30.3 1,830.7 570.9 2,910.2 1,047.1

Turkmenistan 5.00 8.80 16.50 –17.3 3.34 8.93 15.12 –19.4 8,312.6 3,907.6 16,389.0 4,202.5

Uzbekistan 4.73 4.91 9.92 –11.2 3.00 4.96 8.37 –13.26 3,534.2 1,300.6 6,253.1 2,237.0

GDP = gross domestic product; PPP = purchasing power parity; SD = standard deviation; max = maximum;  
mn = minimum.
Source: Author, based on The World Bank. DataBank. World Development Indicators. https://databank.worldbank 
.org/source/world-development-indicators
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Table 3.4: Energy: Economy Metrics

Kazakhstan
Kyrgyz 

Republic Tajikistan Turkmenistan Uzbekistan
Fossil fuel energy 
consumption, 
avg. 1992–2014, 
% of total

98.21 70.02 41.36 NA 98.52

Energy use, 
kg of oil equiv. 
per capita, avg. 
1992–2014

3,585.68 590.79 369.26 3,753.86 1,881.34

Energy use, 
kg of oil equiv. 
per $1,000 
GDP (constant 
2011 PPP), avg. 
1992–2014

264.65 251.74 233.18 548.34 660.57

Energy intensity 
level of primary 
energy, MJ/$2011 
PPP GDP, avg. 
1992–2015

10.54 10.49 9.57 22.58 26.56

GDP per unit 
of energy use, 
constant 2011 
PPP $ per kg of 
oil equiv., avg. 
1992–2014

4.04 4.18 4.89 1.91 1.73

GDP per unit 
of energy use, 
PPP $ per kg of 
oil equiv., avg. 
1992–2014

3.56 3.67 4.40 1.67 1.54

Adjusted savings: 
energy depletion, 
avg. 1993–2016, 
% of GNI

8.96 0.15 0.04 22.76 10.64

Energy imports, 
net, avg. 
1992–2014, % of 
energy use

–93.56 52.13 37.75 –189.05 –13.49

GDP = gross domestic product; MJ = megajoule; NA = not available; PPP = purchasing power parity;  
GNI = gross national income.
Source: Author, based on The World Bank. DataBank. World Development Indicators. https://databank 
.worldbank.org/source/world-development-indicators.
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Figure 3.2: Central Asian Economies’ Growth:  
Energy, Average Growth 1992–2015  

(%)

GDP = gross domestic product; TFEC = total final energy consumption.
Note: Vertical lines display standard deviation of a parameter. 
Source: Computed based on The World Bank. DataBank. World Development Indicators.  
https://databank.worldbank.org/source/world-development-indicators
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Since the early 1990s, the Central Asian economies have 
exhibited dissimilar shifts in patterns of TEO and TFEC (Figure 3.3). 
Kazakhstan experienced the deepest decline in electricity generation, 
which recovered to the 1990 level only in 2010. In 2015, Kazakhstan’s 
generation was around 20% above the 1990 level. The Kyrgyz Republic 
and Tajikistan’s electricity outputs have fluctuated, and in 2015 were 
still slightly under the 1990 levels. Turkmenistan exceeded its 1990 level 
in 2007, and by 2015 had increased electricity output by 40% compared 
with its 1990 level. Uzbekistan’s lowest electricity output was in 1999 (a 
decline of nearly 20% from 1990); in 2015, it recovered to the 1990 level. 
Based on World Bank data, Kazakhstan’s TFEC in 2015 was around 65% 
of its 1990 level. In 2015, the Kyrgyz Republic and Tajikistan saw their 
TFECs at half the 1990 levels; Turkmenistan had increased its TFEC 
by about 44% compared to its 1990 level. Unlike other Central Asian 
economies, Uzbekistan did not see significant fluctuations in TFEC 
during the 1990–2015 period. 

Different in terms of their energy resources endowment and 
economic performance, the Central Asian economies share similar 
features in the realm of energy security. As Table 3.5 shows, some Central 
Asian economies (Uzbekistan and Turkmenistan) display low diversity 
of energy sources combined with a high reliance on a principal source 
(gas for Uzbekistan and Turkmenistan, hydropower for Tajikistan, oil 
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Figure 3.3: Central Asian Economies’ Total Electricity Output 
and Total Final Energy Consumption, 1990–2015

GWh = gigawatt hours, TJ = terajoule.
Source: Author, based on The World Bank. DataBank. World Development Indicators.  
https://databank.worldbank.org/source/world-development-indicators
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for the Kyrgyz Republic, and coal for Kazakhstan). This is combined 
with the aforementioned significant degree of interdependency for 
water-energy affairs, as well as largely dysfunctional institutions for 
regional cooperation (Shustov 2019). 

The following section examines the extent of renewable energy 
deployment in Central Asia. 

3.4. Renewable Energy in Central Asia

3.4.1 Role in Electricity Generation 

Nonfossil fuels play an insignificant role in three Central Asian 
economies (Figure 3.4, Table 3.6), but occupy a somewhat noticeable 
position in energy consumption in Tajikistan and the Kyrgyz Republic, 
which is typical for low-income economies.17 

Kazakhstan, Turkmenistan, and Uzbekistan generate a major 
environmental footprint in Central Asia, which is expected, given the size 

17 A developing nation has a higher share of renewable resources in the energy balance, 
which normally declines with income growth until it reaches a turning point after 
which the share of renewables begins to rise again. The phenomenon is explained by 
the fact that initially dominant, comparatively inexpensive hydropower becomes less 
adequate to satisfy the electricity needs of a rapidly growing economy. Various forms 
of renewable energy—solar, wind, and others—require a certain level of technical and 
technological expertise, financial means, and institutional capabilities, which are 
more likely to be readily available or easier to augment in a developed  economy.

Table 3.5: Total Primary Energy Supply by Source, 2016  
(%)

Kazakhstan
Kyrgyz 

Republic Tajikistan Turkmenistan Uzbekistan
Coal 43.25 23.53 20.15 0 4.11

Oil 20.21 44.54 32.05 23.35 6.34

Gas 35.14 6.21 0.10 76.61 86.85

Hydro 1.22 25.70 47.70 0 2.70

Biofuels  
and waste

0.13 0.03 0 0.04 0.01

Geothermal, 
solar, etc. 

0.04 0 0 0 0

Source: Author, based on data from World Energy Balances 2018. (2018). International Energy Agency. 
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Table 3.6: Nonfossil Fuels and Environmental  
Footprint in Central Asia

Kazakhstan
Kyrgyz 

Republic Tajikistan Turkmenistan Uzbekistan
Nonfossil Fuels
Alternative energy, 
avg. 1992–2014, % 
of total energy use

0.94 20.53 49.13 0.00 1.19

Renewable energy 
consumption,  
avg. 1992–2015,  
% of TFEC

1.71 26.74 57.10 0.06 1.84

Combustible 
renewables  
and waste,  
avg. 1992–2014,  
% of total energy 

0.10 0.13 0.00 0.04 0.01

Figure 3.4: Renewable Energy Consumption  
vs Income in Central Asia

GDP = gross domestic product, PPP = purchasing power parity.
Source: Author, based on The World Bank. DataBank. World Development Indicators. https://databank 
.worldbank.org/source/world-development-indicators
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of their economy. Exceptionally high energy-related methane emissions 
in Turkmenistan can be explained by the structure of the national 
economy, which is less diversified and dominated by the energy sector. 

Table 3.7 and Figure 3.5 display significant metrics with respect to 
harnessing the renewable energy potential in the Kyrgyz Republic and 
Tajikistan; however, this is entirely due to the large-scale hydropower 
plants’ (LSHPPs) contribution to electricity generation, as emphasized 
earlier.

Regarding trends in renewable energy18 employment, the share in 
electricity output in Kazakhstan peaked at 15% in 2002 and then steadily 

18 The study perceives renewable energy in its traditional definition, which includes 
large scale hydropower. LSHPPs have a generation capacity of over 100 MW, medium-
scale HPPs have a capacity of 10–100 MW, and small-scale HPPs can produce less 
than 10 MW. Strictly speaking, the renewable nature of LSHPPs is increasingly 
questioned for their significant negative ecological and social impacts.

Kazakhstan
Kyrgyz 

Republic Tajikistan Turkmenistan Uzbekistan
Energy – Environment
Energy-related 
methane 
emissions,  
avg. 1992–2008,  
% of total 

57.04 7.45 13.36 75.53 59.70

Nitrous oxide 
emissions in  
energy sector,  
avg. 1992–2008, 
1,000 metric tons 
of CO2 equiv.

1,029.43 22.58 15.62 63.31 413.38

Methane emissions 
in energy sector, 
avg. 1992–2008, 
1,000 metric tons 
of CO2 equiv.

28,493 285 489 17,281 22,905

CO2 intensity,  
avg. 1992–2014, 
per kg of oil equiv. 
energy use 

3.34 2.20 1.19 2.57 2.43

TFEC = total final energy consumption.
Source: Author, based on The World Bank. DataBank. World Development Indicators. https://databank 
.worldbank.org/source/world-development-indicators

Table 3.6 continued
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Table 3.7: Renewable Energy in Central Asian Economies, 2015

Kazakhstan
Kyrgyz 

Republic Tajikistan Turkmenistan Uzbekistan
Total final 
energy 
consumption, 
TFEC

1,586,535 139,850 98,814 753,233 1,169,202

Renewable 
energy 
consumption, 
TJ

24,725 32,595 44,130 308 34,727

Renewable 
energy share  
of TFEC, %

1.56 23.31 44.66 0.04 2.97

Total electricity 
output, GWh

106,468 13,030 17,162 22,534 57,280

Renewable 
electricity 
output, GWh

9,448 11,100.00 16,900 0 11,830

Renewable 
electricity, 
share of total 
electricity 
output, % 

8.87 85.19 98.47 0 20.65

GWh = gigawatt hour, TFEC = total final energy consumption, TJ = terajoule.
Note: The latest available data are for 2015. 
Source: Author, based on The World Bank. DataBank. World Development Indicators. https://databank 
.worldbank.org/source/world-development-indicators

Figure 3.5: Renewable Energy Electricity Output 
(% of total electricity output)

Source: Author, based on The World Bank. DataBank. World Development Indicators. https 
://databank.worldbank.org/source/world-development-indicators
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declined to remain at around 8%. In contrast, Uzbekistan increased its 
renewable energy by 10% from the 1990 level. In the Kyrgyz Republic 
and Tajikistan, reliance on renewable energy for electricity generation 
increased by 28% and 10%, respectively. What kind of renewable energy 
sources have been added? 

Until 2013, new renewable energy installations in Central Asian 
economies were almost exclusively in the LSHPP segment. The newly 
added hydropower capacities are incomparably more significant than 
those for solar, wind, and biogas (Table 3.8). 

In the following, we analyze in more detail the deployment 
of renewable energy in respective economies, examine the main 
provisions of the national policies, and assess its potential in Central 
Asian countries.

3.4.2 Renewable Energy Development in Central Asia 

Kazakhstan
Among the Central Asian economies, Kazakhstan appears to have 
the most renewable energy deployment capability in terms of both 
diversity of sources and scale of generation (Table 3.9). In 2018, 
Kazakhstan had 60 renewable energy projects operating and projected 
another 50 projects, with a total capacity 2,353 MW to be implemented 
by 2020 (Konyrova 2019). Nonetheless, LSHPPs contributed to 92% 
of electricity generation in the nonfossil fuels segment. Kazakhstan’s 

Table 3.8: Renewable Energy for Electricity Generation  
in Central Asian Economies, Installed Capacity, 2017  

(%)

Kazakhstan
Kyrgyz 

Republic Tajikistan Turkmenistan Uzbekistan
Hydropower 94.1 100 100 NA 99.8

Onshore wind 3.9 – – NA –

Solar 
photovoltaic 

2 – – NA 0.2

Biogas – – – NA –

NA = not available.
Source: Compiled based on International Renewable Energy Agency (IRENA) data. http://resourceirena 
.irena.org/gateway/dashboard/?topic=4&subTopic=19
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main hydropower resources are located in the eastern and southeastern 
regions, where the majority of the 24 hydropower plants are.19

Regarding the “new” renewable energy segment, Kazakhstan has 
between 2,200 and 3,000 hours of sunlight per year, which yields 1,200–
1,700 kW/m2 annually.20 Such a characteristic makes concentrated 

19 The Irtysh river hosts the largest HPPs: Bukhtarma (675 MW), Ust-Kamenogorsk 
(332 MW), and Shulbinsk (702 MW). Other large-scale HPPs are Kapchagay HPP 
(364 MW) on the Ili river, Moinak HPP (300 MW) on the Charyn river, and Shardara 
(100 MW) on the Syrdarya river. By 2020, Kazakhstan plans to commission Kerbulak 
(50 MW), Bulak (68 MW), and a number of smaller HPPs with a total installed 
capacity of 56 MW. See Kazakhstan Electricity Grid Operating Company KEGOC. 
http://www.kegoc.kz/en/company/national-power-system (accessed 2 May 2018).

20 Here, and for other renewable sources in Kazakhstan, data as of 2016 are from V 
Kazakhstane rastyot dolya vozobnovlyaemyh istochnikov energii v sector energetiki, 
3  April 2017. http://mk-kz.kz/articles/2017/04/03/v-kazakhstane-rastet-dolya 
-vozobnovlyaemykh-istochnikov-energii.html (accessed 20 March 2018).

Table 3.9: Deployment of Renewable Energy in Kazakhstan

Parameter 2018 2017 2016 2015 2014
Installed capacity, MW, including: 531 342.3 295.7 251.5 177.52
Wind 121.5 112.4 98.16 71.76 52.81

Small-scale HPP 200.3 170.8 139.9 122.3 119.27

Solar 209 58.8 57.3 57.07 5.04

Biofuels 0.35 0.35 0.35 0.35 0

Output, million kWh, including: 1,352 1,102 927.9 703 578.17
Wind 401.9 339 262 131.8 0

Small-scale HPP 807.4 649.1 577.2 424.1 17.4

Solar 142.3 114.3 86.8 46.96 558.15

Biofuels 1.3 0.06 1.86 0.48 2.62

Renewable Energy electricity in 
total output (%)a

1.27 1.08 0.98 3.16 0.62

Renewable Energy electricity 
output growth, y-o-y (%)b

19.00 15.80 24.10 21.59 8.90

HPP = hydropower plant, kWh = kilowatt hour, MW = megawatt, y-o-y = year-on-year.
a  The large-scale HPPs contribute about 90% to electricity generation in the nonossil fuels segment.  

See Kazakhstan Electricity Grid Operating Company (KEGOC). http://www.kegoc.kz/en/company 
/national-power-system (accessed 29 March 2019).

b  According to the Ministry of Energy. 
Source: Composed from annual reports by Kazakhstan’s Ministry of Energy.
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solar thermal and photovoltaic power generation technically and 
economically feasible. Kazakhstan has recently been actively adding 
solar power capacities. In 2019, in cooperation with the European Bank 
for Reconstruction and Development (EBRD) and European companies, 
Kazakhstan commissioned the largest solar power station in Central Asia, 
with 100 MW capacity. Major physical obstacles to extensive solar energy 
deployment in Kazakhstan include frequent and powerful blizzards and 
storms. Also, Kazakhstan possesses extraordinary wind power potential 
(Karatayev and Clarke 2016; Karataev et al. 2016). Geographically, the 
Dzungarian Gates, Mangystau Region, the Karatau Peak, and the Chu-Ili 
Mountains are the best fitted for wind farm installations (IRENA 2013). 
Presently, Kazakhstan has 14 wind farms, with a total installed capacity 
of 180 MW (Yerementau in Akmola oblast and Kordai in Zhambyl oblast, 
among others), which is only a tiny fraction of the existing potential. 
Other underutilized renewable energy potential is agricultural residual: 
about 10% of it is being used (Pala 2009) and the only large-scale facility, 
Vostok Biogas, operates in Kostanai region.

Considering the market environment for renewable energy 
development, Kazakhstan has privatized most of its power sector, except 
for high-voltage transmission. Around 97% of power plants are privately 
owned. The state-owned electricity companies are system operator 
KEGOC (a 100% state-owned transmission and dispatch company 
assigned an exclusive right as a renewable energy buyer),21 electric 
power and electric capacity market operator JSC Kazakhstan Wholesale 
Electric Power Market (KOREM), and Samruk-Energo.22 The latter two 
are managed by the National Wealth Fund Samruk-Kazyna. The large 
power stations, with 39% of the total generating capacity, are managed 
by Samruk-Energo. There are 20 regional distributing companies and 
more than 100 transmission companies. More than 160 retail supply 
companies (some are state-owned) purchase electricity from generating 
companies or at the centralized auctions and sell it to retailers and final 
consumers (Aldayarov, Dobozi, and Nikolakakis 2017). The government 
does not regulate prices for electricity. Wholesale electricity prices are 
determined by the market, which is administered by the market operator 
KOREM. Consumers can choose their provider of electric power. In 
2019, Kazakhstan will be integrated into the EAEU’s Common Electric 
Power Market (Shadrina 2018). 

21 See http://www.kegoc.kz/report2014/eng/rynok-energo.php (accessed 2 May 2018).
22 See https://www.samruk-energy.kz/ru/company/samruk-energo-today/production 

-indicator (accessed 2 May 2018).
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In 2013, Kazakhstan adopted the National Concept for Transition to 
a Green Economy up to 2050 (Concept 2050),23 outlining an ambitious 
plan to increase the share of alternative energy (including nuclear) 
in electric power generation to 3% by 2020, 30% by 2030, and 50% 
by 2050.24 According to Concept 2050, by 2020 Kazakhstan will have 
106 electricity generating units with a total capacity of over 3,000 MW 
operating on renewable sources.25

Development of renewable energy is encouraged by the Law on 
Supporting the Use of Renewable Energy Sources (2013), which sets 
the feed-in tariff (FIT) for 15 years (2013–2028) for electricity generated 
at biomass, solar, and wind farms, as well as at geothermal and HPPs 
of up to 35 MW. The investment stimuli include subsidies equivalent 
to up to 30% of the costs related to land acquisition, construction, and 
equipment purchases.

Recent policy shifts towards the enhancement of renewable energy 
in Kazakhstan include energy-saving programs to reduce energy 
intensity by 25% by 2020, 30% by 2030, and 50% by 2050 against 
the levels of 2008;26 facilitation of modernization of existing power 
generation, power grids, and oil refining installations; endorsement 
of a 15%–25% reduction in greenhouse gas emissions by 2030 (against 
the 1990 level); and adoption of policies to support the development 
and inclusion of available renewable energy sources in the energy mix, 
among others.

Favored by the Kazakhstani government, foreign investment and 
technical expertise are indispensable for renewable energy development. 
ABB, KB Enterprises, Solarnet Investment GmbH, United Green, and 
Nomad Solar (a Kazakhstani company co-owned by Total Eren SA of 
France and Access Infra Central Asia Ltd. of the United Arab Emirates) 
are among the businesses implementing renewable energy projects in 
Kazakhstan. However, the decisive role in renewable energy development 
in Kazakhstan belongs to the international financial institutions, most of 
all to EBRD (who additionally assisted in setting the legal framework 

23 Official documents on renewable energy development can be found at  
https://asiapacificenergy.org/#main/lang/en/time/[1990,2019]/geo/[]/search 
(accessed 31 March 2019).

24 Available at https://www.kazakhembus.com/content/renewables (accessed 1 May 
2018).

25 Kazakhstan planiruet dovesti dolyu vozobnovlyaemyh istochnikov energii do 10%. 
https://ria.ru/economy/20160914/ 1476935187.html, (accessed 1 May 2018).

26 Here, we would like to point out the inconsistency of targets within one document 
(the Concept, English version). While on page 7 the energy intensity reduction 
targets are set vis-à-vis the 2008 level, page 24 sets the 2030 reduction target at 35% 
and mentions 2010 as a base year for both 2030 and 2050.
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for renewable energy), but also to the Asian Development Bank (ADB), 
Eurasian Development Bank, and Green Climate Fund. Samruk-
Kazyna Invest (an investment arm of Kazakhstan’s sovereign wealth 
fund) and Samruk Energy (Kazakhstan’s national energy company) are  
co-financing renewable energy projects. Overall, renewable energy is a 
way for domestic energy companies to diversify their portfolio, while for 
the government, it is a way to attract foreign direct investment, thereby 
demonstrating “normality” in terms of the openness, flexibility, and 
modernity of the Kazakhstani state-driven economy. A special Green 
Economy Council has been created within the Ministry of Energy to 
foster the development of renewable energy in Kazakhstan.

Kyrgyz Republic
As has been discussed, a lack of regional cooperation over the water-
energy agenda affects the Kyrgyz Republic. The economy struggles to 
match its growing power demand with the existing supply capacities: 
the power deficit, according to some estimates, reaches 25% in winter 
(Smirnov 2018). A less prosperous economy, the Kyrgyz Republic 
lacks its own financial and technical qualifications to renovate 
obsolete generating facilities or construct new ones. Currently, 
electricity generation in the Kyrgyz Republic relies entirely on hydro-
resources, which are enormous and exploited at less than 10% of their 
potential. The new renewable energy in the Kyrgyz Republic remains 
undeveloped; the small-scale hydropower stations contribute only 
1.1% to electricity generation.27 The LSHPPs of the Kyrgyz Republic 
are Toktogul (1,200 MW), Kurpsai (800 MW), Tash-Kumyr (450 MW), 
Shamaldy-Sai (240 MW), Uch-Kurgan (180 MW), and Kambar-Ata-2 
(120 MW) on the Naryn river.28 One of the peculiar features of the 
Kyrgyz hydropower sector is the advanced age of its major generating 
capacities, most of which were built in the 1960s and 1970s, including 
the largest, Toktogul hydropower plant (HPP), whereas the majority of 
small-scale HPPs were constructed in the 1940s–1960s.29 New capacities 
are projected in the LSHPP segment: Kambar-Ata-1 (1,860 MW) by 2020;  

27 Retrieved from http://regulatortek.gov.kg/ru/content/statisticheskie-dannye 
-harakterizuyushchie-sovremennoe-polozhenie-energosistemy-kyrgyzstana 
(accessed 27 April 2018).

28 Retrieved from http://regulatortek.gov.kg/ru/content/statisticheskie-dannye 
-harakterizuyushchie-sovremennoe-polozhenie-energosistemy-kyrgyzstana 
(accessed 27 April 2018).

29 Data retrieved from Ministry of Energy and Industry of the Republic of Kyrgyzstan. 
energo.gov.kg, OAO Elektricheskie Stantsii energo-es.kg, Natsional’naya 
Energeticheskaya Set’ Kyrgyzstana nesk.kg, OAO Chakan GES chakanges.kg, 
accessed 27 April 2018.
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Verkhne-Narynsky cascade HPPs (237.7 MW) by 2025; and, by 2025–
2030, Kazarman cascade HPPs (1,050 MW) and Susamyr-Kokemerens 
cascade HPPs (1,305 MW). 

In 2016, the Kyrgyz Republic endorsed the Concept for Energy 
Sector Development to 2030, which advances the provisions of the earlier 
National Energy Program for 2008–2010 and the Strategy for the Fuel-
Energy Complex Development till 2025.30 On 13 August 2018, the Kyrgyz 
Republic introduced the National Development Strategy to 2040,31 
which announced the expectation of the role of renewable sources in the 
energy mix to grow up to 50%, and the parameters of energy intensity 
and efficiency to improve on a par with Organisation for Economic  
Co-operation and Development countries’ practices. Adopted the same 
day, the Strategy for Sustainable Development to 204032 emphasized the 
need to address energy security through infrastructure33 and approved 
16 projects with a total investment requirement of $8.3 billion.34 

The first document initiating renewable energy policy in the Kyrgyz 
Republic was the Law on Renewable Energy Sources.35 In 2008, the 
law introduced FIT, which is designed to ensure the reimbursement 
of investment costs for up to 8 years.36 However, the law is not fully 
functioning, because the essential bylaws explaining the calculation of 
tariffs and other aspects have not been adopted. Other development laws 
important for renewable energy address energy and electrical power. 
They envisage the restructuring of the state-owned OAO Elektricheskie 
Stantsii (OJSC Electric Stations), which produces 98% of the country’s 
electricity, and OAO NES Kyrgyzstana (OJSC National Energy Network 
Kyrgyzstan), which is a national system operator dominant in the 

30 Minekonomiki predlozhilo utverdit’ kontseptsiyu razvitiya energetiki KR do 2030 
goda, http://www.teploseti.kg/content/articles_view/816 (accessed 2 August 2018).

31 Strategiya 2040: Natsional’naya Strategiya Razvitiya Respubliki na 2018-2040 gody. 
http://www.president.kg/ru/sobytiya/novosti/6015_proekt_nacionalnoy_strategii 
_razvitiya_kirgizskoy_respubliki_na_2018_2040_godi_ (accessed 2 August 2018).

32 See https://mir24.tv/news/16317856/ot-energetiki-do-ipoteki-kyrgyzstan-prinyal 
-strategiyu-razvitiya 816 (accessed 2 August 2018).

33 Strategiya Ustoichivogo Razvitiya Kyrgyzskoi Respubiki na 2018-2040 gody. 
Taza Koom Zhany Door. http://www.president.kg/ru/sobytiya/novosti/5624_na 
_obshestvennoe_obsughdenie_vinositsya_proekt_strategii_ustoychivogo_razvitiya 
_kirgizskoy_respubliki_na_2018_2040_gg__taza_koom__ghai_door__ (accessed 
2 August 2018).

34 See https://m.ru.sputnik.kg/economy/20180813/1040605122/strategiya-razvitiya 
-kyrgyzstan-summa.html (accessed 17 August 2018).

35 Official documents on RE development can be found at https://asiapacificenergy 
.org/#main/lang/en/time/[1990,2014]/geo/[]/search (accessed 31 March 2019).

36 Elekroenergetika Kyrgyzskoi Respubliki. http://energo-cis.ru/wyswyg/file/Kyrgyziya 
.pdf (accessed 5 March 2018).
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transmission segment. Legally, the electricity market is unbundled, but 
the system operators retain distribution and supply services. Generating 
plants of under 30 MW capacity can be privately owned. 

The National Energy Program of the Kyrgyz Republic recognizes 
the importance of environmental protection and the need for a specific 
renewable policy, such as a new tariff policy, but no explicit targets have 
been set. The Law on Renewable Energy Sources exempts imported 
and exported equipment and materials for the use of renewable energy 
power plants from customs duties, and transmission companies are 
obliged to purchase electricity from renewable facilities. Overall, 
heavily subsidized electricity tariffs in the low-income Kyrgyz economy 
make private investment in renewable energy unattractive. The Kyrgyz 
Republic seems not to be pressured by the climate change agenda. 
This is so for an obvious reason: due to the Kyrgyz Republic’s modest 
economic performance, its CO2 emissions in 2017 were only 47.18% of 
the 1990 level.37 

Tajikistan
Renewable energy in Tajikistan is represented entirely by hydropower. 
Responding to a severe energy crisis following the disruption in regional 
cooperation, international organizations and aid donors helped finance 
several mini and small power plants with a total capacity of 47 MW, 
which were commissioned in 2009–2011.

Overall, the terrain and climate of Tajikistan are highly favorable 
for the development of hydropower. By hydro-resources, the country is 
ranked top in Central Asia and eighth in the world.38 Only about 6% of 
hydro-stock has been harnessed,39 with an installed capacity amounting 
to about 5,500 MW. The chief HPP is Nurek (3,015 MW), built in 1972. 
The fourth and the latest unit at the Sangtuda-1 plant on the river Vakhsh 
came into operation in 2009; together, the four units have a capacity of 
670 MW. Commissioned in 2011, Sangtuda-2 has a capacity of 220 MW. 
Other large HPPs on the Vakhsh river include Baipara (600 MW) and 
Golovnaya (240 MW). If the projected Rogun (3,600 MW) and Shurbob 
(863 MW) HPPs are constructed, over 9,200 MW will be generated on 

37 Retrieved from https://countryeconomy.com/energy-and-environment/co2 
-emissions/kyrgyzstan (accessed 30 March 2019).

38 World Energy Resources Hydropower. World Energy Council. 2016: 12. https://www 
.worldenergy.org/wp-content/uploads/2017/03/WEResources_Hydropower_2016 
.pdf (accessed 30 March 2018).

39 World Energy Resources Hydropower. World Energy Council. 2016: 12. https://www 
.worldenergy.org/wp-content/uploads/2017/03/WEResources_Hydropower_2016 
.pdf (accessed 30 March 2018).
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the Vakhsh river alone. The Farkhad (126 MW) and Kaykakkum (126 
MW) HPPs are built on the Syr Darya river. Enormous potential also 
exists on the Pyanj river (the principal tributary of the Amu-Darya): 
14 HPPs with an aggregate capacity of 18,720 MW are projected there.40 
One severe problem is obsolete generating capacities. To maintain the 
existing capacity, approximately 60% of Tajikistan’s HPPs need to be 
rehabilitated by 2020 and nearly 80% by 2030. 

Tajikistan is found to have considerable potential for solar and 
biomass energy, which is currently not utilized. 

Tajikistan has recently been advancing its efforts in energy efficiency 
and energy saving rather than in the enhancement of renewable 
energy.41 Nevertheless, there have been several legislative steps for 
renewable energy development. Specifically, Tajikistan adopted the 
Long-term Program for Building Small Hydro Power Plants for 2009–
2020 (envisioning the construction of 189 small HPPs of 103.6 MW total 
capacity), the Targeted Program for the Widespread Use of Renewable 
Energy Sources (2007), and the Law on the Use of Renewable Energy 
Sources (2010). 

The regulations envision FIT (based on the project’s costs, but 
guaranteed up to 15 years) for electricity produced at wind, solar, 
geothermal, biomass, and hydropower (up to 30 MW) plants, provided 
the plant operators receive approval from the government’s anti-
monopoly service.42 Most electricity generation capacity is owned by the 
state-owned electricity company Bargi Tajik; only one private company, 
OJSC Pamir Energy, operates in Gorno-Badakhshan Autonomous 
Region. Both companies are monopolists concentrating on the spectrum 
of services, although there has been a proposal for Bargi Tajik to be 
restructured. 

Tajikistan pursues a traditional concept of renewable energy, 
considering, for instance, that the addition of super-scale HPP Rogun43 is 
a step toward larger renewable energy employment. Such an approach is 
misleading, because it does not offer sustainable solutions to the existing 

40 Elektroenergetika Respubliki Tajikistan. http://energo-cis.ru/wyswyg/file/Tadjikistan 
.pdf (accessed 3 March 2018).

41 See analysis in “Tadjikistan: uglublennyi obzor energoeffektivnosti”. 
Sekretariat Energeticheskoi Khartii, 2013. https://energycharter.org/fileadmin 
/DocumentsMedia/IDEER/IDEER-Tajikistan_2013_ru.pdf (accessed 2 April 2018).

42 Renewable Energy Snapshot: Tajikistan. UNDP. http://www.undp.org/content/dam 
/rbec/docs/Tajikistan.pdf (accessed 2 March 2018).

43 The first unit of the 3,600 MW Rogun HPP was commissioned in November 2018. 
The second unit is expected in 2019, while all six 600 MW units are scheduled to be 
completed in 2024.
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energy problems; nor does it help overcome the complexity of the 
water-energy regional context. The development of renewable energy 
necessitates liberalization of the electricity market in combination 
with tariff policy reforms. This is a difficult decision to make, because 
structural reforms in one sector require adequate changes in other 
spheres. Finally, tariff reforms are an unpopular policy choice because 
they would make people in this low-income economy vulnerable. 

Finally, comprehension of the sustainability component of renewable 
energy seems to be missing in Tajikistan, perhaps due to the fact that as 
a result of major economic decline over the post-Soviet transition, the 
country’s CO2 emissions in 2017 were 46.46% of their level in 1990.

Turkmenistan 
Because of very scant information available, Turkmenistan represents the 
most difficult case to examine. Based on the available data, Turkmenistan 
has no established renewable energy segment. Turkmenistan has one 
HPP, built in 1913, on the Murgab river Gindukush (1.2 MW).44 The 
largest power plant, Mary (1,685 MW), completed in 1973, and all the 
other facilities are thermal power plants. The average age of the majority 
of facilities is around 50–60 years.45 The newly commenced as well 
as renovated power stations with gas and steam turbines Ashghabat, 
Dashoguz, Mary, Ahal, Abaza, Balkanabad, Lebap, Derveze, and Watan 
do not solve the problem of depreciation of generating capacities (Power 
Sector Development in Turkmenistan 2018). One of the most significant 
gas exporters, Turkmenistan is expected to have the financial means 
for maintenance and development of the national energy sector, but the 
national priority seems to be energy saving (which to some extent suits 
the logic of an exporter, as consuming less domestically frees additional 
volumes for export).

Turkmenistan has a tremendous potential for solar power, especially 
in Kuli, Gasan, and Ashgabat regions, where annual sunshine duration 
ranges anywhere from 2,768 to 3,150 hours. The Karakum Desert, which 
covers about 80% of the country’s land mass, has the largest potential 
for solar farming due to the vacancy (availability) of land as well as 
the sand’s high content of silicon, a chemical element necessary for 
manufacturing solar panels. Also, the Caspian Sea coast in the west of 
the country is known for its strong wind currents that are sufficient for 
sustainable wind farming.

44 Elektroenergetika Turkmenistana. http://energo-cis.ru/wyswyg/file/Turkmenistan 
.pdf (accessed 2 March 2018).

45 Assessed based on http://www.cawater-info.net/bk/dam-safety/pdf/hps_tm_r.pdf 
(accessed 2 April 2018).
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The electricity market is controlled by the vertically integrated 
state-owned Turkmenenergo, which solely owns and operates the 
grid, generating and distributing the electricity to the final consumers. 
Turkmenistan has been known for having the world’s lowest energy 
tariffs, but the worsening public finances forced the government 
eventually to introduce unpopular tariff reforms. Such a move may seem 
justified considering Turkmenistan’s income statistics; however, the 
reliability of the latter can be questioned. In addition, there is a serious 
income inequality. 

There is no legislation on renewable energy specifically. However, 
the government has been setting out its climate change policy. The 
National Strategy on Climate Change (2012) outlines the long-term 
vision for promoting renewable energy and low emissions. Also, the 
government created a National Climate Change Fund to finance climate 
change mitigation and adaptation projects, including renewable 
generation.46 Recently, a new State Program of Energy Saving for 2018–
24 was adopted.47 

Uzbekistan 
Hydropower contributes slightly over 20% to electricity production 
in Uzbekistan, but it dominates in the renewable segment. As in 
other Central Asian countries, LSHPPs generate the principal share 
of electricity. The key HPPs in Uzbekistan are Charvak (620 MW), 
Khodjikent (165 MW), Tuyamuyun (150 MW), Andijan (140 MW), 
Farkhad (126 MW), and Gazalkent (120 MW).48 Endorsed in 2017, 
the Program on Hydropower Development for 2017–21 envisages 
financing the construction of 42 new HPPs and the modernization of 
32 HPPs.49 

Elements of the renewable energy policy in Uzbekistan can be 
traced back to the 1990s. The 1997 Law on Rational Energy Utilization 
introduced a project-specific FIT allowing sufficient return on the 

46 Renewable Energy Snapshot: Turkmenistan. UNDP. http://www.undp.org/content 
/dam/rbec/docs/Turkmenistan.pdf (accessed 2 March 2018).

47 Turkmenistan Plans to Build Solar Power Stations and Wind Farms. 26 April 2018. 
orient.tm/en/2018/02/26/5120.html (accessed 2 March 2018).

48 Retrieved from Eletroenergetika Respubliki Uzbekistan. http://energo-cis.ru/wyswyg 
/file/Uzbekistan.pdf, and Ispol’zovanie gidroenergeticheskogo potentsiala gosudarstv 
– uchastnikov SNG: Problemy i perspektivy (informatsionno-analiticheskii material). 
Moskva: Ispolnitel’nyi Komitet Sodrujestva Nezavissimyh Gosudarstv. 2016.  
http://www.e-cis.info/index.php?id=296 (accessed 2 May 2018).

49 Retrieved from https://www.gazeta.uz/ru/2017/05/05/hydroenergy/ (accessed 
2 March 2018).
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capital invested, the future operation costs, and other technical costs for 
renewable energy facilities. To attract foreign investment, exemptions 
from profit tax, property tax, and unified tax payments for newly 
established small and medium renewable businesses were enacted. 
Renewable energy producers are also exempted from payments to 
Uzbekistan’s road fund. Those tax privileges are granted for 3 years for 
foreign investment of between $300,000 and $3 million, or for 5  to 7 
years for investment up to and exceeding $10 million. To the effectuated 
projects, the government guarantees legislation stability for 10 years. 
For all the above incentives to apply, the share of foreign capital should 
exceed 33%.

Tasks for renewable energy development were more specifically 
outlined in the Roadmap on the Development of Solar Energy in the 
Republic of Uzbekistan during 2014–31 (2014) and the Program on 
Energy Intensity Reduction and Implementation of Energy Saving 
Technologies in the Sectors of Economy and Social Sphere during 2015–
19 (2015). The Roadmap stipulated that by 2030, 6% of Uzbekistan’s 
energy mix will be provided by solar energy.50 Like other spheres of 
national economy, Uzbekistan’s renewable energy segment has seen 
dramatic shifts since 2017. In Uzbekistan’s Strategy on Five Priority 
Directions for Development in 2017–21, the development of renewable 
energy is named as one of the most important dimensions. It is 
projected that the share of renewable energy in electricity generation 
will reach 20% by 2025.51 In 2017, a new Program of Measures for 
Further Development of Renewable Energy and Improvement of 
Energy Efficiency in the Sectors of Economy and Social Sphere for 
2017–21 was adopted.

Also, to spur the development of renewable energy, the government 
started considering stimuli for households: property and land tax 
exemptions for up to 3 years for those who invest in renewable energy 
installation in their residences are being discussed.52

The structure of the electricity market is reminiscent of that in 
other Central Asian economies. The state-owned electricity company 
UzbekEnergo generates 97.5% of the country’s electricity. The 

50 Retrieved from http://www.uza.uz/ru/business/alternativnaya-energetika 
-dostizheniya-i-perspektivy-01-08-2017 (accessed 3 March 2019).

51 Vsemirny Bank podderjivaet razvitie vozobnovlyaemyh istochnikov energii v 
Uzbekistane. 5 December 2017. https://www.uzdaily.uz/articles-id-35230.htm 
(accessed 3 March 2019).

52 Retrieved from https://ru.sputniknews-uz.com/economy/20170912/6287082 
/Alternativnaya-energiya-nalogi.html (accessed 3 February 2019).
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remaining share is the capacity of a small HPP, which is 84% operated  
by state-owned Uzsuvenergo, the remainder being owned by small 
blockstation enterprises (UNDP n.d.). 

3.5  Impediments ro Rediffusion in Central Asia: 
Policy Implications

3.5.1 Domestic Barriers 

If the Central Asian economies’ renewable energy choices were defined 
entirely by their nature-allotted potential (Table 3.10), Kazakhstan 
would most of all deploy solar photovoltaic and wind energy (the 
potential of wind energy alone exceeds tenfold Kazakhstan’s projected 
electricity needs by 2030); the Kyrgyz Republic would develop solar 
and small HPPs; Tajikistan would be interested in fully utilizing the 
potential of solar energy and small HPPs; Turkmenistan’s best choice 
would lie with solar and wind energy; while Uzbekistan would benefit 
from exploiting energy from the sun, small HPPs, and biomass. If 
rationality-driven, the fossil fuel-poor economies would be the most 
active in deploying renewable energy. In practice, so, too, are the fossil 
fuel-rich economies (the exception being Turkmenistan, which we 
consider a separate case). 

Why is the available renewable energy potential barely utilized 
in Central Asia, and even less so in the Kyrgyz Republic, Tajikistan, 

Table 3.10: Technical Potential for Installed  
Renewable Electricity Capacity (MW)

Kazakhstan
Kyrgyz 

Republic Tajikistan Turkmenistan Uzbekistan
Small 
Hydro

4,800 1,800 23,000 1,300 1,800

Wind 354,000 1,500 2,000 10,000 1,600

Solar PV 3,760,000 267,000 195,000 655,000 593,000

Biomass 300 200 300 not 
significant

800

MW = megawatt, PV = photovoltaic. 
Source: Compiled based on UNDP Renewable Energy Snapshot for respective Central Asian countries. 
https://www.eurasia.undp.org/content/rbec/en/home/library/environment_energy/renewable-energy 
-snapshots.html
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and Turkmenistan? To explain the situation, we distil the principal 
features of the relevant economies (Table 3.11). Turkmenistan and 
Uzbekistan, losely followed by Kazakhstan, have the largest-value stock 
of hydrocarbons (coal, crude oil, and natural gas) and are dependent on 
energy rents. The low-income fossil-poor Tajikistan and Kyrgyz Republic 
are remittance-dependent economies. As the state plays a significant role 
in all Central Asian economies, public-private partnerships and private 
investment in the energy sector as a whole are nearly non-existent. Our 
principal argument is that fossil-rich economies escape challenging 
their hydrocarbon sector with an authentic energy transition, because 

Table 3.11: Rents and Remittances in Central Asian Economies

Kazakhstan
Kyrgyz 

Republic Tajikistan Turkmenistan Uzbekistan
Adjusted savings: 
energy depletion, avg. 
1993–2016, % of GNI

8.96 0.15 0.04 22.76 10.64

Total natural 
resources rents, % of 
GDP, avg. 1992–2016

18.17 4.34 0.95 41.56 19.35

Mineral rents, % of 
GDP, avg. 1992–2016

2.56 3.77 0.72 0 3.98

Natural gas rents, % of 
GDP, avg. 1992–2016

0.90 0.05 0.06 27.98 12.60

Oil rents, % of GDP, 
avg. 1992–2016

13.40 0.39 0.11 13.58 2.66

Personal remittances, 
received, % of GDP 
avg. 1992–2014a

0.17 13.78 33.27 0.12 8.06

Public-private 
partnerships’ 
investment in 
energy,1992–2017 

Insignificant 
by value, 
1990s

None Insignificant, 
2000s

None None

Investment in 
energy with private 
participation, 
1992–2017

Insignificant, 
1990s

None Insignificant, 
2000s

None None

GDP = gross domestic product; GNI = gross national income. 
a  Depends on data availability: Kazakhstan 1995–2014, Kyrgyz Republic 1993–2014, Tajikistan 2002–14, 

Turkmenistan 2004–14, Uzbekistan 2004–13.
Source: Author, based on The World Bank. DataBank. World Development Indicators. https://databank 
.worldbank.org/source/world-development-indicators.
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this sector secures the stability of their idiosyncratic political and 
economic institutions. The prime interest of the governments in fuel-
rich economies is to open a niche in which national private-public 
partnerships will cooperate with foreign businesses, from which they 
will learn and share high economic risks. This logic equally applies to 
Turkmenistan, the difference being that its preference to maintain its 
economic and political institutions (the most rigid in the region) does 
not permit even a niche opening. In turn, the fossil-poor economies 
incorporate renewable energy development into their developmental 
programs, which are traditionally implemented with the substantial 
technical and financial backing of numerous international organizations 
and donors. We elaborate on our argument in the following.

Overall, the Central Asian countries are neither seriously concerned 
about sustainability nor genuinely enhancing energy transition. Instead, 
they pursue renewable energy development as a means of energy addition, 
according to the definition by York and Bell (2019). All the Central 
Asian economies submitted their Intended Nationally Determined 
Contribution (INDC) toward achievement of the global goal of the UN 
Framework Convention on Climate Change53 in 2015 (Uzbekistan did so 
in 2017), because this is literally costless to them. As a result of deep and 
prolonged economic malaise that followed the collapse of the integrated 
Soviet economy, they all still have emissions growth reserve when 
setting their INDC against 1990 (Kazakhstan and Tajikistan) and even 
against 2010 (the Kyrgyz Republic, Turkmenistan, and Uzbekistan). 
Why then has renewable energy become an element of energy policies, 
albeit for the fossil-rich nations more than for the fossil-poor? We 
assume that for the rent-dependent state-dominated economic systems 
(Kazakhstan and Uzbekistan), this is the way to demonstrate their 
“normality” and at the same time secure the desired foreign investment 
and technology. Belonging to the same group, Turkmenistan does not 
articulate renewable energy policy, as the highly centralized economy 
with idiosyncratic institutions rejects the commonly perceived ideas 
and values of renewable energy. For the Kyrgyz Republic and Tajikistan, 
hydrocarbon-poor and stricken by an energy deficit, the development of 
renewable energy is one of the most viable ways to address the problem 
through the channels of international aid and other non-commercial 
financing. The Kyrgyz Republic’s INDC clearly specifies that, while 
implementing climate change policy, the country plans that more than 
half of the necessary effort will be funneled in through international 

53 Available at https://www4.unfccc.int/sites/submissions/indc/Submission%20Pages 
/submissions.aspx (accessed 30 March 2019).
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financial support.54 Turkmenistan voices a similar hope, albeit less 
explicitly.

Regarding renewable energy policy (IRENA 2014), having 
incorporated our earlier findings into the available rankings, we can 
draw some comparative lines across Central Asia (Table 3.12). The 
Kyrgyz Republic (placed 32nd) and Turkmenistan especially (8th) 
have poor metrics for national renewable energy policies. Placed in 
the range between 33rd and 66th, the rest of the group are assessed as 
having established some essential elements of renewable energy policy. 
All countries except for Turkmenistan are evaluated as having in place 

54 The Kyrgyz Republic Intended Nationally Determined Contribution. https://www4 
.unfccc.int/sites/submissions/INDC/Published%20Documents/Kyrgyzstan 
/1/Kyrgyzstan%20INDC%20_ENG_%20final.pdf (accessed 30 March 2019).

Table 3.12: Renewable Energy Policy Scores, 2017

Indicators Kazakhstan
Kyrgyz 

Republic Tajikistan Turkmenistan Uzbekistan
Legal framework 
for renewable 
energy 

100 100 100 0 100

Planning for 
renewable energy 
expansion 

40 5 35 3 49

Incentives and 
regulatory support 
for renewable 
energy 

35 19 38 0 38

Attributes of 
financial and 
regulatory 
incentives 

33 33 17 8 0

Network 
connection  
and use 

48 30 32 27 26

Counterparty risk 64 38 30 17 6

Carbon pricing 
and monitoring

100 0 0 0 50

Overall score  
2017 (2010)

60 (44) 32 (22) 36 (29) 8 (3) 38 (9)

Source: Based on Renewable Indicators for Sustainable Energy, World Bank (http://rise.worldbank.org/).
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the necessary renewable energy legislation; our analysis demonstrates 
that Kazakhstan has comparatively more comprehensive renewable 
energy legislation. A latecomer, Uzbekistan has been very proactive in 
formulating and promoting the national renewable energy policy in the 
past couple of years. The example of Uzbekistan, which is trying in earnest 
to fill the regulatory vacuum, suggests that energy markets cannot be 
enhanced without comprehensive institutional transformations across 
a range of sectors. The Kyrgyz Republic, Tajikistan, and Turkmenistan 
have been favoring energy saving over the promotion of renewables. 
Among the five, Kazakhstan can also be credited with some achievements 
in liberalizing the national electricity market. Other national electricity 
systems are characterized as being under the exclusive control of 
respective state-owned enterprises. Such a market structure dwarfs 
the development of renewables. The prohibition of private investment 
and the restriction on foreign capital reproduce an energy system that 
is economically inefficient and technically and technologically obsolete. 

Governments in the developing economies often justify their 
interference in the energy sector, arguing that they protect the 
population which has a relatively, or even absolutely, low income. 
Even in the wealthier nations, as Andreas et al. (2017) argue, initiation 
of the renewable energy transition can slow down economic growth; 
the changes across a wide range of regulatory institutions in a broad 
spectrum of sectors are too drastic. All Central Asian nations are 
renowned for subsidizing energy. The International Renewable 
Energy Agency assessed that, in 2012, energy subsidies, measured as 
a percentage of GDP, were highest in the Kyrgyz Republic (26.4%), 
followed by Uzbekistan (26.3%), Turkmenistan (23%), Kazakhstan (11%), 
and Tajikistan (7.1%).55 A result of this is nearly certain cost and price 
non-competitiveness of renewables compared with the cost and price of 
electricity generated from conventional sources. In Kazakhstan in 2017, 
for instance, the cost of alternative energy was three- or fourfold higher 
than that of traditional energy. The average cost of 1 kWh generated at a 
coal-fired facility was KZT7–8 ($0.02), while 1 kWh generated at a wind 
farm cost KZT22 ($0.07), and even more at a solar photovoltaic—KZT34 
($0.10).56 Such a comparison illustrates the disincentives to invest in 

55 Retrieved from https://www.irena.org/-/media/Files/IRENA/Agency/Events/2017 
/Apr/26/1-Session-I-Status-and-Priorities-for-Renewable-Energy-Development 
-Gurbuz-Gonul.pdf?la=en&hash=A785E05B7E28E5E1ADB7F80F95FAD5D4A9A
BF108 (accessed 3 February 2018).

56 Sluhi o razvitii VIE v Kazakhstane neskol’ko preuvelicheny. 16 October 2017. 
https://lsm.kz/sluhi-o-razvitii-vie-v-kazahstane-neskol-ko-preuvelicheny-eksperty 
(accessed 3 February 2018).
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costly renewable energy projects in Central Asian economies despite 
the global trend of a decline in the levelized cost of electricity (IRENA 
2018abc; Sovacool 2008).

Energy additions in Central Asia are becoming essential, as hydro-
assets generating power are ageing, with economies experiencing 
frequent outages, high losses in electricity transmission (Figure 3.6), 
low-quality services, and growing energy poverty, to name a few issues. 
However, in addition to the intra-regional water-energy controversies 
discussed, an expansion of LSHPPs’ capacities is susceptible to the 
impacts of climate change, such as the projected post-2030 water stock 
reduction. 

Operating by the World Bank’s parameter of the number of power 
outages of firms in a typical month in 2013, Tajikistan, with 6.1 blackouts, 
seems to have the most serious problems. Uzbekistan, with 5.7 outages, 
is also in a difficult situation. While Kazakhstan’s outages are expectedly 
low (0.5 occasions), the Kyrgyz Republic’s parameter of 0.9 is surprisingly 
good.57 This may well be because we rely on outage data for urban areas 
only. Reference to the World Bank’s database SE4ALL on access to 
electricity in rural areas in 2014 returns a result that 99.7% of the rural 
population in the Kyrgyz Republic and 99.3% in Tajikistan have access to 
electricity, while the other Central Asian economies have this parameter 

57 Compiled based on data retrieved from http://databank.worldbank.org/data/reports 
.aspx?source=2&series= IC.ELC.OUTG&country= (accessed 3 February 2018).

Figure 3.6: Electric Power Transmission  
and Distribution Losses 1992–2014  

(% of output)

Source: Author, based on The World Bank. DataBank. World Development Indicators. https 
://databank.worldbank.org/source/world-development-indicators
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at 100%. This seems to be overly optimistic. Other sources assess that 
about 10% of the population, living in remote mountainous areas cut off 
from the grids by large fast-flowing rivers, have no access to electricity.58 
In total, an estimated 2 million households in Central Asian countries 
live in energy poverty, mostly in the Kyrgyz Republic and Tajikistan,59 
but also in Uzbekistan (Chen 2014). For many rural and remote areas 
across Central Asia, off-grid power generation from renewable sources, 
including solar thermal energy, seems to be among the most feasible 
options. 

Among other aspects critically important for the development of 
renewable energy in Central Asia is limited access to affordable bank 
loans. The lending interest rates in the Kyrgyz Republic and Tajikistan, 
for example, are close to 20%. Other limitations include the insufficiency 
(if not non-existence) of local green financing, high initial investment 
costs (renewable energy projects have a lower rate of return) stemming 
from the high cost of new technologies (Taghizadeh-Hesary and Yoshino 
2019), and a higher risk for renewable energy projects compared to fossil 
fuel projects (Yoshino, Taghizadeh-Hesary, and Nakahigashi, 2019). In 
addition, the poor investment climate discourages potential investors 
(UNEP and Bloomberg New Energy Finance 2017).

Also, a lack of information about concrete technically sound 
and commercially feasible renewable energy projects, especially for 
Turkmenistan, the Kyrgyz Republic, and Tajikistan, does not facilitate the 
advance of private initiatives in this area. In this regard, a front-runner 
in the sector, Kazakhstan, seems to have utilized the opportunities of 
EXPO 2017 for the promotion of its national projects, as well advancing 
the idea of renewables for the entire region by launching the Astana 
Communiqué on Accelerating the Uptake of Renewables in Central 
Asia. Kazakhstan hosts the Central Asia Renewable Summits in 2019 
and 2020. Uzbekistan is following suit: having held the International 
Environmental Forum Strengthening Cooperation for Environment and 
Sustainable Development in 2018, it also plans to make the Central Asia 
Climate Change Conference an annual event. 

Comprehensive de-monopolization and deregulation in the national 
electricity markets are necessary for renewable energy development. 

58 Tadjikistan: Uglublennyi obzor energoeffektivnosti. Sekretariat Energeticheskoi 
Khartii. 2013. https://energycharter.org/fileadmin/DocumentsMedia/IDEER/IDEER 
-Tajikistan_2013_ru.pdf (accessed 2 April 2018).

59 Retrieved from https://www.irena.org/-/media/Files/IRENA/Agency/Events/2017 
/Apr/26/1-Session-I-Status-and-Priorities-for-Renewable-Energy-Development 
-Gurbuz-Gonul.pdf?la=en&hash=A785E05B7E28E5E1ADB7F80F95FAD5D4A9A
BF108 (accessed 2 April 2018).
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However, rent-seeking behavior and the predominance of vested 
interests in energy-rich economies secure against such transformations 
(Moe and Midford 2014). Even disregarding the aspect of fossil fuels 
endowment, the Central Asian economies, with their below-standard 
metrics for quality of governance and semi-market or quasi-state 
economic institutions, lack the vigor of entrepreneurship and an 
innovation-driven environment (Auty and de Soysa 2006; Shadrina 
2017, 2018). The latter, as the advanced economies leading the process of 
renewable development demonstrate, is critically important (Rafindadi 
and Ozturk 2017). 

Some readily available rankings, such as the Ease of Doing Business 
Ranking, are informative for the assessment of the institutional 
environment. Out of 190 countries ranked, Kazakhstan leads the group 
of Central Asian economies (36th position, improved). Uzbekistan has 
moved up (74th position, significantly improved). The Kyrgyz Republic 
has demonstrated the least progress (ranked 77th). Tajikistan keeps a 
rather low profile (123rd). Related to the theme at hand, the metrics 
of ease of access to electricity show a significant difference across the 
group, from relatively good to outstandingly bad (Table 3.13). Uzbekistan 
has made exceptional progress in streamlining procedures (Figure 3.7), 
which allowed the country to overtake Kazakhstan in terms of proximity 
to the best performers.

Table 3.13: Ease of Access to Electricity

Parameter Kazakhstan
Kyrgyz 

Republic Tajikistan Uzbekistan
Getting electricity 
(rank)

70 164 171 27

Distance to frontier 
score for getting 
electricity, 0–100

76.77 44.19 35 85.5

Procedures 
(number)

7 7 9 4

Time (days) 77 125 133 88

Cost (% of income 
per capita)

47.4 814.4 811.5 833.1

Reliability of 
supply index and 
transparency of 
tariffs index, 0–8

8 0 0 8

Source: World Bank. Doing Business 2018. Reforming to Create Jobs. pp. 170, 172, 198, 203, http 
://www.doingbusiness.org/~/media/WBG/DoingBusiness/Documents/Annual-Reports/English 
/DB2018-Full-Report.pdf (accessed 20 May 2019).
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A reference to the metric of cost of getting access to electricity 
calls into question the objectivity of the earlier data for 100% access to 
electricity. It is rather improbable that the entire population in low-/
middle-income economies could afford access, whose cost exceeds 
income per capita more than eightfold (Table 3.13).

Thus, having acknowledged in the preceding sections the differences 
across the countries in their attitudes to renewable energy, we admit that 
many factors that impede its development in Central Asia are shared. 
Yet, by prioritizing the expansion of new renewable energy (besides the 
LSHPPs), Kazakhstan and Uzbekistan have improved their  policies. 

3.5.2 Intraregional and International Barriers

In this section, we discuss possible dimensions for intraregional and 
international cooperation (Wee et al. 2012; Wu 2012), the realization of 
which will reduce energy insecurity in Central Asia. 

The disintegration of CAPS in 2009 caused an acute energy 
crisis in Tajikistan. From 2012, Tajikistan did not receive gas from 
Uzbekistan. The energy situation in Tajikistan demonstrates the failure 
of the resource-sharing mechanism in Central Asia and proves that 
disintegration of intraregional energy cooperation exacerbates energy 
insecurity. Having the lowest GDP per capita among the Central Asian 
economies, Tajikistan is assessed as losing $90 million to $225 million 
annually from the idle discharge of water in summer; disconnection 
from the cross-boundary grid costs Tajikistan lost export opportunities 
of 5 GWh in a single summer (Aminjonov 2016; Laldjebaev et al. 

Figure 3.7: Time Required to Get Electricity  
(days)

Source: Author, based on The World Bank. DataBank. World Development Indicators. https 
://databank.worldbank.org/source/world-development-indicators

2009 2010 2011 2012 2013 2014 2015 2016 2017 2018
88

98

193

258

193

258

193

258

136

178

136 136

133
133
111 111 111 111

133 133 133

178

98 98 89 89 89 89 89 88 88

88 88 88 88 88 91 77 77 77

Kazakhstan Tajikistan UzbekistanKyrgyz Republic



98!Energy Insecurity in Asia: Challenges, Solutions, and Renewable Energy

2018). Hydropower export is one feasible option for Tajikistan to 
be included in regional and international cooperation. Current 
exports of 1.3 billion kWh and 0.1 billion kWh to Afghanistan and the 
Kyrgyz Republic, respectively, are equal to 8% of Tajikistan’s total 
electricity generation. Provided the government-favored $3 billion– 
$5 billion Rogun HPP is constructed, Tajikistan may generate about 
33.5 billion kWh and export about 10 billion kWh annually.

Nowadays, the Central Asian nations are voicing their support 
for resumption of the CAPS.60 Full deployment of the CAPS and its 
connection to the grids in northern Kazakhstan and Afghanistan could 
ease the problems with large-scale electricity trading. Examination of 
other possibilities of the Common Electricity Market of the EAEU61 
and the Energy Club of the Shanghai Cooperation Organization could 
open additional avenues for cooperation, even to non-members of these 
arrangements. While it appears that Central Asian countries have an 
institutional coherence in that the state plays a prominent role in the 
economy, launching cross-border trade still requires the harmonization 
of regulations and standards. Specifically, the prospect of the Common 
Electricity Market of the EAEU needs to be taken into consideration. 

The Central Asian electricity markets can be linked via the 
centralized trading platforms, especially given that Kazakhstani JSC 
KOREM is already functioning. Coordination in electricity planning is 
among the important initiatives. The establishment of a cross-border 
market requires an inventory of renewable energy sources and the 
deployment of renewables in those areas with the highest potential. 
Green et al. (2016) estimate that this may help lessen intermittency 
and reduce fuel, operating, and transmission costs by 15%. Also, the 
improved capacity coordination of the cross-border trade can help 
reduce costs by 5%. Some successful practices of international wholesale 
electricity markets, such as those already functioning—the Nord Pool 
and North American Electricity Grid—as well as the projected South 
Asian Association for Regional Cooperation Market for Electricity, can 
be analyzed for their applicability in Central Asia.62

The development of an adequate water-energy sharing mechanism 
is one of the most urgent tasks for intra-regional energy cooperation in 

60 See http://documents.worldbank.org/curated/en/866191467998204221/pdf/101742 
-BRI-CAPS-PB-Box393265B-PUBLIC.pdf (accessed 3 March 2018).

61 Since the EAEU launch in 2015, cross-border electricity trade has grown by 24% 
to 7.61 billion kWh per annum. However, currently unutilized capacity exceeds 
282.8 GW.

62 The experience of the Nord Pool seems to be especially worthy of analysis. See Nord 
Pool. https://www.nordpoolgroup.com/ (accessed 3 March 2018).



Renewable Energy in Central Asian Economies: Role in Reducing Regional Energy Insecurity!99

Central Asia (Babow and Meisen 2012; Putz 2016; World Bank 2019). 
Without addressing this problem in a regional format, Tajikistan and 
the Kyrgyz Republic will remain unable to utilize their hydropower 
potential. The telling stories are those of the Rogun and Kambar-Ata-1 
HPPs. The downstream nations have long been disregarding appeals 
from Tajikistan and the Kyrgyz Republic for these major HPPs to 
be built. Uzbekistan has been particularly hostile to these LSHPPs. 
Tajikistan’s reasoning that without the Rogun HPP added, the country 
risks losing its critically important Nurek HPP because of silting was not 
attended (Aminjonov 2015). By the same token, the Kyrgyz Republic has 
struggled to progress with its Kambar-Ata-1 HPP. The Kyrgyz Republic 
needed external financing, but the search for potential investors 
turned out to be tough. In 2012, contracts on the construction of two 
cascades—the Kambar-Ata-1 and Verkhne-Narynsky—were signed with 
a Russian company. However, after the estimated costs almost doubled, 
the Russian contractor terminated its participation in 2015. In 2016, the 
Kyrgyz Republic signed an agreement with a Czech company, Liglass 
Trading, but the project reached an impasse again, this time due to the 
investor’s bankruptcy in 2017.63 After Uzbekistan revealed its interest in 
participating in the projects (de facto endorsing them),64 their prospects 
improved dramatically; yet, the scale of these hydropower projects 
necessitates regional and international cooperation. 

The engagement of several Central Asian economies in international 
energy projects proves that coordination is essential. The CASA-1000 
and TUTAP are projected and implemented by a large group of diverse 
stakeholders. The CASA-1000 envisages construction of an electricity 
transmission system to link the Kyrgyz Republic and Tajikistan with 
Afghanistan and Pakistan.65 Owing to the CASA-1000, the Kyrgyz 
Republic and Tajikistan stand to activate a part of their export potential. 
Similarly, parties to the TUTAP, Turkmenistan, Uzbekistan, and 
Tajikistan will gain from international energy cooperation.

An array of actors is engaged in international cooperation targeted 
at solving energy insecurity in Central Asia. Among those are the EU 
(INOGATE, Investment Facility for Central Asia and Sustainable Energy 

63 7 vazhnyh proektov, kotorye nikak ne mogut realizovat’ v Tsentral’noi Azii.  
CA-portal. 5 February 2018. http://www.ca-portal.ru/article:40646 (accessed 
6 February 2018).

64 https://ru.sputnik-tj.com/asia/20171113/1023867265/uzbekistan-pristupil 
-proektirovaniyu-odnoy-ikrupneyshih-ges-centralnaya-aziya.html (accessed 6 February 
2018).

65 For an overview, see http://www.casa-1000.org/ (accessed 6 February 2018).
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Program for Central Asia),66 the World Bank (Central Asia Energy 
Water Development Program), ADB (Central Asia Regional Economic 
Cooperation Program), EBRD (renewable energy projects in Central 
Asia, especially in Kazakhstan), the Eurasian Development Bank 
(renewable energy projects in Central Asia, especially in Kazakhstan), 
and many others.

3.6 Conclusion
The study has demonstrated that renewable energy according to its 
traditional definition (with large-scale hydropower, i.e. “old” renewable 
energy) is important to energy-rich, and critically important to energy-
poor, Central Asian economies. However, non-hydro (“new”) renewable 
energy plays a very modest role in fossil fuel-rich economies and is non-
existent in fossil fuel-poor countries. A logical question is whether there 
is a need for renewable energy development in Central Asia. Certainly, 
the Central Asian economies stand to benefit from adding new capacities 
from renewable energy sources as they face a deficit of power, as well as 
the problem of aging and increasingly inefficient and unreliable energy-
generating facilities. Is there a renewable energy potential in Central 
Asia? Undoubtedly, Central Asian countries have enormous potential 
for all kinds of renewable energy sources. What, then, are the essential 
active elements by which Central Asian countries can improve their 
energy security? To begin with, there is the question of the overall 
design of the renewable energy policy. To explain, we demonstrated 
that there are principal differences in renewable energy policies’ modes 
in fossil fuel-rich versus fossil fuel-poor economies in Central Asia. 
Energy-rich countries are increasingly seeing new renewable energy 
as a niche for learning-by-doing, and are putting in place the standard 
principles and practices, such as electricity market deregulation and 
adoption of specific legislation, to name but two. Needing the new 
renewable energy much more, the energy-poor countries are, first of 
all, not financially equipped to promote it. They are also inconsistent in 
formulating and implementing their national renewable energy policies 
and appear to be unfolding their agenda as an element of their broader 
developmental efforts. Their renewable energy targets are often a mere 
demonstration that they fulfil the standard requirements (such as the 
National Sustainable Development Strategy) and are qualified for the 
international grants and external financing of their development.

66 For details, see http://www.eeas.europa.eu/archives/docs/central_asia/docs/factsheet 
_energy_en.pdf (accessed 2 March 2018).
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Effectively, the Central Asian nations have a choice between 
approaches that solve energy insecurity through the enhanced 
marketization of energy and improving energy efficiency; those that 
prioritize the developmental aspects of energy security, such as solving 
the problem of power inequality and energy poverty; and those that 
combine these two approaches, with either marketization or the 
development agenda prioritized. The marketization-oriented approach 
is more suitable for economies with a relatively developed energy 
sector and with the necessary market institutions in place (such as the 
rule of law, competition, private ownership, capital market, among the 
key factors). This approach assumes that the government is capable of 
formulating and implementing the renewable energy policy, although 
financial, technical, and other kinds of support may need to come 
from outside to supplement the national assets. The development-
oriented approach assumes that the national government needs greater 
external support and expertise to overcome the major institutional and 
structural inefficiencies in the national economy, meanwhile addressing 
the most essential developmental needs in the energy sector through the 
enhancement of small-scale HPP, solar, wind, etc. 

Finally, Central Asia sets a clear case for the need for regional (and 
international) cooperation for the sake of ensuring individual countries’ 
energy security. Such cooperation involves explicit technical, financial, 
and other forms of coordinated activity directed toward rehabilitation 
of existing and construction of new intra- and inter-regional energy-
generating facilities and infrastructure. Equally important is the 
harmonization of standards for the new renewable energy policies and 
the diffusion of best practices for associated policymaking and policy 
implementation among Central Asian economies. 
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4.1 Introduction
The key parameter for determining the current position and future 
development orientation of all countries and regions is energy security 
(Radovanović, Filipović, and Pavlović 2017; Winzer 2012). Hence, 
energy security is a critical issue to a number of stakeholders ranging 
from policymakers and business entities (in particular major energy 
consumers) to urban and rural communities for which an uninterrupted 
energy supply influences the quality of life (Ang, Choong, and Ng 2015). 
The underlying reasons behind such critical importance of energy are 
its limited availability, uneven distribution, ever-increasing demand, and 
the energy dependency of all sorts of economic developments around 
the world (Kruyt et al. 2009). Former United States (US) President 
Barack Obama noted that every country needs a national commitment 
to energy security. To emphasize that commitment, he agreed that 
the US should install a Director of Energy Security to oversee all of 
its efforts (Winzer 2012). Thus, what is energy security? The United 
Nations (UN) report Energy for a Sustainable Future: Report and 
Recommendations defined energy security as, “having access to clean, 
reliable and affordable energy services for cooking, heating, lighting, 
communications and other productive uses” (UN 2010). However, 
in most of the definitions of energy security, four key elements can 
be identified: (i) availability—geological existence; (ii) accessibility— 
geo-political circumstance; (iii) affordability—economic circumstance; 
and (iv) acceptability—environmental and societal circumstance 
(Ang, Choong, and Ng 2015; Cherp and Jewell 2014; Kruyt et al. 2009; 
Radovanović, Filipović, and Pavlović 2017).
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Asia is poorly placed in terms of energy security. While there is 
a lack of conventional energy resources, wide disparity also exists in 
Asia in terms of energy security across regions and between and within 
countries. Lucas (2014) noted that Asia’s main source of vulnerability is 
its poor proven reserves of oil, which account for only 7% of the known 
resources of the world. The study added that, while the region has 
high expectations for its future oil supply, heavy reliance on imported 
energy will inevitably entail vulnerability to interruptions in the 
energy supply in the region, and rapid movements in price can disrupt 
the economic activity in Asia (Lucas 2014). Developing countries in 
Asia also face serious constraints in terms of their exploitation and 
use of natural resources because they are becoming a very large source 
of greenhouse gas emissions. A report titled Asia 2050: Realizing the 
Asian Century (ADB 2011a) posited that Asian economies will need 
to adapt their policies to contribute to the management of climate 
change, which may pose further threats to the secure supply of energy 
in the region. This study focuses on the key factors in terms of energy 
security that economies need to address in realizing the Asian dream, 
also called the Asian Century. It shows that regional cooperation can 
help to improve access to energy among the developing countries in 
Asia. The study concludes that enhancing regional cooperation and 
integration in different layers of resource sharing, production, and 
trade can bring countries together into a network of interdependence 
to ensure maximum use of resources (ADB 2011a).

The chapter is organized as follows. The next section examines the 
nexus between water, food, and energy resources from the perspective 
of developing Asia to understand the present and future security 
trends, with a focus on energy security. It then analyzes the energy 
sector in more detail to provide an understanding of the challenges 
and potential of this sector, considering a 2050 timeline as well as a 
mid-term timeline of 2030 for the realization of the Asian Century. To 
propose an appropriate policy framework, the chapter then provides 
a detailed exploration of: (i) policy gaps, financing needs, financial 
instruments, and the role of public–private, regional, and international 
institutions; (ii) examples of best practice from various parts of Asia 
to identify possibilities to replicate these practices elsewhere in the 
region; and (iii) an examination of the benefits of potential regional 
cooperation and integration mechanisms. The final section of the 
chapter proposes an appropriate framework for cooperation at 
different levels to address energy security-related challenges.
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4.2  Resource Constraints and the Growth  
Nexus in Asia: An Overview

Asia, a continent of 4.56 billion people, currently comprises around 59% 
of the global population. Similarly, Asia’s projected economic growth 
could result in a per capita gross domestic product (GDP) of $40,800 
(purchasing power parity) in 2050 (Kohli, Sharma, and Sood 2011). More 
significantly, projections indicate that mainly the developing countries 
of the region will lead the future growth in Asia. Table 4.1 shows that, 
in future decades, the GDP growth rate of the People’s Republic of 
China (PRC), countries in the Association of Southeast Asian Nations 
(ASEAN), India, and other countries in the South Asian region will 

Table 4.1: Growth Projections for Asia

Region

2010 2030
2010–
2030

Population
(millions)

GDP/
Capita

(2009 $)

World 
Share

(%) Population
GDP/ 

Capita
World 
Share

GDP 
Growth

ASEAN 593.4 2,639 2.64 706.0 6,564 3.86 5.6

PRC 1,348.9 4,233 9.63 1,402.3 15,748 18.39 7.0

South Asia
India 1,224.6 1,229 2.54 1,523.5 4,312 5.47 7.6

Bangladesh 148.69 650 0.32 181.86 2,373 0.36 7.8

Bhutan 0.72 1.903 0.01 0.89 4,995 0.004 6.2

Maldives 0.31 4,403 0.00 0.38 10,530 0.003 5.6

Nepal 29.95 455 0.05 39.94 4,349 0.06 8.6

Pakistan 173.59 1,005 0.61 234.43 3,690 0.72 8.3

Sri Lanka 20.85 2,126 0.14 23.09 5,286 0.10 5.2

NIEs 71.2 17,785 2.13 73.3 33,539 2.05 3.4

Japan 126.5 40,444 8.63 120.2 52,749 5.28 1.1

US 310.4 46,494 24.32 361.7 62,961 18.97 2.3

Europe 511.3 34,491 29.72 527.8 49,252 21.65 2.0

World 6,641.1 8,933 100.00 7,932.8 15,135 100.00 3.6

ASEAN = Association of Southeast Asian Nations, GDP = gross domestic product, PRC = People’s Republic 
of China, US = United States; NIEs = newly industrialized economies in Asia, including the PRC; Hong Kong, 
China; the Republic of Korea; Singapore; and Taipei,China.
Sources: Centennial Group Holdings (2011); Kohli, Sharma, and Sood (2011); World Bank (2011); authors’ 
own calculation.
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surpass that of many of the currently developed countries in Asia and 
the world. More importantly, the expectation is that the PRC, which 
aims to achieve an average growth rate of around 7% during the period 
2010–30, will increase its total world share of the GDP from around 
10% in 2010 to around 18% in 2030. Likewise, India’s share of the global 
GDP will double in this time, from 2.54% in 2010 to 5.47% in 2030. Many 
other developing economies will also make significant contributions to 
Asia’s projected growth in the next decades, as Table 4.1 shows.

According to the Asian Development Bank (ADB 2009b), currently, 
more than 1.8 billion people are living on only $2 per day. Around 1.5 
billion have no means of accessing basic sanitation; 1.2 billion people 
lack simple access to roads; 930 million have little to no access to 
electricity; and 638 million have no means of receiving basic clean 
water. These figures suggest that many Asian economies have not 
been successful in improving the quality of life of the large majority of 
their people, despite the region’s rapid economic growth. Additionally, 
considerable disparities exist both among and within countries in 
terms of both income and non-income dimensions of life. For instance, 
in 1990, only 72% of the population had access to improved water 
facilities compared with 18% who had access to improved sanitation. 
The situation had improved slightly by 2008, with 88% and 31% of 
the population, respectively, having access to improved water and 
sanitation facilities (World Bank 2011). While the picture appears bleak, 
notable improvements have occurred in a number of Asian countries in 
recent years in terms of water facilities and sanitation. For example, in 
the PRC, only 67% and 41% of the population, respectively, had access 
to improved water facilities and sanitation in 1990 compared with 89% 
and 55% in 2008 (World Bank 2009). Similarly, in Cambodia, the level 
of access to improved water and sanitation facilities in 1990 was only 
35% and 9%, respectively, compared with 61% and 29% in 2008 (Pink 
2016). For some countries, such as Japan, the Republic of Korea, and 
Singapore, these statistics have remained very high, almost 100%, over 
the last few decades.

In 2012, Japan, the Republic of Korea, and Singapore were ranked 
10th, 12th, and 18th, respectively, in the Human Development Index 
compared with Nepal, Myanmar, Bangladesh, and India, which 
remained in the 157th, 149th, 146th, and 136th positions, respectively 
(UNDP 2013). Many people in Asia are living in resource-constrained 
conditions, largely due to ever-increasing demands on and inefficient use 
of energy in the region (Hossain, Sarker, and McIntosh 2013; UNFCCC 
2007). Several Asian nations face considerable challenges in ensuring 
their water, food, and energy security. In addition, wide income and non-
income disparities exist across regions, as well as within and between 
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countries. In many Asian nations, given the rapid pace of economic 
growth, it is arguable that the resource constraints will become even 
more acute in the foreseeable future.

The Food and Agriculture Organization (FAO 2009b) reported 
that recent increases in food and fuel prices have already increased the 
number of undernourished people in the Asia and Pacific region from 
542 million in 2003 to 583 million in 2007. Food prices in some Asian 
countries, such as Bangladesh, the PRC, and Indonesia (FAO 2011), will 
continue to increase by 120%–180% by 2030 (Bailey 2011). According to a 
recent study by Taghizadeh-Hesary, Rasoulinezhad, and Yoshino (2019), 
such an increase in food prices will have significant implications for 
Asia’s growth and, more importantly, for its environment and climate, 
peace, prosperity, and harmony. There is therefore an urgent need to 
design and implement strategies that integrate social and environmental 
concerns into public sector policy making. 

A resource-constrained future has already sharpened the awareness 
of policy makers and the general public regarding the fragility of 
the existing resource utilization system. This has led to a greater 
understanding of the nexus between interconnected resources—
particularly water, energy, and food—and led countries to begin adopting 
strategies to utilize scarce resources by adopting an effective resource 
centered strategy (RCS) that focuses on improved management of 
natural resources, acknowledging the interrelationships between social, 
cultural, economic, and political aspects of resource management.

There is a particularly strong nexus when considering the 
relationships between water, energy, and food. For instance, energy 
can produce, treat, and distribute water, and water is necessary to grow 
food. Further, agricultural products and water can produce energy, such 
as biofuel and hydropower. Thus, over the next few decades, under 
resource-constrained conditions, the ways in which we deal with water, 
energy, and food security will have a significant impact on economic 
growth, the eradication of poverty, and the preservation of important 
ecosystems (Hoff 2011). The water–energy–food nexus also has serious 
implications for the global environment, the climate, sustainable growth, 
and human security challenges, since a shock to any of these resources 
will affect the production of the others (Figure 4.1).

Figure 4.1 shows how water, food, energy, and the environment are 
interconnected. In particular, a substantial volume of water is necessary 
to produce each food item, and, because of this, the agriculture sector 
uses 70% of the world’s withdrawn freshwater resources (MANSURI 
and RAO 2007). For example, the production of a balanced diet of 
3,000  kcal (20% animal and 80% vegetable) for one person requires 
about 3–4  cubic liters of water per day (SIWI 2005). Based on the 
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current levels of water productivity, estimations indicate that the 
additional use of water for food security by 2025 will reach 3,800 cubic 
kilometers per year (SIWI 2005). At present, the scarcity of water means 
that many Asian economies depend on monsoon water for agriculture. 
Water scarcity has already emerged as a major problem in agrarian 
Asian countries, such as Bangladesh, which depend heavily on water for 
irrigation purposes (Alam 2015). According to the Food and Agriculture 
Organization (FAO 2009a), there is an increasing trend in terms of 
the number of adverse environmental impacts, such as floods and 
droughts, which has already resulted in some of the most intensive food 
emergencies, and the situation may deteriorate further in the future. 
It is also worth noting that the use of water for agricultural activities 
may significantly affect the overall quality of water, particularly where 
proper preventative environmental measures are lacking.

Water also plays a critical role in mitigating energy demands. 
Globally, the industrial sector accounts for 16% of the total water 
usage (it is the second-largest user of water after agriculture), and the 
energy sector accounts for 80% of the industrial use (Hoff 2011). First, 
the production of electricity is directly linked to the usage of water 

Figure 4.1: Water–Energy–Food Nexus

GDP = gross domestic product.
Source: Bentham (2011).
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resources. For example, thermoelectricity generation requires water 
for mining, processing, cooling, and converting primary fuels into 
electricity. Hydroelectricity generation and the processing and refining 
of liquid fuel are also highly water-consuming technologies that pollute 
water through spills and chemical usage. Second, water management 
processes, like treatment and distribution, need a large amount of energy. 
Furthermore, the energy–food nexus functions both as a demand driver 
and as a production input. Both food and energy fulfill basic human needs 
and support the changes in demand that accompany economic growth. 
Energy thus acts as an input into the food production, processing, and 
management process. Third, economies use agricultural products for 
biofuels and other energy production. Between 2007 and 2009, about 
10% of the total global ethanol came from coarse grains, and projections 
show that, by 2030, biofuel will power at least 5% of the world’s road 
transportation (IEA 2008). However, this might be an unsustainable 
trade-off, as countries may start to use fields for fuel production instead 
of growing food crops (Goffman 2009).

Increased use of food crops for biofuel production contributes 
significantly to food price increases and scarcities in the food and feed 
markets. These will have a significant impact on many developing 
countries in Africa and South Asia, with a recent study estimating that 
the expansion of biofuel production up to 2050 would lead to 3 million 
undernourished pre-school children—1.7 million more than would 
otherwise have been the case (FAO 2009a). Thus, over the next few 
decades, the ways in which developing Asia deals with water, energy, 
and food security will strongly shape the preservation of important 
ecosystems, poverty reduction, economic growth, and thus the 
realization of the Asian Century. Being prepared for a resource-scarce 
future and meeting today’s access challenges therefore require RCS 
based on regional integration and cooperation that take into account all 
aspects of the water–food–energy nexus (FAO 2014; Kurian 2017).

4.3  Enhancing Regional Cooperation  
for Energy Security

Historically, Asia has mostly mitigated its demands for food, energy, 
and water by combining a range of initiatives, including increasing 
production, revamping economic growth, and increasing the sales as 
well as enhancing the profits of private sector companies. However, they 
must reconsider these traditional practices to manage the demand and 
supply due to the rapid depletion of resources. One of the drawbacks of 
such practices is that such an individual sectoral approach to addressing 
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water, food, and energy security without examining the nexus has 
limitations, as traditional approaches fail to recognize properly the 
interconnected relationship between these nonrenewable public goods 
and to adopt resource-efficient strategies for ensuring sustainability. It is 
necessary henceforth to address these issues in tandem and a thorough 
and organized manner, with effective RCS, policies, and planning. 
Proper integration and cooperation at the national, subregional, and 
global levels can play a significant role in achieving this goal.

The last 3 decades have witnessed a growing interest in fostering 
regional integration in Asia, with the establishment of institutions such 
as the Asia Pacific Economic Co-operation forum, the Free Trade Area, 
ASEAN, and the ASEAN Regional Forum. “Regional integration” here 
refers to a process of strengthening interconnectivity encompassed by 
the economies of a region through enhanced collaboration with the 
backing of unified policies and initiatives (ADB 2006; Coleman and 
Underhill 2012; Slocum and Langenhove 2004). This is because regional 
integration has a broader scope than cooperation and can enhance 
the sustainable management of regional public goods/resources by 
enhancing integrated RCS. Thus, RCS can be an innovative approach 
to managing resources to ensure a win-win situation for all through 
the promotion of sustainability. Regional integration can enhance 
regional public goods management by enhancing RCS supported by 
proper policies and programs based on cooperation and comparative 
advantages.

Studies have often emphasized strategies that incorporate 
environmental sustainability to tackle resource constraints (ADB 
2009a; Hossain and Sarker 2013). Enhancing regional cooperation and 
integration in different layers of resource sharing, production, and 
trade can bring countries together into a network of interdependence 
to ensure the maximum use of resources. Thus, liberals, functionalists, 
and neo-functionalists have conceived that establishing interstate 
linkages in one sector can lead to “spillover” cooperation in other areas. 
The functionalist approach focuses on pursuing cooperation in areas 
of common interest while leaving areas of opposition and difference 
initially untouched (Mitrany 1943). According to this view, the resultant 
interconnectedness would eventually lead to more harmonious 
interstate relations. This is in consonance with the liberal argument 
that trade promotes peace (Barbieri 1996; Copeland 1996; Gartzke and 
Li 2003; Mansfield and Pollins 2001). However, importantly, while 
symmetrical trade relations may promote peace, asymmetrical trade, 
i.e., that involves the dependence of one party on another, may adversely 
affect the prospects for peace (Barbieri 1996). For example, energy trade 
and investment present themselves as an area of mutual dependence 
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and common interest in Asia, where interstate engagement can enhance 
mutual gain and lay the groundwork for interaction in other spheres.

4.4  Enhancing Energy Security in Asia: 
Challenges and Potentials

The United Nations Development Programme’s (UNDP) 2004 report 
World Energy Assessment defined energy security as, “the continuous 
availability of energy in varied forms in sufficient quantities at 
reasonable prices.” Therefore, as Figure 4.2 shows, energy security 
involves multiple factors and, hence, changes if any given factor may 
help or hurt energy security, depending on the specific circumstances 
(CSIS 2010). Assessing energy security is complex, and the maintenance 
of energy security for any state has geopolitical implications because of 
the uneven distribution of energy resources across the globe. Figure 4.2 
explains four interrelated factors related to enhancing energy security. 
The diagram also shows that the safety and suitability factors are 
linked to the compatibility of energy resources with people and the 
environment, while affordability and availability are linked to reserves 
as well as to patterns of exports and imports of energy resources to meet 
the current and future projected demands.

Figure 4.2: Factors for Enhancing Energy Security in Asia

Source: Adapted from ADB (2010).
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Therefore, assessing Asia’s energy security involves multiple 
factors: estimating energy reserves, analyzing patterns of exports and 
imports, projecting the future demand, and adopting proper strategies 
to meet the future challenges. As Table 4.2 shows, Asia’s total oil reserve 
in 2006 was around 11,000 million tons, which was 7% of the world’s 

Table 4.2: Asia’s Proven Energy Reserves  
and Pattern of Energy Exports and Imports

Asia’s Energy Reserves: Total, 2006
Oil Gas Coal

Region
Million  

Tons
% of the 

World Total
Million  

Tons
% of the 

World Total
Million  

Tons
% of the 

World Total
Developing Asia 11,203 7.1 18,561 11.6 143,051 31.7

East Asia 2,219 1.4 2,204 1.4 58,927 13.0

South Asia 777 0.5 1,359 0.8 60,843 13.5

Southeast Asia 1,665 1.1 5,716 3.6 2,454 0.5

Central and  
West Asia

6,543 4.1 8,890 5.6 20,827 4.6

The Pacific … … 392 0.2 … …

The Pattern of Asia’s Energy Exports and Imports by Regions and Commodity, 2009a (%)

Region

Imports Exports
Oil and 

Petroleum 
Products

Natural  
Gas Coal

Oil and 
Petroleum 
Products

Natural  
Gas Coal

East Asia 46 50 65 20 1 51

South Asia 18 … 18 5 … 1

Southeast Asia 33 22 14 51 54 41

Central and  
West Asia

3 28 4 24 45 8

… = data not available.
Notes:
1.  The study calculated the regional aggregates and the world percentage of the world total based on 

reported data for 48 countries. 
2.  East Asia includes six economies: The People’s Republic of China; Hong Kong, China; Japan; Mongolia; 

the Republic of Korea; and Taipei,China. 
3.  South Asia includes eight economies: Afghanistan, Bangladesh, Bhutan, India, Maldives, Nepal, Pakistan, 

and Sri Lanka. 
4.  Southeast Asia includes 10 economies: Brunei Darussalam, Cambodia, Indonesia, the Lao People’s 

Democratic Republic, Malaysia, Myanmar, the Philippines, Singapore, Thailand, and Viet Nam.
5.  Central and West Asia includes seven economies: Armenia, Azerbaijan, Georgia, Kazakhstan, the Kyrgyz 

Republic, Tajikistan, Turkmenistan, and Uzbekistan. 
6.  The Pacific includes 14 economies: the Cook Islands, Timor-Leste, the Federated States of Micronesia, 

Fiji, Kiribati, the Marshall Islands, Nauru, Papua New Guinea, Palau, Samoa, Solomon Islands, Tonga, 
Tuvalu, and Vanuatu.

a As a percentage of the total Asian exports and imports of that commodity.
Sources: ADBI (2009), WRI (2009).
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total. Likewise, the coal and gas reserves accounted for 12% and 32%, 
respectively, of the world’s total. The region-wide analysis showed that, 
in spite of being the most densely populated region of Asia, South Asia’s 
energy reserves were very low, particularly for oil and gas, as it held 
0.5% and 0.8% of the world’s total oil and gas reserves. By contrast, 
East Asia’s oil, gas, and coal reserves were 1.4%, 1.4%, and 13.0%, 
respectively. For Central and West Asia, the reserves were 4.1%, 5.6%, 
and 4.6%, respectively. With the exception of Central and West Asia, 
energy reserves constituted a significantly small proportion of the total 
world energy reserves. This analysis shows the unequal distribution of 
energy in different regions of Asia, as the share of energy reserves in 
the emerging economies of East Asia and populous South Asia is much 
smaller than that in Central and West Asia. Additionally, the analysis 
suggested that Asia has significant scope for regional cooperation and 
collaboration among its energy-deficient and energy-sufficient regions 
to enhance its overall energy security.

Further, East Asia was responsible for the majority of Asia’s energy 
imports and Southeast Asia was responsible for the majority of Asia’s 
energy exports in 2009 (Table 4.2). In 2009, East Asia accounted for a 
share of 46%, 50%, and 65%, respectively, of Asia’s total oil and petroleum, 
natural gas, and coal imports. South Asia was the lowest energy exporter 
in 2009, as it accounted for only 5% of oil and petroleum and only 1% of 
Asia’s total coal exports. However, during the same period, Southeast 
Asia exported the majority of Asia’s oil (51%), gas (54%), and coal (41%), 
followed by Central and West Asia with 24%, 45%, and 8%, respectively. 
This analysis indicates ample possibilities for enhanced regional energy 
trade among Asian countries. This could promote Asia’s overall energy 
security by ensuring safe, available, affordable, and suitable sources of 
energy at the regional level.

Further analysis of Asia’s future energy demand projections shows 
that the emerging economies of Asia, which the PRC and India lead, 
will drive the world’s energy demands due to the increasing demand 
for both fossil fuels and renewable energy (Table 4.3). Asia’s total 
energy consumption increased from 20% of the global total energy 
consumption in 2000 to 27% in 2007 and is likely to reach 40% by 2050. 
The expectation is that Asia’s energy needs will have doubled by 2030, 
with more than twice the world average. This means that developing 
countries in Asia will need an additional global supply of almost all coal, 
60% of oil, and a third of natural gas—and almost a third of the world 
energy consumption (ADB 2007). Another estimate shows that, by 2030, 
developing Asia will be consuming about 26% of the global demand and 
the region’s dependence on imported oil will increase from 43% in 2002 
to 78% in 2030 (IEA and OECD 2004).
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Table 4.3 shows that the increasing demand of the PRC and India 
will mainly drive Asia’s demand for both fossil fuel and electricity. The 
PRC already surpassed the US in 2010 to become the largest energy-
consuming country in the world (IEA 2010c). Moreover, before 2030, 
Asia will overtake the Organisation for Economic Co-operation and 
Development states to become the largest energy-consuming bloc. It is 
expected that the PRC’s total energy demand will increase around five 
times to reach around 5,011 mtoe in 2050 from around 870 mtoe in 1990 
(Table 4.3). Similarly, India’s total energy demand will increase to around 
seven times the current demand during the same period. However, the 
demand for the consumption of electricity in Asia will increase much 

Table 4.3: Asian Energy Demand and Supply Projection

Indicator Geographic Region 1990 2000 2007 2030 2050

Energy Demand
(mtoe)

Asia 2,220 2,910 4,242 7,980 11,480

PRC 872 1,105 1,970 3,637 5,011

India 318 457 622 1,341 2,389

ASEAN 243 389 513 903 1,177

Central Asia 198 128 159 256 385

High-Income Asiaa 629 746 896 995 1,112

Electricity 
Consumption 
(TWh)

Asia 2,249 3,057 6,113 17,267 26,181

PRC 586 1,081 2,717 7,513 10,630

India 197 369 544 1,966 3,440

ASEAN 167 321 497 1,383 1,956

Central Asia 162 124 152 443 715

High-Income Asia 976 1,012 1,128 1,411 1,746

Energy Supply Mix
(%)

Asia 

Coal 40 42 47 48 50

Oil 16 17 20 21 20

Gas 9 10 11 12 11

Hydro 3 2 2 2 1

Biomass 26 24 15 10 7

Other  
(Including Nuclear)

6 5 5 7 11

ASEAN = Association of Southeast Asian Nations; mtoe = million tons of oil equivalent; PRC = People’s 
Republic of China; TWh = terawatt hour.
a  As the World Bank defined, high-income countries are economies of $12,276 or more according to the 
2010 gross national income per capita.

Sources: Energy Information Agency (EIA) (2010); IEA (2008, 2009, 2010a, 2010c); Kohli, Sharma, and 
Sood (2011); World Bank (2010).
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faster—around 19 times the current demand—and estimates indicate 
that it will reach around 24,000 TWh in 2050 from around 1,200 TWh 
in 1990, primarily due to the demand from the PRC and India (IEA 
2010a). On the other hand, the projections for Asia’s energy supply mix 
show that the contribution from biomass will reduce significantly, from 
26% in 1990 to 7% in 2050. However, the dependency on nuclear, gas, oil, 
and coal is likely to increase further (Table 4.3). Projections also show 
that Asia’s overall oil import dependency will experience a significant 
increase in the decades ahead, from 44% in 2008 to 75% in 2030 and 
90% in 2050 (EIA 2010).

This analysis of Asia’s energy reserves, export and import patterns, 
and future demand projections reveals several important factors 
regarding the enhancement of Asia’s energy security to sustain its rapid 
economic growth. First, the energy reserves in Asia are insufficient 
and unevenly distributed among regions. Asia’s future growth drivers, 
the PRC and India, show insufficient energy reserves to sustain their 
projected economic growth, whereas the developing countries of 
Central and West Asia have higher energy reserves. Second, the future 
energy demand in Asia is likely to increase significantly, and the PRC, 
India, ASEAN countries, and other countries in South Asia will lead to 
this increase. Third, Asia is likely to rely on a mix of energy supplies to 
meet the future energy demand, which is characterized by increasing 
dependence on fossil fuel and a decreasing share of biomass. It is 
therefore important to promote cooperation at the regional level and 
integrated resource-centered strategies at the national, sub-national, 
and regional levels to realize the goal of the Asian Century (Hossain and 
Sarker 2013).

4.5  Regional Cooperation and Energy Security  
in Asia: Scopes and Opportunities

Asia has both energy-surplus and energy-deficit countries. Increasing 
regional cooperation and resource-centered strategies can enhance 
energy security for the whole region, resulting in a win-win situation. 
For example, countries can benefit from natural endowments through 
the development of greener cross-border energy projects, which can 
provide efficient and secure supplies of electricity, coal, gas, oil, and 
alternative energies (ADBI 2009).

For energy-surplus countries, like Bhutan, Cambodia, the Kyrgyz 
Republic, the Lao PDR, Myanmar, Nepal, Tajikistan, and Turkmenistan, 
regional energy trade can result in huge economic gains (Hossain 
and Sarker 2013). In the 2007 fiscal year, Bhutan’s electricity exports 
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contributed nearly 25% of GDP and 60% of government revenues. 
However, Hossain, Sarker, and McIntosh (2013) argued that the 
economies of energy-deficient countries like Afghanistan, Bangladesh, 
the PRC, India, Pakistan, and Sri Lanka can grow faster if they import 
energy. Further, cross-border energy projects involving hydro, nuclear, 
geothermal, tidal, and wind power could reduce electricity generation 
from coal and oil and thus limit environmental damage. This is 
particularly important for countries like India and the PRC, which 
emit a large amount of CO2. The PRC’s CO2 emissions have increased 
rapidly since 2001, while their intensity has decreased (21% in 2008). 
In India, the CO2 emissions have continued to grow since 2003 (5% 
in 2008), and, among the ASEAN countries, Indonesia, Thailand, 
and Malaysia are the top three CO2 emitters (Hossain, Sarker, and 
McIntosh 2013). 

Thus, through regional cooperation, both energy-surplus and 
energy-deficient countries can enhance their national energy security 
by diversifying their energy forms and supply sources and lowering their 
costs. Studies have estimated that, by enhancing regional cooperation, 
the Greater Mekong Subregion can reduce its total discounted energy 
costs by an estimated $220 billion or 19% of the total energy costs (ADB 
2011b). Similarly, several Asian countries have surplus savings and 
reserves, which they can channel into providing access to finance for 
energy and other infrastructure projects at the national, sub-national, 
and regional levels. Thus, the development of balanced and competent 
regional financial markets can turn savings in countries around the Asian 
region and the rest of the world into productive investments—notably in 
infrastructure—throughout the region (ADBI 2009).

For energy security in Asia, another important issue is reducing 
the dependence on fossil fuels. Globally, the PRC (3,163 Mt) and 
India (538 Mt) are reputedly the largest and third-largest coal 
producers, respectively. In 2008, coal was the major source of energy 
consumption in the PRC (71%) and India (42%); oil was the main 
source in Indonesia (35%), Thailand (41%), and Singapore (62%); and 
gas was the main source in Malaysia (51%) and Brunei Darussalam 
(79%) (IEA 2011). The PRC’s industry is the largest energy-consuming 
sector, accounting for 46% of the total final energy consumption; for 
India, it is the residential sector, accounting for 34% of the total final 
energy consumption. These countries need to shift their dependence 
from fossil fuels to nonfossil fuels by diversifying their energy 
production and enhancing their use of renewable energy. Due to the 
increased scarcity of fossil fuels, hydropower can be the largest source 
of renewable and new energy for many Asian countries. The PRC and 
India have relatively fast development of wind and nuclear energy; 
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the Philippines and Indonesia are rich in geothermal resources, and 
Thailand’s biomass already accounts for a large proportion of its new 
energy market. Similarly, Japan has constraints on fossil fuel but 
huge potential for renewable energy, such as wind and hydropower, 
particularly on its small islands. 

Considering the abundance of various sources of renewable energy, 
such as solar, wind, biomass, and ocean, cooperation in the field of 
renewable energy has huge potential in Asia. Among South Asian 
countries, India has already developed its manufacturing capability in 
wind power generators as well as in biomass gasifiers and cookstoves 
(Nanda and Goswami 2008). Countries like Pakistan, Sri Lanka, and 
Bangladesh have good wind power potential; therefore, cooperation 
for technology transfer from India to these countries can enhance 
South Asia’s energy security by using renewable energy. Similarly, the 
ASEAN region—particularly the Greater Mekong Subregion, including 
Cambodia, the Lao PDR, Myanmar, Thailand, and Viet Nam, Malaysia, 
and Indonesia—have huge potential for cooperation in hydropower 
development, and Indonesia and the Philippines have abundant 
geothermal energy. Moreover, among Asian countries, the PRC has 
already become a global leader in the manufacturing and development 
of various renewable energy-related technologies, such as wind turbines 
and solar cells. Therefore, technology transfer from the PRC to South 
Asia and ASEAN countries can significantly increase the production of 
renewable energy in these regions.

Asia’s energy demand, supply, and mix scenario shows that, by 
2030, energy self-sufficiency in most countries will decline. At the same 
time, their dependence on imported energy will increase. Among the 
countries, the PRC’s energy self-sufficiency is likely to decline to 68.5% 
as it becomes a net coal importer, and its dependency on imported 
oil and gas, respectively, will rise to 70% and 71%. Similarly, India’s 
dependence on imported energy is likely to rise, while energy self-
sufficiency is subject to decline to less than 50%. Among the ASEAN 
countries, only Brunei Darussalam remains fully energy self-sufficient; 
Indonesia, Malaysia, and Viet Nam will become net oil importers in 
2030 (IEA 2010b). Asian countries could learn from their national 
indigenous knowledge, regional best practices, and global efficient 
examples to enhance the efficiency, effectiveness, and cooperation in 
energy generation, transition, and power trade.

An indigenous best practice example at the national level in Asia 
is the “A Liter of Light Project” in the Philippines.1 In this simple 

1 https://unfccc.int/climate-action/momentum-for-change/lighthouse-activities 
/a-litre-of-light-philippines
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resource-efficient energy project, the My Shelter Foundation and 
various municipalities up-cycle used plastic bottles into solar bottle 
bulbs. In total, they have installed 15,000 solar bottle bulbs in 20 cities. 
For every bottle, the saving in electricity expenditure is an average of 
$6.00 per month. Thus, this project provides free energy, and there are 
no carbon emissions. Moreover, it will be easy for social enterprises 
to scale this immediately and for the local government to replicate 
it. Another such best practice example of an energy-efficient public–
private partnership is the “Solar LED Lighting 1,000 Villages Program” 
in the PRC.2 In this project, the Climate Group, the One Foundation, 
and Philips lighting have partnered with the city of Guiyang to 
collaborate on the installation of light-emitting diode street lighting. 
This provides high-quality, sustainable, cost-efficient lighting, using 
sunlight for remote areas that do not have access to the conventional 
electricity grid. Its carbon emissions during use are zero, thus saving 
over 1.3 million tons of carbon. Under this project, there were 400 
demo villages in the PRC in the first 2 years from August 2009, and 
another 600 villages in the PRC, India, and African countries in the 
following 3 years.

On the global level, one resource-efficient strategy that can be 
replicated in many developing Asian countries is clean cookstoves. In 
Africa, under the Global Alliance for Clean Cook Stoves, private sector 
partners are working with multiple national governments and the UN 
Foundation to distribute efficient cookstoves, named Rocket Stoves.3 
These clean stoves are 40%–60% more efficient than fire stoves, and 
each stove saves 1–2 metric tons of carbon per year. Clean stoves also 
reduce black carbon and indoor air pollution.

At the regional level within Asia, ASEAN has good examples of 
internal energy cooperation, such as the ASEAN Petroleum Security 
Agreement,4 the Trans-ASEAN Gas Pipeline Project,5 and the ASEAN 
Power Grid Project.6 However, until now, regional cooperation in 
the energy sector in Asia has concentrated on market-based resource 

2 https://unfccc.int/climate-action/momentum-for-change/lighthouse-activities 
/solar-driven-led-street-lighting-in-guiyang-villages

3 https://www.mnn.com/earth-matters/energy/blogs/building-a-rocket-stove-to 
-heat-up-the-house

4 https://asean.org/?static_post=asean-petroleum-security-agreement-manila-24 
-june-1986

5 http://www.aseanenergy.org/programme-area/tagp/
6 http://www.aseanenergy.org/programme-area/apg/
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allocation and optimization, together with enterprise energy exploration 
and development, while the development of intergovernmental dialogue 
and cooperation energy mechanisms is still relatively weak. Considering 
the existing and potential multidimensional challenges, countries 
should strengthen their cooperation in, for example, new and renewable 
energy, energy efficiency, environmental protection, scientific research, 
and technical development. 

4.6  Energy Infrastructure Sector Development  
in Asia: Key Challenges 

Overall, the analysis shows that, for a resource-constrained future, 
isolated policy action at the national or subnational/regional levels 
cannot resolve most issues related to Asia’s energy security. Therefore, 
to continue its economic growth and to promote energy security, 
cross-border cooperation between national governments, as well as 
collaboration between national and local governments, is necessary. 
Furthermore, the creation of institutions that can support and enable 
consultation with stakeholders and include their views/concerns 
requires urgent attention. To this end, Asia needs to forge strategic 
alliances at the regional level to develop consolidated approaches to 
overcome various challenges. These include inadequate private sector 
participation, unavailability of resources in the low-income countries, 
lack of regional collaboration, and policy and institutional weakness.

4.6.1 Lack of Private Participation

Redeeming financial returns from infrastructure projects is often 
expensive and lengthy. Such infrastructure projects also involve 
risks associated with uncertainties about future costs and revenues 
that are amplified by various socio-political and ecological liabilities 
(Chowdhury 2013, 2014). Consequently, the private sector is often 
resistant to investing in infrastructure projects. As Figure 4.3 shows, 
during 1990–2008, the PRC’s private sector involvement peaked in 
terms of both the number of projects and the total amount invested, 
followed by India. It is important to note that, in other countries 
in the region, this amount was much lower. To encourage private 
investors to fund and provide efficient infrastructure facilities, Asian 
countries need to create efficient and effective harmonious policies 
and procedures at the national, subregional, and regional levels (ADB 
2009a; ADBI 2009). 
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4.6.2  Resources and Governance Challenges  
in Low-Income Countries in Asia

Low-income countries in the Asian region have limited fiscal space 
to address the growing needs of infrastructure financing as well as 
maintenance. For the poorer Asian countries in particular, the investment 
needs as a percentage of the GDP show that they can be a real burden 
due to the higher maintenance costs for the existing infrastructure. For 
instance, such costs may consume as much as 70% of the total investment 
needs, as is the case for Bhutan. In the context of Nepal, during the 
period 1990–2007, the government spending as a percentage of the total 
government expenditures declined by 58% for electricity, gas, and water 
and by 32% for transport. To increase its electricity generation capacity, 
Nepal would have required investment of about $1.5 billion in 2007 
prices. Nepal needed an estimated $5.1 billion in 2007 prices to raise both 
the electrification rates and the availability of power to the consumption 
levels that prevail in India (ADB, DFID, and ILO 2009). This is true for 
other developing countries in Asia that need to commit a greater portion 

Figure 4.3: Private Sector Infrastructure Investments in Asia, 
1990–2008: (A) Top Asian Countries by Number of Projects;  

(B) Top Asian Countries by Value  
($ million)

PRC = People’s Republic of China.
Source: World Bank (2020).
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(than the current levels) of their national GDP to financing investments 
in the energy sector.

Further, political risk and governance issues not only limit the 
possibility of attracting private funding in infrastructure but also 
can reduce the value of infrastructure by distorting the design and 
construction as well as raising their cost (Tanzi and Davoodi 1998). 
Similarly, due to poor governance and accountability mechanisms, 
Asia’s developing countries have not only failed to attract enough 
private funding in the energy sector but also still lag in terms of 
infrastructure quality and competitiveness. In 2011, for the overall 
quality of infrastructure among 142 countries of the world, the two 
Asian giants India and the PRC ranked 86th and 69th, respectively. 
Nepal was in 132nd position, Bangladesh in 129th place, and Viet Nam 
in 123rd place (Klaus 2011). Therefore, besides increasing the financial 
resources, public policies in developing Asia should focus on improving 
governance in the infrastructure sector in general and in the energy 
sector in particular by enhancing accountability and transparency.

4.6.3  Institutional Weaknesses and a Lack  
of Regional Cooperation

The effective management of energy resources is complex by nature, 
and it requires regional cooperation and the coordination of policies and 
institutions. However, developing Asia lacks significantly in cooperation, 
policy, and institutional effectiveness. According to a World Bank report 
published in 2007, South Asia is the least integrated region in the world 
(Sadiq and Ghani 2007). In the South Asian countries, the institutional 
framework is both inadequate and fractured. Furthermore, there are 
many overlapping subregional institutions in different parts of Asia, 
operating with varying speeds and addressing regional infrastructure 
issues to different degrees, with multiple objectives (Figure 4.4). 
Most subregional institutions are informal (except ASEAN and South 
Asian Association for Regional Cooperation), with no legal binding or 
enforcement capacity, and most adopt advisory, regulatory, and financing 
modalities. Therefore, on both the national and the regional institutional 
level, Asian countries face multiple challenges for infrastructure and 
energy sector development. These include insufficient market opening 
and capital account liberalization, limited and varying degrees of 
transparency, financial regulation, financial supervision, and corporate 
governance, inadequacies in risk management in financial firms and 
markets, and heterogeneity of supervisory, accounting, and auditing 
rules and regulatory frameworks across countries (ADB 2007).
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4.7  Investment Needs for Asia’s Infrastructure 
and Energy Sector Development

There is an expectation that, between 2010 and 2020, Asia needs to 
invest about $8 trillion (about $750 billion per year) in both national and 
regional infrastructure for energy, telecommunications, transport, water, 
and sanitation (ADBI 2009) (Table 4.4). Furthermore, some $17 trillion 
in energy sector investments is necessary globally by 2030, half of it in 
the Asian developing countries. There is a need to expand the energy 
production and distribution facilities and infrastructure to meet the 
additional baseline demand across all fuel categories, and projections 
indicate that this increase will be much higher than the corresponding 

Figure 4.4: Architecture of Subregional 
Infrastructure Cooperation in Asia

ASEAN = Association of Southeast Asian Nations; ASEAN+3 = ASEAN and Brunei Darussalam, 
Japan, and the Republic of Korea; BIMP-EAGA = Brunei Darussalam, Indonesia, Malaysia, and the 
Philippines—the East ASEAN Growth Area; BIMSTEC = Bay of Bengal Initiative for Multi-Sectoral 
Technical and Economic Cooperation; CAREC = Central Asia Regional Cooperation; PRC = People’s 
Republic of China; EAS = East Asia Summit; FSM = Federated States of Micronesia; GMS = Greater 
Mekong Subregion; IMT-GT = Indonesia-Malaysia-Thailand Growth Triangle; PIF = Pacific Island 
Forum; SAARC = South Asian Association for Regional Cooperation; SASEC = South Asia Sub-
regional Economic Cooperation; SECSCA = Subregional Economic Cooperation in South and 
Central Asia. 
Source: ADBI (2009).
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increase witnessed over the previous 3 decades (ADB 2007). However, 
regions are investing resources elsewhere, and infrastructure projects 
in developed countries are attracting far greater global private sector 
funding than those in developing economies in the region. The private 
sector share of East Asia’s infrastructure investment is quite small—
about 20% prior to the 1997 Asian economic crisis. Difficulties in 
accessing long-term finance are the key cause of the undeveloped 
infrastructure in Asia. This is due to investors being reluctant to enter 
infrastructure development projects because of their high risk and low 
rate of return. Meanwhile, it is crucial to increase the rate of return by 
utilizing the spillover effect of infrastructure and returning a portion 
of the spillover tax revenue of the government to investors (Yoshino, 
Taghizadeh-Hesary, and Nakahigashi 2019). In addition to reducing and 
managing the risk of long-term investment, Taghizadeh-Hesary and 
Yoshino (2019) proposed the establishment of a credit guarantee scheme 
for green infrastructure. Therefore, to meet the huge infrastructure 
investment needs in the decades ahead, Asia’s developing countries 
will have to open their economies to greater foreign direct investment, 
ensure economic and political stability, and provide incentives to offset 
the perceived political, security, and financial risks (ADB 2007).

4.8  Potential Sources for Financing  
Asia’s Energy Sector

Financing huge energy infrastructure at the national and regional levels 
represents a considerable challenge, particularly for those developing 
Asian countries with inadequate fiscal space. While the public sector 
will shoulder the bulk of financing for new energy projects and repair/

Table 4.4: Financing Needs for Asia’s  
National Infrastructure, 2010–2020   

(2008 $ million)

Sector/Subsector New Capacity Replacement Total
Energy (Electricity) 3,176,437 912,202 4,088,639

Transport 1,761,666 704,457 2,466,123

Telecommunications 325,353 730,304 1,055,657

Water and Sanitation 155,493 225,797 381,290

Total 5,418,949 2,572,760 7,991,709

Sources: ADBI (2009); CentennialGroupHoldings (2009).
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maintenance projects, an effective private sector will be necessary to 
fill the remaining financing gaps. Asian countries, therefore, need to 
create policies and procedures that encourage private investors to fund 
and provide efficient infrastructure facilities (ADB 2009a; ADBI 2009). 
Thus, Asia’s energy sector financing can be supported by four different 
sources.

4.8.1 Public Sector

As in most developed and developing countries in the world, traditional 
public sector strategies, such as policies, funding, and fiscal stimuli, 
are still the major source of energy sector financing in many Asian 
developing countries, as well as increasing efficiency and effectiveness. 
For example, in Nepal and Afghanistan, which are developing countries, 
domestic financial markets or government budgets with funding 
from local taxes finance over 90% of the domestic infrastructure 
investment (ADB 2009a; ADBI 2009). The level in India is about 
75%, and most energy sector institutions in the PRC are state-owned. 
To enhance energy security under the Twelfth Five-Year Plan (2011–
15), the PRC government took specific measures, such as reducing 
the energy intensity by 16% and increasing the share of renewables 
in primary energy consumption to 11.4% from the 2011 level of 8.3% 
(State Council of China 2011). Similarly, to enhance energy security, 
in addition to various financing mechanisms, Indian government 
policies have emphasized controlling losses in the power transmission 
and distribution networks (Planning Commission of India 2006). In 
developing Asia, despite constraints, public financing comes from 
sources such as savings, sovereign wealth funds, and foreign reserves 
(Table 4.5). The share of national financing of energy investments 
needs to increase from the historical average of 1.0%–1.5% of the GDP 
witnessed for most developing Asian countries (ADB 2007). As the 
data in Table 4.5 show, many Asian economies have considerable gross 
savings and foreign exchange reserves. Therefore, Asian economies can 
take cooperative measures to use Asia’s savings and reserves to meet its 
energy infrastructure financing demand.

In addition, by enhancing transparency and accountability through 
proper policies, the public sector can provide significant opportunities 
to increase both public and private investments in the energy sector. 
However, public financing in the energy sector should not just focus 
on installing decentralized technologies but also adopt proper policies 
to enhance social investment by undertaking considerable planning, 
consultation, and work. Public policies should target the exploration 
of innovative financing instruments and accelerate research and 
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Table 4.5: Financial Resources in Asia: Savings and Reserves

Economy/Region
GDP

Gross Savings
(2009)

Foreign Exchange 
Reserves
(2009)

($ billion) ($ billion) % of GDP ($ billion) % of GDP
PRC 4,985 2,355* 47 2,399 48

Hong Kong, China NA 64* – 256 –

Japan 5,068 NA – 997 20

Korea, Rep. of 833 286* 34 265 32

Indonesia 540 83 15 61 11

Malaysia 192 NA – 93 48

Philippines 160 26 16 38 24

Singapore 182 87* 48 186 102

Thailand 264 80* 30 134 51

India 1,310 410* 31 259 20

GDP = gross domestic product, PRC = People’s Republic of China, NA = not available, * = 2008 data.
Sources: IMF and IFS (2010); World Bank (2010).

development support for enhancing the efficiency and effectiveness of 
both the supply and the demand side of the energy sector.

4.8.2  Private Sector and Public–Private Partnerships

In the energy sector, different players have unique roles to play, as they 
have different risks and required return preferences. In developing Asia, 
the energy sector needs increasing private sector participation for the 
development of technology, skills, and management capability as well as 
the transfer of technological know-how that the public sector does not 
possess. To attract private institutions, simplicity, clarity, and consistency 
around policy and support mechanisms are key. It is possible to engage 
the private sector and public-private partnerships (PPPs) by mobilizing 
private portfolio funds and increasing foreign direct investment, joint 
ventures, concessions, management contracts, build, own, and operate 
(BOO), build, operate, and transfer (BOT), and build, own, operate/lease, 
transfer (BOOT/BOLT) (DFAT 1998; Finlayson 2008; Van der Geest and 
Nunez-Ferrer 2010). The public sector needs to create an environment 
suitable for the participation of the private sector and PPPs in national 
and regional energy projects.
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4.8.3 Regional Savings and Financing Mechanisms

Asian financial market integration could enhance cross-border capital 
and utilize Asia’s robust savings/foreign exchange reserves for national 
and regional infrastructure investment. Several Asian countries, 
such as the PRC, India, Japan, and the Republic of Korea, have huge 
accumulated foreign exchange reserves, which they have invested 
mostly in “risk-free” US and European government securities (ADB 
2009a; ADBI 2009). Taking proper measures to utilize Asia’s savings for 
its own infrastructure and energy sector development could enhance 
the financial capability of poor countries. At the regional level, by 
enhancing mechanisms like micro-financing, especially for renewable 
energy-based supplies, countries could package concessional loans and 
grants effectively with innovative marketing schemes (ADB 2009a; 
ADBI 2009). Moreover, they could promote regional financing for the 
energy sector by setting up a regional infrastructure development fund 
or issuing regional infrastructure or energy bonds (ADB 2008a).

4.8.4 Multilateral and Bilateral Institutions

To promote regional cooperation and enhance energy security in 
Asia, multilateral and bilateral institutions, such as the ADB, the 
Japan International Cooperation Agency, and the World Bank, could 
play multidimensional roles. For example, they could expand lending 
programs to assist in the rapid delivery of energy projects; offer an 
innovative range of credit enhancements and risk mitigation measures; 
help to create bankable projects; mobilize long-term funds through 
capital markets; and arrange co-financing (Kuroda, Kawai, and Nangia 
2008). They could also help to create appropriate and innovative 
financial instruments for PPPs to encourage private sector investment; 
promote further integration and enhancement of Asian financial market 
efficiency, liquidity, and depth; act as knowledge partners, technical 
advisers, capacity builders, and honest brokers; strengthen policy 
guidance and bring additional financial and technical expertise; and 
promote adherence to international and regional standard best practice.

As a major institution in Asia, ADB is helping to improve the flow 
of private savings and capital into productive investments—including 
infrastructure—by developing bankable projects, designing innovative 
financial instruments, enhancing financial markets, and promoting 
further financial integration. Through its Strategy 2020, ADB is 
promoting the development of its member countries using three pillars: 
inclusive economic growth, environmentally sustainable growth, and 
regional integration (ADB 2008b).
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4.9 Conclusions
This article concludes that: 

(a) Developing Asia still lacks conceptual frameworks, as well as 
practical action frameworks, at the national, subregional, and 
regional levels for enhancing long-term energy security. 

(b) This study proposes a mixture of frameworks through the active 
participation of both private and public sectors at different 
levels (Ramani 2004), like enhancing regional cooperation 
for sharing both “soft (knowledge, R&D, technology, etc.) and 
hard (money and other physical resources) infrastructure” in 
the energy sector. At the same time, increasing the capacity at 
the national and subregional levels by improving governance 
and sharing knowledge and technology is crucial to promote 
resource-centered strategies for enhancing energy security in 
Asia. 

(c) Multiple challenges exist to materialize the proposed energy 
sector cooperation, such as (i) a suitable and robust regional 
financing mechanism needs to evolve and (ii) along with 
the public sector, private sector participation in funding 
energy infrastructure investments is becoming increasingly 
important. 

(d) To overcome the above challenges, the recommended 
approaches are: (i) strengthening existing and developing new 
national and regional institutions for investment in innovative 
energy infrastructure; (ii) developing innovative and 
effective financing instruments with appropriate incentives 
for the private sector; and (iii) increasing multilateral and 
bilateral development institutions’ support through new and 
effective assistance strategies focusing on innovative energy 
infrastructure investments.
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Republic of China and Japan
Zhihai Xie

5.1 Introduction
As the world’s second and third largest economies, both the People’s 
Republic of China (PRC) and Japan are facing the challenge of energy 
insecurity.1 To meet this challenge, both countries are adopting and 
enhancing their renewable energy policy. This research compares the 
two countries’ approaches to ensuring energy security, particularly 
with respect to their renewable energy policies. There are some obvious 
differences in their approaches to energy security. For example, since 
the Great East Japan Earthquake of 11 March 2011 (3/11 hereafter), the 
Japanese government has found it difficult to continue using nuclear 
energy, while the PRC is still trying to enlarge the scale of its nuclear 
power. However, both countries have been devoted to the expansion of 
renewable energy. 

The PRC has rapidly increased its investment in hydro, solar, and 
wind power, which has led to its renewable energy sector growing faster 
than its fossil fuels and nuclear power. To combat pollution caused 
by fossil fuels, the PRC has regulated energy use. The Action Plan for 
the Prevention and Control of Air Pollution, issued by the PRC’s State 
Council in 2013, called on the share of renewable energy to be increased. 

1 While the chapter fouses on the study of “energy insecurity”, it will also use the term 
“energy security” in some occasions to refer to the opposite condition of “energy 
insecurity”, particularly in the literature review section, as most literature studies 
the issue from the perspective of “energy security”.  
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As of 2017, renewable energy constituted 26.4% of total power generation. 
Innovation and public–private partnerships are very important in the 
PRC’s renewable energy policy. 

Japan has set its policy to reduce dependency on nuclear power and 
expand the use of carbon-free renewable energy in the wake of 3/11. 
The latest energy plan reaffirms that renewable energy will account for 
22% to 24% of the nation’s total electricity generation. Japan has faced 
a sense of crisis as the current pace of investment in renewable energy 
is relatively slow. Meanwhile, Japanese companies are relying more on 
imports of renewable technology, such as solar panels. Similar to the 
PRC, Japan also aligns its energy security strategy with an international 
model based on low-carbon goals. For example, under the 2015 Paris 
climate accord, Japan aims for an 80% cut from the 2013 levels in 
greenhouse gas emissions by 2050. 

Both the PRC and Japan are encouraging renewable energy. 
For example, both countries have made strategic visions and plans, 
passed laws and regulations, and provided public subsidies to develop 
renewable energy. In terms of the automobile industry, both countries 
are encouraging the development and use of electric vehicles.

In addition to energy insecurity, the motives of renewable energy 
policy in the PRC and Japan are diverse and multifaceted, including 
international trends, industrial innovation, economic growth strategy, 
and environmental protection, etc.

The core questions for this topic are as follows. What are the  
similarities and differences between the PRC’s and Japan’s energy 
insecurity? How are the two countries dealing with the challenges of 
energy insecurity? What role can renewable energy play in improving 
energy security in the two countries? In the following sections, the chapter 
will first review the literature on energy insecurity and renewable energy, 
and specifically studies on the PRC and Japan. The chapter will then 
compare the detailed situation of energy insecurity in the PRC and Japan, 
and examine their renewable energy policies and their effects in both 
countries. Based on this analysis and comparison, the chapter will then 
provide some policy recommendations for both countries to cope with the 
challenges of energy insecurity. Finally, the conclusion will be made. 

5.2 Literature Review

5.2.1 Energy Insecurity and Renewable Energy 

Both energy insecurity and renewable energy have become popular 
topics in academic research. There are several recently published works 
on both topics, as nowadays it is difficult to talk about energy insecurity 
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without talking about renewable energy. Most of the literature argues 
that the world is facing a global transition in terms of energy security 
and renewable energy will play the most important role (Aklin and 
Urpelainen 2018; Peake 2018). Some studies focus on the economic 
and technological impacts from renewable energy and argue that it will 
stimulate technological innovation and lead to sustainable development 
for modern countries, which all rely on energy consumption for 
economic development. 

Many studies examine renewable energy policy from the political 
or geopolitical perspective, as opposed to just economic. For example, 
Moe and Midford (2014) deal with the political economy of renewables 
and energy security, while Aklin and Urpelainen (2018) offer a 
comprehensive analysis of the rapid growth in renewable wind and solar 
power, mapping an energy transition through theory, case studies, and 
policy. Some studies compare energy policy and cooperation between 
Asia and Europe (Godement, Nicolas, and Yakushiji 2004), and others 
compare different countries’ approaches to energy security (Duffield 
2015).

Many researchers have noted that energy as a global resource has 
always been a driving force for both international cooperation and 
conflicts, and have combined the approaches of both economics and 
area study to examine energy security as influencing both domestic 
industrial policy and regional economic cooperation. For example, 
Moe and Midford (2014) analyzed renewable technologies in diverse 
and highly topical countries including Japan, the PRC, and Northern 
Europe, while Kong and Ku (2015) analyzed each country’s fundamental 
energy interests in the region, how these interests impact their attitudes 
toward engaging Northeast Asia on energy security, and the way they 
carry out their regional engagement. 

5.2.2 Energy Insecurity in the PRC 

Many scholars recognize that the PRC has emphasized renewable energy 
in its national energy strategy. In particular, as the PRC’s economy has 
kept growing at a high speed, the traditional energy policy cannot meet 
its needs anymore. Thus, transformative innovation is needed in the 
PRC’s energy industry, including developing renewable energy. In many 
areas of renewable energy, the PRC is even catching up with advanced 
countries.

There are three perspectives from which studies examine energy 
insecurity and renewable energy policy in the PRC. First, if the 
government wants to keep its gross domestic product (GDP) growing at 
a relatively high rate, green growth is the only choice. As a result, some 
studies discuss the PRC’s energy use and its environmental footprint, as 
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well as issues concerning the transitional green growth of its economy 
(Pang, Bai, and Lovell 2018).

Second, to understand the familiar bargaining that occurs between 
the government and industry vis-à-vis economic policy, some studies 
examine the PRC’s energy policymaking processes, and analyze its 
efforts to reform and reorganize the energy sector and reset policy 
priorities (Zhao 2014). 

The third perspective is domestic regulation and legislation. Since 
companies in the PRC are dependent on fossil energy, the government 
needs to make decisive laws to encourage the development and use 
of renewable energy. As a result, some studies identify various energy 
challenges faced by the PRC’s central and local governments and study 
how best to achieve green growth and a low-carbon transition (Su and 
Thomson 2016). 

5.2.3 Energy Insecurity in Japan 

As for energy insecurity in Japan, most scholars are concerned with the 
influence of 3/11 on its energy policy. Japan’s energy fuel mix has shifted 
after the catastrophic nuclear accident at the Fukushima Power Plant in 
2011. The new challenges that have been brought about and how Japan 
should deal with them are common concerns in the literature. 

Most of the literature examines the drastically changed environment 
following the disaster in order to understand how it exacerbated Japan’s 
energy security challenges and evaluate Tokyo’s energy policy options 
(Vivoda 2016). Meanwhile, some research directly pointed out the 
importance of renewable energy for Japan post-Fukushima. For example, 
one study investigates renewable energy policies and the renewable 
energy market in Japan through a strengths, weakness, opportunities, 
and threats (SWOT) analysis (Yamaguchi 2015).

Although most recent studies focus on the energy security issue 
brought up by the Fukushima disaster, some research also pays attention 
to the impact of energy on Japan’s diplomacy and security policy and 
argues that politics is a determining factor for Japan’s energy policy 
(Morse 1981). 

5.3 Empirical Survey 

5.3.1 Comparison of Energy Insecurity Situation 

Energy Insecurity in the PRC
Energy security is one of the PRC’s top priorities. The PRC’s rapid 
economic growth in recent decades has produced an unprecedented 
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energy vulnerability that could threaten its development, a linchpin 
to social stability and the foundation for its power aspirations (Zhao 
2014). The PRC is now the largest energy consumer in the world. Its 
primary energy consumption volume in 2017 reached 2.23 billion tons of 
oil equivalent, accounting for 23.2% of world consumption. The PRC’s 
energy consumption has increased rapidly in the past decade, from 3.36 
billion tons of oil equivalent in 2009 to 4.49 billion tons of oil equivalent 
in 2017, according to the National Bureau of Statistics of China. It 
should be noted that in 2012, the consumption volume for the first time 
surpassed 4 billion tons of oil equivalent and has kept rising, although 
the rising pace has slowed slightly since then. 

There are several problems that threaten the PRC’s energy security. 
First, energy efficiency is very low. In 2017, the GDP from per standard 
oil was $3,911, less than half the level of the United States (US). The low 
energy efficiency requires a huge volume of energy given the large scale 
and high growth rate of the PRC’s economy. How to improve the PRC’s 
energy efficiency is not only a problem of energy, but one related to how 
to reconstruct and reform its industries. Renewable energy is one of the 
most important solutions to this problem. 

Second, the makeup of the PRC’s energy consumption is extremely 
unbalanced, with primary energy still accounting for most of the 
energy consumption. In 2017, coal accounted for 60.42%, oil 19.42%, 
and natural gas 6.6%. The primary energy already accounts for 
86.44% of all energy consumption (BP 2018). Coal is not only used 
for industrial production, but also everyday life as the major energy 
source for heating systems in the PRC’s northern region. This leads to 
another problem that will be examined in the following paragraphs, 
namely environmental pollution. 

Third, the PRC is relying more and more on imports for its energy 
needs. In 2017, the PRC’s total consumption of primary energy was 
4.49  billion metric tons of standard coal equivalent, 900 million of 
which were imported (BP 2018). That means 20.04% of the PRC’s 
energy consumption relies on imports. Table 5.1 shows how fast the 
PRC’s imported volume of coal, oil, and natural gas has grown in the last 
decade. For example, the amount of coal imported has increased by six 
times, oil has more than doubled, and natural gas has increased more 
than tenfold. The increasing rates are extremely high, for natural gas in 
particular. 

In recent years, the PRC has carried out a robust maritime foreign 
policy. This is partly to ensure the sea lanes for its energy importing. 
The PRC’s  leaders have often stressed the so-called “Malacca dilemma,” 
which means that about 85% of the PRC’s oil importing goes through 
the Malacca Strait. There is no doubt that the rising energy dependence 
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on imports has brought more challenges to the PRC’s foreign policy. 
Renewable energy has the potential to alleviate the burden of energy 
imports and can also reduce the possibility of foreign conflicts. 

Fourth, pollution can be seen as the most serious challenge to the 
PRC’s energy security. As domestic and overseas mass media have 
reported, in the last decade, the worsening PM2.5 and smog issue 
in Beijing and its surrounding cities is degrading the air quality and 
decreasing the quality of life. The biggest reason for the air pollution is 
that the PRC still relies mainly on fossil energy. 

Energy Insecurity in Japan 
Prior to the Fukushima accident, nuclear power was a strategic power 
source for Japan’s energy security. As Table 5.2 shows, however, the 
proportion of nuclear power in energy structure has decreased from 
11.2% in 2010 to 0.8% in 2016, close to the level in 1973. Although Japan’s 
energy situation was compromised even before 2011, the accident made 
energy security even more important. As Table 5.2 also shows, Japan 
has become more dependent on primary energy, and while renewable 
energy has nearly doubled since 2010, its share is still quite low. Although 
a few nuclear power plants have returned into operation, the possibility 

Table 5.1: The PRC’s Import Volume of Primary Energy  
(coal and oil in million tons; natural gas in million cubic feet)

2008 2009 2010 2011 2012 2013 2014 2015 2016
Coal  40 126 163 222 288 327 291 204 255

Oil 179 204 238 254 271 282 308 336 381

Natural Gas 4,600 7,630 16,470 31,150 42,060 52,540 59,130 61,100 –

Source: National Bureau of Statistics of China. 

Table 5.2: Energy Makeup in Japan  
(%)

Coal Oil LNG Nuclear Hydro Renewables
1973 16.9 75.5 1.6 0.6 4.4 1.0

2010 22.7 40.3 18.2 11.2 3.3 4.3

2016 25.4 39.7 23.8 0.8 3.3 7.0

LNG = liquefied natural gas.
Source: Agency for Natural Resources and Energy, Ministry of Economy, Trade and Industry, Japan. 2017.
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of going back to nuclear power is very low. Given renewable energy’s 
potential, its further development is an urgent subject for Japan. 

First and foremost, the biggest challenge for Japan’s energy security 
is its low self-sufficiency rate, which decreased from 20.2% in 2010 to 
11.5% in 2011. Since then, the self-sufficiency rate has remained under 
10%, which is extremely low compared to other major countries. To 
raise its energy self-sufficiency back to the level of 2010 or even higher, 
renewable energy is the only practical solution, as Japan has a very low 
primary energy reserve. 

It is also worth noting that Japan’s reliance on foreign energy carries 
an increasing political risk. More than 80% of imported oil comes from 
the politically unstable Middle East. Similar to the PRC, Japan also has 
to ship the oil through maritime supply chains. 

The second challenge is that Japan has a very high dependence rate 
on fossil energy compared to other major countries. As Table 5.3 shows, a 
high dependence rate on fossil energy is a common challenge for almost 
all major countries except France. However, among the countries listed 
in Table 5.3, Japan has the highest dependence rate on fossil energy, even 
higher than the PRC. The difference is that the PRC relies on coal, while 
Japan relies on oil. Even though Japan has a relatively higher energy 
utilization efficiency, heavy reliance on fossil energy poses a challenge 
for Japan’s energy security. 

Japan has made great efforts to reduce its primary energy share from 
its 1974 high of 94%. Just before 3/11, it was 81%. However, as shown 
by the data in Table 5.3, the degree of dependence on fossil energy has 
returned to the level at the time of 1974 oil shock. In 2014, fossil energy 
including oil, coal, and natural gas, together accounted for 94.7% of 
Japan’s energy makeup. Japan is now extremely energy insecure as oil 
accounts for more than 40% of its make-up. It will take another round of 
strategic efforts for Japan to develop new alternative energy. 

Table 5.3: Dependence Rate of Fossil Energy for Major Countries, 2014  
(%)

Japan US UK Germany France PRC India
Oil 43.5 35.3 32.7 33.0 29.0 16.5 22.4

Coal 26.8 19.5 16.7 26.0 3.8 65.9 45.8

Natural Gas 24.4 28.2 33.3 20.7 13.4 5.0 5.2

Total 94.7 82.9 82.6 79.7 46.2 87.5 73.5
PRC = People’s Republic of China; UK = United Kingdom; US = United States.
Source: Agency for Natural Resources and Energy, Ministry of Economy, Trade and Industry, Japan. 2017.
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The third challenge is that the cost of electricity has been rising. 
Since 3/11, electricity prices for both household and industry were 
respectively ¥20.4/kWh and ¥13.6/kWh. However, the prices climbed 
from 2011 and peaked in 2014, when the electricity prices of households 
and industry were respectively ¥25.5/kWh and ¥18.9/kWh. Comparing 
the prices in 2014 to those in 2010, it can be seen that electricity prices 
for households rose by about 25%, and for industry by 39%. Although 
the price of electricity started to decrease slowly from 2015, the current 
price is still high compared with 2010. The rising price for industry 
means increasing costs for companies, negatively influencing their 
performance. The rising price for households raises the affordability 
for ordinary people, reduces people’s consumption incentives, and 
influences people’s quality of life. 

Comparison 
There are some similarities between the serious energy insecurity 
situations of the PRC and Japan. First, both countries’ primary fossil 
energy dependence rates are around 90%, increasing their greenhouse 
gas emissions, although Japan is in a much better situation than the 
PRC. Second, both countries are witnessing rising energy imports. 
In particular for natural gas, Japan and the PRC are the largest and 
the second largest importers in the world, respectively. Third, both 
countries have to resolve to use renewable energy to tackle the issue of 
energy insecurity. 

The differences between the energy insecurity of the PRC and Japan 
are as follows. First, the PRC has a relatively high energy self-efficiency 
rate of around 80%, while that of Japan is as low as 10%. Second, the 
PRC relies too much on coal while Japan relies too much on oil in terms 
of primary energy dependency. Third, Japan has a much higher energy 
utilization efficiency than the PRC. Industrial reform aimed at raising 
energy efficiency is more urgent for the PRC. Fourth, nuclear energy as 
a major energy source has been almost excluded in Japan, while the PRC 
is still expanding its nuclear energy facilities. Fifth, the PRC is currently 
struggling with a pollution problem, while Japan is not. Therefore, the 
PRC has more environmental incentives to develop clean and renewable 
energy. 

5.3.2 Comparison of Renewable Energy Policy

Renewable Energy Policy in the PRC 
In recent years, through a combination of subsidies, policy targets, and 
manufacturing incentives, the PRC has spent more on cleaning up its 
energy system than the US and the European Union combined (The 
Economist 2018). The environmental and social price of the PRC’s 
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dependency on fossil energy has become clear, and its leadership is 
moving as rapidly as it can to change energy direction (Mathews 2016). 

In January 2006, the PRC pioneered government subsidies for 
investment in the renewable energy industry in Asia through its Law 
on Renewable Energy. As part of the policy, the government subsidizes 
electricity generated from renewable energy. Second, the government 
has enlarged its investment in renewable energy, from CNY2.16 trillion 
in 2010 to CNY3.28 trillion in 2016. Since 2009, the government started 
the so-called “Golden Sun” project, providing about CNY10 billion 
each year to subsidize the construction of solar panels. Recently, the 
PRC’s National Energy Agency pledged a CNY2.5 trillion ($361 billion) 
investment in clean energy generation. Third, the government also has 
a favored taxation policy for renewable energy start-ups. Tax is reduced 
or even exempted for some companies. 

With encouragement from the government, many new companies 
dealing with renewable energy development have started up. Most of 
them started quite recently but are developing quickly. For example, 
the world’s biggest solar panel manufacturer, Shanghai-based Jinko 
Solar, started only 11 years ago. In 2017 alone, Jinko shipped a massive 
9.81 gigawatts of solar modules globally.

Since 2008, the PRC has been the world’s largest manufacturer of 
solar panels, and since 2013, it has been the world’s leading installer. A 
glance at the list of the top 10 solar companies in the world as of 2018 
(Table 5.4) shows that six are PRC companies, while Japan only has one 
company on the list. 

Table 5.4: Top 10 Solar Companies in the World

Ranking Company Country
1 Jinko Solar PRC

2 Trina Solar India

3 Canadian Solar Canada

4 JA Solar PRC

5 Hanwha Q Cells Republic of Korea

6 GCL System Integration PRC

7 Longi Solar PRC

8 Shunfeng PRC

9 Kyocera Japan

10 Yingli PRC

PRC = People’s Republic of China.
Source: Barik (2018).
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As Table 5.5 shows, electricity from solar energy has grown steadily 
in the PRC. A quick comparison between the power volume from solar 
energy in 2016, 2017, and 2018 shows that the quarter-to-quarter growth 
rate is over 50%. One problem is that much of the solar generating 
capacity has been built in the relatively less populated western parts  
of the PRC, whereas the major electricity consumption areas are in the 
east. This raises difficulties and expenses for transferring the energy.

In addition to solar power, the PRC has also enlarged its investment 
and production in hydro, wind, and other renewable energy. For example, 
electricity from wind has increased from 44.62 billion kWh in 2010 to 
237.07 billion kWh in 2016. Hydroelectricity consumption also increased 
from 139.3 million tons of oil equivalent in 2009 to 261.5 million tons of 
oil equivalent in 2017. Unlike Japan, the PRC has not abandoned nuclear 
energy as an important source of electricity. As Table 5.6 shows, after 
2011, the volume of electricity from nuclear energy increased even more 
quickly than before. There are at least two reasons for this difference. 
One is that the PRC has no similar experience to that of 3/11 and it has 
not experienced frequent earthquakes. The other is that the PRC also 
considers nuclear energy as one of the alternatives to replace fossil 
energy, in particular coal, which has caused serious environmental 
problems. 

Renewable energy is closely related to the PRC’s industrial reform. 
By investing in cleaner energy and technologies, the PRC’s heavy 
industry sector can contribute to reining in pollution and tackling the 
country’s overcapacity problems (Zhang 2017). 

Table 5.5: Electricity from Solar Energy in the PRC  
(billion kWh)

Q2 2016 Q3 2016 Q4 2016 Q2 2017 Q3 2017 Q4 2017 Q2 2018 Q3 2018
6.61 10.28 9.01 15.81 16.50 16.24 23.17 22.34

kWh = kilowatt hour, PRC = People’s Republic of China.
Source: National Bureau of Statistics of China.

Table 5.6: Electricity from Nuclear Energy in the PRC  
(billion kWh)

2008 2009 2010 2011 2012 2013 2014 2015 2016
68.39 70.13 73.88 86.35 97.39 111.61 132.54 170.79 213.29

kWh = kilowatt hour, PRC = People’s Republic of China.
Source: National Bureau of Statistics of China.
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The PRC has also made enormous efforts in developing new energy 
vehicles (NEVs). Environmental impacts and climate change urge 
governments across the globe to prioritize NEVs. Since 2010, the PRC 
has introduced numerous policies to accelerate the development of the 
NEV industry (Zhang and Qin 2018). This strategic policy is to catch 
up in the renewable energy area with other automobile producers in 
developed countries. 

In 2009, the PRC adopted a plan to leapfrog current automotive 
technology and seize the growing NEV market. On 1 June 2010, the 
PRC announced a trial program to provide incentives for NEVs of up 
to CNY60,000 for the private purchase of new battery electric vehicles 
and CNY50,000 for plug-in hybrids in five cities (Motavalli 2010). In 
June 2012, the State Council of the PRC published a plan to develop the 
domestic energy-saving and NEV industry. The plan set a sales target of 
500,000 NEVs by 2015 and 5 million by 2020. It is worth noting that the 
sales of NEVs passed 500,000 in March 2016 and reached 1 million in 
early 2017. The PRC reaffirmed their priority to promote NEVs in its 13th 
Five-Year Plan (2016−20). Table 5.7 shows the cumulative sales of NEVs 
in the PRC between January 2011 and December 2017. With government 
subsidies, sales of NEVs have witnessed an incredible increase in recent 
years. However, there also exists anxiety about how long the government 
subsidies will last. 

In 2017, renewable energy’s share in electricity sources reached 
38.1% (Wang 2018). In the same year, the NEA and the National 
Development and Reform Commission in the PRC jointly announced 
the Strategy on Energy Production and Consumption Revolution 
(2016−30), in which the goal was set to raise the share of renewable 
energy in electricity power source to 50% by 2030 (China Electricity 
Council 2017). It could be concluded that in the past decade, the PRC’s 
renewable energy policy has made significant achievements. However, 
the challenges to energy security for the PRC remain serious, and it 

Table 5.7: Cumulative Sales of New Energy Vehicles in the PRC

Year 2011 2012 2013 2014 2015 2016 2017
Sales of 
NEVs

8,159 20,950 38,592 113,355 444,447 951,447 1,728,447

NEV = new energy vehicle, PRC = People’s Republic of China. 
Source: China Association of Automobile Manufacturers.
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needs to continue encouraging renewable energy investment and 
production. 

Renewable Energy Policy in Japan 
The renewable energy policy most worth noting in Japan is the  
so-called feed-in tariffs (FIT) scheme. The FIT Act, or the Act on Special 
Measures Concerning Procurement of Electricity from Renewable 
Energy Sources by Electricity Utilities, was passed in August 2011 to 
encourage the investment and development of renewable energy in 
Japan. The policy has been enforced since July 2012. Under the FIT 
scheme, the government sets procurement conditions of renewable 
electricity (period and price) and obliges the utilities to purchase it. By 
implementing renewable energy support policies in the initial stage of 
deployment, the gradual cost reduction will enable renewable energy to 
compete over time in the electricity market against conventional energy 
sources, inclusive of social costs, without any particular policy support 
(Kimura 2017). The vast bulk of this investment has flowed into solar 
photovoltaics (PVs). Prices for larger solar PV systems fell almost 30% 
between 2012 and 2017 (Hughes 2018).

The FIT scheme has shown to be a success, especially in the solar PV 
sector. However, Japan’s renewable energy industry is still challenged 
due to the lack of an appropriate policy regime that protects and 
enhances renewable energy development within Japan’s conventional 
power market (Yamaguchi 2015). Japan’s share of renewable energy in 
electric power is about 14.5%, as shown in Table 5.8—much lower than 
the PRC and developed countries in Europe. 

In April 2014, Japan passed the Basic Energy Plan to speed up its 
development of diverse renewable energy over the next 3 years. However, 
the plan did not set a long-term goal. In the Prospect on Long-Term  

Table 5.8: Share of Renewable Energy  
in Electricity in Major Countries  

(%; 2015)

Germany Spain UK France Italy US Canada Japan PRC
30.6 35.3 25.9 16.3 39.8 13.6 63.8 14.5 35.0

PRC = People’s Republic of China; UK = United Kingdom; US = United States.
Source: Agency for Natural Resources and Energy, Ministry of Economy, Trade and Industry, Japan; 2017; 
China Electricity Council. 
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Energy Demand determined by the Ministry of Economy, Trade and 
Industry, the goal was to increase the share of renewable energy to 
22%−24%, much lower than the goals of European countries (Brown 
2015). The Basic Energy Plan set its goal for Japan’s energy structure by 
2030. Compared to 2013, it aims to reduce the share of oil from 15% to 
3%, coal from 30% to 26%, and natural gas from 43% to 27%. Meanwhile, 
it also targets raising the share of nuclear energy from 1% to 20%–22%, 
and renewables from 11% to 22%–24%. 

It can be seen that Japan is striving to reduce its dependence on 
fossil fuels, oil in particular. Nuclear energy is now suspended, but the 
government has not yet abandoned the plan to recover it. Whether this 
goal can be achieved or not is more a political issue than an economic 
one. More specifically, the goal for different renewable energy’s share by 
2030 is as follows: solar, 7.0%; wind, 1.7%; hydro, 8.8–9.2%; geothermal, 
1.0%–1.1%; and biomass, 3.7%–4.6%. The government is determined to 
increase the share of solar power but not that much for wind power 
and hydropower, given that hydropower already had a share of 8.5% 
in 2013. Table 5.9 shows the share of different energy in electricity 
power from 2010 to 2016. It can also be seen that hydropower’s share 
has not changed much during the period. Meanwhile the share of other 
renewable energy, including solar power, has increased slightly. 

Thanks to the FIT scheme, solar energy has seen a significant 
increase in recent years. The amount of electric power generated from 
solar energy was only 2.6 million kW in 2009. However, the amount 
climbed to 42 million kW. In only 8 years, the electric power from solar 

Table 5.9: Share of Different Energy  
in Electric Power in Japan 2010−2016  

(%)

2010 2011 2012 2013 2014 2015 2016
Hydro 8.5 9.0 8.4 8.5 9.0 9.6 8.5

Coal 25.0 25.0 27.6 30.3 31.0 31.6 29.6

LNG 29.3 39.5 42.4 43.2 46.2 44.0 41.4

Oil 6.4 12.8 16.2 13.3 9.3 7.7 4.7

LPG 1.1 1.6 2.1 1.6 1.3 1.3 5.7

Nuclear 28.6 10.7 1.7 1.0 0.0 1.1 1.7

New Energy 1.1 1.4 1.6 2.2 3.2 4.7 5.9

LNG = liquefied natural gas, LPG = liquefied petroleum gas.
Source: Federation of Electric Power Companies of Japan InfoBase 2017.
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energy in Japan has increased 16-fold. Meanwhile, as Table 5.10 shows, in 
terms of electricity power volume from solar energy, Japan has climbed 
to second place in the world as of 2016. Given Japan’s geographic limits 
and budget shortage, this could be counted as a significant achievement. 

However, there are also problems for solar energy in Japan, one 
of which is its high cost. Japan has the highest cost for electricity 
production from solar energy, more than twice that of France, the US, 
India, Australia, the PRC, and Germany. As a result, the purchasing 
price of electricity generated from solar energy has also been gradually 
reduced since 2012. In 2012, the purchasing prices of electricity from 
solar energy in Japan for industry and households were respectively ¥40 
and ¥42, while the prices in 2017 became ¥21 and ¥28, respectively. In 
only 6 years, the price has been reduced by almost half. The decreasing 
purchasing price is a negative factor for the solar energy investors and 
developers. There are reasons to worry that the pace of solar energy 
development might slow in Japan.

Unlike for solar power, the FIT scheme has not worked well for 
the enlargement of wind energy. Wind power has increased slowly in 
the past several years. In 2010, electricity power from wind energy in 
Japan was about 2.4 million kW, while the amount in 2017 only slightly 
increased to 3.5 million kW, according to the data from the New Energy 

Table 5.10: Ranking of Electric Power Volume  
from Solar Energy as of 2016  

(‘000 kW)

Ranking Country Volume
1 PRC 78,080

2 Japan 42,041

3 Germany 41,186

4 US 40,436

5 Italy 19,297

6 UK 11,630

7 India 9,010

8 France 7,164

9 Australia 5,985

10 Spain 5,483

PRC = People’s Republic of China, UK = United Kingdom, US = United States.
Source: International Energy Agency (2017).
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and Industrial Technology Development Organization. One of the 
reasons for this is that the cost of electricity production from wind 
energy is also very high compared to other countries; indeed, the cost of 
electricity production from wind energy in Japan is double or more than 
double than that in other major developed countries. 

Japan is also making efforts to enhance the production and use 
of electric vehicles (EVs). The government has passed laws to reduce 
taxes for so-called “eco-cars,” including hybrid automobiles and EVs. 
Table 5.11 shows that Japan has the third largest EV market, next to the 
PRC and the US among countries in the list. However, the share of EVs 
in Japan, broadly defined, is much higher than that in other countries. 
There is no doubt that Japan is leading in this area in the world. 
Table 5.12 shows Japan’s goal to further the spread of EVs. If the policy 
continues and the goals are realized, Japan would become the pioneer in 
having its number of EVs account for more than half of its total number 
of automobiles by 2030. 

Table 5.11: Sales Number and Percentage  
of EVs in Major Countries in 2017 

(million for sales number; in % for EV percentage)

Country Japan US Germany France PRC India Thailand
Sales 
Number 

5.13 17.22 3.72 2.55 27.94 3.69 0.85

EV 
Percentage

31.6 4.0 3.0 4.8 3.0 0.03 2.7

EV = electric vehicle, PRC = People’s Republic of China, US = United States.
Source: Agency for National Resources and Energy.

Table 5.12: Percentage of Next Generation Automobiles  
in 2016 and Percentage Goals in 2030  

(%)

Conventional
Next 

Generation Hybrid EV
Plug-in 
Hybrid

Fuel 
Battery

Clean 
Diesel

2016 65.15 34.85 30.76 0.37 0.22 0.02 3.46

2030 30~50 50~70 30~40 20~30 3 5~10

EV = electric vehicle.
Source: Agency for National Resources and Energy.
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It can be concluded that the FIT scheme has contributed greatly to 
the development of renewable energy. However, for different categories 
of renewable energy, the effects of FIT are quite different. Japan has 
made some achievements in its renewable energy policy, but whether 
it is sustainable remains to be seen. To cope with its energy insecurity, 
Japan needs to do much more in the area of renewable energy. 

Comparison 
The empirical analysis shows that both the PRC and Japan have 
recognized renewable energy as a solution to energy insecurity and 
have enacted policies to encourage investment in the renewable energy 
industry. Given the high cost of renewable energy development at the 
initial stage, providing subsidies has become the main encouragement 
policy in both countries. Though the countries have made great 
achievements in renewable energy development, energy insecurity still 
remains a serious challenge. 

The renewable energy policy conducted by the PRC and Japan 
has slightly different effects. Both countries have seen a significant 
increase in solar power. The PRC and Japan are, respectively, the first 
and second largest countries in solar electricity production. In terms of 
hydroelectricity, consumption volume in the PRC has almost doubled 
during the last decade, while that of Japan has only undergone a very 
limited increase. Table 5.13 compares hydroelectricity in the PRC and 
Japan over the past several years, while Table 5.14 shows, in general, 
how renewable energy has grown much faster in the PRC than in Japan 
in recent years. In terms of the automobile industry, both countries are 
encouraging the development and use of electric vehicles to increase 
their share in the industry. The spread of electric vehicles will spur 
the development and use of renewable energy and thus contribute to 
energy security.

Table 5.13: Hydroelectricity Consumption in the PRC and Japan 
(million tons of oil equivalent)

2009 2010 2011 2012 2013 2014 2015 2016 2017
PRC 139.3 161.0 155.7 195.2 205.8 237.8 252.2 261.0 261.5

Japan 15.6 19.7 18.3 17.2 17.7 18.1 19.0 18.1 17.9

PRC = People’s Republic of China.
Source: BP (2018).
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5.4 Policy Recommendations
Based on the comparison, the following policies are recommended for 
the PRC and Japan to further enhance renewable energy and combat 
energy insecurity. 

5.4.1 Make Renewable Energy the First Priority 

Renewable energy should be considered as the first solution to energy 
insecurity, as it will eventually become the global trend. Both the 
PRC and Japan are simultaneously also counting on enlarging fossil 
energy and nuclear energy to alleviate their rising demand in energy. 
The pitfall is that although using traditional fossil energy and nuclear 
energy might be much cheaper compared to developing new energy, if 
countries keep increasing their budget on importing primary energy, 
then they will have less to invest in renewable energy. Therefore, the 
government should decide the budget for renewable energy first and 
then consider the budget for conventional energy. The return rate 
of renewable energy is very high, meaning countries should not be 
reluctant to invest in that area. 

5.4.2  Increase Government Subsidies and Continue 
Encouragement Policy 

Because renewable energy has high initial costs, the government needs 
to continue its encouragement policy for small and medium-sized 
companies to avoid it being monopolized by the state-owned or large-
scale companies. A reduction in the subsidies might cause renewable 
energy development to slow down and even halt. 

Table 5.14: Renewable Energy Consumption Excluding 
Hydroelectricity in the PRC and Japan  

(million tons of oil equivalent)

2009 2010 2011 2012 2013 2014 2015 2016 2017
PRC 11.0 15.9 22.8 29.4 42.3 51.1 64.1 81.7 106.7

Japan 6.1 6.7 7.0 7.7 9.3 11.8 15.4 18.8 22.4

PRC = People’s Republic of China.
Data Source: BP (2018).
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5.4.3 Strengthen Public-Private Partnerships 

Besides providing subsidies, the government needs to create a benign 
social environment for renewable energy development and usage. 
The bond between the public and private sectors is vital to enhancing 
renewable energy. Companies, private organizations, and agencies 
working in the energy industry should cooperate with the government 
and provide policy advice and consultation to the government to make 
sure the policy is heading in the correct direction. 

5.4.4 Search for Global Market for Renewable Energy 

Because domestic markets for renewable energy can be limited 
or immature, and because production technology and domestic 
consumption conditions do not develop at the same pace, it is necessary 
for renewable energy industries to seek overseas markets. Just like 
manufacturing, it is normal for global markets today to be more sensitive 
to new consumption trends than domestic markets. 

5.4.5 Take Renewable Energy as an Opportunity to 
Reform and Upgrade Industries 

Instead of relying on conventional energy to develop traditional 
industries, which are often old and ineffective, develop new ones in 
the area of renewable energy. New energy technology will drive the 
cultivation of new industries. Countries should seize the opportunity 
from renewable energy to speed up industrial reform. 

5.4.6 Conduct Cooperation between the PRC and Japan 

Sharing energy technology and encouraging cooperative investment 
and research in renewable energy is very important for the PRC and 
Japan. To date, there is more competition than cooperation between 
the PRC and Japan; hence, the two countries should strengthen their 
cooperation to realize their common interests and forge a win–win 
renewable energy strategy. 

5.5 Conclusion 
Both the PRC and Japan are facing serious energy insecurity, with 
primary fossil energy dependence rates around 90% and rising energy 
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imports. Both countries have huge potential and an urgent need for 
renewable energy.

There are also different challenges for the PRC and Japan. The 
PRC’s energy self-sufficiency rate is much higher than Japan’s. Further, 
the PRC relies too much on coal while Japan relies heavily on oil in 
terms of primary energy dependency. Japan has much higher energy 
utilization efficiency than the PRC. Nuclear energy as a major energy 
source has been almost excluded in Japan due to the controversy over 
its use after 3/11, while the PRC is still expanding its nuclear energy 
facilities. The PRC has more environmental incentives to develop clean 
and renewable energy. 

Both the PRC and Japan have recognized renewable energy as a 
solution to energy insecurity and have encouraged investment in the 
industry. Although both countries have made great achievements in 
renewable energy development, energy insecurity still remains a serious 
challenge.
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6
Energy Insecurity and 

Renewable Energy Sources: 
Prospects and Challenges  

for Azerbaijan
Ulviyye Aydin 

6.1 Introduction
On 3 July 2018, an accident at the Mingachevir Thermal Power Plant cut 
off electricity in most of Azerbaijan, including 39 regions of the country, 
the capital Baku, and the major cities of Ganja and Sumgait. The electricity 
supply was disrupted for the Baku subway, Azersu (which supplies water 
and sanitation services), the State Oil Company of Azerbaijan Republic’s 
(SOCAR) large-scale production facilities, industrial enterprises, health 
care centers, and other facilities with strategic importance,  as well as 
railway schedule delays throughout the country. Serious problems 
occurred in hospitals, especially in the departments of surgery, intensive 
care, obstetrics, and premature birth units. 

Azerenergy OJSC and the Ministry of Energy of Azerbaijan tried 
to explain the accident, citing a sharp increase in outdoor temperatures 
and a resulting 40% increase in energy demand. These statements did 
not satisfy the public in light of the public programs implemented to 
strengthen the country’s energy security. Official investigations revealed 
that the causes of the accident were completely different and included 
a high imbalance between the plant’s infrastructure and workload; 
old equipment; false risk assessments; weak security measures; lack 
of renewable energy source (RES) stations to compensate for power 
disruption during periods of extreme heat, and poor performance of the 
responsible organizations who focused mainly on initiatives rather than 
acting in accordance with the strategic development plan.
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The accident revealed all aspects of energy insecurity in Azerbaijan, 
including technical shortcomings, lack of a diverse electricity supply 
system, and excessive economic risk, including in strategic enterprises. 
The country’s energy security was not organized systematically and 
electricity production and supply systems were not properly integrated. 
Further, state funds for the development of the electricity supply system 
were spent inefficiently. 

However, Azerbaijan is an oil-producing country that is developing 
and implementing policies in line with the rising trend in RES to achieve 
sustainable economic growth, ensure energy security, and increase the 
share of non-oil sectors in the national economy. Renewable energy is 
one of Azerbaijan’s strategic priorities, because it aligns not only with the 
goal of reaching Paris Agreement carbon emissions reduction targets, but 
also with diversifying the energy basket and increasing energy security 
(Taghizadeh-Hesary et al. 2019). In other words, as an important 
part of its national security goals, Azerbaijan aims to use renewable 
energy alongside fossil resources to minimize energy insecurity. The 
aforementioned accident, however, revealed that Azerbaijan still faces 
serious energy security challenges.

This chapter defines the prospects and challenges for Azerbaijan’s 
use of RES to combat energy insecurity. The second section of this 
study presents the research background, emphasizing the increasing 
importance of RES within the context of energy security and insecurity. 
It also builds a sustainable development equation and outlines 
Azerbaijan’s current energy security and insecurity. The third section 
presents the legal framework for the environment and energy issues 
in Azerbaijan’s sustainable development agenda based on policy 
documents and sources. The fourth section considers the present 
situation of RES transformation attempts using official statistical data. 
The achievements, potential, and deficiencies within Azerbaijan’s 
current RES legal framework are also analyzed. The conclusion includes 
the research findings and suggestions for future study. 

6.2 Background of the Research
The International Energy Agency (IEA) defines energy security as “the 
uninterrupted availability of energy sources at an affordable price” 
(IEA 2014), with its absence leading to negative effects for national 
economies. The emergence of the sustainable development concept 
has, however, emphasized environmental concerns when making use of 
energy resources.

Renewable energy is commonly defined as energy generated from 
solar, wind, geothermal, tide and wave, wood, waste, and biomass. 
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RES plays an important role in contributing to energy security and 
diversifying consumption, and technological advances and the reduced 
costs of transportation and communication have encouraged a significant 
expansion (Yazdi and Shakouri 2017). 

Despite a large and increasing interest in renewable energy, it still 
faces some challenges. Examining renewable energy development in 
Malaysia, Mustapa, Peng, and Hashim (2010) found financial, technical, 
institutional/regulatory, and information barriers. The cost of renewable 
investments—capital costs—is higher due to new technologies, whose 
novelty, along with the nature of renewable energy itself (e.g., weather 
conditions), causes uncertainty. It is less expensive to operate RES, but 
establishing such systems is costly. Financial institutions are therefore 
reluctant to support the sector because the start-up cost is perceived as 
a risk. 

Area conditions, infrastructure type, and means of transportation 
and communication pose technical obstacles for the development of 
renewable energy. An insufficient legal framework, along with a lack 
of governmental institutions and policies, as well as renewable energy 
public-private partnerships, further prevent progress. Most energy 
services are still not aware of the full value of RES, with investors often 
thinking about narrow value parameters and missing the big-picture, 
long-term opportunities. Lack of information and awareness about the 
benefits of RES and poor public opinion have had a negative effect on the 
sector’s development. Increased awareness and willingness are needed. 
While these challenges differ from country to country, in developing 
countries, all these challenges must be faced simultaneously. 

The state is a key stakeholder in energy security in Azerbaijan, and 
there are numerous institutional mechanisms to control the domestic 
energy market and oil and gas exports, including the Ministry of Energy, 
which is the main executive body responsible for energy security. 
It should be noted, however, that SOCAR is the prime organization 
representing the government in conducting international oil policy and 
has been directly involved in major oil and gas contracts as a shareholder. 
SOCAR plays a central role in Azerbaijan’s strategic sector and the many 
international oil and gas exploration projects and extraction fields. The 
Ministry of Energy plays a more symbolic role in the energy sector, while 
major energy projects are under SOCAR’s control.

Azerbaijan’s electricity sector is controlled by Azenergy OJSC, an 
independent, state-owned, vertically integrated monopoly system. The 
main fuel used for domestic energy consumption is natural gas, both for 
the population as a whole and for industry. The transportation system, 
meanwhile, uses oil products, so natural gas and oil are the basis of 
internal energy consumption, as well as the country’s energy security.
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Up to 2005, the main power plants produced insufficient electricity. 
The lack of sufficient electricity, gas, and heat caused regional 
imbalances, with the supply of electricity lasting only a few hours a day, 
along with frequent interruptions in supply and periodic malfunctions 
in the system. The low quality and intermittent power supply hindered 
industrial, agricultural, and commercial activities, as well as economic 
growth and employment opportunities.

The State Program on the Development of the Fuel-Energy Complex 
(2005–15) of the Republic of Azerbaijan and the Additional Measures 
to Improve the Electricity Supply in the Republic of Azerbaijan were 
a turning point in reliable energy access, energy security, and the 
creation of new energy sources for the country. In addition to the 
implementation of the State Program, with the support of the Asian 
Development Bank (ADB) within the framework of an Improvement 
of Energy Transmission project, measures were taken to improve 
the electricity supply and restore the electricity network, to develop 
alternative and renewable energy sources, and to maximize energy 
efficiency and energy conservation. Recent trends toward increasing 
energy security have included preventing energy losses in the domestic 
market, increasing energy savings, enhancing customer service, and 
providing reliable energy.

When oil prices were higher and there were, accordingly, higher 
revenues, the infrastructure costs of Azerenergy OJSC were also high, 
with the state budget being one of the main financial sources of the 
organization. To subsidize the losses related to SOCAR’s sale of natural 
gas to Azerenergy OJSC at a price lower than the contract value, AZN300 
million was allocated from the state budget (Hasanov 2018). The decline 
in oil prices has forced the government to accelerate domestic electricity 
productivity reforms, as this would increase Azerbaijan’s potential to sell 
more energy to neighboring countries such as the Russian Federation, 
Iran, Turkey, and Georgia. 

The general population and the commercial and public sectors 
are the main consumers of electricity in Azerbaijan, and the change 
in tariffs for electricity and gas has always had a significant impact on 
consumers. Electricity tariffs were raised three times in 2007 for the 
first time since 1997, forcing many consumers to use natural gas, which 
has led to electricity savings and exports (Aliyeva and Veliyev 2016). 
Fossil fuels therefore retain their importance for energy consumption 
in Azerbaijan. Ensuring the country’s energy security will, however, 
require using RES. Rovnag Abdullayev, president of SOCAR, noted of 
Azerbaijan’s energy security that, “the diversification and security 
of energy supplies, the deepening of energy market reforms, the 
development and modernization of energy infrastructures, energy 
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efficiency, energy savings and the use of renewable energy sources are 
key concerns” (SOCAR 2014). More has been accomplished vis-à-vis 
fossil fuels, their export, and transportation within the country’s energy 
security than for RES issues. 

New achievements have been made in the energy sector since 2003. 
Azerbaijan’s electricity system and power generation infrastructure 
have been reconstructed, trunk lines have been renewed within the 
country and in connection to other countries, and several large and 
small power stations have been built in cities and districts. Although 
the national electricity system has been reinstalled to meet European 
Union (EU) standards, to reduce the demand for domestic energy and 
to sell electrical energy to neighboring countries, the July 2018 accident 
showed that Azerbaijan still faces serious challenges in terms of energy 
insecurity. That the country cannot reach the desired renewable 
energy use, along with the failure to obtain power from RES in case of 
necessity, has led to questions regarding energy security in Azerbaijan. 
The accident revealed the need to revise alternative energy policies 
from the context of energy security and diversify access to electricity 
through several sources, including RES, for strategically important 
public organizations.

6.3  Environment – Energy Issues in Azerbaijan’s 
Sustainable Development Agenda

6.3.1 Environmental Policy

Environmental issues in Azerbaijan have appeared in several official 
documents. The country’s environmental policy has mainly been shaped 
by existing circumstances and socioeconomic conditions, and primarily 
focuses on reducing the human impact on the environment and using 
best practices for sustainable development. Considering the demands of 
the present and future generations, the second focus of the policy is an 
effective use of RES. Aligning with international standards is the third 
aspect of Azerbaijan’s environmental policy (Zoï Environment Network 
2011). 

Some obligations and principles are defined for environmental 
policy goals, including human resource management, as well as 
encouragement of the economic models and technologies needed 
for the safety of present and future generations (Zoï Environment 
Network 2011). The Constitution of Azerbaijan has defined “living in a 
healthy and clean environment as a right of the country’s citizens” (Zoï 
Environment Network 2011). This right forms a basis for environmental 
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legislation. At the beginning of the 1990s, the State Committee for the 
Environment developed the Ecological Concept of the Republic of 
Azerbaijan, specifying the foundation for Azerbaijan’s state policy on 
environmental protection. As a part of Agenda 21 of the Rio de Janeiro 
Conference, Azerbaijan has focused on ecological security norms. To 
improve the environment, special emphasis and general provisions have 
been defined including the “protection of the biosphere, continuous 
utilization of natural resources, decrease and disposal of waste, 
rational use of energy and reduction of risk associated with human 
activity” (Ministry of Ecology and Natural Resources of the Republic of 
Azerbaijan 2019). 

To achieve these goals, the first National Environmental Action 
Plan (NEAP) of Azerbaijan was developed between 1995 and 1998 
with World Bank assistance, in parallel with the first wave of NEAPs 
in Eastern Europe, the Caucasus, and Central Asia after the dissolution 
of the Soviet Union. Both the Law on Environmental Protection and 
the Law on Environmental Safety were adopted in 1999. These two 
laws defined “the rights and responsibilities of government, citizens, 
public associations and local authorities; use of natural resources; 
state registry of natural resources of the environment, monitoring, 
standardization and certification on environmental protection and 
safety” (Zoï Environment Network 2011). These legal documents involve 
“economical regulation of environmental protection and ecological 
terms required for implementation of economic activities.” The laws 
aim “to promote education, research, statistics and information on 
environment; environmental emergency response situations and zones 
of ecological disasters; control on environmental protection, impact 
assessment; inspection and audit; responsibility for the violation 
of environmental legislation and international cooperation” (Zoï 
Environment Network 2011). The Law on Environmental Protection 
concerns “all means (water, soil, air), waste management, protection of 
fauna, protected areas and ecological expertise”, stating “the order for 
the protection of atmospheric air, water objects, and soils, organization 
of waste collection and disposal, animal world protection, operation of 
specially protected areas” (Zoï Environment Network 2011). 

Following the passage of these laws, strategic documents such 
as the 2003 and 2008 State Program on Poverty and Economic 
Development and the 2003 State Program for Environmentally 
Sustainable Economic Development restated and added to Azerbaijan’s 
environmental priorities (ADB 2005). During the country’s transition 
period, international, regional, and intergovernment collaborations 
were developed, and Azerbaijan has joined 20 concerned conventions, 
like the United Nations Framework Convention on Climate Change 



Energy Insecurity and Renewable Energy Sources: Prospects and Challenges for Azerbaijan!169

and the Kyoto Protocol. The State Commission on Climate Change 
was established in 1997 (ADB 2010). In 2012, Azerbaijan accepted the 
development plan “Azerbaijan 2020: Look into the Future,” through 
which it aimed to set higher development goals parallel to modern 
global challenges, including environmental concerns. Azerbaijan 2020 
stresses the probable effects of climate change on the country’s society 
and economy, underlining the need for preparation in policy measures. 
The plan argues that the quantity of energy consumed and CO2 released 
for the production of one unit of GDP must be analogous with the 
matching Organisation for Economic Co-operation and Development 
member country norms by 2020. 

Since 1990, industrial activity in Azerbaijan has slowed, and the rate 
of greenhouse gas emissions has decreased correspondingly. Difficult 
economic conditions have also limited the government’s abilities to 
take measures in the same period. Thus, the pollution rate accounted 
for 71.1 mtoe of CO2 in the 1990s, which has been calculated at more 
than an average of 50.0 mtoe of CO2 in the 2000s (State Statistical 
Committee of the Republic of Azerbaijan 2017). Energy and total land 
use and corresponding changes (both including and excluding forestry) 
are the main sectors in Azerbaijan that emit greenhouse gasses into 
the atmosphere. Depending on economic growth, especially with the 
start of the Baku–Tbilisi–Ceyhan pipeline, significant increases have 
been observed in the amount of government funding for environmental 
protection. However, economic constriction due to oil prices has once 
again reduced governmental expenditures for environmental issues.

6.3.2 Energy Policy

Due to its historic oil industry, which dates from the 1840s, rather than 
the quantity of its oil reserves, Azerbaijan is known as one of the world’s 
energy-producing countries. As oil and natural gas exports are the main 
income source for the national budget, the energy sector is a mirror of, as 
well as a driving force for, economic development in Azerbaijan (Flegel 
2016). Azerbaijan’s energy policy therefore focuses on the production, 
export, and transportation strategies for fossil energy resources, as well 
as regulation of the electricity sector, management of energy revenues, 
and energy sustainability, including environmental issues and RES. The 
four laws on the utilization of energy resources, energy, electric energy, 
and electric and heat power plants, respectively, created the early legal 
framework for the country’s energy development and RES. The Law 
on the Use of Energy Resources, No. 94-IQ, dated 30 May 1996, defined 
the legal, economic, and social framework of government policy on 
the use of energy resources, as well as the main directions for the law’s 



170!Energy Insecurity in Asia: Challenges, Solutions, and Renewable Energy

implementation, and regulation relations between the state and legal 
and physical persons (Ministry of Energy of the Republic of Azerbaijan 
1996). The state’s energy policy is clearly defined in Article 3 of the Law 
of the Azerbaijan Republic on Power, No. 541-IQ, dated 24 November 
1998, which runs as follows: 

(1) Provision of efficient recovery, production, transportation, 
distribution, storage, utilization and safety of power materials 
and products

(2) Creation of infrastructure which is capable to supply - 
efficiently and reliably all customers with power and new 
employment places, accounting for the following:
ƀǇ conditions for competition and minimum monopoly must 

be created in all activities with regard to power resources;
ƀǇ organization of activities in the sphere of power resources 

based on different forms of ownership, long-term contracts 
and special permits;

ƀǇ creation of favorable conditions for local enterprises 
producing high-quality products;

ƀǇ creation of favorable conditions for use of effective and 
ecologically safe technologies. 

(3) Conservation of power resources, reduction of waste volumes, 
efficient use of power and use of reproducible power sources.

(4) Reduction of negative impact on the environment.
(5) Subsidies to producers and customers with the purpose of 

improvement of efficiency of power in conditions of power 
deficit.

(6) Creation of favorable legal and fiscal conditions for investments.
(7) Development of state programs in the sphere of power 

resources. (Ministry of Energy of the Republic of Azerbaijan 
1998a).

The Law on Electric Energy, No. 459-IQ, dated 3 April 1998, sets 
out the legal basis for the production, transportation, distribution, 
purchase, and sale of electricity and heat energy. The law mandates 
using energy resources efficiently by including environmental care in 
the energy market in a socially sound manner, in the interest of energy 
production and consumption (Ministry of Energy  of  the Republic of 
Azerbaijan 1998b). The Law of the Republic of Azerbaijan on Power 
and Thermal Plants, No. 784-IQ, dated 28 December 1999, determines 
the legal basis for the design, construction, and operation of permanent 
facilities producing electric and thermal energy in accordance with 
the legislation of the Republic of Azerbaijan (Ministry of Energy of the 
Republic of Azerbaijan 1999).



Energy Insecurity and Renewable Energy Sources: Prospects and Challenges for Azerbaijan!171

These laws were enacted in the first years of independence and 
involve the fundamental issues of that period based on the primary 
energy resource—fossil fuels. None of these legal documents explicitly 
includes renewable energy. Thus, the 1990s can be considered the first 
stage of the formation of Azerbaijan’s energy policy as it pertains to 
environmental and ecological concerns rather than renewability. This 
situation can be accepted as common for a country going through a 
transition period and focusing on the recovery of its economy; under 
the existing conditions of that period, sustainability could only be 
considered at a future stage. 

The State Program on the Use of Alternative and RES in the Republic 
of Azerbaijan was approved by Presidential Order No. 462, dated 21 
October 2004, and was a new pillar for Azerbaijan’s energy policy. The 
objective of the program was to promote renewable and environmentally 
sound power sources and to utilize hydrocarbons more efficiently. The 
major tasks included defining, “potential of alternative (renewable) 
energy sources for electric power generation,” and raising, “efficiency 
of utilization of country’s energy sources by developing RES,” and, 
“to ensure the opening of additional jobs with creation of new energy 
production sites; and given the existing total capacity of traditional 
energy sources in Azerbaijan, to increase the energy capacities at the 
expense of RES and therefore, achieve the country’s energy security” 
(State Agency for Alternative and Renewable Sources [SAARES] 2019).

Some of the goals of the 2006 memorandum of understanding 
signed between the EU and Azerbaijan overlap with the objectives of the 
state program, including, “modernization of the electric grid, enhance 
the security and reliability of the energy infrastructure; preparation 
of programs and regulations for the development of renewable energy 
sector and achievement the efficient use of energy.” Within the state 
program framework, SAARES was established under the auspices of the 
Ministry of Industry and Energy of the Republic of Azerbaijan in 2009. 
In December 2011, a second long-term government strategy for the 
development of alternative and RES for 2012–20 was accepted in line 
with the EU’s 2006 climate and energy policy for worldwide 20/20/20 
targets (Caspian Information Centre 2013). While energy efficiency, 
renewable energy, security of supply, environmental security, and cost 
effectiveness were the main concepts of the strategy, stabilizing the final 
energy consumption was the key structural function. The strategy aims 
to reduce greenhouse gas emissions by 20% from 1990 levels, to scale 
up the rate of renewable energy-derived electricity use by up to 20%, 
and to increase energy efficiency by 20% by 2020 (Caspian Information 
Centre 2013. To improve management in this sector, SAARES and the 
agency’s AzAlternativEnerji LLC were established in 2013. SAARES 
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is the central executive authority that implements state policy on and 
regulatory control over alternative and renewable energy and its sound 
management, and the agency ensures the effective organization of 
activities concerning alternative and RES, as well as coordination and 
state control in this field.

The agency participates in the development of a unified state policy 
for its areas of authority and ensures implementation of that policy. It 
also oversees progress in the alternative and renewable energy field, 
establishing the required infrastructure, and ensuring the application 
of alternative and renewable energy in the economic and social fields. 
SAARES is also responsible for the implementation of measures related 
to power generation, energy consumption, and energy efficiency using 
alternative and RES, as well as conducting relevant state registration 
and inventory. 

The Republic of Azerbaijan has been a member of the International 
Renewable Energy Agency (IRENA) since 2014, when the state 
program for the development of industry in Azerbaijan for 2015–20 was 
accepted, which strategically supports the progress of RES. The drafts 
of the Law on the Use of Alternative and Renewable Energy Sources 
and on Energy Efficiency are currently being reviewed by Azerbaijan’s 
Cabinet of Ministers. In the post-independence period, energy policy 
has transformed in parallel with the development of Azerbaijan’s 
economy. As mentioned earlier, while the energy policy of the country 
focused on recovery-oriented activities in the 1990s, it evolved towards 
sustainability in the 2000s thanks to the opportunities provided by 
economic development. As a result, the issues of RES have become 
integrated into the country’s energy and environmental policies.

6.4  Azerbaijan’s Attempts at Renewable Energy 
Transformation: Achievements and Potential 

The geographical conditions of Azerbaijan create a favorable 
environment for progress in the country’s renewable energy sector. The 
technical potential of RES in Azerbaijan is accounted to be approximately 
130,000 MW/year (Table 6.1).

The yearly duration of sunlight in the Absheron peninsula and the 
coastal areas of the Caspian Sea is approximately 2,500 hours; further, in 
Nakhichevan Autonomous Republic, it is about 2,900 hours (Sevil 2011). 
The annual amount of solar energy for each m2 ranges between 1,300 
kWh to 1,750 kWh (SAARES 2017). The solar energy potential of the 
country is estimated to be 115,200 MW/year. There are five 2.8 MW-
capacity solar power plants (SPPs) established in the Samukh, Sumgait, 
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Pirallahy, Surakhany, and Karadakh regions. A sixth plant has been 
established in Nakhichevan with a 20 MW capacity (SAARES 2018).

For wind energy, the Absheron Peninsula and Caspian Sea coastal 
zones receive heavy winds for more than 270 days a year (Sevil 2011). 
Because the wind enters the territory of Azerbaijan from a narrow strip 
at the shoreline of the Caspian Sea and from the valley between the 
Great and Small Caucasus Mountains, wind intensification is a recurring 
weather phenomenon in the surrounding territories. According to 
SAARES (2017), the average annual wind speed ranges between 7.0–
8.5 m/s at 80 m above the land surface there, which is categorized as 
highly favorable in IRENA’s energy potential classification. In 2007, 
according to the decision of the Council of Tariffs of Azerbaijan, a selling 
price of 4.5 Qapik1 for wind energy was determined to promote the 
operation of wind power plants (WPPs), particularly at Yeni Yashma (1.7 
MW), Shurabad (48 MW), Sitalchay (3.6 MW), Hokmali (8MW), Wind 
Island Offshore (200 MW) Wind Farms, and Yeni Yashma Wind Power 
Station (50 MW) (SAARES 2018).

There are approximately 2.7 million large-horned animals, 9 million 
small-horned animals, and 30.5 million poultry birds in Azerbaijan 
(State Statistical Committee of the Republic of Azerbaijan 2019a), with a 
total annual discharge of 25 million tons (SAARES 2017). The country’s 
annual volume of solid and production waste is more than 2 million tons. 
Burnable manufacturing contaminants, woods and carpentry waste, 

1 A unit of currency equivalent to 100th of an Azerbaijani manat.

Table 6.1: Azerbaijan’s Technical RES Potential

Type of RES Capacity, MW/billion kW
Solar >115,200

Wind >15,000

Bioenergy >900

Geothermal >200

Small hydropower >650

TOTAL >130,000
kW = kilowatt, MW = megawatt, RES = renewable energy sources. 
Source: IRENA. https://irena.org/-/media/Files/IRENA/Agency/Events/2018/May/Azerbaijan-RRA-workshop 
/2--Mr-Jabir-Yusifov-SAARES--Overview-of-the-energy-sector-and-renewa.pdf?la=en&hash=EF0FFCB2B8
F1CB61B92F5528C5A22B54E1B0D16C
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agrarian organic compounds, household waste, and oil or petroleum 
product-based wastes are the most widely available biosubstances 
in Azerbaijan. Developments in several industrial sectors, as well as 
agriculture and social services, increase the opportunities for bioenergy 
generation (Huseynova 2014). In 2012, Balakhani Waste-to-Energy Plant 
was opened, with a total capacity of 37 MW and a production capacity of 
231.5 million kW/year using urban inert waste with a 500,000 ton/year 
operation capacity. 

The geothermal energy potential of Azerbaijan is quite high. 
Existing thermal sources are mainly in the Great and Small Caucasus, the 
Absheron Peninsula, Talish Mountains, Kur-Araz plain, Nakhichevan, 
and on the northwest part of the Caspian Sea (Table 6.2). However, 
the extreme expense of the excavation of geothermal wells is a serious 
obstacle for electricity generation from thermal waters. Azerbaijan has 
many thermal water sources with relatively low temperatures (<80°C), 
and technologies using low potential geothermal energy have only 
recently been developed (Mukhtarov et al. 2015). 

There are 1,100 rivers of different lengths in Azerbaijan (Caspian 
Information Centre 2013), so there is great potential for hydropower, 
which is the most widely used and most developed RES in Azerbaijan. A 
hydropower plant was built in 1883 in Galakend village of Gedebei region 
to provide electricity for the copper melting factory there, as well as 
local people. The full potential of hydropower remains underexploited. 

Table 6.2: Thermal Waters of Azerbaijan

Hydro-geological  
areas

Water 
temperature, °C

Water flow rate, 
m3/day

Energy potential, 
MW

Absheron Peninsula 20–90 20,000 up to 504

Kur depression 22–95 172,466 up to 47·103

Great Caucasus 30–50 2,000 up to 168

Small Caucasus 30–74 4,171 up to 771

Gusar foothill lowlands 30–97 21,654 up to 609

Nakhchivan 40–53 3,000 126–290

Talysh 31–64 14,405 605–778

Lyankaran 42–84 7,908 399–1,129

Total 245,604 Up to 51·103

Source: Mukhtarov et al. (2015).
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The capacity of hydropower plants in Azerbaijan is approximately 
1,106.4  MW/year, which is the highest capacity in comparison to 
other RES types. The capacities of the existing hydropower plants in 
Azerbaijan are shown in Table 6.3. Mingachevir Hydropower Plant is 
the oldest hydropower station with the highest capacity; built in 1955, 
its power has increased from 284 MW to 424 MW after renovations in 
the 2000s.

There are two hybrid power plants in Azerbaijan. The first is 
Gobustan Experimental Polygon and Training Center with a total 
capacity of 5.5 MW including WPP (2.7 MW), SPP (1.8 MW), and a 
Biogas Power Plant (1 MW). The second is the Samukh Agro-Energy 
Residential Complex, with a total capacity of 31 MW electric and 48 MW 
thermal energy. Samukh SPP is part of this complex.

Table 6.4 shows the total capacities of Azerbaijan’s existing RES 
plants. Table 6.5 shows the main energy indicators for the country 
and total energy production, consumption, and the share of electricity 
generated from RES and share of total RES supply. 

Table 6.3: Hydropower Plants of Azerbaijan

Hydropower Plants (HP) Small Hydropower Plants (SHP)
Mingachevir HP – 424 MW Goychay SHP – 3.1 MW

Shemkir HP – 380 MW Ismailli – 1 SHP – 1.6 MW

Yenikend HP – 150 MW Ismailli – 2 SHP – 1.6 MW

Fuzuli HP – 25 MW Balakan – 1 SHP – 1.5 MW

Tahtakopru HP – 25 MW Kusar SHP – 1.0 MW

Shemkirchay HP – 25 MW Astara – 1 SHP – 1.7 MW

Varvara HP – 18 MW

Nakhichevan Autonomous Region
Aras HP – 22 MW Vayhir SHP – 5 MW

Bilev HP – 22 MW

Arpacay – 1 HP - 20,5 MW

Arpacay – 2 HP – 1.4 MW

Ordubad HP – 36 MW

Source: Azerenerji. ASC, http://www.azerenerji.gov.az/index/page/13
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Table 6.4: Azerbaijan’s Renewable Energy Plant Capacities

Type Proven Capacity Metrics
Hydropower 1,106.4 MW/year

Wind 15.7 MW/year

Solid Domestic Waste 42.0 MW/year

Biogas 1.0 MW/year

Solar 28.4 MW/year

Source: State Statistical Committee of the Republic of Azerbaijan. https://www.stat.gov.az/source 
/balance_fuel/?lang=en 

Table 6.5: Main Energy Indicators for Azerbaijan and Share of RES

Indicators 2010 2011 2012 2013 2014 2015 2016 2017
Total energy 
supply (ttoe)

12,566.5 13,594.9 14,390.0 14,630.6 15,085.5 15,569.4 15,393.5 15,471.9

Primary 
production of all 
energy products 
(ttoe)

68,254.6 62,541.5 60,973.9 61,699.5 61,132.0 61,084.2 59,977.6 57,036.0

Share of RES 
in primary 
production of all 
energy products

386.5 326.9 254.3 285.7 271.0 301.4 273.2 258.0

Energy final 
consumption 
(ttoe)

7,247.6 7,910.1 8,125.2 8,549.6 8,992.9 9,108.0 9,424.6 9,265.5

Share of 
electricity 
generated from 
RES in total 
production of 
electricity (%)

18.4 13.2 7.9 7.0 6.0 7.4 8.8 8.1

Share of total 
RES supply in 
total energy 
consumption (%)

3.1 2.4 1.8 2.0 1.8 1.9 1.8 1.7

RES = renewable energy sources, ttoe = thousand tons of oil equivalent.
Source: Author’s own elaboration based on State Statistical Committee of the Republic of Azerbaijan Energy 
2019 data.

Tables 6.6 and 6.7 show the data for the production and share of 
RES by type in the total energy production of the country. The reason 
for the decreased shares of RES after 2011 was the establishment of 
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Table 6.6: Production of Electricity 
(million kWh)

Years
Production  

of electricity
Hydropower 

plants
Wind  

power station

Solar 
(photovoltaic) 

station

Electricity 
generated 

from wastes 
incineration

Electricity 
generated 

from biomass 
incineration

2010 18,710 3,446 0.5 – – –

2011 20,294 2,676 – – – –

2012 22,988 1,821 – – – –

2013 23,354.4 1,489.1 0.8 0.8 134.1 –

2014 24,727.7 1,299.7 2.3 2.9 173.5 –

2015 24,688.4 1,637.5 4.6 4.6 181.8 0.0

2016 24,952.9 1,959.3 22.8 35.3 174.5 0.0

2017 24,320.9 1,746.4 22.1 37.2 170.3 0.0

kWh = kilowatt hour.
Source: State Statistical Committee of the Republic of Azerbaijan. https://www.stat.gov.az/source/balance 
_fuel/?lang=en

Table 6.7: Renewable Energy Supply by Type 
(ttoe)

Indicators 2010 2011 2012 2013 2014 2015 2016 2017
Renewable 
energy supply 
in total 

386.5 326.9 254.3 285.7 271.0 301.4 273.2 258.0

Hydropower 296.4 230.1 156.6 128.1 111.8 140.8 168.5 150.2

Biomass and 
waste

90.2 96.6 98.4 157.1 158.9 160.7 100.8 102.4

Wind power – – – 0.1 0.2 0.4 2.0 1.9

Solar 
(photovoltaic)
Power

– – – 0.1 0.2 0.4 3.0 3.2

ttoe = thousand tons of oil equivalent.
Source: Author’s own elaboration based on State Statistical Committee of the Republic of Azerbaijan Energy 
2019 data.

new heat power stations using fossil fuels. For example, the Janub heat 
power station was opened in 2013 with a 780 MW capacity. Its capacity 
is more than half of the total of existing hydropower plants (including in 
Nakhichevan Autonomous Region; see Table 6.3), which is 1,174.4 MW. 
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Total electricity production has increased due to these plants, so the 
share of electricity generated from RES accordingly decreased. 

In light of the existing outlook in Azerbaijan, the strategic goal of 
the country is to increase the RES share in total energy production, to 
diversify its energy portfolio, and, as a result of these actions, to supply 
the remaining natural gas to Europe. Table 6.8 shows the current status 
of RES and the Strategic Road Map goals in determined capacities up 
to 2030.

Considering that RES is relatively new and unconventional sector 
in Azerbaijan, the country has nonetheless made significant progress; 
importantly, the government has clearly expressed a political will for its 
development. There are still some challenges facing RES development 
in Azerbaijan. First, a legal framework for RES production and usage 
is needed. Investments in RES in Azerbaijan are mainly made by the 
government and international organizations, and a draft law is still under 
discussion. Significant technical, legal, and regulatory infrastructure is 
far from satisfactory for the business environment. Existing conditions 
make it unfavorable for private bodies to invest and do not guarantee 
effectiveness. Similarly, optimal regulations for the promotion of the 
RES sector—such as production, transfer, distribution, and delivery of 
energy—should be established. 

Second, RES technologies are expensive and, considering that 
Azerbaijan imports them, technical procedures need to be facilitated 
and simplified. Azerbaijan’s electricity has long been dominated by oil 

Table 6.8: Power Installation up to 2030

RES Type 2018 2020 2025 2030
Wind 311 MW 350 MW 440 MW 465 MW

Solar 35 MW 50 MW 150 MW 190 MW

Hydro — 10 MW 220 MW 220 MW

Bioenergy 37 MW 20 MW 30 MW 50 MW

Total (MW) 383 MW 430 MW 840 MW 925 MW

Total (RES %) 8.1% 20% 25%–30% 35%–40%

RES = renewable energy source.
Source: IRENA. https://irena.org/-/media/Files/IRENA/Agency/Events/2018/May/Azerbaijan-RRA 
-workshop/2--Mr-Jabir-Yusifov-SAARES--Overview-of-the-energy-sector-and-renewa.pdf?la=en& 
hash=EF0FFCB2B8F1CB61B92F5528C5A22B54E1B0D16C
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and natural gas. The country is experienced in such methods, so these 
are well developed and substantially known. The well-established 
nature of oil and gas technologies, poses a serious disadvantage for RES.

Insufficient finance and high interest rates also create economic 
challenges, which are the third important obstacle. Azerbaijan’s 
economy was seriously affected by the fall in oil prices beginning 
from mid-2014. The effects of economic constriction were strongly 
perceived in the RES sector, as almost all projects were completed 
before the oil crisis. 

The fourth challenge is low awareness. There is a lack of support 
from international organizations and local authorities to increase public 
awareness about RES in Azerbaijan. During the literature search for 
the current study, it appeared that most research studies and projects 
focusing on awareness raising about RES in Azerbaijan were made 
between 2009 and 2015, both by national and international organizations. 
Consequently, the achievement of a relatively stable economic order 
following the unexpected oil price shock has created an environment 
for the revitalization of RES in Azerbaijan. As a result of recent 
government announcements about a restructuring legal basis for RES, 
British Petroleum and the Ministry of Energy signed a Memorandum of 
Understanding at the end of December 2018 (Azernews 2019). British 
Petroleum has played a significant role in Azerbaijan’s energy sector for 
a long time, so the signed memorandum can be accepted as a precursor 
to significant revivals of the country’s RES policies and actions. SAARES 
is working on 23 projects with a total budget of AZN13 million within 
the context of the Strategic Road Map 2018–2020 to improve public 
services. The projects seek to construct wind, water, and biofuel 
power plants at a 420 MW capacity. WPP capacity is 350 MW, SPPs 
are designed for 50 MW, and biofuel power plants are planned at 20 
MW. SAARES has also been negotiating with several foreign investors 
to finance WPPs in the Caspian Sea that will increase the renewable 
energy supply (Azernews 2019). The country’s aim is to develop RES by 
forming a legal framework that can stimulate private sector investment. 
For this purpose, negotiations are ongoing with companies, international 
organizations, and financial institutions interested in investment in the 
RES sector in Azerbaijan to discuss suggestions about the drafts law, as 
this will determine the future development of RES in Azerbaijan.

6.5 Conclusion
Azerbaijan is known as an oil country and one of the traditional global 
hydrocarbon producers. While some hydropower stations have been 
established, there was no state policy for the development of RES until 
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the 2000s. Environmental protection and natural resources issues have, 
however, attracted attention in recent years. Azerbaijan aims to gain 
economic growth in accordance with the UN’s Sustainable Development 
Goals and is looking to generate 20% of its electricity from renewable 
sources by 2020. Although RES is a new policy area for Azerbaijan, 
significant progress has been made in the short time since the first laws 
created an early framework for the development of RES at the end of 
the 1990s. The State Program on the Use of Alternative and Renewable 
Energy Sources can be considered a new step in Azerbaijan’s energy 
policy. The establishment of SAARES and the coordination of related 
actions under a centralized institution have shown positive effects in a 
short period of time. The share of RES in Azerbaijan’s total electricity 
production has reached 8.1% as of 2018.

Azerbaijan applies tax incentives to support RES. In accordance 
with the procedure established by the relevant executive authority, 
legal entities and individual entrepreneurs are free from paying import 
customs duties and value-added tax for technical equipment and 
facilities for a period of 7 years from the date of receipt of the associated 
documents. They are also free from paying taxes for 50% of their total 
income, 50% of their total profit, property tax, and land tax. 

The planned steps have increased the use of RES in Azerbaijan, as 
well as improving the technology used in this field. The Azguntex Solar 
Panels Plant with a 50 MW annual production capacity and the Solar 
Collector Factory were established in Sumgait Technology Park. Despite 
all these steps, the expensive investments in RES have mainly been made 
by the state, and capacities and share in total electricity production are 
lower than expected. The lack of development of the renewable energy 
sector in Azerbaijan is similar to the rest of the world, and is mainly due 
to low interest from the private sector in long-term investment due to 
the low rate of return and the associated risks (Yoshino, Taghizadeh-
Hesary, and Nakahigashi 2019).

If Azerbaijan plans to achieve the Sustainable Development Goals 
and the Paris Accord goals, it needs to scale up the new financial 
instruments and policies, such as green bonds, green banks, carbon 
market instruments, fiscal policy, green central banking, fintech, 
community-based green funds, and other measures collectively known 
as “green finance” (Sachs et al. 2019).

Given that the geographical conditions of Azerbaijan create favorable 
conditions for the renewable energy sector, there is RES potential in the 
country. The fall of oil prices has limited the amount of state investment 
and operation in RES, making its development only with public capital 
an unsustainable prospect. The sector must be developed with private 
investments, and the government must create attractive conditions for 
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investors under competitive market opportunities. The recent technical 
potential of RES in Azerbaijan is estimated to be approximately 130,000 
MW/year. To achieve the goal of 20% RES use by 2020 and future 
objectives in subsequent periods, the legal, financial, and technical 
challenges must be removed rapidly, and awareness of the RES sector 
must be increased. This will be helpful in reaching the full capacities of 
RES in Azerbaijan. There is no other realistic way to increase the rate of 
RES usage from 8.1% in 2018 to 20% in 2020.
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Empirical Evidence from the 
Indian Electricity Sector

Gopal K. Sarangi, Arabinda Mishra,  
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7.1 Introduction
More than 2 decades of power sector reforms in India appear to 
have metamorphosed the sector in many ways. While some aspects 
of the sectoral growth have progressed, others continue to show 
poor performance. The generation capacity has reached a new 
high of 356,817  megawatts (MW) by May 2019(GOI, 2019a) from a 
meager 1,361 MW in 1947. The private generation capacity rose to an 
unprecedented peak of 165,144 MW in 2019, constituting around 46% 
of the total installed capacity in the country. A variety of competitive 
market forms of transactions are increasingly replacing the regulated 
regime. For instance, trading of power in the short-term market has 
thrived with the setting up of power exchanges and increasingly 
becoming an important route of electricity transaction. 

There has been visible progress on the renewable energy 
development in the country in the recent past, with specific policy 
thrusts on solar and wind energy. Renewables now constitute nearly 
22% of the total installed capacity. The progress largely manifests in 
terms of a dramatic fall in renewables costs through new modes of 
power procurement, such as competitive bidding, and the ramping 
up of grid-interactive renewable capacities. The government has 
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unveiled new programs to correct the existing market- and policy-level 
distortions in the sector. It envisages that recent schemes, such as Ujwal 
DISCOM Assurance Yojana (UDAY) and Deen Dayal Upadhyaya Gram 
Jyoti Yojana, will overhaul the distribution segment. The government 
has also amended the tariff policy to reflect the changed realities of the 
sector and to capture the true cost of supply. 

At the same time, there are pockets that require strategic policy 
interventions and focused policy actions, as they continue to reveal 
serious problems that make the sector dysfunctional. The distribution 
segment of the industry is experiencing huge financial pressures, with 
the debt amount reaching INR4.3 trillion, largely due to problems 
with delayed payments, issues around tariff rationalization, and 
political economy constraints deeply entrenched with the subsidy 
disbursement. The policy efforts in this sphere to restructure the debt 
of distribution companies known as DISCOMs through the UDAY 
scheme do not appear to be producing the desired outcomes. Although 
there were early signs of recovery, lately, it has become apparent that 
deep-seated malaise exists and that the solutions offered through 
schemes like UDAY are temporary and ad hoc in nature and cannot 
address the problems in their entirety. The sector continues to suffer 
from problems of poor quality and reliability (Harish, Morgan, and 
Subrahmanian 2014). The provisioning of 6 hours of power supply 
has become the norm rather than the exception in rural areas of the 
country. A recent survey has succinctly highlighted that more than 50% 
of households in the country receive less than 12 hours of electricity in 
a day (GOI, 2019b). 

Moreover, scholars have questioned the sustainability of the existing 
energy systems in the current regime, characterized by a rising power 
demand coupled with an increasing population in a fast-growing economy 
(Luthra, Mangala, and Kharb 2015). The poor per capita electricity 
consumption in the country, which stands at a meagre 1,149 kilowatt 
hour (kWh)—one-third of the global average—somewhat reflects this. 
Geopolitical constraints further add to the woes. International sanctions 
leading to the skyrocketing of energy import bills impose additional 
challenges. Literature pointed out that oil price shocks could affect 
the country’s gross domestic product as well (Taghizadeh-Hesary et al. 
2019a, 2019b). The latest statistics suggest that the oil import bills have 
increased by 27% from $88 billion in 2017–18 to $112 billion in 2018–19. 
In addition, climate-related threats are likely to intensify further and 
have the potential to exacerbate the challenges of the sector. Given the 
intricate relationship between energy and climate change, decoupling 
energy from climate change adds another layer of complexity to the 
sector’s functioning and management. 
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It is necessary to contextualize the above developments in the 
historical foundations of the power sector development. Electricity policy 
making in the country has had a checkered history, and previous efforts 
to correct the prevailing distortions were not able to generate the much-
needed change. Finally, all these led to the drafting of comprehensive 
reform action plans through the Electricity Act 2003. The Act had three 
major provisions: the crafting of independent regulatory entities as 
watchdogs of the sector; the unbundling of the sector into generation, 
transmission, and distribution segments; and, most importantly, the 
infusion of competition into all the segments of industry functioning by 
introducing a variety of instruments and apparatus. 

The idea of creating new regulatory entities at both the federal and 
the provincial scale entailed the premise that the regulator would play a 
balancing role by protecting the interests of the electricity consumers as 
well as safeguarding private investors’ interest by creating an apolitical 
sphere to decide techno-economic matters (Dubash 2007). The 
government created these entities as independent quasi-judicial bodies 
with a considerable amount of leeway to decide on tariffs, licensing 
matters, and the promotion of competition and, moreover, to ensure 
balanced and inclusive growth. It expected that the regulators would 
drive the sector along a sustainable development trajectory and enable it 
to meet the overarching goals of economic growth and development. As 
20 years have now elapsed since the Electricity Regulatory Commissions 
(ERC) Act 1998, the time has come to assess whether the entities of 
electricity regulatory commissions created as new institutional vehicles 
to drive the sector have lived up to their expectations and contributed to 
the sustainable development of the sector. 

This chapter examines this question empirically. This question 
becomes more pertinent and pronounced in the present context given 
the thrust on sectoral integration and the need to ensure energy security 
in a mission mode. The question of energy security has taken pride of 
place in the energy policy making in India, as the country strives to be 
independent in meeting its future energy requirements. For instance, the 
proposed e-mobility plan of the Government of India aims to capitalize 
on its current focus on clean energy and simultaneously to reduce 
India’s ever-increasing oil import bill. However, there have been clear 
gaps in understanding and analyzing the placement of the electricity 
sector regulators in the country as key entities to drive the sector and 
achieve energy security. 

The structure of the chapter, against this background, is as follows. 
Section 7.2 briefly offers the historical foundation of electricity reform in 
India. Section 7.3 critically reviews the existing literature analyzing the 
impact of regulation on electricity sector outcomes and identifies the 
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key gaps in the Indian context. Section 7.4 offers a detailed description of 
the data, the methodological approach adopted, and the analytical tools 
that the study employs. Section 7.5 details the key results and discusses 
them in the Indian context. Section 7.6 discusses the role of the regulator 
in driving the sustainable development outcomes and energy security. 
The final section concludes the chapter.

7.2 History of Electricity Reform in India
Tracing the history of the Indian electricity sector reveals that 
it primarily operated as a publicly owned, vertically integrated 
monopolistic structure for the major part of the 20th century. The 
sector also manifested the philosophy of the state-led economic growth 
of India during the Nehruvian growth policy era of post-independence 
India (Dubash and Rajan 2003). In the case of the electricity sector, 
the responsibility for development rests with both the central and the 
state governments, as the constitution of India defines the sector as a 
concurrent subject. This thinking that the electricity sector is a prime 
vehicle of growth also resonated in the 1948 electricity legislation, 
which laid primacy in its public ownership (Kale 2004; Kumar and 
Chatterjee 2012). However, over the years, the state-owned, integrated 
utility management system has proven to be unsustainable (Reddy 2002; 
Bhattacharyya 2005). In many cases, the state governments’ excessive 
interference resulted in poor financial performance of electricity 
utilities. Lax management, coupled with soft budget constraints, posed 
serious financial threats, with irreversible damage to these entities. 
All these opposed the stated goals of these bodies being the “be all and 
end all” of the sectoral operation and management. The dismal state of 
sectoral functioning manifested in many ways, such as the inadequate 
annual capacity additions, increasing frequency of blackouts and 
brownouts, poor and unreliable quality of the power supply, and poor 
provisioning of the rural electricity supply. 

The need for reform became apparent around the late 1980s. 
However, the first effective attempt to reform the sector occurred 
in the early 1990s, with a specific thrust on privatizing the sector. 
Piecemeal reforms that emphasized privatizing the generation segment 
created legislative provisions for independent power producers. The 
enthusiasm among private investors responding to the initial reforms 
did not last long due to obstructive policy provisions and policy-
level incoherence and inconsistencies. A lack of clarity at the policy 
scale intensified the procedural complications and became a major 
roadblock for private investors (Shukla and Thampy 2011; Kumar and 
Chatterjee 2012). 
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A subsequent reform initiative, largely advocated by several 
international bodies such as the World Bank and the Department for 
International Development (DFID), is often referred to as condition-
based reform packages, operated at the state level. The World Bank 
carried out the first experiment with such a reform plan in the state 
of Odisha1 around the mid-1990s. Several other states, such as Andhra 
Pradesh and Haryana, continued this reform momentum, following 
their state-specific reform plans and legislation. Apart from these 
piecemeal efforts, the Government of India made several patchy and 
sporadic efforts at the national scale that had implications for the sector. 
Toward that end, a major reform initiative was to draft the ERC Act 
in 1998. However, the feeling was that, while the ERC Act had novel 
features, what the country required was a comprehensive reform action 
plan that would completely overhaul the sector and mitigate its systemic 
malaise (Kumar and Chatterjee 2012). This thinking finally led to a 
comprehensive reform action plan resulting in the Electricity Act 2003. 

In the overall reform schema, regulatory commissions as institutional 
innovations gained pride of place as new vehicles of governance 
(Dubash 2003; Kumar and Chatterjee 2012). People also considered 
these entities to be a harbinger of change to drive the sector along a 
sustainable development trajectory. The government empowered them 
with a variety of instruments to correct the erstwhile distortions and 
expected them to infuse a commercial orientation and corporate rigor 
into the sector’s functioning. The design of these bodies also offered 
potential windows for deeper engagement both with consumers and 
with private players (Dubash 2007). Over time, they gained additional 
responsibilities beyond the conventional regulatory tasks to contribute 
to the overarching goals of environmental sustainability and consumer 
welfare (Sarangi et al. 2019). However, of late, observations have shown 
persistent failures in addressing the age-old problems insulating the 
sector from political intrusions (Dubash et al. 2019). Research has also 
pointed out that, given the intricate nexus between the electricity sector 
and the energy security challenges in the face of the increasing focus 
on sectoral integration (Sarangi et al. 2019), insulating regulators from 
political intrusions has become imperative for a sustainable development 
path. Hence, there is a clear need to examine the importance of electricity 
regulators in driving the sectoral performance. 

1 In 2011, the Government of India approved the name change of the State of Orissa to 
Odisha. This document reflects this change. However, when referring to policies that 
predate the name change, the formal name Orissa is retained.
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7.3  A Brief Review of the Impact  
of Regulation on Sector Outcomes

The literature connecting the regulatory impacts on sectoral outcomes 
dates to the academic discourse on the importance of institutions for 
economic growth and development that Rodrik (2000) propounded. This 
discourse has led to the realm of regulations, claiming that, as institutions, 
they have played a pivotal role in driving sectoral outcomes. Regarding 
the electricity sector, studies have often posited that regulation reflects 
the complex interaction of several institutions placed at different scales of 
governance. This complex interaction is more pronounced in developing 
countries, given that a major part of the economy runs in informal modes 
(Estache and Lewis 2009; Veljanovski 2010). While, theoretically, studies 
have established the role and importance of regulation as a driver of the 
economy, drawing empirical evidence of such a relationship is a tenuous 
exercise and there has been a dearth of scholarly attention to this issue, 
limited to only a few sectors (Brown et al. 2006). One sector that has 
received more scholarly focus is telecom (Stern and Cubbin 2005). 

Scholars such as Gutierrez (2003) and Montoya and Trillas (2009) 
have examined whether regulation influences the performance of the 
telecommunications sector. Most of the related studies have employed 
various econometric tools and techniques to analyze such impacts. To 
understand more about the nuances of such a nexus, it is necessary to 
highlight their findings. Gutierrez investigated the telecommunications 
sector regulation by collecting data on 22 Latin American countries for the 
period between 1980 and 1997. The findings suggest that a well-structured 
regulatory environment can generate positive sectoral impacts, such as 
network expansion and greater efficiency. In a similar piece, he concluded 
that political factors and institutional variables influence network 
expansion positively (Gutierrez 2003). Montoya and Trillas analyzed 
23 Latin American countries and concluded that all forms of independence, 
whether de facto or de jure, shape the telecom sector positively. 

However, scholarly experiments in the electricity and energy sector 
to demonstrate empirically the link between regulation and sectoral 
performance have been limited and have largely examined the topic 
at a very broad level. One of the earliest studies, by Bergara, Henisz, 
and Spiller (1998) to analyze the impact of electricity sector regulation 
concluded that an incremental institutional environment is highly 
correlated with increasing size of the installed generation capacity. A 
study that Cubbin and Stern (2006) conducted revealed quite similar 
findings. They tested the impact of regulation on per capita generation 
by taking a sample of 28 developing countries. The findings suggest 
that a positive correlation exists between regulatory governance and 
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higher generation capacity after controlling for variables such as the 
gross domestic product and several other macro-economic variables. 
Establishing the causal relationship between the creation of regulatory 
bodies and the sectoral performance of 220 electricity utilities across 
51 developing countries, Estache and Rossi (2007) showed that the 
presence of a regulatory environment enhances firm efficiency and 
results in better consumer welfare. Andres, Guasch, and Azumendi 
(2008) carried out a more structured and systematic analysis of the 
impact of regulatory systems on sectoral performance, highlighting the 
positive influence on the electricity sector. 

However, a handful of related studies do not reveal any conclusive 
impacts. For instance, a study focused on the Latin American context 
(Pargal 2003) revealed that there is no clear linkage between regulation 
and sector outcomes. Similar findings are also observable in other 
studies; for example, Rungsuriyawiboon and Coelli (2004) investigated 
the US context and found that no such relationships connect regulation 
with sectoral performance. 

Empirical analyses of the Indian context are conspicuous by their 
absence. Some scholars have made rudimentary efforts employing 
indicator-based approaches to test the regulatory effectiveness 
(Mahalingam et al. 2006). However, very limited scholarly attention 
appears to have assessed regulation in affecting the sector outcomes in a 
convincing and robust manner. 

This review identifies several research gaps in the realm of regulation 
and electricity sector performance in India. First, while scholarly 
research has emphasized the multi-country analysis of such impacts, 
intra-country analysis has not received the desired focus. Second, there 
has been a limited focus on examining certain regulatory institutional 
characteristics to capture informal governance elements, for example 
accountability and transparency. Third, hardly any scholarly studies have 
attempted to examine the role of regulators in driving the sustainable 
development of the sector. Building on these research gaps, the present 
study focuses on analyzing the impact of the regulatory institutional 
environment prevailing in India’s electricity sector on its performance, 
with specific emphasis on sustainable development of the sector. 

7.4  Data, Methodological Approach,  
and Framework 

For analytical purposes, this study considers a sample of 12 Indian states 
from 2001 to 2010. The study period was limited till 2010, building on the 
premise that the announcement of the Jawaharlal Nehru National Solar 
Mission in 2010 may have brought several structural changes to India’s 
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electricity sector. Hence, it appears to be logical to carry out a separate 
study using recent data on this topic. The study chose the sample states 
through a two-step screening process, with the establishment of state-
level regulatory entities before or during 2003 (the year of enactment 
of the Electricity Act) as the first step since the 2003 Act brought a 
paradigm shift to the sector (Bhattacharyya 2005). This resulted in the 
identification of 18 states. The second level of screening excluded states 
with unique differences and features. For instance, the study excluded 
Delhi as a state with high urban characteristics. 

The data collation used multiple sources, including the Central 
Electricity Authority’s “Annual Electricity Statistics” and the Power 
Finance Corporation’s “Performance Report of State Power Utilities”, 
which were major sources of secondary data. The study supplemented 
these sources with other secondary sources, such as annual reports 
of various ministries and regulatory agencies and tariff orders of state 
electricity regulatory commissions of various years. To triangulate 
and validate the collated data and information further and finalize the 
variables and indicators, expert consultations took place in various 
phases of the research cycle. 

The present study employed Kemmler and Spreng’s 2007 
“sustainable development framework” to assess electricity sector 
outcomes. The framework offers a practical approach to sustainable 
development by drawing from the three pillars notion of sustainability, 
that is, economy, environment, and society. As an analytical tool, the 
present study employed the indicator-based methodology. In fact, 
researchers have considered this to be the major analytical approach 
for assessing electricity sector outcomes (Brown and Sovacool 2007; 
Kemmler and Spreng 2007; Meyar-Naimi and Vaez-Zedah 2012; 
Vithayasrichareona, Macgilla, and Nakawirob 2012). 

Measuring the strength of regulation was the next methodological 
step. Researchers have contended that the scholarly efforts in the 
direction of developing a sound theoretical framework have been 
limited. No such framework exists that the study could adopt directly in 
the present context. Hence, the authors followed the approach of Martin 
and Jayakar (2013), which combines theoretical arguments, empirical 
observations, and logical reasoning. A composite index applied some 
quantitative metrics for the purpose of mapping the regulation. 

The final methodological step was to examine the effects of 
regulation on the electricity sector’s performance. The literature has 
suggested that fixed-effect panel data regression techniques are the most 
dominant method for analyzing the effects of regulation on performance 
(Stern and Cubbin 2005). This model is more appropriate in cases 
where there exist unique time-invariant features that do not correlate 
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with other country characteristics. Similar arguments apply in the case 
of the present study. This logic augurs well with the “constitutionality 
of energy as a concurrent item” in India; hence, it is quite reasonable to 
argue that time-invariant elements exist at the state level, which could 
shape the electricity sector’s outcomes. Based on these rationales, the 
present study applies the fixed-effect panel regression model as the 
analytical tool. The following section presents the key results and a 
discussion. 

7.5 Data Analysis, Results, and Discussion
In this section, an analysis of electricity sector outcomes is carried out 
first, followed by empirical measurement of the strength of regulation.

7.6 Assessing the Electricity Sector Outcomes
This subsection briefly presents the assessment of electricity sector 
outcomes2 by applying a sustainable development framework that 
Kemmler and Spreng (2007) advocated. A series of steps are identified 
and the most relevant set of indicators are chosen, which represent 
three dimensions of sustainable development. This process obtained a 
list of seven key indicators. The next step was to map the legislative and 
regulatory goals that the government has set for the sector. Finally, the 
study applied a set of criteria consisting of a) the relevance in the Indian 
context, b) the availability of data, and c) the measurability aspects of 
such indicators as stated by OECD (2008). These steps resulted in a list 
of 14 indicators. The study found that some indicators were overlapping 
and required merging, which finally reduced the total number to 11, spilt 
between three different dimensions of sustainability. 

Given that grouping is a complex and cumbersome exercise, the 
authors conducted expert consultations to group these indicators into 
the three dimensions of sustainability. Under the economic dimension, 
the study considered four key indicators, specifically aggregate 
technical and commercial losses; average revenue and average cost of 
supply; installed generation capacity by private investors; and captive 
power plant installed capacity. Similarly, within the social dimension, it 
identified four highly relevant indicators, namely residential per capita 
electricity consumption, deficit of electricity, sales to the agricultural 
sector as a percentage of total sales, and subsidy amount disbursed. 
Finally, the environmental dimension contained three indicators: 

2 Detailed assessment methods and results are available from Sarangi et al.’s 2019 study. 
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renewable electricity generation as a percentage of the total electricity 
generation, auxiliary consumption (of thermal power plants), and CO2 
emission generation per unit of power generation (from thermal power 
plants only). The study followed the standard method of assigning 
similar weights to each dimension to integrate these indicators and 
estimate the composite index. 

It is easy to elicit from Figure 7.1 that the combined sectoral outcome 
considering all the dimensions of sustainable development reveals an 
upward movement of the sector, though stark differences are apparent 
in the performance of individual states. 

7.7  Measuring the Strength  
of Electricity Sector Regulation

In this subsection, the strength of state-level electricity sector regulation 
is assessed. However, the absence of theoretical frameworks for 
measuring the strength of regulation makes this cumbersome, meaning 

Figure 7.1: Performance of All States Together

Note: In 2011, the Government of India approved the name change of the State of Orissa to Odisha. 
This document reflects this change. However, when referring to policies that predate the name 
change, the formal name Orissa is retained.
Source: Sarangi et al. (2019).
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the study should ideally be based on practical considerations. Though 
Levy and Spiller (1994) attempted to distinguish the regulatory system 
and its elements into two broad categories, that is, regulatory content 
and regulatory governance, it is not very clear how to convert these 
elements into measurable indicators. In light of these difficulties, the 
present analysis applied a simple quantitative approach of measuring 
the regulation through the construction of composite indices. While 
the authors chose a set of variables as the first step in constructing the 
regulatory index, Martin and Jayakar (2013) stated that the choice is 
beset with the difficulty of defining and identifying “what would be the 
appropriate set of regulatory variables”. To minimize such complexities, 
the present study compiled a comprehensive list of regulations 
from various legal, legislative, and regulatory pronouncements. It 
supplemented this list with regulatory variables that some scholarly 
discourses had identified (Mahalingam et al. 2006).3 It performed 
further validation of such regulatory variables through an expert 
consultation process. Table 7.1 presents the list of regulatory variables 
that the authors chose for the study. 

3 The study identified variables such as the releasing of annual reports, regulation for 
the advisory committee, regulations to address consumer grievances, regulations 
to set up consumer grievance redressal forums, conducting of business regulations, 
standard of performance regulations, and so on. 

Table 7.1: Variables Capturing the  
Electricity Sector Regulatory Environment 

Regulatory Variables
Legal and Legislative 

Provisioning
Representative 

Regulatory Dimension
Releasing of annual reports Section 105 (EA 2003) Regularity in reporting 

Advisory committee 
regulation

Section 87 (EA 2003) Service standard quality

Setting up of a forum 
for consumer grievance 
redressal 

Section 42 (5) (EA 2003) Dealing with consumer 
complaints

Appointing an ombudsman Section 42 (6) (EA 2003) Dealing with consumer 
complaints

Prescribing a multi-year 
tariff (MYT)

Transparency and clarity  
in future cost trajectory

continued on next page
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Despite an understanding that the inclusion of a larger set of 
regulatory variables would strengthen the regulation index, difficulties 
arose because of a lack of access to the most relevant data. For the 
purpose of this study, authors chose a set of 14 key regulatory variables. 

Given the associated complexities, the study followed a rudimentary 
approach for measuring the strength of regulation, since some other 
studies have deployed similar approaches (Gutierrez 2003). The method 
first codes the variables and assigns them equal weights to construct 
composite indices. Figure 7.2 below graphically presents the strength of 
regulation for 12 states for the duration of 10 years. 

Figure 7.2 displays some interesting results. It is noticeable that 
there is a steep rise in regulatory index values after the legislation of the 
Electricity Act 2003, implying a clear manifestation of its effects on the 
framing of regulations. A comparative analysis of states’ performance 
indicated that Odisha and Maharashtra were better performers than 
their counterparts, such as Punjab and West Bengal. 

Regulatory Variables
Legal and Legislative 

Provisioning
Representative 

Regulatory Dimension
Regulation on the trading 
of power

Sections 86(1) (b) and (j) 
(EA 2003)

Promote competition and 
greater penetration of the 
market

Conduct of business 
regulation

Improving the accounting 
systems

Standard of performance 
regulation

Sections 57 (1) and 58 (EA 
2003) 

Social obligations 

Supply code regulation Quality of service standards

Grid code regulations Section 86 1(h) of (EA 
2003)

Quality of service standards

Open access regulations Section 42 and Section 181 
(EA 2003)

Promote competition and 
greater penetration of the 
market

Availability-based tariff 
(ABT) regulations

Section 181 (2) (zd)(zp) 
(EA 2003)

Tariff systems and 
structures

Renewable portfolio 
obligation (RPO) regulation

Sections 61, 62 (1), 66, 86 
(1) (e), and 181 (EA 2003)

Environmental obligations 

Renewable energy 
certificate (REC) regulation

Sections 61, 62 (1), 66, 86 
(1) (e), and 181 (EA 2003)

Environmental obligations

EA = Electricity Act.
Source: Authors’ compilation and construction.

Table 7.1 continued
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7.8 Impact of Regulation on Sector Outcomes
The last important subsection aims to establish the causation, if any, 
between regulation and sustainable development outcomes. Though 
studies have deployed many econometric techniques to analyze such 
causation, they have made no clear suggestion concerning the most 
appropriate econometric model. However, the dominant approach that 
scholars have employed is fixed effect panel data regression techniques 
(Stern and Cubbin 2005). There are also studies that have employed 
several other techniques, such as the difference-in-differences approach 
(Estache and Rossi 2007). 

This logic of employing a fixed effect random model is built on the, 
“constitutionality of energy as a concurrent item in Indian governance 
settings”. It is quite reasonable to argue that time-invariant elements 
exist at the state level, which could shape the electricity sector outcomes, 
hence a fixed effect random model is more appropriate as the analytical 
tool for the present study. 

Figure 7.2: Regulatory Strength of the Study States over Time

Note: In 2011, the Government of India approved the name change of the State of Orissa to Odisha. 
This document reflects this change. However, when referring to policies that predate the name 
change, the formal name Orissa is retained.
Source: Authors’ compilation and construction.
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The study operationalized the model by considering three key 
independent variables as predictor variables, namely the strength of 
regulation, net state domestic product (NSDP) per capita, and NSDP 
growth rate, along with different dimensions of sustainable development 
outcomes, both individual and combined, as dependent variables. 
While regulation as an “x” variable represents the effectiveness of the 
regulatory environment by mapping the key features of independent 
electricity sector regulation, per capita NSDP captures the economic 
status of the study states. Finally, the study chose the NSDP growth 
rate as it captures the dynamic context of the changing socio-economic 
profile of the study states. The authors also expected the third variable 
to help in capturing the prevailing key macro-economic growth 
characteristics, such as the growth rate of urbanization, the pace of 
industrialization, and maybe the use of natural resources. This would 
also offer some interesting insights into resource distribution in an 
economy that would have implications for the sustainable development 
outcomes. The outcome composite index incorporates both combined 
and disaggregated dimensions, such as economic, environmental, and 
social, as response variables in the model. 

With the above explanations, the proposed model for the study is 
as follows:

 Yit = α + βXit + εit$, where i = 1…n; and t = 1…T (1)

In the above equation, it is possible to interpret  as an unknown 
intercept, whereas Xit = (X1it, X2it.....Xkit*) are predicator variables, which 
include the regulatory strength as well as other selected control variables. 
β = (β1, β2 ...βk*) are the respective coefficients of each explanatory 
variable. Finally, ε is the error. The response variable Yit stands either 
for combined sector outcomes or for disaggregated sector outcomes, 
representing various individual sustainable development dimensions, 
such as the economic dimension, the environmental dimension, or the 
social dimension. We can consider Xit as a vector, which is a representative 
of various predicator variables, such as “per capita NSDP,” “NSDP 
growth rate,” and “regulation.” Table 7.2 below presents the findings of 
four different regression equations with different variables of interest 
for the response variable. Hence, it structures the results accordingly. 

It is observable from Table 7.2 that, in all the above regression models, 
the R-square figures are quite low, which clearly suggests that the model 
has omitted several other predictor variables. However, a decomposed 
presentation of the response model by individual sectoral outcomes 
highlights several interesting findings. Regulation as an independent 
variable of interest emerges as statistically significant, though at the 10% 
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level, at least for two individual outcome variables, specifically economic 
and environmental outcomes. This has clear policy implications. On 
the other hand, the table shows that the regulator as a key predictor is 
negatively associated with the social sector outcomes. This particular 
finding requires detailed explanation. It is also very much aligned with 
the existing literature in this domain. It corroborates the findings from 
Gutierrez (2003) and Estache and Rossi (2007), though it differs from 
Pargal (2003) and Zhang, Kirkpatrick, and Parker (2008). 

However, another predictor variable, per capita NSDP, emerged as 
a statistically significant variable, except for one model in which the 
response variable was economic sectoral outcomes. This clearly implies 
that the socioeconomic profile of the state has a positive influence on the 
sectoral outcomes. The literature can explain this. Brown et al. (2006) 
argued that several external macroeconomic factors exist that influence 
the electricity sector outcomes. Finally, the study showed that the other 

Table 7.2: Regression Results

Regressor

Parameter 
Estimates for 

Combined 
Sustainable 

Development 
Outcomes

Parameter 
Estimates 

for Economic 
Dimension

Parameter 
Estimates for 

Environmental 
Dimension

Parameter 
Estimates 
for Social 

Dimension
Combined 

Sustainable 
Development 

Outcomes
Economic 

Dimension
Environmental 

Dimension
Social 

Dimension
NSDP per capita 0.000*** 0 0.000*** 0.000**

Standard error 0 0 0 0

NSDP growth rate 0.001 0.001 0.002 –0.001

Standard error 0.001 0.002 0.003 0.002

Regulatory strength 0.068 0.114* 0.176* –0.076

Standard error 0.054 0.073 0.101 0.09

Constant 0.255 0.326 0.069 0.368

Standard error 0.025 0.034 0.047 0.042

R-square 0.317 0.137 0.385 0.01

Number of obs. 120 120 120 120

NSDP = net state domestic product.
*** stands for statistical significance at the 1% level, ** stands for statistical significance at the 5% level, and 
* stands for statistical significance at the 10% level.
Source: Authors’ construction.
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predictor variable, growth rate of NSDP, is statistically insignificant 
with a negative coefficient sign with respect to the response variable 
“social outcomes.” It is possible to discern from the above that the “rate 
of change in affluence of a state” does not have any significant influence 
on the social dimension of sectoral development. 

7.9  Sustainable Development Outcomes,  
Energy Security, and the Role of Regulation: 
Policy Learnings 

A critical evaluation of the Indian electricity sector policy and legal 
pronouncements indicates that the regulatory objectives emphasize 
sustainable development outcomes, structured around three dimensions, 
i.e., economic, environmental, and social. While it is evident that the 
fast-deteriorating financial health of the sector has been one of the key 
imperatives for the sectoral reform in India, at the same time, the legislative 
and policy pronouncements imply that the sector should give priority to 
social goals as well. The government’s recent promotion of green energy 
by assigning incremental roles to the electricity regulators has reflected 
the emphasis on the environment (Sarangi and Mishra 2009). 

The above section indicates that regulation as an independent 
variable and its impact on social outcomes calls for detailed inspection 
in the specific context of developing economies like India, where socio-
economic equity and sustainable development challenges have overriding 
considerations. These findings corroborate similar arguments that Ogus 
(2004) posed. Ogus opined that the emphasis on reforms and regulations 
meant to correct the existing economic distortions are bound to neglect 
the social aspects of sectoral reforms. To some extent, one of the earlier 
studies carried out in the Indian context reflected this (Mahalingam et 
al. 2006). It clearly stated that Indian electricity sector regulators are ill 
prepared to manage the social aspects of sectoral functioning. 

On the other hand, the study found that regulation as a key 
independent variable has influenced the environment in a positive 
manner. This is very much in line with other studies (Williams and Kahrl 
2008), which have suggested that regulatory environments positively 
influence the environmental outcomes of the electricity sector. This 
has implications for the energy security of the country as well, given 
the integration of sectors, such as the electricity and transport sectors 
through the envisaged e-mobility plan of the Government of India. In 
particular, the current idea is that regulators can drive the environmental 
dimensions of sustainability through many regulatory pronouncements 
related to various environmental norms, standards, and guidelines. 
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All these points have clear policy implications. While strategic and 
sustained policy thrusts to drive environmental goals have led regulators 
to focus on the environmental dimensions of their functioning, this has 
not been the case when it comes to influencing the social dimensions of 
regulations. It appears that there has been a recalcitrant attitude at the 
policy level to emphasizing the social goals that the regulatory agencies 
should realize. Hence, there is a need to bring out the desired policy 
dimensions to achieve the social goals through some regulatory actions. 

7.10 Conclusion 
This chapter sheds light on the nuances of the regulatory environment 
of the Indian electricity sector and its consequent effects on its 
sustainable development sectoral outcomes. First, the authors chose a 
set of indicators to construct a composite index of sectoral performance, 
which they divided into three crucial sustainable development 
dimensions, specifically economic, environmental, and social. The next 
stage was to frame an index that captures the key aspects of regulatory 
governance in India. Finally, the study employed a panel data regression 
technique to identify the link, if any, between regulation and sectoral 
outcomes. The findings reveal that the regulatory environment of the 
Indian electricity sector does influence the sector outcomes. However, 
when disaggregating sectoral outcomes as response variables, the 
impacts differ across outcomes. For instance, while the study found 
that regulation as an independent variable is a major influencing factor 
affecting both economic and environmental sectoral outcomes, at the 
same time, the results indicate that the state of regulation has a negative 
impact on social outcomes.

All these points have significant policy implications. For instance, it 
is possible to connect the environmental role of regulators to the larger 
question of energy security in the country. Hence, the current thrust on 
increasing the role of regulators to drive the environmental performance 
of the sector appears to be in line with the desired policy goals. However, 
there is a need for regulators to reinvent themselves in taking care of the 
social aspects of sectoral performance. Given that India is increasingly 
facing the challenges of equity and sustainable development, policies 
are necessary to make regulators key institutional entities to address 
such challenges. 

However, it is worth highlighting here that readers should not 
consider the findings as sacrosanct. They are largely indicative in nature 
given that data availability limited the study. At the same time, the 
novelty lies in the first ever attempt to analyze empirically the effect of 
independent regulation on sectoral outcomes at the country level. 
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8.1 Introduction
The global demand for renewable energy is continually growing. By 2050, 
its share in the global energy balance is projected to increase to 35%. 
Almost all developed countries are now establishing and implementing 
programs related to alternative energy, whose attractiveness comes from 
inexhaustible resources, independence from the high fluctuations in 
the world energy markets, and, importantly, concerns about ecological 
degradation.  

Kazakhstan is one of the richest countries in the world in terms of 
natural resources such as coal, oil, natural gas, and uranium. Kazakhstan 
also has significant potential to generate renewable energy from solar, 
wind, hydropower and biomass sources. Nevertheless, the country 
currently relies on fossil fuels to generate electricity. For example, 75% 
of total electricity generation comes from plants powered by coal, with 
resulting controversies about greenhouse gas emissions and their effects 
on human and environmental health. Recent economic development in 
Kazakhstan has generated a higher demand for energy power services, 
making it necessary to build additional capacity to generate sustainable 
economic growth. In response, Kazakhstan has made some progress 
in diversifying its fossil fuel-dominated energy mix, further tapping 
into its significant renewable energy potential, especially in wind and 
solar. It also has sizeable bioenergy potential, considering the abundant 
agricultural land and organic waste from households.
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The government has put in place a long-term plan to increase the 
share of electricity generation from renewable energy from 0.8% to 
3% by 2020 and to 50% by 2050. In this effort, the government has 
embarked on some regulatory improvements such as the introduction 
of the 2009 Law on the Use of Renewable Energy Sources, followed 
by amendments in 2013 and 2016. Renewable energy resources are, 
therefore, becoming an ever more attractive way of helping to bridge 
the gap between supply and demand and to reduce the nation’s 
greenhouse gas emissions.

Furthermore, the Central Asia Regional Economic Cooperation 
Program (CAREC 2008; ADB 2009) announced its vision of “Good 
Neighbors, Good Partners, and Good Prospects.” This vision 
implicated that energy infrastructure project strategies in the context 
of regional economic cooperation are an essential vehicle for national 
development and best solutions to meet future energy security 
development and promote the integration of Eurasia and the CAREC 
member countries.

In terms of energy project financing, the costs constitute an essential 
portion of the investment of renewables (IEA 2015). The most critical 
factors of the levelized cost of electricity generated by renewable energy 
projects are the initial investment expenditure, the discount rate, and 
the rate of return (opportunity cost of investment). These parameters 
represent the cost of capital of the investment, which impacts the net 
cash flow of future values (Ouyang and Lin 2014). The weighted average 
cost of capital (WACC) has been recognized in the literature as a leading 
economic indicator that adequately reflects the cost of capital (Blyth 
and Heptonstall 2010; Byrnes et al. 2016; Donovan and Corbishley 2016). 
The cost of capital is one of the main risk factors for renewable energy 
investments in these circumstances (DiaCore 2016).

The object of this study is to estimate the cost of capital for 
investment in renewable energy projects such as onshore wind and solar 
projects compared to traditional energy projects in Kazakhstan. The 
cost of capital, represented by WACC, offers insights into how project 
funding could vary depending on the technology used. In this context, 
WACC was chosen as the most suitable financial metric to represent the 
country’s risk climate.

A review of the literature on renewable energy investment and risk, 
namely onshore wind and solar, is provided in Section 8.2, and a review 
of the literature on energy security and potentially renewable resources 
in Kazakhstan is presented in Section 8.3. Section 8.4.1 introduces the 
cost of capital of the theoretical model and data. The model and results 
are explained in Section 8.4.2. Finally, the conclusions and ideas for 
future studies are provided in Section 8.5.
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8.2 Literature Review 
Renewable energy is one of the newest global investment opportunities. 
Thus, it is vital to understand the risks and consequences related to this 
type of investment. The development of green energy projects typically 
flows in three stages: project planning, construction, and operation 
(Enzenberger, Fichtner, and Rentz 2003). Groba and Breitschopf 
(2013) showed that projects face different types of risk at different 
stages. Ioannoua, Angus, and Brennan (2017) analyzed the risk factors 
of renewable energy projects using a “political, economic, social, 
technology, legal, and environmental” approach.

Many authors have discussed the impact of policies on risk and 
return. Wiser and Pickle (1998) demonstrate that a carefully laid-
out policy can dramatically decrease the cost of renewable energy by 
offering a predictable income stream, leading to lower funding expenses. 
The impact of policies has also been discussed in terms of changes 
in expected return and equity shares. Giebel and Breitschopf (2011) 
evaluated the effect of various policy models on capital costs. It can be 
presumed that strategies of investment in renewable energy operation 
could affect the anticipated cash flow of a project and the anticipated 
returns of investment. Dinica (2006) defined what can affect demand 
and contract risk and price, and others have clarified the risk factors 
associated with these investments in renewable energy (Byrnes et al. 
2016; Dóci and Gotchev 2016; W. Fichtner, O. Rentz. 2014; Wing and Jin 
2015). DiaCore (2016) conducted a study on the impact of policies on 
renewable energy investment and presented nine risk factors to invest 
for Green Energy in 28 European countries. Noothout et al. (2016) 
concluded that “the change of policy to promote the renewable energy 
could be estimated the  WACC ranging between 4.5%–5% annually for 
the low risk and between 6%–7% annually for larger risk in EU.” This 
conclusion supports results found by Wiser and Pickle (1998) and Giebel 
and Breitschopf (2011). 

The risks across different investors or stakeholders (e.g., policy 
makers, local communities, project developers, project investors, 
manufacturers, consumers) will differ significantly. The project 
developer’s goal is to generate an adequate return on investment by 
selling the renewable energy project to an investor (Burger, Graeber, and 
Schindlmayr 2014). Brealey (2008) called the minimum rate of return 
the costs of financing and specified it as the expected rate of return 
provided by investors in common stocks or other securities that have the 
same risks as the project. Investors primarily want to minimize the risks 
of technical reliability and revenue loss (Zeng et al. 2015). Furthermore, 
policy makers focus on designing effective and efficient policy schemes 
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that provide the appropriate level of incentives for potential investors of 
renewable energy projects (Taylor et al. 2013). Both technical reliability 
and revenue loss risks can be generated by the allocation of risk for 
investment in both solar and wind, the value of capital assessments, 
and the impact of adjustments to support schemes on the cost of the 
capital assessment. Ecofys (2016) reported the impact of risks and the 
importance of policies on Green Energy.

8.3  Energy Security and Renewable Energy 
Resources and Development in Kazakhstan

8.3.1 Energy Security

Kazakhstan covers a vast territory of more than 2.7 million square 
kilometers and has a low population density of about 5.5 people per 
square kilometer. This makes centralizing the electricity supply highly 
inefficient, leading to significant energy losses during transportation. 
In short, renewable energy has become mandatory for energy sector 
growth. The primary source of electricity generation in Kazakhstan is 
thermal power plants, which generate 76% to 85% of the total electricity 
in the country. Hydropower plants and gas-turbine plants generate 6% 
and 12%, respectively (UNDP 2014).

Table 8.1 shows that electricity production in Kazakhstan exceeded 
consumption in 2016. 

In total, Kazakhstan generated more electric energy than consumed. 
Table 8.2 shows the production of electricity by region is uneven; the 
northern regions of Kazakhstan show the most significant difference 
between generation and consumption, and all southern regions of 
Kazakhstan (South Kazakhstan, Zhambyl, Almaty) have a negative 
difference.

Table 8.1: Electricity Balance, million kWh

Year
Power 

Generation
Power 

Consumption Difference
2012 90,247.50 91,444.20 –1,196.70

2013 91,972.70 89,640.80 2,331.90

2014 93,935.20 91,660.90 2,274.30

2015 90,796.60 90,847.20 –50.60

2016 94,076.50 92,311.60 1,764.90

kWh = kilowatt hour.
Source:  KEGOC (2016).
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The industrial sector consumes nearly 60% of total energy used, 
followed by the residential (16%) and transport (12%) sectors. Progress 
in energy efficiency has been slow due to low energy prices, insufficient 
awareness, an absence of data and benchmarks, and a weak financial 
sector to support energy efficiency projects. 

Green energy has been considered as a possible way to reduce the 
difference between the production and consumption of electricity in the 
southern regions of Kazakhstan. The potential for the development of 
green energy in Kazakhstan is described in section 8.3.2.

8.3.2 Renewable Energy Resources

Green energy in Kazakhstan constitutes less than 0.4% of the total 
generation. However, as shown in Figure 8.1, green energy has developed 
well over the past 4 years, from 0.004% in 2013 to 0.4% in 2016.

Table 8.2: Difference between Production  
and Consumption of Electricity

 First Half of 2017

 
Power generation 

(million kWh)

Power 
consumption 
(million kWh) Difference

Kazakhstan 50,786.7 48,548.9 2,237.8
Pavlodar 19,846.1 9,379.8 10,466.3

East of Kazakhstan 5,379.2 4,296.9 1,082.3

North of Kazakhstan 1,795 881.6 913.4

West of Kazakhstan 999.8 937 62.8

Mangistau 2,461.2 2,472.1 –10.9

Atyrau 2,572.2 2,680.3 –108.1

Zhambyl 1,196 1,656.1 –460.1

Karaganda 7,670.3 8,291.4 –621.1

Kyzylorda 160.2 829.6 –669.4

Aktobe 1,840.9 2,934.9 –1,094

Almaty 3,818.8 5,195.8 –1,377

Kostanay 593.1 2,372 –1,778.9

South Kazakhstan 322.9 2,239.7 –1,916.8

Akmola 2,131 4,381.7 –2,250.7

kWh = kilowatt hour.
Source: Samruk-Kazyna (2017).
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In the long term, wind energy has the most significant potential. 
The average annual wind speed exceeds 7 meters per second (m/s), 
enough to generate 1 trillion kilowatt hours (kWh) per year throughout 
Kazakhstan, which is many times more than the republic’s electricity 
needs. The total annual wind energy potential in Kazakhstan is estimated 
at 1.8 trillion kWh, and its density in several places is 10 megawatts 
(MW)/km2.

By 2020, 34 facilities using renewable energy sources will be 
commissioned in Kazakhstan, with an expected total capacity of 
1,362.34  MW. Most of this energy (1,081 MW) will be produced by 
13 wind power plants, with 17 hydroelectric power plants producing 
205.45 MW and four solar power plants generating 76 MW. About 50% 
of Kazakhstan’s territory has a high technical potential development for 
wind energy, with average wind speeds about 4–5 m/sec at the height of 
30 m (Samruk-Kazyna 2017).

Solar energy growth has been dynamic; however, using it is 
impossible without government support. Among the countries where 
such support exists, the most prominent are the United States, Germany, 
Spain, the Republic of Korea, and Japan, where the development 
programs have become national. These countries form the world market 
for solar energy today.

Figure 8.1: Development of Renewable  
Energy in Kazakhstan

Source: Samruk-Kazyna (2017).
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8.3.3 Wind Energy

Kazakhstan is in the central position of Asia’s mainland landmass 
and is comprised of steppe meadow. With a wind density of about  
10 MW/km2, potential wind energy that can be generated by industrial 
wind farms, where the average wind speed is more than 7 m/sec, is 
estimated at 929 billion kW, or 10 times more than recent consumption 
(see Table 8.3). In addition, higher wind speeds in potential wind farm 
locations occur during the winter months. This is advantageous for 
switching from traditional energy to wind energy because the peak 
demand for electricity is in winter.

Table 8.3: Kazakhstan Regional Wind Potential 
(km2)

Region

Wind Speed
Potential Based  
on Wind Speed

Low 
 <%6%m/s

Average 
6%–%<7%m/s

High 
7%–%<8%m/s

Very High 
8%–%<9 m/s

Excessive 
 >%9%m/s

Wind, 
MW

Electricity, 
GWh

Akmola 45,500 85,200 15,500 0 0 108,500 285,100

Aktobe 254,400 46,200 0 0 0 0 0

Atyrau 58,100 60,500 0 0 0 0 0

West 
Kazakhstan 61,400 89,900 0 0 0 0 0

Karaganda 343,100 84,600 300 0 0 2,100 5,500

Pavlodar 37,700 87,100 0 0 0 0 0

Almaty 197,300 20,000 5,300 1,200 200 37,100 97,500

Zhambyl 106,200 36,800 1,200 0 0 8,400 22,100

South 
Kazakhstan 102,400 11,700 3,200 0 0 22,400 58,900

Kostanai 81,500 114,500 0 0 0 0 0

North 
Kazakhstan 0 82,800 15,200 0 0 106,400 279,600

East 
Kazakhstan 241,300 40,800 1,200 0 0 8,400 22,100

Mangystau 73,200 87,700 4,800 0 0 33,600 88,300

Kyzylorda 193,100 29,100 3,800 0 0 26,600 69,900

TOTAL 353,500 929,000
Sources: UNDP (2014), Samruk-Kazyna (2017).
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8.3.4 Solar Energy

The potential for solar energy is stable and acceptable in the northern 
latitudes of Kazakhstan’s geographic area. The potential solar energy in 
the southern regions is 2,500–3,000 solar hours per year, amounting to 
1.3–1.8 billion kWh/m2 per year (Ministry of Energy 2017). An essential 
aspect of solar energy in Kazakhstan is the availability of large reserves of 
silicon raw materials (85 million tons), which is the basis for converting 
solar energy into electricity (Samruk-Kazyna 2017). 

At least 50% of the total area of   Kazakhstan is available for 
the installation of photoelectric converters or helium heaters 
(2,724,902 km2), and the solar energy potential may be as much as 1,700 
TWh per year. According to the IEA (2015), solar energy will provide 
about 9,000 TWh or 20%–25% of all required electricity for 40 years, 
and this energy will reduce carbon dioxide emissions by 6 billion tons 
annually.

The Kyzylorda and Aral regions in southern Kazakhstan are the most 
attractive locations to build solar power plants, as shown in Table 8.4.

Table 8.4: Monthly and Annual Total Solar  
Illumination of a Horizontal Surface 

(MW/m2)

Shevchenko Aral Sea Almaty
January 157 198 178

February 230 307 234

March 387 473 363

April 551 616 491

May 724 820 656

June 749 850 716

July 752 830 758

August 675 736 668

September 512 558 506

October 328 343 328

November 179 188 186

December 124 139 134

Total 5,368 6,058 5,218
MW/m2 = megawatt per square meter.
Sources: UNDP (2014), Samruk Kazyna (2017).
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8.4 Estimation of Risk Factors

8.4.1 Methodology and Data

This study analyzes the cost of capital for investments in renewable 
energy (i.e., solar and wind) in comparison to traditional energy projects 
in Kazakhstan. The methodology consists of estimating financial 
parameters based on a theoretical model of a renewable energy project 
(Angelopoulos et al. 2016). We used the calculation model by Bloomberg 
and data from the Ministry of Finance of the Republic of Kazakhstan, 
Kazakhstan Stock Exchange and European Bank for Reconstruction and 
Development. Risk factors reflect financial criteria of renewable energy 
projects, specifically the cost of capital, cost of debt, capital structure 
(debt to equity ratio), and the WACC. As recompense for taking these 
risks, equity holders will demand a higher return on their investment. 
Debt providers may reduce their share if there is insufficient assurance 
that the project returns will compensate for the loan plus interest. The 
WACC corresponds to the level of risk that will make the expected return 
greater than the cost of capital. The capital structure is assumed to be 
70% debt and 30% equity for both investments in solar photovoltaics 
and onshore wind (Noothout et al., 2016).

Formula (1) of the estimation of the WACC and related variables is:

 WACC = Rd Wd (1–Tax) + ReWe (1)

where
WACC = Weighted Average Cost of Capital 
We = Equity ratio
Wd = Debt ratio 
Re =  Cost of Equity: Re = Rf + β * MRP (where Rf = Risk-free Rate, 

β = beta Coefficient, MRP = Market Risk Premium)
Rd =  Cost of Debt: TSIR + COR + RPS (TSIR = Interest Rate of 

Term Swap, COR = The risk of Country, RPS = the spread 
of Renewable Energy Project)

Tax = Corporate Tax Rate 

8.4.2 Cost of Debt 

The term swap interest rate (TSIR) is a fixed interest rate payment from 
the floating interest rate payment. According to the Kazakhstan National 
Bank, the TSIR for Kazakhstan is settled at 11%. The country risk 
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(COR) estimates the difference between the average interest rate of the  
10-year sovereign government bond and the base rate of the Kazakhstan 
National Bank (NBK). The base NBK interest rate is 9.75%. The average 
10-year national government bond interest rate is 5.9%. The renewable 
project spread (RPS) is implemented the calculation of the total cost 
of debt on the risk of a renewable energy project. The project spread 
of solar panels has higher margins than that of onshore wind energy 
(Levin 2012). Therefore, we used 3.5% as the project spread for solar 
energy and 3.0% for wind energy. 

We used the Bloomberg data to calculate a debt cost model for 
renewable energy projects using formula (2):

 Rd = TSIR + COR + RPS (2)

Substituting these values in formula (2), we get the cost of debt for 
solar energy projects in Kazakhstan as follows:

 Rd = TSIR + COR + RPS = 11% + (9.75% – 5.9%) + 3.5% = 18.35%

For the settlement cost of debt of wind energy projects, we use the 
same formula as follows:

 Rd = TSIR + COR +RPS = 11% + (9.75% – 5.9%) + 3% = 17.85%

We used Samruk-Energy bonds to calculate the cost of debt of 
traditional energy projects, that is, the total amount of interest divided 
by the total of all its debt. Samruk-Energy issues two bonds: one with 
issue volume of KZT20 billion with coupon rate 13% and one with issue 
volume KZT28 billion with coupon rate 12.5% (Samruk Energy 2017). 
Therefore, we can use the following formula:

 Rd = total amount of interest / total debt 
 = KZT6.1 billion / KZT48 billion = 12.7%.

8.4.3 Cost of Equity

In the capital asset pricing model (CAPM), the expected return or cost 
of equity estimates the risk-free rate and market risk premium multiply  
the beta of each company specific risk (Graham and Harvey 2001; Bruner 
et al. 1998). This cost of equity is given by the following formula (3):

 Re= Rf + β(MRP) (3)
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where 
Re = Cost of equity
Rf = Risk-free rate
β = Beta 
MRP = Market risk premium

The following is the case: if a company or project is more volatile 
than the market, then the Beta increases the cost of equity. The Beta 
shows the undiversified risk of the company. The expected rate of 
return does not include provisions for diversifiable or non-systems-
specific risk and does not relate to the market. MRP measures the excess 
return on the risk-free rate on the stock market portfolio. The Beta (β) is 
calculated by stock price co-movement of equity returns. Nonetheless, 
the Beta of every company is evaluated, and afterward, the obtained 
values are averaged out. 

To calculate the cost of equity for solar energy projects, we use the 
CAPM:

 Re = Rf + β(MRP) = 5.9% + 1.41 * (31.27% – 5.9%) = 23.67%

We use Kazakhstan government bonds to define a risk-free rate. 
The average 10-year national government bond interest rate is 5.9%. 
The market risk premium is the difference between the expected rate of 
return on a market portfolio and the risk-free rate, as follows:

 MRP = E(r) – Rf  (4)

where
E(r) = Expected rate of return on a market portfolio
Rf = Risk-free rate 

We use estimations from historical data to find the MRP. To derive 
the historical equity risk premium, the market portfolio returns are 
compared to the risk-free rate returns. The average returns of the market 
portfolio are 31.27%. 

We use the Beta of a comparable company to estimate an asset beta 
(Beta reflecting only business risk) and then use it for the subject project 
or company:

 βL = βU * (1 + (1-Tax) *(D/E)) = 0.7 * (1 + (1-15%) * 1.19) = 1.41



216!Energy Insecurity in Asia: Challenges, Solutions, and Renewable Energy

To find the Beta for a solar energy project, we use the unleveraged 
Beta of a bench market company (SunPower Corporation), which is 0.7. 
Moreover, the tax code on taxation at the source of payment at a rate is 
15%.

To calculate the cost of equity for wind energy projects, we use the 
CAPM once again:

 Re = Rf + β(MRP) = 5.9% + 0.74 * (15.14% – 5.9%) = 20.02%

We use estimations from historical data to find the MRP. The returns 
of the market portfolio are compared with the returns of the risk-free 
rate in order to derive the historical equity risk premium. The average 
return of the market portfolio is 15.14%.

We use the Beta of the comparable company to estimate an asset 
beta (Beta reflecting only business risk) and then use it for the subject 
project or company:

 βL = βU * (1 + (1-Tax) *(D/E)) = 0.74 * (1 + (1-15%) * 4) = 3.26

To find the Beta for a PV energy project, we use the unleveraged 
Beta of a comparable company (Vestas Wind Systems A/S), which is 0.74.

We also use the CAPM to calculate the cost of equity for traditional 
energy projects:

 Re = Rf + Country Premium + β(MRP) 
 = 5.9% + 2.54% + 0.71(8.35%) = 14.37%

To find the Beta for traditional energy projects, we use Samruk-
Kazyna’s Beta, which is 0.71. 

8.4.4 Cost of Capital (WACC)

We estimate the cost of capital for a solar energy project as follows: 

 WACC = RdWd(1 - Tax) + ReWe = 18.35% * 70% 
 * (1 – 15%) + 41.67% * 30% = 23.41%.

We estimate the cost of capital for a wind energy project as follows: 

 WACC = RdWd(1 - Tax) + ReWe = 17.85% * 70% 
 * (1 – 15%) + 36.02% * 30% = 21.41%
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We estimate the cost of capital for traditional energy projects as follows:

 WACC = RdWd(1 - Tax) + ReWe = 12.7% * 43% 
 * (1 – 15%) + 14.37% * 57% = 12.83%

According to the Samruk Energy Annual Report (2016), the  
debt-to-equity ratio for traditional energy projects is 0.75 or 43/57.

8.5 Results 
Based on the theoretical modeling approach, we find the respective input 
parameters for the quantification of WACC as presented in Table 8.5.

This applied this current modeling in the absence of return data 
in case of Kazakhstani energy company since there are no solely 
onshore wind and solar projects by renewable energy companies in 
Kazakhstan’s financial market. Therefore, for onshore wind and solar 
projects, the beta coefficient was calculated in 1.41 from unleveraged in 
bench market. Table 8.6 presents the numerical values of key financial 
measures for onshore wind projects in Kazakhstan, both derived based 
on the empirical framework described in Section 8.4 and calculated by 
the year 2017 estimate.

The WACCs for solar and wind projects are thought to be higher 
than that for the European Union. The average WACC in the European 

Table 8.5: The Cost of Capital Variables Model

Parameters Value (%)
Risk-free rate (Rf ) 5.9

Beta (β) 1.41

Market risk premium (MRP) 25.37

Term swap interest rate (TSIR) 11

Country risk (COR) 3.85

Project spread (Onshore wind) 3

Project spread (solar PV) 3.5

Debt/Equity ratio 70/30

Sources: Bloomberg (2017), Kazakhstan Stock Exchange (2017).
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Union is roughly between 5%–6%, and the average WACC in central 
and southern European countries is between 9%–13% (DiaCore 2016). 
The WACC values for renewable energy investments typically range 
from 6%–12% within Organisation for Economic Co-operation and 
Development countries (UNDP 2014).

For large-scale onshore wind projects, the WACC was considered 
lower than or equal to the results of the extracted model. Furthermore, 
some interviewees to report the cost of capital in the European Union 
for the renewable energy projects shared their views that for small-scale 
projects and renewable energy projects linked to the high-voltage power 
grid, the WACC might be slightly higher. Interviewees reported values 
that were both higher (14.5%–15%) and lower (nearly 10%) than the 
models for large-scale solar projects, with average values between 13%–
13.5% (DiaCore 2016). Most interview participants observed that equity 
costs were lower than those derived from the system for both renewable 
energy technologies in the range of 14%–17%. It is considered to be 
slightly higher for large solar power plants than the wind energy project 
(DiaCore 2016). Therefore, the WACC of renewable energy projects in 
the range of 12.8%–17% is more representative to increase risks of the 
investment in Kazakhstan, where the cost of equity is high. This cost of 
equity directly affects the high WACC since the financial crisis of the oil 
shock from 2015. An average rate could be 18%–25% for solar and wind 
energy projects. The cost of debt is also high. Based on bank investment 
policies and the lack of liquidity as a consequence of the overall financial 
crisis, the TSIR increased significantly to 11%. The representative range 
of the cost of debt could be 8%–13% to reduce the risk of investment in 
the WACC. 

The debt-to-equity ratio of renewable energy investments is 
an important factor in evaluating a renewable energy project. In 
the European Union, this ratio is generally affected by the project 

Table 8.6: Financial Indicators for Renewable Energy  
Investment Projects in Kazakhstan

Cost of Capital Solar (1) Wind (2) Solar (3) Wind (4)
WACC 23.41% 21.41% 13%–17% 12.8%–14.3%

Cost of debt 18.35% 17.85% 10%–13% 8%–11%

Cost of equity 23.67% 20.02% 20%–25% 18%–23%

Debt-to-equity ratio 70/30 70/30 60/40 60/40

WACC = weighted average cost of capital.
Sources: Kazakhstan National Bank (2017), Kazakhstan Stock Exchange (2017).
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specifications (e.g., project and company size), since more substantial 
companies and more significant projects may have the advantage to gain 
more accessible funding via soft loans by banks (DiaCore 2016).  

The tariff policy of the government is important to reduce the risk 
of debt in supporting renewable energy. The Republic of Kazakhstan 
promotes renewable energy in general through legislation called “On 
Supporting the Use of Renewable Energy Sources.” This law consists of 
four chapters and 12 articles. 

Fixed tariffs established by the Resolution of the Government of the 
Republic of Kazakhstan (12 June 2014 No. 645) “On approval of fixed 
tariffs” are presented in Table 8.7. Under the decision “Settlement and 
Finance Center for Support of Renewable Energy Sources”, a subsidiary 
of KEGOK JSC will be obliged to purchase electricity produced by 
“green” power plants at the approved fixed tariffs. The validity period 
for fixed tariffs is 15 years. The price of traditional tariffs used for coal 
or fuel electricity are KZT8.8 per 1 kWh in Northern energy sources, 
KZT8.6 per 1 kWh for Almaty Electric power plants, KZT8.7 per 1 kWh 
for Zhambyl GRES. It is clear that prices for renewable energy sources 
are higher than for traditional sources. 

Renewable energy efficiency, regulation of resources, ecological 
conditions and subsoil use have been significantly improved with 
the adoption of recent amendments to the Green Economy Law (e.g., 
renewable energy support tariff for 2018 is KZT26.98 per kWh). Such 
amendments provide for regular indexing of feed-in tariffs (FIT) 
considering foreign currency exchange rate changes, which brings 
more certainty to producers of renewable energy. The Accounting and 
Finance Centre will pay the FIT to producers through a special reserve 
fund. Extended deadlines for filing applications for new operators and 

Table 8.7: Fixed Tariffs for Renewable Energy Sources  
(KZT/kWh)

 
Renewable energy technology  

used to generate electricity
Tariff, KZT/kWh  

(without VAT)
1 Wind power plants  22.68

2 Photoelectric converters of solar energy  34.61

3 Small hydropower plant  16.71

kWh = kilowatt hour, KZT = Kazakhstani tenge, VAT = value added tax.
Source: KEGOC (2016).
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a particular model agreement to connect facilities using renewables are 
expected to facilitate investment. Therefore, the low-risk premiums and 
the expected returns promise to investors of renewable energy have the 
benefit of the FIT system since it is designed to support the discovery 
and exploitation of renewable energy sources  (Abdmouleh, Alammari, 
and Gastli 2015; Ecofys 2014; NREL 2010).

8.6 Conclusion
In this study, we evaluate the cost of capital and policies regarding the 
risk factors of renewable energy investments and energy security in 
traditional energy investments in   Kazakhstan. 

The cost of debt in Kazakhstan is higher than the average cost of debt 
among European countries for two reasons. The first is a higher risk-free 
rate compared with the average risk-free rate in Europe. The second is 
high country default spread compared with other European countries. 
The cost of equity is high because Kazakhstan has a higher risk-free rate 
and higher market risk premium compared to the rest of Europe.

The WACC could be estimated at a regional level in Kazakhstan. 
The performance and policy implications of this study may be applied to 
other Central Asian countries with similarly high-potential renewable 
energy sources. In terms of energy security, domestic energy power 
and electricity demand depend on coal resources. The transmission 
systems and distribution networks are inefficient across the country 
(average electricity generation efficiency of 18%–26%) and subject to 
approximately 15% loss. Kazakhstan’s state policy for energy security 
should focus on increasing efficiency across the entire economy with 
renewable energy.  

The Kyzylorda and Aral regions in South Kazakhstan are the most 
attractive locations to build solar power plants, while higher wind speeds 
during the winter months make northern Kazakhstan a likely location for 
potential wind farms. It would be advantageous to switch from traditional 
energy to wind energy to meet the peak electricity demand there in 
winter. Therefore, to solve energy insecurity in Central Asia, regional 
governments need to cooperate in integrating renewable energy policy. 

This study has several limitations. We calculated the Beta using the 
unlevered Beta of comparable companies because we did not have the 
necessary data. Alternative models of estimation of cost of capital can be 
used in order to calculate, to calculate the cost of equity was possible to 
use the dividend capitalization model, also to calculate the cost of debt 
use yield to maturity approach.
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9
Dimensions of Energy 

Insecurity on Small Islands:  
The Case of Maldives
Mohamed Shumais and Ibrahim Mohamed

9.1 Introduction
The term “energy insecurity” has evolved over the years. Until 
the oil crisis in the 1970s, energy insecurity was mostly linked to 
the geopolitical risks connected with securing energy supplies. 
Environmental considerations became important after the Rio Summit 
in 1992, and a focus on the Small Island Developing States (SIDS) first 
recognized them as a distinct group at the United Nations Conference 
on Environment and Development in June 1992. Among SIDS, there 
are variations in population, number of islands, and diversity of energy 
resources available. Therefore, it is important to study the different 
positions of countries in relation to energy insecurity. The United 
Nations declared 2014 as the International Year for SIDS, and Samoa 
hosted the UN International Conference on SIDS. The recommendation 
from the conference, called the SIDS Accelerated Modalities of Action 
(SAMOA) Pathway, emphasized cooperation between countries for 
capacity building in relation to renewable energy (Lucas et al. 2017). 
Thus, there is a wider need for SIDS as well as developed countries to 
cooperate. Accordingly, there is a need for Maldivians to be involved in 
different capacities of renewable energy. There is a dearth of research 
on energy insecurity in Maldives, which consist of over 1,190 islands of 
a relatively small land area dispersed over 90,000 square kilometers. 
Identifying energy insecurities and finding strategies can contribute 
to sustainable development in the Maldives and could offer lessons for 
other SIDS. 

Case studies are well suited for exploring how SIDS responded to 
the challenges of energy insecurity (Wolf et al. 2016). As there is limited 



Dimensions of Energy Insecurity on Small Islands: The Case of Maldives!225

literature on Maldives and its electricity system, a descriptive approach 
has the advantage of identifying influences on energy insecurity. 
Therefore, the aim of this chapter is to describe the energy insecurity 
issues in Maldives. This accommodates systemic security threats, such 
as disasters and fires, and the perspective of enhancing living standards 
by taking the Sustainable Development Goals (SDGs) as a guide. The 
chapter provides a brief analysis of energy insecurity in Maldives 
with reference to the energy targets from the SDGs, namely access to 
affordable, reliable, and modern energy services; increasing conservation 
and efficient use of energy; and enhancing the use of renewable energy 
(UN 2015). Conclusions with suggestions follow this discussion. 

9.2  Energy Insecurity in Small Island  
Developing States

Energy security implies a condition of being without threat; a state 
of being protected; and a form of avoidance through non-exposure to 
danger (Zedner 2003). From the perspective of an energy system as 
an object, the focus is on facilitating services to the society without 
significant interruptions or extreme price effects. These factors include 
resource availability, diversity in energy resources, supplier reliability, 
import dependency, secure and safe transit routes, infrastructure 
reliability, etc. (Johansson 2013). Energy security includes supply and 
demand side factors. The supply side of energy security includes the 
ability of a country to generate and produce energy efficiently from 
diverse sources, requiring the development of new and renewable 
energy sources and effective management of the energy sources 
available within and outside the country. The demand side of energy 
security requires accessible services at an affordable price. Thus, 
efficient and equitable distribution as well as minimization of loss 
in the distribution and conversion of energy into final uses through 
conservation practices and end-use technologies are important (Elkind 
2009). Renewable energy can contribute to the energy security, as 
well as reducing greenhouse gas (GHG) emissions. It can also reduce 
geopolitical risks through the diversification of the fuel mix and 
increased use of locally available sources (Ölz, Sims, and Kirchner 
2007). However, it will not automatically result in the removal of all 
energy insecurity problems. Solutions to energy insecurity also rely on 
resource management and good governance and effective institutions 
(Johansson 2013). This implies conserving limited energy resources, 
particularly when faced with the challenges in achieving economies of 
scale in small operations on small islands. People have conventionally 
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generated energy from limited resources: wood for cooking, imported 
fossil fuels, or renewable energy technologies. Consequently, the 
management of resources to ensure energy security is essential. It is 
necessary to protect the energy infrastructure and build the capacity 
within communities. 

Energy security is important for economic growth, because it 
enhances the productivity of capital and labor, among other factors 
(MEE and ADB 2017). However, the world market prices of fossil oil 
fluctuate sharply and continue to be a risk for SIDS. Moreover, climate 
change alters disaster risks for electricity generation that are often 
overlooked (Urban and Mitchell 2011). This is particularly relevant to 
Maldives as one of the lowest-lying SIDS, vulnerable to the effects of 
climate change due to rising sea levels. Extreme weather conditions can 
damage critical infrastructure on the islands (Hanaif 2012). Moreover, 
fires in electric power-generating plants can cause risky incidents and 
costly consequences (Ali 2017b; Dieken 2019). 

The SDGs include a pathway for sustainable energy by 2030: 
(1)  ensuring universal access to affordable, reliable, and modern 
energy services; (2) increasing substantially the share of renewable 
energy in the global energy mix; and (3) doubling the global rate of 
improvement in energy efficiency (UN 2015). As in the case of building 
resilient infrastructure, the strategies to achieve the energy goal require 
enhancing new and existing critical infrastructures to ensure that 
they remain safe, effective, and operational during and after disasters 
(UNISDR 2015). 

9.3  Access to Affordable, Reliable,  
and Modern Energy Services 

The Maldives Energy Policy and Strategy (2016) states that its main 
objective is reliable and sustainable energy services for comprehensive 
social and economic development at the lowest possible cost. This 
relates to the SDG objective to ensure universal access to affordable, 
reliable, and modern energy services (UN 2015). The Maldives 
Constitution of 2008 enshrines that access to essential services is a 
right. However, the dispersed nature of the islands and the scattered 
nature of the population pose major challenges to the provision of 
essential services. As electricity generation requires management at the 
island level, it involves high costs for each island, making all the costs 
relatively higher overall than those in other parts of South Asia. There 
are 186 powerhouses on inhabited islands, excluding the islands used 
exclusively as resorts or for industrial purposes. 
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Maldives imports such fuels as diesel, petrol, aviation gas, and 
kerosene. Among these, diesel accounts for 72% of the total. Electricity 
generation consumes the largest proportion of imported fuel, and the 
outer islands, excluding the capital, account for 39% of the total electricity 
generated (MEE 2015a). Oil imports accounted for 31.2% of merchandise 
imports in 2012, dropping to 17.9% in 2017. World fuel prices fluctuate 
and affect the small countries that are dependent on fossil fuel imports. 
Maldives addresses such fluctuation through government controls, 
subsidies, and direct importation of oil through state-owned companies, 
such as the State Trading Organization. The provision of subsidies is not 
always economically efficient, as it can encourage inefficient industries 
and the use of government resources that could be spent more efficiently 
for other purposes (Jakob et al. 2015). 

Various issues of insecurity are linked to the import of fossil fuels. 
SIDS must rely on sea transportation for fuel imports. Among the 
challenges, Maldivian importers do not obtain favorable credit terms 
from most suppliers. Major suppliers, such as the Singapore Petroleum 
Oil Company and Petronas Malaysia, allow 45 days’ credit, while the 
Emirates National Company is the only company to provide 90 days’ 
credit. In addition, the relatively small tenders do not facilitate a lower 
price. Similarly, the oil tanker size of a maximum of 24,000 metric tons 
used by Maldivian companies is too small to bring down the freight 
rates. Moreover, due to their smaller size, Maldivian companies are not 
able to use the ports and berthing facilities in the neighboring South 
Asian region. The nearest port is Cochin in India, and the smallest 
clean petroleum products tanker size that it caters for is 30,000 
deadweight tonnage. Therefore, Maldivian companies must make 
special arrangements through the United Arab Emirates, Singapore, or 
Malaysia. Ships must steam one way with cargo and make the return 
voyage with ballast. Consequently, to cover the voyage cost, shipowners 
increase the freight rate, adding extra costs. 

The limited storage capacity on the islands is also a major drawback. 
By 2015, about 64% of the diesel bunkering capacity of the country was 
on one small island, Funadhoo, near Malé. There are three other small 
bunkering facilities in the south of Maldives but none in the north 
(MEE 2015b). The Maldives Energy Policy and Strategy (MEE 2016) 
recommended building regional oil bunkers in four locations in the 
northern parts to store oil in times when the world prices drop. 

The limited number of small delivery vessels, especially for long 
distances, incurs frequent voyages, which inflates the delivery and 
operational costs mainly for bunkers and for steaming and maintenance. 
Table 9.1 shows the average monthly consumption based on 2017 data 
on the monthly average consumption of a similar approximate level 
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and 2019 data on the capacity of the storage tanks on sample islands. 
The capacity of the storage tanks entails filling them 12 times a month 
in Gemanafushi and six times in Nolhivaram compared with twice a 
month in Makunudhoo. 

The results indicate that, in the past, the islands had different 
tariff structures, although the government supervised them. These 
differences were reflections of the production scale due to the population 
size, efficiency, and cost of transportation of fuel. The electricity tariff 
structures varied across the Maldives, but in 2016, the government 
introduced a single tariff band for all the islands other than Malé. In 2018, 
the government eliminated the differences in the tariff rate and made it 
the same as in Malé. Table 9.2 shows the change in the tariff levels for 
the domestic sector. It was an important step in promoting equity for all 
consumers, although it may not be a cost-reflective tariff system. 

Table 9.1: Capacity of Oil Storage and Estimated  
Number of Times Required to Fill the Tanks

Island Atoll

Monthly 
Average 

Diesel 
Consumption 

(liters)

Capacity of 
Storage Tank 

(liters)

Number 
of Times 

Required to 
Fill the Tank 
per Month

Nolhivaram Haa Dhaal 34,937.67 6,100 6

Makunudhoo Haa Dhaal 35,895.92 15,000 2

Maduvvari Raa 38,966.75 19,300 2

Kurendhoo Lhaviyani 40,274.00 20,000 2

Meedhoo Dhaal 35,851.08 15,000 2

Gemanafushi Gaaf Alif 37,420.17 3,000 12

Source: Authors’ calculation based on data from Fuel Supplies Maldives (2019) and MEE (2018a). 

Table 9.2: Electricity Tariffs in Maldives in 2016 and 2018 
(Rf)

Band (30 Days) Malé (2016) Other Islands (2016) All Islands (2018)
1–100 2.10 3.00 1.50

101–200 2.20 3.30 1.70

201–300 2.35 3.40 2.15

301–400 2.70 3.50 2.50

Sources: Fathih (2016), Rasheed (2018).
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The Government of Maldives has a constitutional obligation to 
ensure a reasonable standard of electricity for every inhabited island. 
Therefore, to reduce the burden on electricity-producing companies, 
the government reduced the import duty of diesel between 10% and 
15% in 2017. This was followed in 2018 by a complete exemption of 
import duty on diesel, with the expectation that it would reduce 
production cost. 

However, as the population on most islands is small, less fuel is 
required. Therefore, instead of buying in bulk from Malé at a lower 
rate, the powerhouses purchase small quantities from nearby suppliers. 
However, people consider this to be malpractice, as the Auditor General’s 
Office refutes such sales. For instance, there are reports of some cases in 
which utilities are involved in corruption. Normally, power companies 
must obtain three quotes before purchasing. However, if there are not 
many suppliers in a particular location, then the operator buys from the 
nearest location. In some instances, powerhouses have even purchased 
diesel from fishing boats due to a shortage of fuel. According to the 
Auditor General’s report, one of the electricity companies bought fuel 
at higher rates with a value of more than $1.4 million between 2014 and 
2015 (AGA 2018). Although it is possible to buy larger quantities of fuel 
from the suppliers in Malé, the powerhouses on the islands do not have 
adequate storage. The storage facility on Funadhoo island is also a high-
risk area, being constrained by space and risks of tidal surges or fire. 
Despite it being adjacent to Malé’s international airport, the government 
has no plans to shift the facility to a safer place, with room for expansion. 

The UN Sendai Framework for Disaster Risk Reduction for  
2015–2030 appealed to governments to prioritize critical infrastructure, 
and included such aspects as transport systems, air- and seaports, 
electricity, water and communications systems, hospitals and health 
clinics, and centers for fire, police, and public administration services 
(National Disaster Management Centre 2014). Thus, the electricity 
infrastructure is also on the government’s national security agenda. The 
ability to manage and address these risks and ensure the resilience of the 
energy infrastructure needs an integrated approach for mainstreaming 
disaster risks, and includes retrofitting the existing infrastructure. 
This includes preparing and implementing design guidelines as well as 
policies and regulatory mechanisms to enforce precautionary standards.

Although Maldives is not especially prone to tropical cyclones 
(RMSI 2006), historical records indicate cyclone-driven storms a few 
hundred km away in the Indian Ocean. People have abandoned several 
islands due to such storms. For instance, about 18 islands from the 
northern atolls are uninhabited due to storm damage (Maniku 1990, 
as cited in Jameel 2007) and people abandoned three islands after the 
2004 Indian Ocean tsunami. 
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For a robust electricity infrastructure, the power plant system, 
distribution boxes, and distribution lines must be able to withstand 
extreme weather conditions while other electrical equipment, such 
as transformers, must remain operational. However, the energy 
infrastructure on the islands lacks robustness to varying degrees. In 
Maldives, the transmission lines are underground, even though this 
is often costlier. In the past, when the transmission lines were above 
ground, many incidents occurred, including loss of life. Incidents of 
heavy rainfall affecting powerhouses and loss of electricity are common 
on many islands. For instance, a lightning strike in Mandhoo damaged 
the first solar panels that were installed in Maldives in 2005 before their 
official commissioning (Van Sark et al. 2006). This is an important lesson 
on precautionary measures and transformative adaptation. There are no 
records on damage to powerhouses in relation to weather events except 
in the case of the 2004 Indian Ocean tsunami. 

The tsunami that hit Maldives on 26 December 2004 was a 
nationwide disaster that caused severe damage to the physical 
infrastructure of many islands. Estimates indicated that the total 
damage was $470 million or 62% of the gross domestic product. The 
tsunami caused damage to the electric power supply system on 95 
islands (about 48% of the islands with electricity then), with effects that 
lasted for several days (World Bank, ADB, and UN System 2005). On 
almost all the affected islands, the damage occurred to the distribution 
network, that is, cables, distribution boxes, and household connections. 
The strong waves pulled out the cables and tore them out of the ground. 
On some islands, the powerhouses, generators, and switchboards were 
also damaged to varying degrees; some of the generators needed repairs 
and others replacement. This damage amounted to $4.65 million of asset 
losses. The damaged facilities included 24 powerhouses, 104 generators, 
652 streetlights, 34 switchboards, 632 distribution boxes, and more than 
121 km of cable (World Bank, ADB, and UN System 2005). The damage 
incurred was still less than in some other sectors. However, electricity 
is critical for those sectors; thus, the real value of a reliable electricity 
service is much higher than the value of the physical infrastructure. 

The islands could not rebuild the powerhouses that were destroyed 
in the 2004 tsunami for a long time. Until then, the powerhouses 
were run in a temporary manner. Communities themselves ran most 
powerhouses, and islands did not have a network of manpower and 
equipment to assist them. For example, in Isdhoo Kalaidhoo there 
were no trained electricians or engineers, and there were frequent 
disruptions, risking the operation of the health center. Even after the 
tsunami, the powerhouse was not relocated to a safer area, and most 
streetlights remained defective for 3 years. Moreover, to protect from 
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extreme events, islands must locate powerhouses at a particular height. 
Power interruptions have been common in times of heavy rain. Recent 
examples in 2019 include power cuts in Dhigurah and Maamendhoo. 

Incidents of fire at power plants in SIDS have received little attention 
in the literature. The energy policy documents of Maldives also do not 
recognize such incidents. However, fire has destroyed the electricity 
generation infrastructure on many islands, causing a huge loss in terms 
of machinery, buildings, and even human life on a number of islands. 
Table 9.3 contains some reported cases.

Unlike other countries, powerhouses in Maldives are situated close 
to residential areas. Consequently, the impact of smoke, radiation and 
noise on residents is critical (Ali 2007b), with a heightened risk of 
cancer and asthma for children residing in the area (Usama as cited in Ali 
2017a). For instance, a children’s park is located next to the powerhouse 
in Malé, and many other islands have imitated this.

Both residential houses and powerhouses are prone to incidents, as a 
fire in one building may affect another. For instance, people have alleged 
that the fire in Thinadhoo powerhouse in 2016 started in a neighboring 
warehouse. While powerhouses are small, oil tanks and other parts 
of the engines are not kept safe. In addition, they are not kept at an 
appropriate distance, increasing the vulnerability to such hazards (Ali 
2017a). Many powerhouses also lack fire extinguishers, while existing 

Table 9.3: Some Fire Incidents in Maldives between 2016 and 2017

Year Island 
Reason  
for Fire Response Loss 

2016 Thinadhoo Fire at a 
neighboring 
warehouse 

A generator was 
brought from a  
nearby island 

Rf22 million: 
100,700 kW and 
600 kW generators  
and 22 kW solar panel

2017 Bilehfahi Fire in turbo Temporary generator 
120 kW and panel 
board brought from 
neighboring Feydhoo

Rf2.27 million

2017 Narudhoo Unidentified 50 kW, 80 kW 
generator 

2017 Ukulhas Fire at fuel 
shed

Using the unburnt 
300 kW generator 

200 kW generator 

2017 Fiyori Battery fault 180 kW generator 
brought from 
Dhevvaddhoo 

250 kW generator 
Death of one employee

kW = kilowatt.
Sources: Ali (2016, 2017a), Anwar (2017), Jameel (2017), and Samah (2017).
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ones have often expired. When the fire started in Narudhoo, there were 
no fire extinguishers (Anwar 2017).

Following disasters and fire incidents, building powerhouses usually 
takes a long time. Even for an island with a small population, it takes more 
than a year to rebuild using local contractors. For example, Bilehfahi and 
Thinadhoo electricity generation are in temporary buildings, since the 
power company considered a prefabricated powerhouse to be cheaper 
and faster to build (Samah 2017). 

Fire incidents are also a reflection of the poor maintenance and 
safety in the powerhouses. There is also a possibility that the design of 
the older powerhouses has contributed to inflated damage during fire 
incidents. Some powerhouses contained timber roof rafters, and many 
have now changed to steel structures. The outer island projects that 
ADB funded between 2011 and 2013 contributed to the improvement of 
the powerhouses on 19 islands. 

9.4 Improvements in Energy Efficiency
Energy efficiency refers to a reduction in the energy used to provide 
a given level of services to a household, building, or facility. The 
optimization of end-user energy consumption is usually associated with 
technological changes but is also achievable by improving management 
processes or by adjusting operational procedures. Energy efficiency is 
first a matter of societal or individual choice and reflects the response 
of the government, utilities, and energy consumers to costs and their 
market derivation. 

With economic growth and an increase in the expectation of living 
standards, there is a rise in the demand for electrical appliances and, 
hence, for energy. One of the key changes has been a drastic rise in 
the use of air conditioners in recent years. Estimates indicate that the 
entire stock of air conditioners in Maldives (excluding resorts) in 2012 
was 76,000 units; according to the Ministry of Environment and Energy  
(MEE) (2014), 65% are not energy efficient. Hameed (2014) studied 
electricity costs on the Maldives National University campuses in 2013, 
observing a drastic change in electric consumption compared with 2012, 
with a cost increase of 113% from $133,132 to $283,631. 

An energy audit revealed that air conditioning accounts for 60%–
70% of electricity consumption in households and offices (MEE 2014). 
Many developed countries are now experiencing economic growth with 
decoupling of emissions, owing to energy conservation and renewable 
energy. This is not the case in the Maldives yet, as the demand for 
energy is increasing without emphasis on conservation or sustainable 
lifestyles. Additionally, the lack of enforcement of building codes and 
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green building concepts, compounded by urban sprawl and internal 
migration, poses further challenges. Since the tsunami of 2004, more 
people have been migrating to the capital area, and, as they live in rented 
small spaces with poor ventilation in urban areas with less greenery, the 
usage of air conditioning increases the demand for energy. On the other 
hand, on the rural islands, a decrease in population due to migration 
results in diseconomies of scale in electricity production. 

To reduce the energy consumption and to take advantage of the 
latest technology, the Ministry of Environment and Energy suggested 
replacing Maldives’ existing air conditioners with models that are 
10% more efficient than standard models. Replacing the existing stock 
with more energy-efficient air conditioners would cost $9.6 million in 
Maldives, but, over the lifespan of the new air-conditioning units, there 
would be yearly savings of $27.7 million by reducing the electricity 
demand by 97 GWh up to 2020 (Marcu et al. 2015). Moreover, a survey 
that the MEE (2017) conducted found that 85% of people were not aware 
of the energy efficiency labels or ratings often depicted on consumer 
appliances. However, 48% of households have air conditioning in 
their homes, and this figure is continuing to increase. Imports of air-
conditioning units increased by 166% from 2012 to 2017 (Table 9.4). 
Customs data, however, are not available with energy ratings. 

The promotion of energy conservation and efficiency was one of the 
key policies of the Strategic Action Plan (2008), and the National Strategy 
on Sustainable Development (2009) set a target of a 7.5% reduction in the 
final energy demand by 2020. Further, the Maldives Energy Policy and 
Strategy (MEE 2016) recommended providing energy-saving equipment 
to promote conservation and efficiency. With regard to institutional 
arrangements, the Ministry of Environment has conducted energy audits 

Table 9.4: Imports of Air Conditioners

Year Quantity CIF Value (Rf) CIF Value ($)
2012 13,836 79,218,810.26 5,137,406.63

2013 19,565 123,602,728.18 8,015,741.13

2014 26,361 153,919,142.08 9,981,786.13

2015 28,414 163,100,990.52 10,577,236.74

2016 149,158 210,914,855.59 13,678,006.20

2017 36,841 220,556,015.62 14,303,243.56

CIF = cost, insurance, and freight. 
Source: Maldives Customs (2018). 
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in some of the public and local buildings, while the Ministry of Housing 
and Infrastructure has developed a building code but lacks compliance 
documents, causing gaps in implementation. Similarly, the Maldives 
Energy Authority is working on labeling regulations for energy efficiency 
products. However, no requirements regarding energy efficiency are yet 
in place, although there is a clear policy vision (IEA 2014). 

Existing policies are already attempting to address many of the 
constraints that the country faces in improving energy efficiency, but 
progress in some key areas is slow. Electricity savings are not nearly 
fully utilized despite their financial and economic benefits. Therefore, 
there is an expectation that the electricity demand in Maldives will 
grow by more than 10% per annum unless the current scenario changes. 
Not only will the electricity requirements increase but also the load 
curves will peak more often, in particular for island grids in which the 
connected cooling loads from air conditioners are likely to increase. For 
some islands, the peak loads may grow at an even higher rate than the 
electricity requirement growth rate. For instance, after the government 
allowed guesthouses in locally inhabited islands in 2009, the room 
capacity increased by 2,090 rooms by 2018. After a domestic airport 
became operational on Dharavandhoo Island of Baa Atoll, tourist arrivals 
to the island increased. However, power generation relied on the old 
generators with capacities of 200 kW, 250 kW, and 10 kW. Since the peak 
load is high, power interruption has become frequent on the island. As 
a result, the air conditioning and water heating in the guesthouses are 
inconsistent, resulting in tourists’ dissatisfaction. Hence, the community 
either must target tourists who require fewer energy-consuming 
services or increase the electricity capacity. This further reiterates the 
importance of energy insecurity and its link to livelihoods. 

Energy consumption levels reflect households’ and institutions’ 
choice of equipment and infrastructure, making an early emphasis on 
energy efficiency crucial (Elkind 2009). MEE, with the aid of ADB, is 
developing a road map for the low-carbon development of the Maldives 
energy sector. According to MEE (2018b), the objective of the Roadmap 
for Low Carbon Development of Energy Sector in the Maldives (2018–
2025) is to reduce the fuel dependency by 70% using clean energies and 
implementing energy efficiency. The road map will also help Maldives 
communities to use modern renewables technologies. 

One of the most successful global environmental collaborations, 
the Montreal Protocol to phase out chlorofluorocarbon gases, identified 
contributors to ozone layer depletion. Currently work is also underway 
to phase out hydrochlorofluorocarbons (HCFCs), which are an ozone-
depleting substance and a contributor to global warming. One way to 
deal with the reduction of such gases is to phase out the dependency on 
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high global warming potential alternatives and promote the usage of low 
global warming potential, energy-efficient technologies (Barton 2014). 
As air-conditioning equipment uses HCFCs as a refrigerant, prospective 
strategies can explore different interventions in environmental 
management that have co-benefits.

On the supply side of electricity generation, the Maldives Energy 
Policy and Strategy (MEE 2016) implies that measures are necessary to 
manage the electric power infrastructure and to provide a quality energy 
service. However, the distribution losses that poorly designed and 
maintained networks cause are high. Currently, network losses account 
for 20% to 30%. On many islands, the design of the cable networks did 
not allow for overloading. There are some regulations in place, such 
as the banning of aluminum cables owing to incompatibility with the 
environmental conditions of Maldives. Reducing these variations 
through regulatory intervention will conserve more energy and reduce 
energy insecurity. 

Improvements in efficiency can reduce the operational cost of 
electricity generation. Many islands are operating powerhouses above 
capacity. The installed capacity is often two to three times higher than 
the peak load. On some islands, oversizing leads to generators running 
with inefficient part loads. The size of diesel-powered electric generators 
typically intends to meet the peak demand, but the low load at other 
times results in poor fuel efficiency and increased maintenance (Nayar 
2010). Table 9.5 indicates the installed capacity and maximum load for a 
few islands; as shown, there is a large discrepancy between the installed 
capacity and the maximum peak load. Therefore, the government must 
devise a structured system optimization program to make the current 
systems more efficient and sustainable (MEE and ADB 2017).

One solution to save fuel in a diesel generator is to enable it to 
operate at variable speeds in relation to the electrical load demand 

Table 9.5: Installed Capacity of Diesel Generators and Peak Load

Island Atoll
Installed 

Capacity (kW)
Maximum Peak 

Load (kW)
Thinadhoo Gaaf Dhaal 3,920 1,462

Ukulhas Alif 737 286

Hulhumeedhoo and Meedhoo Seenu 1,495 760

Maafushi Kaafu 4,079 1,389

kW - kilowatt.
Source: MEE (2018a). 
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(Nayar 2010). Hybrid diesel application requires increased flexibility of 
the generator, with variable potential speed configurations. This could 
be a transitional technology for use with renewable energy and diesel 
hybrid models (Hamilton, Negnevitsky, and Wang 2019). Such solutions 
require further research to determine whether there are constraints to 
leapfrogging directly to a complete transformation to renewable energy. 

People generally consider energy efficiency as the lowest-cost option 
to deal with the current and future constraints in energy insecurity 
and to achieve the necessary reductions in GHG emissions (Econoler 
International 2011). While Maldives is vulnerable to the effects of 
climate change, their own contribution to GHG emissions is relatively 
small. Maldives pledged to reduce GHGs by 10% of the level that it 
would reach in 2030 if it continued under a business-as-usual scenario. 
The 10% target falls far short of the plans that the Maldivian President 
announced in early 2009 to become carbon-neutral by 2020. The 
government has lowered the target due to the difficulty in generating 
finance and accessing technology. Nonetheless, with international 
assistance, it will operationalize a mitigation target to reduce this 
by 27%. According to MEE (2015b), to facilitate further renewable 
energy installations, the Maldives Climate Change Policy Framework 
(2015) highlighted sustainable financing, low emission development 
and ensuring energy security, adaptation actions or opportunities, and 
building a climate-resilient infrastructure and communities as well as 
fostering local capacity. 

9.5 Renewable Energy in SIDS 
Renewable energy has the potential to enhance energy security in SIDS 
and assisting them to achieve their sustainable development goals. 
Recently there has been an increase in familiarity with renewable energy, 
particularly solar and wind, as a few pilot projects have taken place. 
The Maldives Energy Policy Strategy recommends the introduction of 
hybrid systems that use renewable energy, the conducting of projects to 
install solar panels in government and large private buildings, and the 
facilitating of research in wind, solar, ocean currents, and wave energy 
as ways to minimize electricity expenses.

Compared with solar panels, the prices of most other technologies 
have not yet decreased to a suitable extent for SIDS. The initial cost 
of investing in solar panels is still high, but the prices have fallen to a 
feasible level for small countries, and it is a simpler technology with 
the potential for saving fuel. The Maldives also has an abundance of 
sunshine, and investing in solar panels is highly significant vis-à-vis 
energy security. In fact, adding the social costs of fossil fuel, the costs are 
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higher than in the conventional understanding. However, the lack of land 
on the islands and lagoons in coastal marine areas is a challenge. Hence, 
the Maldives could try to incorporate diverse types of technologies and 
explore further development of technologies. By 2017, it had installed 
11 MW of renewable energy (MEE 2018a) with projects in the pipeline 
to increase this by December 2019. Renewable electricity could range 
between 5% and 10% of the total electricity capacity by 2019 (Marcu 
et al. 2015). Most of these projects are solar panel installations, while 
there are proposals for wind and waste to energy projects. For example, 
the incineration plant on Vandhoo Island of Raa Atoll now incorporates 
waste to energy. 

Considering the empirical studies, Van Alphen, Van Sark, and Hekkert 
(2007) indicated the solar and wind power potential in Maldives. While 
solar power sources are widely spread across the country’s islands, wind 
potential is confined to a few locations, mainly in some northern areas. 
Wijayatunga et al. (2016) indicated that hybrid diesel-solar photovoltaic 
hybrid power generation systems with storage can increase Maldives’ 
economic and environmental energy security. Jung et al. (2018) investigated 
whether renewable systems are feasible options in SIDS based on the case 
of Kuda Bandos Island. They suggested that, if the project uses solar panels 
and a diesel generator, it will be possible to achieve grid parity in 5.77 years, 
making the renewable system an effective solution for replacing the existing 
diesel generator and reducing the diesel consumption. 

As the islands are small, one of the challenges is to find appropriate 
spaces to install solar panels, because they require uninterrupted 
sunshine. There are cases in which tree removal has taken place over a 
relatively large area for the installation of solar panels. Where possible, 
it is necessary to minimize this, as the conservation of trees is important. 
An alternative is to install floating solar panels on lagoons, close to the 
shore. However, very few clusters of islands are situated on particular 
reefs. According to estimates, the electricity generation costs are below 
the diesel generation costs but higher than the costs of rooftop systems 
(Journeay-Kaler and Taibi 2015). The Ministry of Environment and 
Energy estimated that, by utilizing the rooftop space of individual 
households and public buildings, the country could fulfill as much as 
30% to 80% of the electricity demand on islands (World Bank 2015). 

In the case of some resorts, there are a few successful examples of 
solar panel installation and storage. In peak loads, some of the resorts 
can shut down their generator. For efficient use of solar panels, storage 
batteries are necessary and require further investment. However, 
caution is essential regarding the disposal of lithium-ion batteries after 
their lifetime. In the case of lead acid batteries, their lifespan is even 
shorter. As there is no facility to dispose of batteries, it is necessary 
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to send them abroad for proper disposal. However, this would lead to 
further issues, as there are regulations in other countries on accepting 
hazardous waste for disposal. 

The Climate Trust Fund project installed a solar photovoltaic diesel 
hybrid project with a capacity of 558 kWp on Thinadhoo Island as a pilot 
program, which the European Union and Australian Aid funded. The 
project involved rooftop solar panels on a range of public buildings in 
addition to the powerhouse. This project helped the island to generate 
about 50% of its electricity through solar panels during the daytime. 
Demonstration projects in Thinadhoo and Ukulhas contributed to 
building the confidence of the key stakeholders of the Maldives in the 
applicability of island grids.

However, a fire in 2016 destroyed half of the solar panels installed 
on the roof of the powerhouse in Thinadhoo. The remaining panels are 
not in regular use because of certain technical issues that have received 
prolonged neglect. According to a key informant, there is a lack of 
technical expertise, as some of those who had received training left their 
jobs and the regular monitoring of the technical issues was inconsistent. 
As a result, only diesel generators currently generate electricity on the 
island. The case of Thinadhoo offers important lessons on developing 
renewable energy as well as emphasizing the precautionary aspect 
for energy insecurity in disaster management. Another lesson learned 
from these projects is the lack of availability of qualified and trained 
Maldivians on most islands. The utility companies have also faced 
challenges in maintaining trained staff on rural islands, as many of them 
move to work in resorts where the pay is higher. To improve the energy 
security situation sustainably, there is a need to enhance the human 
resource capacity and provide continuous training as a programmed 
approach. This is crucial as more islands are joining and more projects 
are installing solar photovoltaic hybrid systems. Without development 
of the human resource capacity, Maldives will continue to depend on 
foreign sources for technical capacity as well as technologies with a 
high cost of dependence (Cole and Banks 2017). The Maldives Energy 
Authority divides power engineering licenses into five categories. 

As Table 9.6 illustrates, in 2003, a year before  the tsunami 
devastated a large portion of the electricity infrastructure, there were 
only four licensees issued for the design and installation of distribution 
networks. The situation has not improved since then; in 2018, only 10 
licenses were issued in the same category. It is notable that there were 
no female licensees in 2018, though there was one female licensee in 
2003. For the design and installation of power transformers and the 
installation of generating units of capacity of 1 MW or more, there were 
only two registered personnel. This implies that the emphasis on the 
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technical skills that the Maldives’s economy needs is low, including the 
encouragement of women to participate in the power-generating sector 
and expertise on renewable energy as new categories. 

Other experiences learned from the Thinadhoo project indicate 
that the intermittency of solar energy limits the grid’s ability to rely on it 
and that the peak load time of the island was not during the daytime, as 
was expected. The peak times vary on different islands of Maldives, and, 
in the case of Thinadhoo, the peak load time was at 8:30 p.m., as Table 
9.7 shows. As Blum, Wakeling, and Schmidt (2013) noted, a crucial factor 
concerning the use of an intermittent power generation source such as 
solar panels is its dependence on battery storage. However, there was no 
battery bank in Thinadhoo. 

It is necessary to supply electricity generated from renewable 
energy instantly. If the generated output is greater than the electrical 
load, then it must use distributed electric energy storage. It can supply 

Table 9.6: Power Engineering Licensees

Categories 2003 2018
A. General House Wiring 47 311

B. Control Logic Design and Installation 4 17

C. 400 V Distribution Switchboard Design and Installation 4 10

D. Installation of Generating Units Less than 1 MW 4 8

E. Design and Installation of 400 V Distribution Networks 4 10

F. Design and Installation of MV Systems, Installation of Power Transformers 0 2

G. Installation of Generating Units of Capacity 1 MW or more 0 2

MW = megawatt, V= voltage.
Source: Author’s calculation based on MEE power engineering licensee lists (1997–2019); Maldives Energy 
Authority (MEA) (2019).

Table 9.7: Peak Times

Island Atoll Peak Time
Thinadhoo Gaaf Dhaal 8:30 p.m.

Ukulhas Alif 12:30 p.m.

Hulhumeedhoo and Meedhoo Seenu 9:00 p.m.

Maafushi Kaafu 7:00 p.m.

Source: MEE (2018a). 
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electricity when the generated output is insufficient or in an emergency. 
However, as there are technical constraints on storing huge amounts of 
electricity, one solution could be to produce desalinated water (Liu et al. 
2017). Groundwater has increasingly become salinized on many islands 
in the Maldives, and a desalination system is crucial.

With the development of guesthouse tourism, the issue is becoming 
critical for islands. In the past, even if the water was salty, many 
Maldivian families continued to use groundwater for bathing and 
depended on fresh rainwater for potable use and only minimal water for 
showers. To maintain island water security, desalination plants supply 
fresh water. A demonstration project in Ukulhas employed rooftop 
rainwater harvesting along with desalination of the groundwater using 
solar energy. The use of solar energy for pumping and other processes is 
a special feature of this scheme, as it meets the objective of harnessing 
renewable sources of energy, thereby avoiding CO2-emitting options. 

One of the positive externalities of these demonstration projects is 
private parties’ installations of solar panels, as the project has showcased 
their benefits. For instance, several small businesses, such as restaurants 
and guesthouses, have begun to install rooftop solar panels in Thinadhoo 
and Ukulhas. In Nellaidhoo, a nongovernment organization facilitated 
the installation of a solar photovoltaic system at a mosque as a way of 
reducing electricity costs as a result of air conditioning. After installing 
solar panels, electricity bills fell significantly (Fareeha 2019), reducing 
expenses that the government would otherwise have incurred, as it 
funds the utility charges of mosques. The government should encourage 
co-production by civil society groups following these examples. 

Other initiatives include a joint credit mechanism program that the 
Japanese government facilitated for the diffusion of climate-friendly 
technology to developing countries. An advantage of participating in 
the joint credit mechanism is that the monitoring and assurances of 
technical experts help to ascertain that the implementation of projects 
is appropriate and standard. This project installed a 186 kW grid-
connected rooftop solar photovoltaic system on the roofs of Villa College, 
a private educational institute. Through this project, Villa College was 
able to reduce its electricity expenses by 42% by taking advantage of net 
metering, as it allows owners of grid-connected renewable electricity 
systems to receive credit for the electricity that they input to the grid, 
and thus the meter offsets the electricity consumed from the grid 
(Blazek 2011; Jacobs and Sovacool 2012). The structure of the joint credit 
mechanism process requires project completion before it confirms a 
financial incentive or a grant. There are very limited opportunities in 
the Maldives to finance such projects through bank loans. The collateral 
on these loans makes it impossible for small businesses to undertake 
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such projects relating to renewable energy (Manik and Munnim 2019). 
Currently the Bank of Maldives has a green loan scheme, but this is not 
attractive to small firms or the household sector, because the interest 
rates are staggeringly high. Therefore, alternative financing schemes 
are essential. The government could introduce an alternative special 
revolving trust fund or subsidies to facilitate installation. 

9.6 Conclusion 
Energy insecurity related to fossil fuel availability, prices, and emissions 
will continue to exist for a long period, as diesel-based power systems 
continue to function in Maldives. As Surroop et al. (2018) suggested, 
a committed and forward-looking government is the key to improving 
energy security. Moreover, a long-term commitment to resource 
efficiency is a critical component to overcome economic, financial, 
technical, institutional, and social challenges. 

Energy insecurity also arises due to disasters related to weather 
as well as from man-made incidents, such as fires. To sustain the 
infrastructure, safety precautions are necessary, particularly with 
regard to climate change. As Ang, Choong, and Ng (2015) indicated, 
good infrastructure is a prerequisite for stable energy supplies and a 
significant factor of energy security. Adequate investments in these 
facilities are vital to ensure that sufficient energy is available in the short 
and long terms.

On the demand side, air conditioning consumes a large portion of 
energy costs. Many consumers do not know how to identify energy-
efficient appliances and are unaware of their benefits. The customs 
statistics on imports do not differentiate energy-efficient appliances, and 
this needs due consideration. These data are important, as renewable 
energy installation continues to increase and it is necessary to utilize 
energy more efficiently. 

On the supply side of electricity generation, the powerhouses need 
to procure fuel supplies in advance to minimize the cost burden. Instead 
of depending on the government for subsidies, they must identify areas 
in which they can reduce costs. As Maldives consists of many islands, 
it is necessary to build the energy infrastructure separately on each 
island on a small scale, and this increases the costs. Therefore, policies 
must include measures to increase efficiency, particularly in energy 
production and distribution, as it is lacking in the current Energy Policy 
and Strategy of 2016. 

One of the lessons learned in the implementation of renewable 
energy projects in Maldives is the importance of monitoring its usability 
and appropriateness. Regular monitoring can identify technical faults 



242!Energy Insecurity in Asia: Challenges, Solutions, and Renewable Energy

and areas in which expertise is lacking. In addition, monitoring would 
help sustainability even after the end of their funding period. The 
publication of data and case studies will enable communities and 
professionals to learn from experiences, both negative and positive. 
This is important, as small-scale projects enable the testing of new 
technologies and communities are able to become familiar with them. 
According to Kohli and Braud (2016), small-scale pilot projects can 
reduce the technology risk and build confidence among stakeholders in 
renewable energy development in developing countries. 

The prospect of installing more hybrid solar photovoltaic systems 
in the future is high. Maldives will be able to learn through experiences 
or through a learning curve approach about more effective and efficient 
ways of installing renewable energy. Research is important in Maldives 
to learn from experiences and to conduct experimentation on the 
newer available technologies in use in other SIDS. It is noteworthy 
that initiatives that the government has undertaken have inspired civil 
society and the private sector to implement renewable energy projects. 
The examples from Nellaidhoo offer critical learning opportunities. 

The study identifies the challenges of raising finance as a major 
obstacle. This requires attention at the policy level to determine how 
financial institutes could introduce models for promoting energy 
efficiency and renewable energy. Alternatively, a revolving trust fund 
could finance renewable energy projects sustainably. Maldives is 
currently establishing a Green Fund that will soon be in operation. 

The article falls short of analyzing the challenge of human resource 
capacity adequately. It is a major challenge and, to combat energy 
insecurity, the sector requires detailed analysis and actions. The 
article recommends further studies on human resource capacities in 
SIDS in relation to improving energy security and on how countries 
and academic institutes could cooperate on sustainable development, 
especially to leap into an energy-secure future through transformative 
thinking. 
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10.1 Introduction
Imports satisfy nearly one third of Pakistan’s energy demand. In the 
year 2017–18, its energy imports were around $14.4 billion, as compared 
with $10.9 billion in the previous year (State Bank of Pakistan 2018). 
Almost 75% of the $3.5 billion increase in energy imports was due to 
higher energy prices, and only about 25% of the increase was due to the 
increase in energy import volumes. This kind of “price shock” moves 
down the entire energy supply chain and translates into higher costs of 
conducting business and higher costs of living in Pakistan. 

Relying heavily on imported energy is not sustainable for Pakistan’s 
economy, which has been running a current account deficit for over 
2 decades (except for 1 or 2 years). Borrowing from friendly nations, 
international sovereign bonds, and multilateral banks funds these 
deficits almost by default, as bureaucratic inertia and the absence of an 
enabling political and regulatory environment typically limit the foreign 
direct investments flowing into the country. As Pakistan’s external 
liabilities build-up and it diverts an increasing share of its foreign 
exchange earnings toward external debt servicing, it is simply not left 
with the financial means to import energy continuously. The country 
needs to rethink its energy design to achieve not just energy sufficiency 
but also energy security.

Energy security is a multidimensional concept and is a measure 
of a unique nexus that encompasses economic, political, geopolitical, 
and institutional, legal, and regulatory aspects of a country or region. 
The first dimension is the economics of energy security, which covers 
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the consequences of import dependence in relation to unstable 
energy markets, the diversification of the primary energy mix and 
the use of indigenous resources, and the circular flow of energy. The 
second dimension is the political economy of energy security, which 
examines the interrelations between crude and natural gas exporting 
and importing countries. The third dimension is the geopolitics of 
international relations, which explores how coalitions, cooperation, 
or unilateral actions shape energy security. The fourth dimension 
consists of the aspects of energy security in institutional, legal, and 
regulatory frameworks in the local, regional, and international context 
(Taghizadeh-Hesary et al. 2019).

Other aspects of energy security include differences in the 
perceptions between developed and developing countries, infrastructure 
and technological aspects that can impede or accelerate it, different time 
dimensions, risk perceptions, the role of the government, the nature of 
the threat, such as physical and cyber-attacks on the infrastructure, and 
climate change. 

Studies have also defined energy security as an adequate and reliable 
supply of energy resources at a reasonable price (Bielecki 2002; Bohi 
and Toman 1996). Yergin (1988) originally cited this definition during 
the crises of the 1970s and 1980s when embargoes globally disrupted the 
supply of cheap and reliable oil from the Gulf region. The contemporary 
discussion on energy security in the literature, in general, or in a broader 
sense, has implied the availability of energy resources, which are further 
measurable under the concept of diversification, or hedging. There are 
three aspects of the interpretation of diversification—variety, balance, 
and disparity (Stirling 2010). Variety measures the economically 
available primary energy resources, and balance measures the reliance 
or dominance of these various options in the overall energy mix. 
Disparity examines the differences between these various options in 
terms of delivery modes or characteristics.

This chapter provides a quantitative evaluation of the energy 
security of Pakistan for 2011–17. It constructs a set of indicators 
to quantify Pakistan’s energy security in four areas—availability, 
applicability, acceptability, and affordability—and tracks the trends of 
each indicator between 2011 and 2017. Further, it uses rhombus plots 
to measure changes in Pakistan’s overall energy security and on each 
energy security dimension between 2011 and 2017. The objective of 
quantifying the energy security is to assess the weaknesses in the energy 
pattern in order to resolve the energy insecurity.

This chapter is divided into five sections. Section 10.1 begins with 
an introduction. Section 10.2 contains a literature review of energy 
security. Section 10.3 provides an overview of Pakistan’s current energy 
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mix and the challenges that it is facing. Section 10.4 describes the 
4As methodology and its application to the Pakistani context. Finally, 
section 10.5 concludes and provides policy recommendations.

10.2 Literature Review
Although the concept of energy security is as diverse as the number 
of disciplines involved, it could simply be the assurance of an energy 
supply both in times of abundance and scarcity. Research can examine 
a disruption or less assurance of the energy supply in an economy to 
understand how and to what extent it affects the aggregate well-being 
of the economy.

In addition to the significant impact of the energy supply and energy 
prices on macroeconomic variables (Bohi 1991; Ferderer 1996; Hamilton 
1996; Killian 2008; Taghizadeh-Hesary et al. 2016), the insecurity of 
the energy supply will have an impact on other commodities’ prices 
(Taghizadeh-Hesary, Rasoulinezhad, and Yoshino 2019).

To provide the end-user with energy security, it is necessary to meet 
four key conditions, as the 4As framework outlines: (1) the availability of 
indigenous and sustainable supply of natural, extractable, or renewable 
energy resources; (2) the applicability of technologies and infrastructure 
economically to extract and harness the available energy resources; 
(3) the acceptability of the energy sources’ environmental and social 
impacts; and (4) the affordability of the energy sources for the end-user 
(Yao and Chang 2014).

The contemporary energy security challenge extends beyond oil 
supplies to encompass a wider range of issues that are entangled with 
energy policy problems, such as equitable access to modern energy and 
addressing climate change (Cherp and Jewell 2014). The concept of 
energy security has evolved to address these wider issues by incorporating 
new dimensions, such as the environment, human security, international 
relations, foreign policy, energy efficiency, and capacity adequacy (Yao 
and Chang 2014). Regional and country-specific studies on energy 
security have discussed a wide variety of dimensions and frameworks, 
making the notion of contemporary energy security multidimensional 
(Yao and Chang 2014). In discussions about energy security, we should 
also take into consideration the disruptive innovations that can shape 
the future energy landscape (Proskuryakova 2018). 

In a review of the available literature on the energy security of 
Pakistan, the researchers found that most studies have assessed the 
situation qualitatively in the context of policy review, energy supply 
and demand, generation capacity planning, and the primary energy mix 
(Aized et al. 2018; Mirjat et al. 2017; Nawaz and Alvi 2018). A few studies, 
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such as Anwar (2014), have extended beyond the qualitative discussion 
to provide a quantitative analysis of the impact on energy security 
of factors such as the government’s policy decisions, the continued 
primary energy import pathway, and economic factors. None of these 
studies, however, have provided a base reference quantitative measure 
of the energy security of Pakistan. 

Another study (Anwar 2016) has examined the impacts of reducing 
energy imports by 5%, 10%, and 15% on the energy system of Pakistan 
using MARKAL for the period 2005–50 in 5-year increments. The results 
show a marginal decrease in the primary energy supply and import fuel 
dependency for a comparatively larger addition of renewable energy 
to the mix. This diversification of resources reduces vulnerability to 
energy imports and improves energy security. The study, however, did 
not capture the individual impacts of liquefied natural gas (LNG) and 
coal imports, which will be a major part of Pakistan’s energy mix in the 
future. Further, it did not consider the impact of changing the energy 
system’s efficiency and, more importantly, the affordability for the  
end-user. 

A meta-analytic review of 18 research studies identified five 
concerns—the economic burden, provincial conflicts, the security 
threat, project feasibility, and completion delays—that hinder the 
implementation of the People’s Republic of China–Pakistan Economic 
Corridor energy projects and adversely affect energy security in Pakistan. 
Spearman’s rho coefficients gave a strong negative correlation between 
energy security and these concerns, except project feasibility and 
completion delays (Ahmed et al. 2019). The economic burden here is the 
foreign debt that these projects will incur, and the negative correlation 
shows that this concern diminishes with increased energy security. 
However, the economic burden may dampen the energy security, and 
the extent of the impact needs quantitative assessment. 

Studies have applied various energy modeling frameworks and 
techniques to analyze the energy and power planning policies in 
Pakistan. One paper (Mirjat et al. 2017) reviewed all of the existing 
power planning studies and energy and power planning policies that 
the Government of Pakistan has implemented since 1947. The paper 
broadly described the globally accepted energy modeling tools and 
suggested the use of the long-range energy alternative planning tool for 
integrated energy planning and policy formulation. However, it reached 
no conclusions about the state of energy security in Pakistan. Other 
researchers (Aized et al. 2018) have used the same model to present four 
scenarios—the business-as-usual base case, green Pakistan, nuclear, and 
optimization—to analyze the renewable energy policy of Pakistan and 
suggest suitable options for securing energy supplies. 
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Another study examined the relationship between energy security 
and economic growth by using the error correction model, which 
analyzes the causality between the energy gap and the economic growth 
(Mahmood and Ayaz 2018). The energy gap, a key metric for energy 
security, is the differential between the energy demand and the energy 
supply, and studies have shown that it has a statistically significant 
negative impact on economic growth and that reducing the reliance 
on imported fuel and improving the energy mix can reduce this energy 
gap and appears to improve energy security, paving the way to socio-
economic and environmental sustainability (Nawaz and Alvi 2018). 
A study has also emphasized diversifying the energy mix through 
indigenous resources and increased nuclear power (Khawaja and 
Rehman 2016). The paper proposed the expansion of electricity and gas 
trade, with Central Asia as a strategic option, leveraging its geographic 
position to meet its energy diversification and security goals.

Different energy demand forecasting methodologies have 
demonstrated continued heavy reliance on fossil fuels in the overall 
energy mix in the future and further made a case for undertaking 
initiatives for the adoption of renewables (Rehman et al. 2017a). Another 
paper has discussed the barriers to the use of renewable energy resources, 
such as aging infrastructure and policy gaps, and stressed making hard 
policy-level decisions to ensure energy security (Hassan, Afridi, and 
Khan 2018). Other studies have simulated the future production of 
primary energy resources using the Systems Thinking, Experimental 
Learning Laboratory with Animation model, illustrating Hubbert 
peaks for coal, natural gas, and crude oil to make the case for an energy 
security policy that ensures the sustained supply of these hydrocarbon 
resources in the future (Rehman et al. 2017b). Studies have presented 
scenarios of renewable portfolio supply in the energy mix from 10% to 
50% and carbon tax from 10% to 30% that show positive impacts, such 
as reduced dependence on imported fuel, decreased energy intensity, 
the use of energy-efficient technologies, and greenhouse gas mitigation 
(Anwar 2014). 

There seems to have been no comprehensive analysis to quantify 
energy security in Pakistan. This chapter undertakes a quantitative 
assessment of Pakistan’s energy security for the period 2011–17 using 
the 4As framework. Using a set of indicators, it quantifies Pakistan’s 
energy security on each of the four dimensions and tracks the trends of 
each indicator in the study period. It groups the indicators under their 
respective “A” categories and analyzes progress by using a rhombus plot 
to measure changes in the overall energy security and on each energy 
security dimension. This study prioritizes areas in the energy value chain 
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to achieve greater energy security, which in turn will help policymakers. 
The method and results of this study could be useful for other countries 
with similar energy demand patterns. The findings of this chapter have 
also been presented in the Energy Policy journal (Malik et al. 2020).

10.3 Energy Sector in Pakistan 

10.3.1 Current Energy Mix

Successive discoveries of large natural gas reserves have shaped Pakistan’s 
energy history since the 1950s. These sparked, in the 1960s, the growth of 
the domestic fertilizer industry and large public-sector gas distribution 
utilities. Between the mid-1970s and the 1990s, all the major power 
plants that the government set up were based on dual fuel, with natural 
gas as the primary fuel. The share of gas in Pakistan’s primary energy 
mix stood at approximately 50% in 2005. Since then, in the absence of 
major gas field additions, gas production has plateaued, and imported 
oil has begun to take on a greater burden of the energy demand. More 
recently, higher coal and LNG imports have offset the decreasing share of 
local gas supplies. In 2017–18, as shown in Figure 10.1, the indigenous gas 

Figure 10.1: Pakistan’s Total Energy Supply, 2017–2018  
(% primary energy supplies by source)

LNG = liquefied natural gas, LPG = liquefied propane gas.
Source: Ministry of Energy (2018).
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supply made up ~35% of Pakistan’s total primary energy supplies and oil 
accounted for 31% of the total supplies (Ministry of Energy 2018). 

At the beginning of this decade, Pakistan experienced widespread 
power and gas shortages. Many parts of the country, particularly the 
rural areas, suffered 8–12 hours of blackout every day during the peak 
summer months and low gas pressure or supplies during the peak winter 
months. Then, in 2013, a new government came into power, winning on 
a mandate to eliminate energy shortages. Over the next 5 years, Pakistan 
invested heavily in its energy infrastructure, adding at least 10 gigawatts 
(GW) in new power generation capacities (including about 2 GW of 
coal) and commissioning around 1.3 billion cubic feet per day of LNG-
importing infrastructure. Resultantly, Pakistan has managed to reduce 
its energy shortages; however, it now faces structural challenges, like 
improving energy security by reducing the share of imported fuels and 
reducing the cost of energy.

In 2017–18, power generation consumed almost 37% of the primary 
energy supplies.1 Over 55% of the primary energy used for electricity was 
lost during generation and another 7% in transmission and distribution 
(Ministry of Energy 2018). Generation losses tend to be high in thermal 
power plants (oil, gas, and coal), ranging from 40% to 60%. While some 
of these losses are due to Pakistan’s degraded power generation assets, 
these are typically the level of energy losses that thermal power plants 
experience worldwide due to technological and operational limitations 
(General Electric 2015). 

After losing over 60% of the energy during generation, transmission, 
and distribution, households and the residential sector buy around 
50% of the final electricity sold on the grid. Thus, overall, Pakistan 
uses around 18% of its primary energy supplies in providing electricity 
to households, including the associated losses incurred in generating 
and supplying this electricity. While it is important to fulfill the basic 
needs of a population, it is essential to realize that power consumption 
in homes is not an income generation activity. It is not sustainable for 
Pakistan to feed the energy requirements of its homes through imported 
thermal fuels, more than half of which tend to be lost during generation 
and transmission. Introducing and promoting the adoption of green 
energy solutions, like rooftop solar solutions for homes and commercial 
buildings, and better building insulation can make a significant 
contribution to reducing energy imports. 

1 This does not include energy consumed by captive power units, only energy 
consumed by grid connected power units, so the actual consumption for power 
generation is much higher.
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Households consume another 7%–8% of the primary energy supplies 
in the form of gas for cooking and heating purposes. Shifting this demand 
to renewables would require the adoption of home appliances like solar-
powered water heaters and electric stoves to replace gas-based heaters 
and stoves.  

10.3.2 Natural Gas

Although the share of natural gas in Pakistan’s primary energy mix stood 
at approximately 50% in 2005, today, it only makes up around 35%. 
Overall, Pakistan imports nearly one third of its energy supplies in the 
form of oil, coal, and, recently, LNG. The expectation is that this share 
of imports will grow drastically as the local gas reserves deplete. The Oil 
and Gas Regulatory Authority projects that local gas production will fall 
from about 4 billion cubic feet per day currently to about 2 billion cubic 
feet per day by 2025. Over the same period, it expects the demand for 
gas to increase by 1.5 billion cubic feet per day. If energy imports were 
to replace this additional 3.5 billion cubic feet per day of gas shortfall, 
Pakistan’s energy imports would have to increase by more than double 
(in tons of oil equivalent). 

10.3.3 Oil

Over 85% of the oil and petroleum products supplied are imports. 
Since 2014, there has been a considerable change in the share of the 
components of oil consumption. The share of the power sector in oil 
consumption has declined significantly, while the share of the transport 
sector has increased as the newer installed power plants have moved 
toward cheaper fuels, whereas the increase in the share of transport is 
mainly due to the decline in the domestic prices of petrol and higher 
imports of used cars. In the first 8 months of the fiscal year 2017–18, 
the share of transport in oil consumption increased further to 64.4% 
compared with 57.2% during the same period in the previous fiscal year. 
However, the share of oil-based power decreased to 26.4% from 33.2% 
during the period under discussion with the availability of cheaper 
alternative power (from LNG, hydro, and coal).

10.3.4 Coal

Pakistan has fairly large indigenous coal resources (over 186 billion tons), 
which are sufficient to meet the energy requirements of the country 
on a long-term sustainable basis. The domestic production of coal is 
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likely to increase in the coming years with the start of mining activity 
at Thar coalfield. Presently, brick kilns mostly consume indigenous coal 
production, and cement factories utilize a small quantity. Power plants, 
cement manufacturing units, Pakistan Steel, and other industries use 
imported coal. The imports of coal increased substantially in the fiscal 
year 2017–18 due to the commissioning of new coal-based power plants 
at Sahiwal and Port Qasim. 

10.3.5 Hydropower

Estimations indicate that Pakistan has a hydropower potential of 40 
GW, whereas its installed hydro-based power capacity is around 8 GW 
(this does not include the installed base of micro-hydel power projects, 
ranging from 5 kilowatts (kW) to 100 kW in size). The government owns 
almost all the operating hydropower projects. Long project gestation 
periods, tariff-related challenges, and competition from solar and wind 
projects have limited private investors’ interest in hydro projects (Malik, 
Qasim, and Saeed 2018). Pakistan has also successfully adopted micro-
hydropower projects to provide off-grid communities with electricity. 
These have mostly been community projects in collaboration with local 
governments or local not-for-profit companies, sometimes with funding 
from international donor agencies. 

10.3.6  Renewables—Solar, Wind,  
and Bagasse-Based Power

Over the last 5 years, 18 wind power projects of 937.27 megawatts (MW) 
cumulative capacity have achieved commercial operation and are 
supplying electricity to the national grid, while six solar power projects 
of 418 MW capacity have also become operational. Wind power projects 
in Pakistan have received the highest level of private sector interest due 
to their bite-size investment and short gestation period (Malik, Qasim, 
and Saeed 2018). Utility-scale solar power projects, although easy to 
execute, have large land requirements and therefore have not attracted 
as much private sector interest as wind power. The private sector almost 
entirely drives the distributed solar power solutions (rooftop solar 
solutions) industry. Due to low financial and regulatory barriers to entry, 
many small players, each with a limited market share, characterize the 
industry (Malik, Qasim, and Saeed 2018). 

Sugar mills in Pakistan (with a cumulative capacity of 201.1 MW) 
have set up power generation from bagasse cogeneration. Sugar mills 
produce bagasse as a by-product, and generating power is a natural 
extension of their existing business. 
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10.4  Quantitative Assessment of Pakistan’s 
Energy Security

10.4.1 Methodology

The Asia Pacific Energy Research Centre introduced the 4As of energy 
security (availability, accessibility, affordability, and acceptability) as 
key dimensions of its contemporary definition of energy security that 
address the “energy security paradigm shift” (APERC 2007) of the 
2000s. This chapter utilizes the suggested framework of energy security 
that Yao and Chang (2014) developed. The framework encompasses 
the essential 4A dimensions—the availability of resources (AV), the 
applicability of technologies (AP), the acceptability by society (AC), and 
the affordability of energy resources (AF)—with four indicators in each 
to measure the energy security of Pakistan. The 4As framework, with its 
16 energy security indicators, provides us with a rhombus plot. The plots 
help to visualize the trends and compare the dimensions, providing a 
more holistic perspective on the direction of energy security.

10.4.2 The 4As Framework and Indicators

The 4As methodology attempts to measure and present graphically 
the change in the energy security of a region by mapping it onto four 
dimensions—namely availability, applicability, acceptability, and 
affordability. 

Availability
In the framework, availability is a dimension that indicates the 
existence and sufficiency of fossil fuels and other indigenous sources of 
energy to meet a region’s needs. The higher the reserves, potential, and 
sufficiency of indigenous sources of energy, the higher the region ranks 
on this dimension. This chapter measures Pakistan’s performance on 
the availability dimension through the following four indicators:

ƀǇ Share of Imports in the Oil Supply
ƀǇ Share of Imports in the Gas Supply
ƀǇ Share of Imports in the Coal Supply
ƀǇ Hydropower Generation

The larger the share of energy imports, the lower the rank on the 
availability dimension. Conversely, the higher the generation of power 
from local resources like hydropower, the higher the rank on the 
availability dimension.
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Applicability
The applicability dimension reflects the ability of a region to access and 
increase its reserves of indigenous energy. For example, the ability to 
use new technologies to reduce energy wastage and increase energy 
conservation and hence extend the use of the same energy reserves 
improves the performance on the applicability scale. Similarly, adopting 
new technologies that increase the country’s indigenous energy 
reserves’ size (extracting previously inaccessible resources) improves 
the country’s rating on the applicability scale. 

This chapter measures Pakistan’s performance on the applicability 
dimension through the following four indicators:

ƀǇ Power Generation Efficiency from Gas
ƀǇ Number of New Exploratory Wells Drilled for Oil and Gas
ƀǇ Energy Intensity of Agriculture and Transport
ƀǇ Energy Intensity of Industry

Nearly one third of electric power generated in Pakistan is from 
natural gas. Improving the generation efficiencies of gas-based power 
plants, or, conversely, reducing the energy lost during electric power 
generation, could reduce the rate of depletion of Pakistan’s gas reserves 
and hence increase its energy security. 

Oil and gas drilling activity in Pakistan slowed in the last decade 
(2000–2010) due to a lack of policy support and government will, as 
well as security unrest in high-potential areas (fallout from the start of 
the War on Terrorism in neighboring Afghanistan). After a change in 
government in 2013 and several military operations to improve security 
in these and neighboring high-potential areas, oil and gas drilling 
activities have now increased. Higher oil and gas drilling leads to an 
increased likelihood of finding significant reserves, which in turn would 
improve the energy security of the country.

It is possible to calculate the energy intensity of a sector by 
dividing the total energy used in each year by the GDP generated by 
the sector (tons of oil per PRs million). It represents the amount of 
energy consumed for every rupee that the sector earns. A reduction 
in energy intensity could represent increased efficiency and energy 
conservation and hence an increase in energy security. A reduction in 
energy intensity could also be due to a structural change in the sector. 
For example, certain industries could be stagnating due to demand 
saturation and new investments could be moving into those industries 
with better returns or unmet demand. If the stagnating industries are 
energy-intensive and the new emerging industries less so, a decrease 
in the energy intensity of the industrial sector would reflect this. 
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However, even in this case, it is possible to consider the country to 
be improving its energy security, as it can now maintain or grow its 
industrial GDP with less energy.

Acceptability
The acceptability dimension covers the social and environmental 
aspects of the new sources of energy. For the adoption of a new source 
of energy, social and environmental barriers must be clear (Tongsopit 
et al. 2016). Changing the energy mix of a region to increase the share 
of renewable fuels would improve its energy security. Renewables 
like nuclear, hydropower, solar, and wind each face a unique set of 
challenges on the social and environmental fronts. For example, the 
2011 earthquake and tsunami that led to the Fukushima nuclear plant 
disaster in Japan put the future of nuclear power generation into 
question. Additionally, the declining costs of wind and solar energy have 
made nuclear non-competitive. The result is that globally, while wind 
and solar power output grew, nuclear power generation (other than in 
the People’s Republic of China) declined for 3 years in a row from 2015 
to 2017 (Schneider et al. 2018). New nuclear power projects are facing 
increasing opposition due to safety concerns and the presence of safer 
and more affordable alternatives. 

This chapter measures Pakistan’s performance on the acceptability 
dimension through the following four indicators:

ƀǇ Share of Nuclear and Renewable Energy in Power Generation
ƀǇ CO2 Emissions per Capita
ƀǇ Pakistan’s Share of Global CO2 Emissions
ƀǇ Number of Energy Sources/Adoption of New Sources

Affordability
The affordability dimension represents the ability of an economy or 
society to access energy resources at a reasonable price (Tongsopit et 
al. 2016). Moreover, it covers equitable access to energy; that is, energy 
should be accessible to all income groups. A decreasing affordability 
level for a country indicates its decreasing accessibility for people and 
therefore its inability to meet the energy needs of its people. 

This chapter measures Pakistan’s performance on the affordability 
dimension through the following four indicators:

ƀǇ Energy Supply per Capita
ƀǇ Gas Price
ƀǇ Electricity Price
ƀǇ Gasoline Price
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10.4.3 Data and Sources

For each indicator listed in the previous section, the authors collected 
data for the fiscal years (July–June) 2011 to 2017. Table 10.1 provides the 
raw data and the formula that they used to derive the indicators.

Table 10.1: Specification of Variables

Indicators
Raw Data

(Unit of Measurement) Formula Data Source
Availability
Share of Imports  
in Oil Supply

Oil Imports (toe), 
Total Oil Supply (toe)

Oil Imports ÷ Total 
Oil Supply

Pakistan Energy 
Yearbook 2018

Share of Imports  
in Gas Supply

LNG Imports (toe),
LPG Imports (toe),
Total LPG Supplies (toe),
Indigenous Gas Supplies (toe)

(LNG Imports 
+ LPG Imports) 
÷ (Total LPG 
Supplies + 
Indigenous Gas 
Supplies)

Pakistan Energy 
Yearbook 2018

Share of Imports  
in Coal Supply

Coal Imports (toe),
Total Coal Supplies (toe)

Oil Imports ÷ Total 
Oil Supply

Pakistan Energy 
Yearbook 2018

Hydro Power 
Generation

Hydro Electricity Supply (toe) Hydro Electricity 
Supply

Pakistan Energy 
Yearbook 2018

Applicability
Gas Power 
Generation 
Efficiency

Gas Consumed in Power 
(MMCft),
Gas-Based Power (GWh)

(Gas-Based Power 
× 3412 btu/kWh)  
÷ (Gas Consumed 
in Power ×  
980 btu/Cft)

Pakistan Energy 
Yearbook 2018

No. of Exploratory 
Wells Drilled for 
Oil and Gas

No. of Exploratory Wells Drilled 
for Oil and Gas

Pakistan Energy 
Yearbook 2018

Energy Intensity—
Agriculture and 
Transport

Energy Consumption in 
Transport (mtoe),
Energy Consumption in 
Agriculture (mtoe),
GNP at Constant Prices—
Agriculture (PRs trillion),
GNP at Constant Prices—
Transport and Communication 
(PRs trillion)

Sum of Energy 
Consumed in 
Transport and 
Agriculture ÷ 
Sum of GNP at 
Constant Prices 
from Agriculture, 
Transport and 
Communication

Pakistan Energy 
Yearbook 2018,
Pakistan Economic 
Survey 2016-17

continued on next page
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Indicators
Raw Data

(Unit of Measurement) Formula Data Source
Energy Intensity—
Industry

Energy Consumed in  
Industry (mtoe), 
GNP at Constant Prices—
Industry (PRs trillion)

Energy Consumed 
÷ GNP from 
Industry

Pakistan Energy 
Yearbook 2017,
Pakistan Economic 
Survey 2016–17

Acceptability
Share of Nuclear 
and RE in Power 
Generation

Nuclear Power Generation 
(GWh), RE Power Generation 
(GWh), Total Power Generation 
(GWh)

Nuclear and RE 
Power Generation 
÷ Total Power 
Generation

Pakistan Energy 
Yearbook 2017

CO2 Emissions per 
Capita

CO2 Emissions of Pakistan 
(million tons), Population 
(Million)

CO2 Emissions 
of Pakistan ÷ 
Population

BP Statistical 
Review of World 
Energy 2017,
Pakistan Economic 
Survey 2016–17

Share of Global 
CO2 Emissions

CO2 Emissions of Pakistan 
(million tons), CO2 Emissions of 
World (million tons)

CO2 Emissions 
of Pakistan ÷ 
CO2 Emissions of 
World

BP Statistical 
Review of World 
Energy 2017

No. of Energy 
Sources/Adoption 
of New Sources

# of Energy Sources Simple Count Author’s own list

Affordability
Energy Supply  
per Capita

Total Primary Energy Supply 
(mtoe),
Population (Million)

Total Primary 
Energy Supply ÷ 
Population

Pakistan Energy 
Yearbook 2017,
Pakistan Economic 
Survey 2016–17

Gas Price Average Retail Prices of Gas 
Charges (100cf)—Average of 
17 Centers

Pakistan Economic 
Survey 2016–17

Electricity Price Average Retail Prices  
of Electricity Charges  
(up to 50 Units)—Average  
of 17 Centers

Pakistan Economic 
Survey 2016–17

Gasoline Price Average Retail Prices  
of Petrol Super (per Ltr)—
Average of 17 Centers

Pakistan Economic 
Survey 2016–17

GNP = gross national product, LNG = liquefied natural gas, LPG = liquefied propane gas, mtoe = million tons of oil 
equivalent, PRs = Pakistani rupee, RE = renewable energy, toe = tons of oil equivalent.
Source: Authors’ compilation.

Table 10.1 continued
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10.4.4 Data Transformation

The study then transformed the indicator values to derive normalized 
values with a range from 1 to 10 using the following formula:

 𝑋𝑋′ − 1
10 − 1

= (
𝑋𝑋 −𝑀𝑀𝑀𝑀𝑀𝑀 𝐴𝐴

𝑀𝑀𝑀𝑀𝑀𝑀 𝐴𝐴 − 𝑀𝑀𝑀𝑀𝑀𝑀 𝐴𝐴
) 

 

𝑋𝑋′ = 1 + (
𝑋𝑋 − 𝑀𝑀𝑀𝑀𝑀𝑀 𝐴𝐴

𝑀𝑀𝑀𝑀𝑀𝑀 𝐴𝐴 −𝑀𝑀𝑀𝑀𝑀𝑀 𝐴𝐴
)  × (10 − 1) 

 

𝑋𝑋′ = 1 + (
𝑋𝑋 − 𝑀𝑀𝑀𝑀𝑀𝑀 𝐴𝐴

𝑀𝑀𝑀𝑀𝑀𝑀 𝐴𝐴 − 𝑀𝑀𝑀𝑀𝑀𝑀 𝐴𝐴
)  × (10 − 1) 

 

 

 

𝑋𝑋′ − 1
10 − 1

= (
𝑋𝑋 −𝑀𝑀𝑀𝑀𝑀𝑀 𝐴𝐴

𝑀𝑀𝑀𝑀𝑀𝑀 𝐴𝐴 − 𝑀𝑀𝑀𝑀𝑀𝑀 𝐴𝐴
) 

 

𝑋𝑋′ = 1 + (
𝑋𝑋 − 𝑀𝑀𝑀𝑀𝑀𝑀 𝐴𝐴

𝑀𝑀𝑀𝑀𝑀𝑀 𝐴𝐴 −𝑀𝑀𝑀𝑀𝑀𝑀 𝐴𝐴
)  × (10 − 1) 

 

𝑋𝑋′ = 1 + (
𝑋𝑋 − 𝑀𝑀𝑀𝑀𝑀𝑀 𝐴𝐴

𝑀𝑀𝑀𝑀𝑀𝑀 𝐴𝐴 − 𝑀𝑀𝑀𝑀𝑀𝑀 𝐴𝐴
)  × (10 − 1) 

 

 

where:
X' : Transformed indicator
X : Untransformed indicator
A : Data range of X
Min A : Minimum value in A
Max A : Maximum value in A

However, some indicators are inversely related to the scale. In this 
inverse relationship, a higher value corresponds to less energy security. 
For example, a larger share of energy imports indicates lower energy 
security. In this case, we can consider the maximum value of the raw 
score as the minimum scale value of the indicator and equal to 1 and 
convert the minimum raw score into the maximum value or 10 on the 
scale. The equation in this case becomes:

 

𝑋𝑋′ − 1
10 − 1

= (
𝑋𝑋 −𝑀𝑀𝑀𝑀𝑀𝑀 𝐴𝐴

𝑀𝑀𝑀𝑀𝑀𝑀 𝐴𝐴 − 𝑀𝑀𝑀𝑀𝑀𝑀 𝐴𝐴
) 

 

𝑋𝑋′ = 1 + (
𝑋𝑋 − 𝑀𝑀𝑀𝑀𝑀𝑀 𝐴𝐴

𝑀𝑀𝑀𝑀𝑀𝑀 𝐴𝐴 −𝑀𝑀𝑀𝑀𝑀𝑀 𝐴𝐴
)  × (10 − 1) 

 

𝑋𝑋′ = 1 + (
𝑋𝑋 − 𝑀𝑀𝑀𝑀𝑀𝑀 𝐴𝐴

𝑀𝑀𝑀𝑀𝑀𝑀 𝐴𝐴 − 𝑀𝑀𝑀𝑀𝑀𝑀 𝐴𝐴
)  × (10 − 1) 

 

 

Transforming the data in this way enables us to identify the progress 
made for each indicator. However, the scale only measures performance 
relative to the data range that we used to derive the indicators. If the 
data points in the data range that we used to develop the indicators 
are not significantly varied, then the indicators will reflect even a 
small change as a significant change. Therefore, care is necessary for 
interpreting these indicators in conjunction with an assessment of the 
untransformed values. 

10.4.5 Results

Table 10.2 provides the untransformed values of the 16 indicators.
Table 10.3 presents the transformed values of the 16 indicators as 

well as the averages across each of the four dimensions.
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Table 10.2: Untransformed Values of 16 Indicators

Raw Values

Unit
2011–
12

2012–
13

2013–
14

2014–
15

2015–
16

2016–
17

Availability
Share of Imports  
in Oil Supply

% 58.2 50.7 50.6 54.3 54.8 56.6

Share of Imports  
in Gas Supply

% 0.2 0.2 0.2 1.9 8.0 13.5

Share of Imports  
in Coal Supply

% 26.9 26.1 26.6 26.6 27.7 32.3

Hydropower 
Generation

mtoe 6.8 7.1 7.6 7.8 8.3 7.7

Applicability
Gas Power 
Generation 
Efficiency

% 26.9 26.1 26.6 26.6 27.7 32.3

No. of Exploratory 
Wells Drilled for 
Oil and Gas

# 21 35 50 47 46 48

Energy Intensity—
Agriculture and 
Transport

toe per  
PRs million

4.0 3.9 3.9 3.9 4.3 4.6

Energy Intensity—
Industry

toe per  
Prs million

7.6 7.1 6.6 6.8 6.9 7.3

Acceptability
Share of Nuclear 
and RE in Power 
Generation

% 5.5 4.7 4.9 6.2 5.5 7.8

CO2 Emissions  
per Capita

Tons per capita 0.80 0.79 0.81 0.84 0.90 0.95

Share of Global 
CO2 Emissions

% 0.45 0.44 0.46 0.49 0.54 0.57

No. of Energy 
Sources

# 10 11 12 14 14 14

Affordability
Energy Supply  
per Capita

toe per capita 0.36 0.35 0.36 0.37 0.38 0.40

Gas Price PRs per 100cf 132.7 119.6 124.2 124.2 127.7 128.7
Electricity Price PRs per unit 1.9 2.0 2.0 2.0 2.0 2.0
Gasoline Price PRs per liter 92.9 101.3 111.0 88.6 73.7 68.1

mtoe = million tons of oil equivalent, PRs = Pakistani rupee, RE = renewable energy, toe = tons of oil 
equivalent.
Source: Authors’ compilation.
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Table 10.3: Transformed Values of 16 Indicators

Transformed Values

Unit
2011–
12

2012–
13

2013–
14

2014–
15

2015–
16

2016–
17

Availability
Share of Imports  
in Oil Supply

% 1.0 9.9 10.0 5.6 5.1 2.9

Share of Imports  
in Gas Supply

% 10.0 10.0 10. 8.8 4.7 1.0

Share of Imports /
in Coal Supply

% 6.7 6.2 10. 4.1 6.0 1.0

Hydropower 
Generation

mtoe 1.0 3.0 5.9 6.8 10.0 6.4

Average Availability 4.7 7.3 9.0 6.3 6.5 2.8
Applicability
Gas Power Generation 
Efficiency

% 2.2 1.0 1.7 1.7 3.3 10.0

No. of Exploratory 
Wells Drilled for Oil 
and Gas

# 1.0 5.3 10.0 9.1 8.8 9.4

Energy Intensity—
Agriculture and 
Transport

toe per  
PRs million

8.4 9.6 10.0 9.4 4.8 1.0

Energy Intensity—
Industry

toe per  
PRs million

1.0 5.1 10.0 8.5 7.6 3.2

Average Applicability 3.1 5.2 7.9 7.2 6.1 5.9
Acceptability
Share of Nuclear 
and RE in Power 
Generation

% 3.3 1.0 1.5 5.2 3.3 10.0

CO2 Emissions  
per Capita

Tons per capita 9.1 10.0 8.8 7.3 3.6 1.0

Share of Global CO2 
Emissions

% 9.5 10.0 8.6 6.7 3.2 1.0

No. of Energy Sources # 1.0 3.3 5.5 10.0 10.0 10.0
Average Acceptability 5.7 6.1 6.1 7.3 5.0 5.5
Affordability
Energy Supply per 
Capita

toe per capita 2.4 1.0 1.9 3.9 6.1 10.0

Gas Price Pre. Per 100cf 1.0 10.0 6.9 6.9 4.5 3.8
Electricity Price Pre. Per unit 10.0 1.0 1.0 1.0 1.0 1.0
Gasoline Price Pre. Per liter 4.8 3.0 1.0 5.7 8.8 10.0
Average Acceptability 4.6 3.8 2.7 4.4 5.1 6.2

mtoe = million tons of oil equivalent, PRs = Pakistani rupee, RE = renewable energy, toe = tons of oil 
equivalent.
Source: Authors’ compilation.
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10.4.6 Analysis of the Results

Availability 
Figure 10.2 depicts the time series of the averages of the indicators on 
the availability dimension. Between 2011 and 2017, the availability of 
Pakistan’s energy sources improved and then declined. The apparent 
improvement in the first 3 years is misleading, as, during these years, 
consumers in Pakistan were facing electricity and gas shortages. 
Increased energy imports could have overcome these shortages if no 
infrastructural bottlenecks had occurred. By 2014–15, the first LNG-
importing terminal started operations in Pakistan, which enabled the 
country to import gas. Moreover, construction commenced on new 
imported coal- and LNG-based power projects and the expectation 
is that these will increase the demand for imported fuels from 2018 
onward. 

Another potential reason for the apparent growth on the availability 
dimension in the first 3 years, despite widespread energy shortages 
in Pakistan, is the high prices of oil (over $100 per barrel), which 
suppressed the demand for oil and petroleum products, leading to 
lower imports. Over the same period, a consistently falling trend in coal 
prices discouraged local traders from taking positions and importing 
large coal volumes. Overall, the factors leading to an improvement in 
the availability of energy sources over the period 2011–15 appear to be 
temporary and start undergoing a correction in 2016. 

Figure 10.2: Availability Dimension

Source: Authors’ compilation.
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Applicability
Figure 10.3 depicts the time series of the averages of the indicators on 
the applicability dimension. The averages of these indicators improved 
over 2011–14 and then dipped over 2015–17.

The average gas power generation efficiency in Pakistan remained 
low throughout the period 2011–17. Although it recovered by over 4 
percentage points to 32.3% in 2016–17, it is still very low compared with 
the world average of 39% (GE 2015) and much lower than the generation 
efficiency possible with the latest gas power turbines. In 2018, Pakistan 
commissioned three large gas-based power plants with a cumulative 
installed capacity of 3.6 GW (~20% of Pakistan’s combined gas, furnace 
oil, and coal-based power capacities) with a reported efficiency of over 
60%. The addition of these power plants is likely to improve Pakistan’s 
overall gas-based power generation efficiency. 

The number of oil and gas exploratory wells drilled increased to 
around 50 from 2014 onwards. Over the period under study, security 
in the high-potential areas improved, leading to an improved level of 
drilling activity. Recently, the government has announced enhanced 
security measures to support oil and gas exploration companies (Kiani 
2019); these should further boost drilling activity, increasing the 
likelihood of finding a significant reserve.

Energy intensity in agriculture and transport and industry improved 
initially and then worsened in the last year of the period under study. 
It is difficult to draw any conclusions on the efficiency of energy use 
for every rupee of the GNP that these sectors generate. The apparent 

Figure 10.3: Applicability Dimension

Source: Authors’ compilation.
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improvement in energy conservation in the initial years could be due to 
the energy shortages before 2017, which forced these sectors to adopt 
informal sources of energy that the government numbers do not take 
into account (like biofuels). The apparent improvement may also be due 
to energy shortages in the initial years of the period under study, which 
forced high-consuming sectors simply to reduce their operating rates, 
and, as energy supplies improved, these sectors reactivated. 

Overall, Pakistan seems to be displaying improved performance 
on the applicability dimension as it adopts newer power generation 
technologies and expands its oil and gas exploration activities, increasing 
the likelihood of finding indigenous reserves of oil and gas in the future.

Acceptability
Pakistan adopted new sources of energy over the period of the study, 
namely wind power, solar power, bagasse-based power, and LNG-based 
power. However, except for LNG-based power, all these new sources of 
energy together contributed less than 1% to Pakistan’s energy supplies. 
Despite the addition of new sources of energy, the scale of additions, 
particularly from indigenous or renewable energy, is not significant. 
Thus, overall, Pakistan’s performance on the acceptability scale, as 
Figure 10.4 reflects, remained more or less stable over this period.

Since growth in Pakistan’s primary energy supplies comes 
predominantly from an increase in the fossil fuel supply, Pakistan’s CO2 
emissions per capita steadily increased over 2011–17. While Pakistan’s 
share of the global emissions also increased over this period, it remains 
nominal at less than 0.6%.

Figure 10.4: Acceptability Dimension

Source: Authors’ compilation.
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Affordability
The affordability dimension represents the ability of an economy or 
society to access energy resources at a reasonable price or equitable 
access to energy. This chapter evaluates Pakistan’s performance on 
this dimension by examining the trend in the energy supply per capita, 
gas price, electricity price, and gasoline price. Figure 10.5 depicts the 
averages across these indicators over 2011–17. 

The primary energy supplies over 2011–17 increased by 4% per 
annum on average. The Pakistan Bureau of Statistics has estimated that, 
over the same period, the population grew by 2% per annum on average. 
There was thus an increase in the energy supply per capita in the 6 years 
under study.

Pakistan heavily subsidizes gas and electricity prices for the smallest 
consumers of utilities, and they remained more or less stable for most 
of the period under study. While this has ensured energy affordability 
for the consumers belonging to the lowest income group, the subsidy 
burden is becoming increasingly challenging to manage for a government 
running consistent and gradually increasing fiscal deficits. Moreover, 
low utility prices do not encourage conservation among consumers.

The gasoline prices in Pakistan are to a large extent reflective of 
international market prices (a regulator notifies the prices, which adds 
a time lag). In line with international oil prices, gasoline became more 
affordable over 2011–17. 

Overall, Pakistan’s performance on the affordability dimension has 
improved due to the combination of an increase in energy supplies (with 
the addition of infrastructure-supporting growth in energy imports) 

Figure 10.5: Affordability Dimension

Source: Authors’ compilation.
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and the maintenance of energy prices for the lowest-income households 
through a system of subsidies. This improvement is not likely to be 
sustainable due to the lingering balance of payments and fiscal deficits. 
In the long term, a systematic shift toward cheap indigenous energy 
sources, like solar and wind power, is necessary to maintain performance 
on the affordability dimension.

Balance Assessment
Figure 10.6 below presents the status and trend of Pakistan’s energy 
security under the 4As framework by plotting the indicators on a four-
point radar chart, thereby creating a rhombus for each fiscal year. 

Figure 10.6: Status and Trend of Pakistan’s Energy Security
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Table 10.4 below quantifies the energy security in Pakistan by 
calculating the areas of the rhombuses. The area of a rhombus presents 
the status of energy security on the four dimensions, the availability 
of energy resources, the applicability of energy technologies, the 
acceptability of energy resources by society, and the affordability of 
energy resources. 

Pakistan’s energy security, with the area of the rhombuses as a 
measure, improved in the first 3 years of the period under study, primarily 
as a result of the improved performance on the availability index and the 
applicability index, peaking in 2013–14 with a rhombus area of 80.2. It 
then decreased consistently over the next 3 years as the performance 
on the availability, applicability, and acceptability indexes deteriorated. 
Energy shortages in the earlier years may have skewed or artificially 
improved Pakistan’s performance on the availability and applicability 
indexes, as infrastructural bottlenecks prevented energy imports from 
growing and meeting the energy shortages. However, as the import 
infrastructures became operational, the energy imports increased 
and the industrial and agricultural sectors, which had curtailed their 
demand or diverted it to informal energy sources (like wood, biofuels, 
etc.), reactivated their energy demand and redirected it to formal energy 
sources. Toward the end of the period of study, significant correction of 
performance is apparent, especially on the availability dimension.

10.5 Conclusions and Policy Recommendations
The analysis of Pakistan’s energy security under the 4A framework 
indicates that Pakistan’s energy security improved initially but then 
deteriorated. However, since the analysis was relative to the data range 

Table 10.4: Pakistan’s Energy Security during 2011–17  
as Measured by Rhombus Area

Summary – Average Indicator Values and Area of Rhombus

Availability Applicability Acceptability Affordability
Area of 

Rhombus
2011–12 4.7 3.1 5.7 4.6 40.1
2012–13 7.3 5.2 6.1 3.8 60.0
2013–14 9.0 7.9 6.1 2.7 80.2
2014–15 6.3 7.2 7.3 4.4 78.7
2015–16 6.5 6.1 5.0 5.1 64.4
2016–17 2.8 5.9 5.5 6.2 50.3

Source: Authors.
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that the authors used to derive the indicators, it did not indicate whether 
the change in performance is material or significant. It is necessary to 
consider it in combination with the energy infrastructural and energy 
source developments in Pakistan.

Over the period of study, 2011–17, the energy sector in Pakistan 
experienced a much-needed phase of investment. It commissioned 
around 10 GW of new power generation, capacities, and around 1.3 
billion cubic feet per day of new LNG-importing infrastructure. The 
renewable energy sector also attracted investors’ and lenders’ interest, 
enabling Pakistan to commission over 1 GW of wind and solar power-
based projects, with levelized tariffs falling sharply in the last 3 years 
from over $0.10/kWh to less than $0.07/kWh. As a result, Pakistan 
became well positioned to fulfill its immediate energy priority of 
eliminating power and gas shortages, which had slowed down industrial 
and economic growth in the country.

While investments increased the energy supplies and diversified 
the energy mix, the new sources of energy, which were significant, 
primarily consisted of imported fuel. Pakistan currently imports 
nearly one third of its energy. This share of imports will double by 
2025 (in tons of oil equivalent) with the impending depletion of local 
gas reserves (Malik, Qasim, and Saeed 2018). Imported energy is 
expensive and requires increasing subsidization to continue to make 
energy accessible and affordable to Pakistan’s large population, which 
in turn leads to government fiscal deficit challenges. As a result of this 
energy infrastructural investment, the level of unmet energy demand 
in Pakistan has decreased, as reflected in fewer electric power and 
gas shortages. However, this has also led to increased dependence 
on imported fuels and hence greater energy insecurity. Thus, despite 
significant investments in energy infrastructure over the past 5 years, 
Pakistan continues to be energy insecure. 

Looking forward, the country needs to increase the share of 
alternative energy sources that it has already introduced into its 
energy mix, like solar, wind, distributed solar (residential rooftop solar 
solutions), and indigenous coal mining. Other green energy initiatives, 
like (a) rethinking electric power grid management to accommodate 
renewable power generation and distributed generation; (b) investing 
in infrastructure to reduce energy losses and theft; and (c) demand-
side initiatives like improving system efficiencies, incorporating better 
building and insulation standards, and shifting the demand to alternative 
local fuels, offer good solutions to improve Pakistan’s energy security. 
These can improve the access to and demand for indigenous sources of 
affordable energy, reduce the country’s import bill, and help Pakistan 
to develop a robust economy that is well insulated from international 
energy price shocks. 
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To facilitate these initiatives, the government needs to take certain 
policy measures, like setting a more ambitious target for solar (including 
distributed solar), wind, bioenergy, and small-hydro, increasing the 
2030 target from just 5% of the total generation to at least 15%. In 2017, 
Pakistan used almost 25% of its thermal fuels (oil, gas, LNG, and coal) in 
power generation (Ministry of Energy 2018), and, in the same year, the 
domestic sector consumed 48% of the final electric power sold on the 
grid (National Electric Power Regulatory Authority 2017). Households 
directly consumed another 10% of the thermal fuels (oil, gas, and LPG). 
Overall, the domestic sector consumes more than a third of thermal 
fuels (~35%). If there are no significant oil or gas discoveries in the near 
future, Pakistan will be feeding its domestic demand primarily through 
imported fuels, which is not economically sustainable. Moving the 
household energy consumption to distributed solar energy or increasing 
energy efficiency by developing and implementing building insulation 
standards can have a significant impact on Pakistan’s energy security. 
Therefore, Pakistan urgently needs to finalize regulations for distributed 
solar power, and ensure widespread acceptance of net metering and 
distributed solar power solutions by the government-owned electric 
power distribution companies. Moreover, it needs to improve access 
to subsidized financing, encouraging homeowners to refurbish their 
homes with better insulation.

The method and the results of the analysis are useful for other 
countries with a similar energy demand pattern. 
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11
Securing Access to Electricity 

with Variable Renewable Energy 
in the Philippines: Learning 

from the Nordic Model
Shinichi Taniguchi

11.1 Introduction

11.1.1  Status of Energy Insecurity  
in Asia and the Philippines

Global electricity consumption is expected to grow steadily until 2040, 
with the Asia and the Pacific region gaining in share and Southeast 
Asia contributing significantly (Figure 11.1) (IEA 2018). This region’s 
increase in generation capacity is largely dependent on coal (IEA 2018). 
Among countries with fast-growing economies, the Philippines shows 
a stable growth rate (Figure 11.2), typical of Southeast Asian countries. 
The Philippines’ power outage frequency is relatively high, as is its 
transmission and distribution loss (IEA 2017a). The country enacted 
the first comprehensive renewable energy legislation in Southeast Asia 
(IRENA 2017). The rationale behind the selection of the Philippines for 
this study is as follows: the country’s combination of a high electricity 
rate (compared with other countries) (Figure 11.3), high frequency 
of electricity outages, and relatively high rate of renewable energy 
penetration indicates potential problems in the future. 

The Philippines faces three energy insecurity problems: 1) the 
electricity demand is growing fast, 2) the supply of electricity often fails 
to meet demand, and 3) there is a large discrepancy in the electrification 
rate between cities and rural areas. 

First, the Philippines plans to enhance its generation capacity by 
approximately three times the 2017 level by 2040 DOE Philippines 
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Figure 11.1: Electricity Generation of the World and Asia 
(TWh)

Twh = terawatt hour.
Source: IEA (2018).
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2017a). The country is heavily dependent on coal for its electricity 
supply. Population and electricity demand are growing steadily, and the 
reserve margin is low. Most of the additional capacity is compensated 
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by coal. Even coal generation is expected to grow until 2040, reaching 
more than three times the 2017 level. 

Second, the Department of Energy (DOE) Philippines (2017b) has 
reported that the power supply in the on-grid area has experienced 
frequent shortages of reserve margins, while off-grid regions have faced 
limited power supply (4–12 hours a day) (IRENA 2017). 

Third, rural areas remain short of affordable energy. Electricity costs 
are high due to the limitations of commercial supply (IRENA 2017). 
Although the country’s electricity access rate reached 90% as of 2016, 
the figure is still low in rural areas, with an average of 85%, and 77% 
for Mindanao (Philippine Statistics Authority 2018; World Bank 2018). 
This archipelago of over 1,000 islands is not always connected to the 
power grid. Isolated locations are typically dependent on costly diesel 
generators, and suffer from both high electricity rates and air pollution 
(IEA 2017a; IRENA 2017).

11.1.2  Consequences of Energy Insecurity  
in the Philippines

Due to the development of the large-scale generation and transmission 
system, the country’s electricity rate is exceedingly high, to the extent 
that it is almost unaffordable for low-income citizens in rural areas. In 
rural off-grid regions, electricity is mostly generated from diesel, which 
is expensive due to the cost of imports. The electricity rates for rural 
areas are even higher than those for urban areas. Indeed, there is a 
significant discrepancy in the availability and affordability of electricity 
between urban and rural areas. 

Consequently, most of the population and commercial activities are 
concentrated in Manila, resulting in various urban problems, such as 
overpopulation, increased income gap between rich and poor, and air 
pollution. The distribution map of the energy consumption rate (ECR) 
per capita (kilowatt [kW] per person) highlights the gap in electricity 
delivery between regions. 

11.1.3  What Has the Country Done So Far?  
(Renewable Energy in the Philippines)

The Philippines’ rural electrification program started in the early 1960s. 
The goal was to achieve a 90% electrification rate by 2001. Later, the 
timeline to achieve this goal was set to 2017. Subsequently, the government 
initiated the Missionary Electrification Development Plan, supported 
by its development partners the World Bank and the United Nations 
Development Programme (UNDP). Various actions under this plan have 
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improved the electrification rate in rural areas that the main power grid 
cannot reach, with a public and private approach adopted (IRENA 2017). 
The Republic of the Philippines National Economic and Development 
Authority has also established the following target: to “prioritize the 
provision of electricity services to the remaining unelectrified off-grid, 
island, remote, and last-mile communities,” to achieve total household 
electrification by 2022 (NEDA 2017, 307). The country has steadily 
improved the national average household electrification rate from 62% 
in 1990 to 91% in 2016 (Figure 11.3). However, inequalities in the rural 
electrification rate and local ECR remain. 

11.2 Objectives of this Study
This study investigates the options to extend the installation of wind 
power and solar photovoltaics (PV). Wind and solar generation is called 
variable renewable energy (VRE) due to these means’ variability and 
uncertainty in generating outputs. This study promotes the penetration 
and utilization of VRE in developing Asian countries, with the following 
objectives in mind: 

ƀǇ to enhance VRE penetration in order to reduce dependency on 
coal generation and to mitigate the effects of climate change; 
and

ƀǇ to improve rural electrification by deploying VRE, thereby 
alleviating the discrepancy between cities and rural regions. 

11.2.1  Barriers to Resolving Energy Insecurity  
in the Philippines

Major barriers to resolving energy insecurity in the Philippines exist. 
First, given that coal-fired generation is a proven and easy option to 
meet the growing demand for electricity, it is difficult to abandon 
this measure. Second, VRE necessitates an evolution in power system 
planning and operation (USAID 2018). The IEA (2014, 2017b), the 
Danish Energy Agency (DEA 2015), and Ea (2015) have all expressed 
“system flexibility” as the key, referring to the ability of an electrical 
system to cope with a variable and unexpected change of generation 
from VRE sources when the penetration level is high. 

Competitive auctions of renewables have accelerated cost 
reductions, resulting in record cost competitiveness vis-à-vis nuclear 
power plants (IEA 2017c; Schneider and Froggatt 2018). IRENA (2017) 
has additionally indicated that renewable energy sources provide 
the most cost-effective solutions, thanks to the near-zero marginal 
production costs of electricity. A traditional method for negotiating 
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high VRE penetration within the existing system is to provide backup 
fossil fuel generators to absorb fluctuations and to set a limit on the total 
acceptance of VRE, thereby keeping the expected fluctuation bandwidth 
within a manageable level.

11.2.2 Focus and Application

The effective use of interconnectors between regions is the key to 
providing the flexibility needed to integrate VRE on a large scale. The 
advanced Nordic model provides some important implications. 

A high level of VRE penetration requires flexibility in the system 
(IEA 2014, 2017b, 2017d, DEA 2015; Ea 2015). DEA (2015, 7) defines 
flexibility as, “the ability to cope with variability and uncertainty in 
both generation and demand, while maintaining a satisfactory level of 
reliability at a reasonable cost, over different time horizons.” Previously, 
the IEA (2014) elaborated on flexibility as a solution to the problem of 
variability within VRE, defining four categories: 1) grid infrastructure, 
2) dispatchable generation, 3) storage, and 4) demand-side integration.

Among these four categories, grid infrastructure is thought to 
be the most effective measure to integrate VRE, because it connects 
distributed resources and demands. Cross-border interconnectors 
allow VRE generation to be shared among consumers in different 
locations. The other categories are either still in the development stage 
(storage), increase CO2 emissions (dispatchable generation), or are 
limited in terms of a continuous effect (demand-side integration) (IEA 
2014). Additionally, IEA (2018) forecasts that hydroelectric generation 
and interconnection would make a major contribution to the world’s 
flexibility in 2040 to the extent that fossil fuel generations will do. 

11.2.3 Research Questions

(1) Will existing interconnectors represent a solution for handling 
the expected level of VRE?

(2) What are the limitations of the interconnectors?
(3) Is the current VRE development program effective in 

promoting rural electrification and local economy, while 
mitigating reliance on fossil fuels? What other measures will 
be needed to make effective use of VRE?

11.2.4 Steps to Be Followed

Step 1 describes what has been learned from the Nordic model. Step 2 
comprises an economic evaluation of interconnectors, deriving the 
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implications for the Philippines. Step 3 is an alternative measure to 
the grid connection. This chapter comprises the following sections: 
Section 11.1, Introduction; Section 11.2, Objectives of the Study; 
Section 11.3, Literature Review; Section 11.4, Step 1: Learning from the 
Nordic Interconnector Model; Section 11.5, Step 2: Application of the 
Interconnector Model to the Philippines and its Limitations; Section 
11.6, Step 3: An Alternative Measure to Overcome the Limitation; and 
Section 11.7, Discussion and Conclusion. 

11.3 Literature Review

11.3.1  Status of Energy Security in Asia and the Pacific 
and Southeast Asia

The term “energy security” has been defined as, “the uninterrupted 
availability of energy sources at an affordable price” (IEA 2019). It covers 
both long- and short-term spans. Long-term energy security pertains to 
timely investments to supply energy in line with economic development 
and sustainable environmental needs, while short-term energy security 
refers to the ability of an energy system to react promptly to sudden 
changes within the supply-demand balance (IEA 2019). 

For long-term energy security, the long-term supply–demand 
condition, energy prices, and emissions should be observed. Even the 
self-sufficiency of energy is a potential risk of long-term energy security. 
These aspects are discussed below. In the case of short-term energy 
security, system reliability and losses are the main concerns. 

11.3.2 Energy Security in the Philippines

The total final energy consumption of the Philippines is expected to 
increase at an average rate of 4.3% annually, from 33.1 million tons of oil 
equivalent (mtoe) in 2016 to 91.0 mtoe in 2040. Electricity will account 
for 21.8% of the final energy consumption, with a rapid growth of an 
average of 5.5% per annum by 2040, while the total consumption will be 
three times the consumption in 2016 (DOE Philippines 2018a). However, 
given that the current growth rate of installed generation capacity—from 
21,423 megawatts (MW) in 2016 (DOE Philippines 2016a) to 62,300 MW 
in 2040 (Aquino 2017)—is slower than that of electricity consumption, 
improvements in the country’s reserve margin will be difficult to achieve. 

The self-sufficiency rate of the country’s energy also affects “the 
uninterrupted availability of energy sources” (IEA 2019). In 2016, 
indigenous energy accounted for 55.3% of the country’s total primary 
energy supply. The rest of the share came from imported energy, 
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comprising 33.5% oil, 10.8% coal, and 0.3% biofuels (DOE Philippines 
2018a). The fact that approximately half of the total energy supply 
remains dependent on external sources poses a potential risk to energy 
availability. 

The country has made huge investments in energy infrastructure, 
yet the goal of delivering affordable energy has not been achieved. 
The country’s electricity tariff is one of the highest in the Southeast 
Asian region, approaching the level of developed nations (Figure 11.3), 
though the gross domestic product (GDP) per capita has not reached 
the same level. 

From a consumer’s perspective, the country has seen remarkable 
progress. Thanks to the government’s ambitious goals and strenuous 
efforts, the electricity access rate has improved dramatically in recent 
decades to 90.0% in 2017 (DOE Philippines 2018b). The Philippines 
is one of the most developed countries in the Southeast Asian region 
in terms of household electrification (Figure 11.4). However, while the 
electricity access rate is as high as 98% in the capital region, remote 
regions continue to lag behind; for example, in the region of Mindanao 
the access rate is only 40.9% (DOE Philippines 2018b). 

Figure 11.3: Electricity Prices for Households, 2017 
($/MWh)

MWh = Megawatt hour, UK = United Kingdom, US = United States.
Source: DOE Philippines (2017b); IEA (2017e).
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Another consequence of the highly capitalized development of 
infrastructure is that it causes significant environmental concerns. 
According to DOE Philippines (2018a), the country’s CO2 emissions are 
expected to increase fourfold by 2040. The short-term energy security 
of the country is thus the major issue, as demonstrated in the following 
reports: 

ƀǇ DOE Philippines (2016a, 2016b, 2017a, 2017b, 2018a, 2018c) 
provides critical information on the electricity supply and 
demand situation in the Philippines. These reports deliver 
the latest information, as well as the outlook for 2040. DOE 
Philippines (2017b) has also assessed the condition of the 
electricity market as a result of industry reforms since 2001. In 
addition, the Philippine Electricity Market Corporation (PEMC 
2017a, 2017b) provides information on electricity market 
transactions for the year. 

ƀǇ The National Grid Corporation of the Philippines (NGCP) 
(2015, 2016a, 2016b) describes present issues and potential 
options for the power grid. The topics range from transoceanic 
interconnections to intra-island transmission issues. 

Figure 11.4: Electricity Rates of Southeast Asian Countries 
(% of population)

Lao PDR = Lao People’s Democratic Republic
Source: World Bank (2018).
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ƀǇ The National Economic and Development Authority (NEDA 
2017) declares political targets for national development, 
including electrification and other social infrastructure.

ƀǇ The IEA (2017a) has highlighted an important challenge faced 
by the Philippines: the country’s share of firms experiencing 
power outages is approximately 40%, with transmission and 
distribution losses amounting to nearly 10% as of 2015, one of 
the highest figures among Southeast Asian countries. 

11.3.3  Status of Renewable Energy  
in Asia and the Philippines

IRENA (2017) has objectively and comprehensively explained the 
country’s historical situation and activities as regards renewable energy 
and rural electrification. Indeed, this report provides a brief history of 
the relevant legislation as well as an overall evaluation from a social 
perspective. 

USAID (2018) provides visible perspectives on the introduction of 
renewable energy. The areas of Luzon and Visayas are included within 
its scope, but Mindanao is not. Based on the scenarios of renewable 
energy penetration levels, it simulates curtailment levels of solar and 
wind power when they generate more than the demand. 

The country has sought to improve its energy self-sufficiency by 
increasing indigenous renewable energy, with the goal of doubling 
renewable installation (DOE Philippines 2016a, 2018a). 

The Philippines government has also set out the Renewable Energy 
Act of 2008, the first comprehensive legislation on renewable energy in 
Southeast Asia. The objective of the Act is to achieve energy self-reliance, 
mitigate climate change, and promote socioeconomic development in 
rural areas (IRENA 2017). The Act encompasses the development and 
utilization of renewable energy, as well as the establishment of necessary 
infrastructure and mechanisms, involving a feed-in tariff system. Thanks 
to this ambitious policy, the country has promoted electricity production 
from renewable sources for the next 40 years. The current penetration 
rate of renewable sources (excluding hydropower) is approximately 
15% (Figure 11.5). The share of hydropower was 10.5% in 2015, with 
the country’s renewable share remaining at 25%. To further increase 
renewable resources, more wind generation and solar PV needs to be 
introduced, because the potential of other resources (e.g., geothermal or 
hydroelectric) is limited. USAID (2018) has noted that the Philippines 
is home to abundant solar, wind, and other renewable energy resources, 
and indicates several potential wind and solar generation sites and their 
capacities in its report. While the installed capacity of solar and wind 
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presently accounts for only 1% of the total, it has the potential to provide 
more than 20%, according to DOE Philippines (2018c) and my own 
calculations. 

11.3.4 Learning from the Nordic Model

So far, the IEA and the DEA have studied the role of interconnectors 
in providing system flexibility. The IEA (2014, 2017b) has reported the 
trading and aggregation effect of VRE. It has also described the typical 
phenomenon of solar PV consumption in Italy and has studied the effects 
of aggregating a variety of VRE plants (IEA 2014). The IEA (2017b) has 
emphasized the size of the balancing areas; by expanding these using 
cross-border interconnectors, the variability and uncertainty of VRE 
diminishes. Cross-border interconnectors in the Nordic region function 
as transporters to mitigate variability in larger areas. The DEA (2015) 
has analyzed trading between western Denmark and Germany, showing 
that roughly 80% of the variation in wind power was compensated for by 
the exchange in 2014. Ea (2015) has studied trends in the energy trade by 
comparing hydro-capacity in Norway, wind capacity and peak demand 

Figure 11.5: Southeast Asian Electricity Production from 
Renewable Sources, Excluding Hydropower 

(% of total)

Lao PDR = Lao People’s Democratic Republic
Source: World Bank (2018).
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in Denmark, and the capacities of interconnectors between Denmark 
and neighboring regions. Furthermore, Wang et al. (2017) have used 
snapshot data to describe in detail how Denmark managed to integrate 
wind power through flexible coordination.

In addition to interconnections, virtual power plants (VPPs) 
have been studied to manage VRE. Pudjianto and Strbac (2007) have 
provided an algorithm for VPPs, while Shabanzadeh, Sheikh-El-Eslami, 
and Haghifam (2016) have demonstrated a model to operate VPPs using 
data from the Iberian market.

11.3.5 Economic Evaluation (Social Welfare Analysis)

Hogan (1992), Bushnell and Stoft (1996), and Verhoef (2000) have 
examined the social cost of congestion and pricing effects. Belyaev 
(2011) has explained the effects of electricity trading between two areas. 
Borenstein, Jaske, and Rosenfeld (2002) have highlighted the social 
welfare effect. Felder (2011) has provided a complete description of the 
price-suppression effect (representing the transfer of producer surplus 
to consumer surplus), and has proposed a holistic approach including 
environmental-suppression and price-impression effects that avoid one 
particular effect being overstated.

11.3.6 Effects of Rural Electrification

Herrin (1979) studied the effects of rural electrification in the Southern 
Philippines and has provided a conceptual relationship based on a 
field study. Frederiksen (1981) examined the relationship between 
rural electrification rates and population density for the Philippines 
in 1970 and 1975, revealing a positive relationship between the two 
variables. Kanagawa and Nakata (2007, 2008) presented a conceptual 
mechanism of electrification that improves quality of life. Moner-
Girona (2009) discussed the effect of rural electrification, where 
distributed renewable energy helps to stimulate the local economy. 
Pereira et al. (2011) evaluated the impacts of access to electricity, 
taking samples from South Africa, the People’s Republic of China, 
India, and Brazil. Hong and Abe (2012) studied the use of renewable 
energy for rural electrification in the Philippines, concluding that the 
trial was effective, although technology, economics, and community 
challenges existed. Pasten and Santamarina (2012) explored the 
relationship between electrification level and quality of life, utilizing 
data for 118 countries, noting a simple and quantitative relationship 
between the two factors. Roxas and Santiago (2016) deliberated on 
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how to effectively disseminate renewable energy in rural communities. 
Moreover, Nadimi and Tokimatsu (2018) modeled the relationship 
between electricity consumption per capita and quality of life, taking 
samples from 112 countries over the period 2005–13. 

11.4  Learning from the Nordic Interconnector 
Model—How a Flexible System Works

11.4.1  Methods: Modeling Denmark’s  
Interconnecting System

Modeling the Nordic Interconnecting Systems
To resolve energy security problems in Asia via a renewable energy 
approach, it is crucial to study the Nordic countries. Indeed, these 
nations have been developing advanced systems via a renewable energy 
approach for decades in order to address their energy problems. Among 
the Nordic countries, I have taken Denmark as a model case, because 
its electricity system is oceanic and comprises several islands, similar to 
the Philippines. In addition, the IEA (2018, 2017b) ranks Denmark the 
highest among a list of countries, in terms of its VRE share and phase 
of integration. The model functioning of the system delivers important 
insights that will be applicable to developing Asian countries, including 
the Philippines. 

The connection between western Denmark and Germany was 
used for this study, where a large volume of wind power exists on 
both sides of the interconnector, along with neighboring alternating 
current lines. The interconnectors were connected to Sweden, 
Germany, Norway, and western and eastern Denmark. This country 
has achieved considerable VRE penetration, supported by flexible 
power systems and interconnections with other Nordic countries. 
Hydropower in the Nordic countries functions as a buffer (OECD 
1999; Nord REG 2014; DEA 2015; Ea 2015; IEA 2017a, 2017d; Wang 
et al. 2017).

Identifying Variables for the Model
The original model includes the prices for both areas. Given that 
these two variables are strongly correlated, only the price in Area B 
is adopted to avoid multicollinearity. VRE, direct current (DC) lines, 
and flexible demands (pumped storage and electric boilers) are the 
other factors for providing flexibility. Decentralized combined heat 
and power (CHP) and flexible sources such as heat pumps or electric 
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boilers, which can shift production by storing heat, are considered 
important flexible sources. The importance of DC lines has been raised 
by Wang et al. (2017). 

11.4.2 Empirical Study of the Nordic Model

Model Structure
A more generalized area allocation is shown in Figure 11.6. In the model, 
Area A is the low-price area with low demand, and Area B is the high-
price area with high demand. 

The natural logarithm of the interconnector flow and the relevant 
parameters were applied for the multiple regression analysis. The ln 
(Flow) was the objective variable for the multiple regression. As it is 
generally understood, the coefficient of the explanatory variable in the 
logarithm form indicates the elasticity of the objective variable. For 
example, a 1% variation in the explanatory variable corresponds to a 1% 
variation in the objective variable or interconnector flow. Equation (1) 
shows the log-linear model for the interconnector flow:

 ln (Flowt) = α0 + β1 * ln (Price Bt) + β2 * ln (Demand At) 
 + β3 * ln (Demand Bt) + β4 * ln (VRE At) + β5 * ln (VRE Bt) 
 + β6 * ln (Flexible At) + β7 * ln (Flexible Bt) + β8 * ln (DC flow Aat) 
 + β9 * ln (DC flow Abt) + β10 * ln (DC flow Bat)
 + β11 * ln (DC flow Ct)+ β12 * ln (Dispatchable Gent) (1)

Figure 11.6: Generalized Interconnector Model

Source: Author.
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The multiple regression analysis was conducted using empirical 
data. For comparison, data from 2017 and 2006 were used. The VRE 
penetration level on the basis of generated electricity was 28.5% in 2006, 
and 42.5% in 2017. 

The data from 2017 and 2006 were retrieved from several sites 
(e.g., Energinet 2018; ENTSO-E 2018; Nord Pool 2018) in a historical 
trend form, being compiled in a spreadsheet by formalizing different 
time-resolutions and time-stamps. The direction of the flow must be 
noted, too. Based on the definition, a positive sign indicates a flow from 
Germany (export) to Denmark (import). 

Key Results
Table 11.1 displays the key results of the model analysis for Denmark in 
2017 and 2006. In the case of Denmark, the interconnector flow shows 
a high correlation with VRE, with an elasticity above 1.0. Importantly, 
this indicates that the interconnector flow was open to VRE generation, 
along with other supporting sources such as the local CHP, flexible 
demand, and DC line flow. 

The underlined variables show significant elasticity (greater 
than 0.3) in the data for 2017. Those in parentheses demonstrate the 
significance of the data for 2006. Interestingly, the result from 2006 
shows that the operation of the interconnector still depended on 
the dispatchable generators. Subsequently, this reliance decreased 
significantly (by 2017).

Table 11.1: Summary Results of the Multiple Regression Analysis

Item

Significant variables (elasticity is larger than 0.3)
2017  

(VRE penetration: 42.5%)
2006  

(VRE penetration: 28.5%)
Area A Western 

Denmark
Demand (3.8), VRE generation 
(–1.0), Dispatchable fossil CHP 
(–1.5), Electric boiler (flexible 
demand) (0.5)

Demand (12.2), VRE generation 
(–1.1), Centrally controlled fossil 
generation (–5.4), Dispatchable 
fossil CHP (–3.5)

Area B Germany Demand (–11.3), Price (0.6)

Aat Norway DC flow (–0.4) DC flow (–0.3)

Abt Sweden DC flow (–0.4)

Bat Eastern 
Denmark

DC flow (0.3)

DC = direct current, VRE = variable renewable energy.
Source: Author.
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The Nordic model demonstrates that the interconnector flow is 
coordinated with flexible demands, dispatchable generations, and 
adjacent DC line flows. As the penetration level increased from 28.5% 
in 2006 to 42.5% in 2017, the dispatchable central generation became 
less indispensable, while the DC line interconnections contributed 
actively. 

A further analysis in this study revealed that the aggregated capacity 
of the interconnectors and the domestic flexible resources such as the 
electric boilers or the CHP was slightly larger than that of the VRE. 
Although the flexible capacity of the neighboring area (i.e., hydroelectric 
capacity in Norway) was far greater than the VRE capacity, the actual 
flexibility was defined by that aggregation. 

Suggestions for Developing Asian Countries
ƀǇ To achieve the considerable penetration of VRE, interconnection 

between regions is an effective measure.
ƀǇ The Nordic model demonstrates that interconnector flow is 

linked to VRE generation, along with other variables (e.g., 
demand, local CHP, flexible demands, adjacent DC flows).

ƀǇ As VRE penetration level increases, the role of the DC lines 
connected to adjacent areas will be even more important. A 
positive use of DC lines will help to mitigate dependency on 
fossil fuel generation.

ƀǇ The aggregated capacity of the interconnectors and the internal 
flexible resources should be larger than that of the VRE, or at 
least comparable. 

11.5  Application of the Interconnector Model  
to the Philippines, and Its Limitations

11.5.1 Methods

Deriving a Theory of Social Welfare in Electricity Trading
The basic function of electricity trading between two regions is to 
gain economic value from the transaction. However, the definition of 
economic value is ambiguous. The most common driver is to resolve the 
price difference between the two regions. This represents the tradition 
in electricity trading, as described by Hogan (1992) and Bushnell and 
Stoft (1996). 
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Belyaev (2011 has explained this dynamic from a diff erent 
perspective. Consider the two-area system with an interconnecting line. 
Assume the case where Area-A is the low-price area and Area-B is the 
high-price area, then Area-A exports electricity to Area-B. In Area-A, 
the supply curve shifts to the left, and in Area-B it shifts to the right 
(Belyaev 2011). The degree of shift is proportional to the power that 
Area-A exports to Area-B (Figure 11.7). 

As illustrated in Figure 11.7, I assume that the generators 6 and 7 
(g6 and g7) are regarded to be transferred from Area-A to Area-B by 
trading electricity. The actual change of total surplus by this electricity 
trading is described in Figure 11.8. The upper and lower triangles of 

Figure 11.7: Electricity Trading and Supply Curves

Source: Author.
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Source: Author.
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the left figure show the losses of consumer’s surplus and producer’s 
surplus in Area-A respectively. Likewise, the upper triangle represents 
the gain of consumer’s surplus and the middle parallelogram and the 
lower triangle combined depict the increase in producer’s surplus in 
Area-B. Since the sizes of the lower triangles in Area-A and B are the 
same, both parts are cancelled out when providing the total surplus of 
the two areas. 

First, I assume the condition of price equilibrium achieved by 
electricity trading. Define the equilibrium price as Pe and the electricity 
flow as f by which the condition is derived as indicated in Figure 8. Then, 
the following formulas are provided. 

 f = εA * ΔPA = εB * ΔPB

  = εA * (Pe – PA1) = εB * (PB1 – Pe)

Pe and f are then given as follows: 
 Pe = (εA*PA1 + εB*PB1) / (εA + εB) (1)

 f = {εA *εB / (εA + εB)} * (PB1 – PA1) (2)

Figure 11.9 represents the actual areas to be considered in calculating 
the total surplus of electricity trading. 

Figure 11.9: Surplus Losses and Gains by Electricity Trading

Source: Author.
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Here, I regard Total Surplus as Social Welfare in terms of electricity trading, 
then the following formula is given. 
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 Social Welfare = – f2/2εA + f2/2εB + f * (Pe – PA1)

 = (1/2) * {εA *εB / (εA + εB)} * (PB1 – PA1)2

 = (1/2) * {(εA + εB) / εA *εB} * f2 (3)

Analytical Procedure

Power Grid Configuration of the Philippines
Figure 11.10 shows the power grid configuration of the Philippines. The 
only inter-zonal connection in the Philippines is the Luzon-Visayas 
interconnector. The two areas are connected by a high-voltage direct 
current line with a capacity of 440MW (Visayas to Luzon) and 250MW 
(Luzon to Visayas). The other intra-zonal transmission lines are not 
analyzed for the market-to-market transaction. The line connecting 
Visayas and Mindanao is still being planned. The dotted lines are the 
options for the connecting route (NGCP 2015, 2016a, 2016b).

Figure 11.10: Main Power Grid Configuration of the Philippines

Source: Author.
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Drawing Supply Curves of the Three Areas  
(Luzon, Visayas, and Mindanao)
The marginal cost curves of three areas (i.e., Luzon, Visayas, Mindanao) 
will be depicted after following the procedure in Section 11.4.1. In order to 
draw the marginal cost curves, the generation capacity of the respective 
sources and their corresponding marginal costs need to be estimated. 
The generation capacity is provided by DOE Philippines (2017a) and the 
marginal costs can be assumed from the data (i.e., “Marginal Plants”) 
of the Wholesale Electricity Spot Market (WESM), published on its 
webpage. 

I assume that the marginal cost of a specific generation category 
depends on accessibility to corporations’ internal information. Due 
to the Philippines’ transparency policy, the record of the marginal 
costs of individual time slots is posted for download from the 
WESM webpage. The raw data contain some unusually high tender 
prices, by which market participants opportunistically try to gain 
high revenues. These outliers can be eliminated by the statistical 
procedure, producing a frequency distribution, and extracting middle 
samples for averaging. 

By placing the generation capacity of each source in the order of 
their marginal cost, the supply curves of the three areas will be drawn. 
As the WESM does not cover Mindanao, the marginal costs of Visayas 
were used. 

Deriving Price Elasticity Values
The next step is to derive the price elasticity values of the supply 
curves. Applying the same principle as the Translog model of Equation 
(1), it can be said that the ratio of the natural logarithm for price 
and capacity represents the price elasticity of the supply curve. By 
taking the natural logarithm of the corners of the supply curve and 
calculating a regression line, the general elasticity of the supply curve 
can be derived. 

In contrast to the general elasticity value, the actual effect of trading 
electricity is subject to the specific shape of the horizontal range, where 
the demand curve moves due to any reason. For instance, if a certain 
amount of VRE is introduced, the demand curve moves to the right due to 
its low variable cost, but the range of shift varies because of its swinging 
generation. Thus, this study assumes the range of shifting demand by 
multiplying the installed capacity of VRE sources with their expected 
capacity factors. As for the specific shifting range of the demand curve 
and the supply curve, the values will be derived by taking the proportion 
of their natural logarithm values. 
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 Desirable Interconnector Flow and Capacity  
Based on the Theory
Based on Equation (2), the desirable interconnector flow can be derived 
as f. This value can be obtained when the price and the price elasticity of 
the supply curve are given for each area. For Luzon and Visayas, prices 
are given by the PEMC (2017a, 2018), while elasticity may be calculated 
following the above procedure. In the case of Mindanao, peak demand is 
given by DOE Philippines (2018c), and elasticity comes from the above 
procedure. Only price is assumed based on the supply curve and the 
peak demand. 

Next, the compatibility of the swing capacity of VRE and the 
interconnector will be checked. The Nordic model suggests that the 
capacity of the interconnector should be larger than that of the swing 
volume of VRE, or at least compatible. Then, a comparison between the 
two and their related values should be conducted. The interconnector 
capacity and other related data are provided by the PEMC (2017b). 

11.5.2 Results

Estimating Supply Curves
The estimated marginal cost curves are shown in Figure 11.11. 

Figure 11.11: Luzon Estimated Marginal Cost Curve 
($/MWh)

MWh = megawatt hour.
Source: Author.
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Luzon has an approximately five times greater generation capacity 
than Visayas or Mindanao. The marginal price of Luzon is typically 
determined by its natural gas power plants or coal power plants. Some 
speculative approach in the tender procedure was observed, especially 
for the hydroelectric power generators in Luzon, which recorded 
extremely high prices as a result of their bidding behavior, while the 
reserve margin of the system was scarce. 

Given that the proposed introduction of VRE (USAID 2018) is 
largely located in Luzon, the demand curve shifts around the range of 
the coal generation. Hence, the specific elasticity can be calculated for 
the coal generation. The supply curves of Visayas and Mindanao are also 
derived in the same way as for Luzon. 

The typical marginal plant is a coal power plant in Visayas. As the 
maximum demand is close to the boundary of the coal and the diesel 
plants, the price frequently spikes. The proposed VRE installation by 
USAID (2018) is small, so the specific elasticity is calculated for the coal 
generation. 

When assuming a universal power grid, the virtual marginal plants 
are the coal generation plants. However, the electricity price in Mindanao 
is not universal, and an electricity market does not exist there. The off-
grid areas remain where the main grid is not installed. In such areas, the 
costly diesel plants are the major power sources. Thus, this estimation 
is merely to be used for the study of future interconnections, delivering 
only hypothetical outcomes. 

Elasticity Values of the Supply Curves
The results for the elasticity calculation of the supply curves are shown 
in Table 11.2. The results will be used as part of the inputs for the 
calculation for the Desirable Interconnector Flows. 

Table 11.2: Results of the Elasticity Calculation 
(MW)

Item Target VRE General elasticity Specific elasticity
Luzon 19,166 1.18 3.51

Visayas 2,165 1.46 0.31

Mindanao 410 0.88 0.32

MW = megawatt, VRE = variable renewable energy.
Source: Author.
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Desirable Interconnector Flows
The desirable interconnector flows are those that maximize social 
welfare at periods of peak demand. Table 11.3 shows the results of the 
calculations for the desirable interconnector flows. 

Given the application of general elasticity, the existing 
interconnector capacity of 440 MW between Luzon and Visayas is 
thought to be reasonable and increases social welfare. However, when 
assuming the introduction of VRE, the derived capacity does not make 
sense. Under the proposed renewable resources, the Visayas–Mindanao 
interconnector has reasonably small specific elasticity, meaning that the 
project will contribute to social welfare gains. 

As the VRE capacity in Luzon is too large, it is difficult for the 
interconnector between Luzon and Visayas to manage the variability 
of VRE. To proceed with this project, other flexible resources will be 
required, as described in Section 11.8.3. 

Findings
There is a limitation in applying the Nordic model to the Philippines. In 
order to acquire a desirable level of interconnecting capacity, necessary 
investments in transmission lines and dispatchable fossil fuel generation 
will be unreasonably high. For instance, most of the land area is away 
from the existing power grid in Mindanao, and there is a growing 
realization that the traditional approach of enhancing the electrification 
rate is not always appropriate. 

Table 11.3: Desirable Interconnector Flows 
(MW)

Item

Desirable flows 
with general 

elasticity 

Desirable flows 
with specific 

elasticity Note
Luzon-Visayas + 419 + 253 (+) means the flow from 

Visayas to Luzon

Visayas-Mindanao + 63 + 17 (+) means the flow from 
Visayas to Mindanao

MW = megawatt.
Note: The value within parentheses shows the normalized social welfare for the average flow in 2017.
Source: Author.
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Luzon-Visayas Interconnector
The present capacity is 440 MW for the flow from Visayas to Luzon, 
and 250 MW from Luzon to Visayas. The actual flow was 222 MW from 
Visayas to Luzon during 2017, which was reasonable in terms of social 
welfare. However, under the specific condition where renewable energy 
is introduced in a large volume, the specific elasticity of the Luzon grid 
increases, rendering electricity trading inefficient. In such a situation, 
the required interconnector capacity needs to be much larger, or a large 
volume of flexible resources must be installed, leading to huge investments. 

Visayas-Mindanao Interconnector
This interconnector is still in the planning stage, but this might be 
reasonable in terms of the proposed plan for installing renewable energy. 
The Visayas grid will benefit from accessing the hydroelectric capacity 
in Mindanao, which will mitigate the variability of the VRE generations. 

Limitation of the solution with interconnectors 
The necessary interconnector capacity (as well as whether it proves 
beneficial or not) is contingent on the number of renewable energy 
installations, by which the elasticity of the supply curve swings. Hence, 
it is not possible to make the right decision in interconnector investment 
before delivering a concrete plan for renewable energy sources. The 
decision to construct interconnectors requires a long-term planning 
procedure, where going backwards is not allowed. Given that the plan 
for renewable energy development is still immature in the Philippines, 
the interconnector option is not a universal solution. In addition, 
the interconnector does not provide a measure to mitigate regional 
inequalities in electricity supplies. When addressing this problem, other 
measures should be implemented simultaneously. 

11.6  An Alternative Measure to Overcome the 
Limitation: Distributed VRE Model

11.6.1 Methods

Uneven Distribution of VRE Development  
and Energy Consumption Rate
The interconnector model assumes a universal connection to the 
transmission lines. However, the places where grid connections are 
insufficiently developed will not prove suitable for that measure. Uneven 
distributions of VRE development and energy consumption rate (ECR) 
remain issues to which the interconnector approach does not apply. 
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Table 11.4 shows the distribution map of household population and 
electrification rate in the Philippines. 

Table 11.4: Distribution of Population Concentration  
and Electrification Rate

Household 
Population

Electrification  
Rate

Philippines 100,543,973 0.88

NCR (National Capital Region) 12,786,611 0.98

Total Provincial (Non-Meralco) 44,447,762 0.92

Luzon 57,234,373 0.94

North Luzon 21,355,668 0.95

CAR (Cordillera Administrative Region) 1,713,625 0.91

Region 1 (Ilocos Region) 5,014,622 0.96

Region 2 (Cagayan Valley) 3,443,493 0.92

Region 3 (Central Luzon) 11,183,928 0.97

South Luzon 23,092,094 0.90

Region IV-A (Calabarzon) 14,364,868 0.95

Region IV-B (Mimaropa) 2,946,505 0.74

Region V (Bicol Region) 5,780,721 0.83

Visayas 19,296,625 0.86

Region Vi (Western Visayas) 7,514,261 0.88

Region VII (Central Visayas) 7,359,496 0.86

Region VIII (Eastern Visayas) 4,422,868 0.84

NIR (Negros Island Region)

Mindanao 24,012,975 0.77

Region IX (Zamboanga Peninsula) 3,594,331 0.76

Region X (Northern Mindanao) 4,662,591 0.82

Region XI (Davao Region) 4,866,957 0.82

Region XII (Soccskargen) 4,531,521 0.78

Region XIII (Caraga) 2,586,326 0.85

Autonomous Region in Muslim 
Mindanao

3,771,249 0.53

Source: Philippine Statistics Authority (2018) and author.
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Although the national electrification rate reached 91% in 2016 (as 
shown in Figure 11.3), regional unevenness continues to exist (as seen 
in Table 11.4). In this step, the regional distribution of the ECR will be 
derived as compared with the distribution map of the proposed VRE 
installation program to assess the effectiveness of the renewable energy 
development program. 

Relationship between the ECR and the Quality of Life Index  
Pasten and Santamarina (2012) have demonstrated a log-linear 
relationship between the ECR and the Quality of Life Index (QoL). 
Their trend analyses have shown that when the ECR exceeds 5.0, the 
QoL becomes saturated. When the ECR ranges from 1.0–5.0, the QoL 
and other indices (e.g., gross national income per capita) are linearly 
correlated. 

According to the model proposed by Nadimi and Tokimatsu 
(2018), the relationship between the energy consumption per capita 
and the QoL showed an S-shape curve, including two saturation areas 
at both the low end and the high end of the energy consumption per 
capita values. The linear zone of the ECR was approximately between 
2.5–4.0. The range below 2.5 was thought to be that of pre-developing 
countries.

This step provides quantitative assessments for the distribution of 
the regional ECR, before discussing a practical level of ECR from the 
QoL perspective. 

Benefit Analysis for the Distributed VRE Model
The Nordic model suggests that flexible capacity is needed when 
additional interconnector capacity is not feasible. Flexible capacity 
includes hydroelectric generation, storage, or flexible demands (e.g., 
electric boiler, CHP). Roxas and Santiago (2016) have suggested that 
other flexible resources could include drinking water production or 
ice for fish producers, which would be especially effective under the 
conditions of the tropical archipelago. 

Thus, the following values can be calculated. A special note must 
be made for calculating ( j) backup capacity. One of the important 
functions of the power storage is to equalize the changing output of 
VRE, and then the average output of the discharge from the storage is 
the installed capacity of VRE multiplied by its capacity factor. Although 
the actual output from the storage is restricted by the maximum 
currency, this study employs the simple assumption given above. 
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The final goal of this step is to compare the cost of installing storage 
and the saving of additional fossil fuel generation. 

(a) Energy consumption on a regional basis [MWh]. Source: 
Philippine Statistics Authority (2018), Energy Delivery per 
Region (2016).

(b) System peak demand, 2016 [MW]. Source: DOE Philippines 
(2017b).

(c) VRE capacity [MW]. Sources: USAID (2018), and DOE 
Philippines (2018c).

(d) Capacity factors for generation sources, including wind 
power and solar PV on a regional basis [%]. Source: PEMC 
(2017a).

(e) Expected VRE generation [MWh].
(f ) Installed Capacity of Hydroelectric [MW]. Source: DOE 

Philippines (2017a).
(g) Installed Capacity of Geothermal [MW]. Source: DOE 

Philippines (2017a).
(h) Installed Capacity of Biomass [MW]. Source: DOE 

Philippines (2017a).
(i) Installed Capacity of Fossil Generations [MW]. Source: 

DOE Philippines (2017a).
( j) Backup capacity needed for the system peak demand 

[MW].
(k) The gap between energy delivery and renewable 

generation [MWh].
(l) Storage capacity needed [MWh].
(m) Estimated cost of storage [mm $].
(n) Estimated saving of fossil generation capacity [mm $].

Note 1: The capacity factor for the biomass power plant is assumed 
to be 85%, as indicated in (k). 

Note 2: The storage capacity is assumed to be as high as 10 hours 
by the output of VRE generation and the round-trip efficiency at 0.8, as 
seen in (l).

Note 3: IEA (2018) projected that the batteries will reduce in cost to 
$100/kWh by 2030 (m).

Note 4: The cost of constructing a coal power plant in (n) is 
estimated from that of the Pagbilao coal-fired power plant indicated by 
DOE Philippines (2017b). 
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11.6.2 Results

Distribution Map of VRE Development and ECR
Table 11.5 shows the distribution of the projected VRE generation 
(left) under the proposed BR50 scenario set by USAID (2018), and the 
projected VRE share of total electricity consumption in 2016 (right). 

Table 11.5: Distribution of Projected VRE Generation  
and Projected VRE Share

Projected  
VRE Generation  

(MWh)

Projected  
VRE Share  

(%)
Philippines 39,717,599 52.4

NCR (National Capital Region) 1,029,298 2.5

Total Provincial (Non-Meralco) 34,034,808 210.7

Luzon 35,064,107 61.0

North Luzon 18,751,625 153.1

CAR (Cordillera Administrative Region) 0 0.0

Region 1 (Ilocos Region) 7,162,811 288.6

Region 2 (Cagayan Valley) 3,111,645 235.5

Region 3 (Central Luzon) 8,477,169 115.4

South Luzon 15,283,183 391.6

Region IV-A (Calabarzon) 12,409,151 511.4

Region IV-B (Mimaropa) 0 0.0

Region V (Bicol Region) 2,874,032 194.8

Visayas 4,118,408 46.3

Region VI (Western Visayas) 2,062,953 172.7

Region VII (Central Visayas) 1,390,940 30.5

Region VIII (Eastern Visayas) 664,515 46.4

Negros Island Region 0 0.0

Mindanao 535,085 5.6

Region IX (Zamboanga Peninsula) 39,153 3.1

Region X (Northern Mindanao) 148,780 6.1

Region XI (Davao Region) 0 0.0
continued on next page



Securing Access to Electricity with Variable Renewable Energy in the Philippines:  
Learning from the Nordic Model!303

According to the comparison between Tables 11.4 and 11.5, the 
distribution of the proposed VRE generation and share correspond 
to that of the electrification rate. This means that the urban areas are 
overpopulated, rich in electricity supply, and abundant in renewable 
energy development. In contrast, some of the rural areas are left behind 
in the efforts to enhance renewable resources. 

Findings on the ECR and the QoL
Table 11.6 shows the calculated distribution of the ECR [kW/person]. 
When compared with Table 11.4, a discrepancy can be seen between 
the distribution of the electrification rate and the ECR. While the 
electrification rates are high in several provinces, the ECRs are low in 
most provinces, except for the national capital region. In the majority of 
the provinces, the ECR is less than 0.1, which is equivalent to the QoL 
of pre-developing countries (Pasten and Santamarina 2012; Nadimi and 
Tokimatsu 2018). Even the highest national ECR is 0.37 in the national 
capital region. 

Projected  
VRE Generation  

(MWh)

Projected  
VRE Share  

(%)
Region XII (Soccskargen) 334,102 19.3

Region XIII (Caraga) 13,051 1.5

Autonomous Region in Muslim 
Mindanao

0 0.0

VRE = variable renewable energy.

Source: USAID (2018) and author.

Table 11.5 continued

continued on next page

Table 11.6: Distribution of ECR

ECR
Philippines 0.09

NCR (National Capital Region) 0.37

Total Provincial (Non-Meralco) 0.04
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ECR
Luzon 0.11

North Luzon 0.07

CAR (Cordillera Administrative Region) 0.07

Region 1 (Ilocos Region) 0.06

Region 2 (Cagayan Valley) 0.04

Region 3 (Central Luzon) 0.07

South Luzon 0.02

Region IV-A (Calabarzon) 0.02

Region IV-B (Mimaropa) 0.00

Region V (Bicol Region) 0.03

Visayas 0.05

Region VI (Western Visayas) 0.02

Region VII (Central Visayas) 0.07

Region VIII (Eastern Visayas) 0.04

Negros Island Region

Mindanao 0.05

Region IX (Zamboanga Peninsula) 0.04

Region X (Northern Mindanao) 0.06

Region XI (Davao Region) 0.07

Region XII (Soccskargen) 0.04

Region XIII (Caraga) 0.04

Autonomous Region in Muslim Mindanao 0.00

ECR = energy consumption rate.
Source: Philippine Statistics Authority (2018) and author.

Table 11.6 continued

Moner-Girona (2009) discussed how renewable energy mini-grid 
projects often keep money in the local area and boost the local economy. 
This is especially the case for isolated islands or remote areas, where a 
well-balanced distribution of VRE and the establishment of an energy 
production cycle, storage, delivery and relevant services will represent 
an efficient and cost-effective approach to improve the ECR and  
the QoL. 
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Results: Benefit Analysis for the Distributed VRE model
The result of the benefit analysis for the distributed VRE model is shown 
in Table 11.7. This model assumes the distribution of the nation’s VRE 
development plan prepared by USAID (2018) and indicative projects 
given by DOE Philippines (2018c).

Table 11.7: Results of the Cost and Saving Analysis

Item
(a) 

[GWh]
(b) 

[MW]
(c) 

[MW]
(e) 

[GWh]
(j) 

[MW]
(k) 

[GWh]
(l) 

[MWh]
(m)  

[$ million]
(n) 

[$ million]

Luzon 57,441 9,726 19,166 35,064 3,351 11,325

Visayas 8,886 1,893 2,165 4,119 673 0

Mindanao 9,495 1,653 410 535 576 4,038

Philippines 75,822 13,272 21,741 39,718 4,600 13,005 26,813 22,629 23,768

(a) Energy consumption on a regional basis [GWh]
(b) System peak demand 2016 [MW] 
(c) VRE capacity [MW] 
(e) Expected VRE generation [GWh]
(j) Backup capacity needed for the system peak demand [MW]
(k) The gap between energy delivery and renewable generations [GWh]
(l) Storage capacity needed [MWh]
(m) Estimated cost of storage [$ million]
(n) Estimated saving of fossil generation capacity [$ million]
Note: The calculation of (k) and (l) assume electricity trading between Visayas and Luzon.
Source: Author.

One of the most important findings is that there will be a gap 
between energy consumption and total renewable generation (as much 
as 13TWh annually). Although the expected VRE capacity is greater 
than the peak demand, the actual output of VRE will be stabilized 
and reduced through storage, and another 3.4 GW of fossil fuel 
generation will be needed for compensating the gap. This is a much 
smaller capacity than that presently installed, leading to a significant 
reduction in fossil fuel generation in the future. The cost saving from 
installing fossil fuel generation is estimated at $24 billion, which is 
higher than the expected cost of $14 billion for storage, thus delivering 
a considerable benefit for the society. 

In addition, the results from Section 11.5.2 suggest that additional 
storage capacity enhances the role of the interconnector, by providing 
more flexible capability to manage the anticipated VRE fluctuation. 
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11.7 Discussion and Conclusion
The Nordic model has provided useful insights for developing Asian 
countries that are seeking to solve their energy security problems 
using the renewable energy approach: (1) the role of the interconnector 
is very important as a means of serving most electricity demand via 
renewable sources; (2) the interconnector flow should be linked with 
the aggregation of the VRE-generating output; (3) supplementary 
flexible sources (e.g., hydroelectric, local CHP, electric boiler, DC line 
flows) are to be coordinated with the interconnector flow; and (4) the 
aggregated capacity of the interconnector and the internal flexible 
resources should be larger than that of the VRE, or at least compatible. 
When the power grid is well developed, the following four insights are 
instantly applicable. However, the effectiveness of the interconnector 
approach is limited in the case of an under-developed power grid. In 
such systems, insights (3) and (4) should be considered. 

Looking at the Philippines, the interconnector capacity of Luzon–
Visayas can be deemed reasonable according to Step 2, given the 
present composition of the power system. However, when assuming the 
proposed VRE generations, the rationale behind the interconnector will 
disappear. The plan of the Visayas–Mindanao interconnector is thought 
to be reasonable as long as the projected VRE capacity stays within the 
anticipated level. 

During the process of estimating the supply curves, some speculative 
activities in the bidding procedure of the market were observed. This 
represents one of the causes of the high price in the market. With such 
loopholes existing in the market system and expensive diesel plants 
being major power sources in rural areas, the country’s electricity rates 
remain very high. 

Step 3 clarified the discrepancy between the regions in the 
Philippines, this being the result of a limitation in the traditional 
approach. Indeed, the traditional development of power systems 
assumes a combination of large-scale and centrally dispatched power 
plants, and large-capacity, high-voltage, long-distance and centrally 
controlled power grids. In the Philippines, this approach is not efficient, 
resulting in inequalities in electricity access. Following the traditional 
way in any manner will prove costly and inefficient, exacerbating the 
discrepancy between cities and rural areas. In addition, global warming 
is an urgent crisis for humanity. If the traditional development style is 
followed continuously, CO2 emissions will grow significantly. From this 
perspective, a shift from fossil energy to renewable resources represents 
the only option to preserve the environment, improve living standards 
universally, and enhance national energy security. 



Securing Access to Electricity with Variable Renewable Energy in the Philippines:  
Learning from the Nordic Model!307

Research Question 1 could be answered through Step 2: the existing 
interconnector between Luzon-Visayas may not be capable of handling 
the VRE generation if the entire capacity proposed is installed. Provided 
that the country stays away from fossil fuel generation, the compatible 
volume of flexible sources such as hydroelectric, storage, or ice-making 
plants would be needed to manage the proposed VRE generation. 
The limitation of this approach is that the desirable capacity of the 
interconnector cannot be determined without an accurate assumption 
of the future installation of VRE. 

Research Question 2 has been discussed in Step 3, concluding that 
the latest proposal for VRE development is effective in volume, but the 
distribution of VRE sources may correspond neither to local electricity 
demands nor to the needs of the local economy. A more coherent 
promotion of renewable energy development at a regional level would 
help to improve the rural ECR, thereby boosting the local economy. 

The limitation of this study is that the relationship between the 
distribution of VRE, ECR, and local economic promotion has been 
discussed qualitatively, without drawing on quantitative evidence. Some 
measures to quantify the relationships between these factors are thus 
required to clarify this issue. 

To the best of my knowledge, this is the first report to evaluate the 
role and the value of the interconnector qualitatively, under the virtual 
condition of a VRE-rich system. Additionally, this study has offered 
an option to increase the VRE penetration level while mitigating CO2 
emissions and ensuring economic viability. 

Based on this study, the following political implications may be 
drawn: 

ƀǇ First, the distribution plan of renewable energy might be 
compatible with the desired promotion of the local economy.

ƀǇ Second, the interconnectors should be subject to the renewable 
energy development plan. DC lines are desirable.

ƀǇ Third, the combination of VRE and supportive flexible sources 
would help to reduce dependency on fossil energy. Therefore, it 
would be worth subsidizing the measures bilaterally. 
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Energy Insecurity in Turkey: 

Opportunities for  
Renewable Energy

Omid Shokri Kalehsar 

12.1 Introduction
Turkey, a country with strong dependence on oil and gas imports, is 
following a developmental energy strategy that includes increased 
nuclear and coal facilities and a renewables agenda. Turkey needs to 
reduce its dependence on energy imports, which account for about 
75% of its total primary energy supply. According to a report released 
by American Progress, Turkey needs to change its energy strategy for 
some key reasons: Securing the energy supply and keeping up with the 
demand to sustain the economic growth, as the population increases is 
undoubtedly the most important policy priority of Turkey. Together with 
meeting increasing demand, the definite economic priorities of Turkey 
shape the energy transition. Among these priorities there are decreasing 
the negative environmental and economic effects of the growing fossil 
fuel use, creating more competitive markets, providing consumers with 
more energy opportunities and increasing energy investments in large 
and distributed generation assets (Saygin, Hoffman, and Godron 2018). 

During 2017, Turkey developed renewable energy resources like 
wind and solar power. According to the National Energy Plan of Turkey, 
30% of its electricity must originate from renewable energy resources, 
with the goal of achieving greater energy independence and security 
through a reduction in its energy imports and related economic 
pressures (Wilson 2018). It is no coincidence that renewable resources 
can reduce Turkey’s dependence on foreign resources (Kalehsar 2020).  

This chapter reviews Turkey’s attempts not only to reduce its 
dependence on foreign sources, but also to take advantage of its 
renewable energy potential in terms of both domestic energy security 
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and economic opportunities. Turkey can become a hub of energy in the 
long run by providing the necessary conditions. This chapter provides 
a practical solution for Turkey, as well as for other energy-importing 
economies, to improve energy security status.

12.2 Literature Review 
Hansen, Mathiesen, and Skov (2019) detailed numerous technologies 
and transition strategies that would allow 100% renewable energy in 
Germany considering all energy sectors. Such a move is possible while 
maintaining costs in line with the 2050 reference system.1 The largest 
challenge in moving to a renewable model lies in the conservation and 
maintenance of biomass. Korkut Pata (2018) noted that an economy’s 
gross domestic product contains significant indicators of CO2 emissions 
and long-term industrialization and urbanization. If urbanization 
and industrialization increase by 1%, CO2 emissions will increase by 
0.6674% and 0.2941%, respectively. CO2 emissions will reduce when 
exports and the consumption of nonrenewables reduce. Turkey has 
had success in reducing CO2 emissions arising from heating, and a 
preference for natural gas over coal is evident. In the long run, there 
are two variables, i.e., financial development and coal consumption, 
that increase CO2 emissions. Overland (2019) mentioned that energy 
transition is all about technology and innovation. One of the main 
goals of renewable energy research is to develop new technologies 
that use cheaper materials. Depending on how countries develop 
renewable energy technologies, there is acceptance that the prices 
of some important materials will be high, as they generate significant 
revenue for the exporting countries. 

Kilickaplan et al. (2018) stated that Turkey’s growing electricity 
demand is linked to the forecast of per capita electricity consumption 
by 2050, which is likely to match the European Union (EU) average of 
6,036 kilowatt hour (kWh). Therefore, the current predicted per capita 
electricity consumption in 2050 is equal to the current population growth. 
The electricity demand of Turkey in 2015, and the projected electricity 
demand by 2050, will be divided into seven regions by population. 

Austvik and Rzayeva (2017) argued that the Turkish government 
has set several strategic goals, which include liberalization and the 
creation of a competitive domestic market to ensure the security of the 

1 Germany has promised to transform its electricity supply to 100% renewable energy 
by 2050. Germany has pledged to reduce greenhouse gas emissions by 40% below 
1990 levels by 2020 and by 80%–85% by 2050 from 1990 levels (UN DESA 2020).
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natural gas supply. The government also seeks to eradicate its deficit and 
BOTAS2 losses by shifting the responsibilities and liabilities to private 
enterprises. As a North Atlantic Treaty Organization member, Turkey 
aims to find a balance between the EU and the United States (US) on 
one side and the Russian Federation, the Middle East and Central Asia, 
and the Mediterranean countries on the other. Such a step is necessary 
if Turkey is to hold a comfortable position as both a consumer and a 
transporter of natural gas resources. 

Guo, Huang, and Wu (2019) noted that Turkey is strategically located 
among 47% of the world’s energy resources, which originate from the 
Russian Federation, Central Asia, and the Middle East. Its location is 
further advantageous as it is close to Europe, which accounts for 17% of 
the world’s natural gas consumption. In this regard, Turkey is both geo-
economically and geo-politically significant and has gradually become an 
energy hub that plays a key role in the movement of energy into Europe. 

Among studies on renewable energy and sustainable development, 
Yuksel and Kaygusuz (2011) found that cost-efficient energy services 
that utilize a broad spectrum of renewable technologies and resources 
are necessary to provide comprehensive energy access. Simultaneously, 
such a move will lead to a reduction in greenhouse gas emissions. In a 
further 5–10 years, the market will benefit from access to more renewable 
energy technologies that are not yet suitable for commercial release.

Ozturk and Yuksek (2016) pointed out that energy security, 
economic growth, and environmental protection are the drivers of 
the national energy policy in every country in the world. According to 
Taghizadeh-Hesary and Yoshino (2019), the United Nations’ Sustainable 
Development Goals and the Paris agreement targets require investment 
in green energy. However, there is an expectation among financial 
establishments and investors that the return rate on green energy 
projects will be low and will involve high risk, particularly when 
compared with investment in traditional energy. Taghizadeh-Hesary 
and Yoshino offer a model that combines credit guarantees and tax 
returns to reduce and manage risk to bridge the investment gap in large-
scale green investment projects. 

According to Sovacool (2016: 212), “Energy transitions have been, 
and will continue to be, inherently prolonged affairs, particularly so 
in large nations whose high levels of per capita energy use and whose 
massive and expensive infrastructures make it impossible to greatly 
accelerate their progress even if we were to resort to some highly 
effective interventions”. 

2 BOTAŞ Petroleum Pipeline Corporation (BOTAS) is the state-owned crude oil and 
natural gas pipelines and trading company in Turkey (BOTAS 2020).
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Gielen et al. (2019) showed that successful energy transformation 
appears to be technically feasible, with the need to rapidly introduce 
policies and major policy changes as concerted efforts to integrate 
global concerns. Cost-effective solutions that please all parties and 
meet all goals require a dedicated policy framework. Energy transition 
necessitates innovative techniques targeted to the requirements of each 
specific renewable source. 

Hakman pointed to the report and added that we should not 
condemn the world to a high-carbon future to support economic growth 
and increase productivity (Iklim Haber 2019).

Erşen and Çelikpala (2019: 590) stated that geopolitical problems 
are even more significant than the obstacles to Turkey’s energy plans: 
“The issue of natural gas cannot be separated from sensitive political 
and geopolitical issues.” Although Turkey is well- positioned in terms 
of oil and natural gas proximity, it is not immune to the effects of global 
conflict and/or the threat of terrorism in the region. Such factors 
also undermine Turkey’s plans to become an energy hub, as pipeline 
construction may be subject to geopolitical risks—especially military 
escalation between conflicting actors in the region.

According to Erdil and Erbiyik (2015), there are some opportunities 
for Turkey to utilize new renewable energy technologies. The growth 
of the demand for Turkish environmental by-products and services, 
including waste management, water, and the management and control 
of air pollution as a result of economic growth, industrialization, and 
urbanization, and renewable energy protection are essential to decrease 
Turkey’s energy imports. 

Policy makers must make sure that they achieve environmental 
sustainability in Turkey, as it plans to join the EU and become one of 
the 10 largest economies in the world. Additionally, as an alternative to 
fossil fuels, upgrading renewable-based energy consumption can be a 
solution to Turkey’s environmental pollution and reduce the impact of 
urbanization and industrialization on CO2 emission levels. In this regard, 
Turkey should apply environmentally friendly taxes (Korkut Pata 2018).

Kilickaplan et al. (2018) stated that it is possible to achieve 100% 
renewable resources for Turkey with competitive costs by 2050, which 
fully complies with the Paris COP21 Agreement. Turkey’s different 
geographical regions offer a wide range of renewable resources that it 
can exploit with technology. Examples include hydroelectric power in 
east and southeast Anatolia, wind and geothermal energy in the Aegean 
region, and solar in all areas. Solar electricity is emerging as the biggest 
contributor to fulfilling Turkey’s growing energy demand, supplying 
about 43.2% of the total demand by 2050.
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Even with the launch of the first phase of the Southern Gas Corridor 
in 2018, 10 billion cubic meters is evidence of very little market share 
coming to Turkey in the short term. There are market changes that can 
hinder it the long term (Austvik and Rzayeva 2017). 

Public investment dominates energy development in Turkey. 
Although the current government wants to complete the liberalization, 
reconstruction, and privatization process in the energy sector, it 
has made no progress so far. However, this does not mean complete 
withdrawal of the state from energy development. Indeed, government 
involvement in the formulation and implementation of favorable 
policies for the development of renewable energy is critical. If 
the government wants to ensure timely and effective investment 
in renewable resources, it must mobilize the extensive financial 
resources available to the private sector and incentivize the projects 
accordingly (Yoshino, Taghizadeh-Hesary, and Nakahigashi 2019). 
Several renewable energy projects, such as some special thermal 
power plants and solar energy, are currently commercially attractive to 
private interests (Yüksel 2010).

The key challenge is that renewable energies are changing the 
conditions for the sake of international energy affairs. Since it is likely 
that fossil fuels are geographically less uniformly distributed than 
renewable energy sources, the economic and security benefits of access 
to energy are evenly spread across countries, with fewer risks associated 
with major shipping points. In addition, there are fewer reasons for 
great powers to compete in valuable places. In short, international 
energy affairs are not about places and resources and, hence, are not 
geopolitical. As renewable energy sources are abundant but scattered, 
the absorption, storage, and transportation technologies will become 
increasingly significant. Therefore, there may be a shift in international 
energy competition from controlling physical resources, their locations, 
and their routes to controlling technology and intellectual property 
rights (Overland 2019).

The policy decisions for accelerating the energy transition must be 
consistent with the active infrastructure development. Infrastructure 
planning is especially important at first because of the carbon lock-
in effect due to its long lifespan and inactivity. It is necessary to pay 
more attention to the emerging infrastructure, the distribution of 
network amplifiers, and the changing role of the demand and smart 
grids. It is also crucial to fund both the energy generation capacity 
and the infrastructure through rigorous policies that create a credible, 
predictable, and transparent investment environment (Gielen et  
al. 2019).
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12.2.1 Turkish Energy Transition 2.0 

According to Alparslan Bayraktar, Deputy Minister of Energy and 
Natural Resources of Turkey: 

The points discussed above refer to previous developments 
and achievements, but the reality is that Turkish energy 
markets are still in a transition period. Liberalization and 
intensive investments are ongoing amidst climate change 
challenges and sustainability and security concerns. The 
Ministry of Energy and Natural Resources announced a 
detailed policy in 2017: The National Energy and Mining 
Policy (NEMP). This new approach brought by these policies 
marks the second transition period, Transition 2.0, of the 
Turkish energy market. This policy clearly gives detailed 
information about the strengths, shortcomings, threats, 
and opportunities of the Turkish energy sector. Based on 
detailed analyses, NEMP was established based on three 
main pillars: supply security, localization, and predictability 
in the markets (Bilgin 2018).

12.3 Turkey’s Energy Strategy
As a result of Turkey’s rapidly increasing energy demand, especially for 
oil and natural gas, the dependence on energy imports is increasing. 
Domestic sources can meet only about 26% of the country’s total energy 
demand. A summary of the key elements of Turkey’s energy strategy 
follows:

(a) prioritizing the activities related to energy security, 
considering the increasing demand and import 
dependency.

(b) considering environmental concerns at all stages of the 
energy chain in the context of sustainable development.

(c) establishing a transparent and competitive market by 
ensuring the necessary reform and liberalization; and 

(d) increasing research and development studies related to 
energy technologies.

To implement these strategies, Turkey has plans to:
(a) diversify the source and route of the supply of petroleum 

and natural gas, which are imported hydrocarbon energy 
sources;
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(b) increase the share of domestic and renewable energy;
(c) increase energy efficiency; and
(d) aim to include nuclear power in the energy basket.

The following pages describe Turkey’s energy production, 
consumption, and installed power potential (Ministry of Foreign Affairs 
2018). Over the past 15 years, both in Turkey and globally, developments 
in renewable energy have been garnering attention. Predictions indicate 
that, in 2020, Turkey’s foreign energy dependence will reach 80% 
(Ministry of Foreign Affairs 2018). In light of this, it is clear that, to 
reduce its dependence on foreign energy sources, Turkey must improve 
and expand its own energy sources.

For Turkey, green energy offers a good opportunity, as the country’s 
geographical position makes it well situated to use renewable sources 
such as solar, wind, geothermal, hydro, wave, and biomass (Ministry of 
Energy and Natural Resources of the Republic of Turkey 2018).

Presently, renewable sources account for almost 34% of Turkey’s 
total energy generation. Hydropower makes up the bulk of this, with 
solar power constituting the smallest share. In 2015, the investments 
in Turkish renewable energy totaled $1.9 billion, and this figure is 
steadily increasing. In 2002, Turkey’s installed power capacity totaled 
12,277  megawatts (MW). This increased to 15,550 MW in 2009 and 
reached 32,275 MW in 2015. By the end quarter of 2016, the installed 
power capacity was 33,352 MW (Kavaz 2016).

Under its National Renewable Energy Action Plan, Turkey aims 
to increase its total capacity from renewables to 61,000 MW by 2023 
(Table  12.1). Of this, 34,000 MW will originate from hydropower, 

Table 12.1: Energy Generation Capacity  
by Renewable Energy Sources and Targets  

(MW)

Renewable Energy Sources 2015 2017 2019 2023
Wind 5,660 9,549 13,308 20,000

Solar 300 1.800 3,000 5,000

Biomass 377 530 683 1,000

Hydropower 25,526 28,763 32,000 34,000

Geothermal 412 559 706 1,000

Total 32,275 41,241 49,697 61,000
MW = megawatts. 
Source: Ministry of Energy and Natural Resources of Turkey (2018).
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20,000  MW from wind power, 1,000 MW from geothermal energy, 
and 5,000 MW from solar power, with a final 1,000 MW coming from 
biomass energy. Estimations have indicated that achieving these targets 
will cost $60 billion (Kavaz 2016).

12.3.1 Renewable Energy in Turkey’s 2023 Vision

The Ministry of Energy and Natural Resources’ renewable energy 
initiatives constitute one of the important steps in the National Energy 
and Mine Policy. Electricity generation from sources such as water, 
groundwater, wind, solar, and biological waste reached 34% in the last 
quarter of 2017, leaving behind the 2023 target of 30%. In the last 10 
years, 53% of electricity generation plant investments have targeted 
renewable energy (Haberler.com 2018).

Here we can outline the Turkish government’s targets in the energy 
sector by 2023 according to the Investment Support and Promotion 
Agency of Turkey:

ƀǇ Raising the total installed power capacity to 120 gigawatts (GW).
ƀǇ Increasing the share of renewables to 30%.
ƀǇ Maximizing the use of hydropower.
ƀǇ Increasing the installed capacity based on wind power to 

20,000 MW.
ƀǇ Installing power plants that will provide 1,000 MW of 

geothermal and 5,000 MW of solar energy.
ƀǇ Extending the length of transmission lines to 60,717 kilometers.
ƀǇ Reaching a power distribution unit capacity of 158,460 MVA.
ƀǇ Extending the use of smart grids.
ƀǇ Raising the natural gas storage capacity to more than 5 billion 

cubic meters;
ƀǇ Establishing an energy stock exchange.
ƀǇ Commissioning nuclear power plants (two operational nuclear 

power plants, with a third under construction).
ƀǇ Increasing the coal-fired installed capacity from the current 

level of 15.9 GW to 30 GW (Daily Sabah 2019).

Turkey’s energy plans as shown in the Strategic Plan of the 
Ministry of Energy and Natural Resources (2010–2014) are security of 
the energy supply, “regional and global effectiveness of Turkey in the 
field of Energy,” natural resources, and the environment. The plan aims 
to supply high-quality energy resources effectively and securely to all 
consumers adequately at low prices, paying due regard to environmental 
concerns. In addition, the plan aims to create a liberal and competitive 
market and will continue to realize new production investments to meet 
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the electricity demand within the structure of the market, production, 
and privatization of the energy sector (Ministry of Energy and Natural 
Resources Republic of Turkey 2018).

With increased installed capacity of renewable energy, the record 
price that it broke, and the implementation of new policies to improve 
efficiency, Turkey has strengthened its participation in the global energy 
transformation. It is possible for Turkey to employ wind and solar 
energy, but it needs to plan a flexible system that would eliminate the 
need for changes in production resulting from their implementation 
(Haber Turk 2019).

In the past 10 years, Turkey was second only to the People’s Republic 
of China in terms of growth in demand for natural gas and electricity. 

In Turkey, long-term energy security relates to suitable investment in 
the supply and demand chain to foster social and economic development. 
Short-term energy security is the ability of an energy system to respond 
directly to rapid or unexpected changes in the supply and demand. 
Consequently, energy security has powerful ties to the energy resources, 
routes, technologies, and investments needed to mobilize all of these 

(Yazar 2010).
Necdet Pamir proposed seven principles for a social democratic 

approach to Turkey’s future energy policy:
(a) Government and independent regulating authorities must 

guarantee a secure energy supply for all citizens.
(b) Energy security entails reducing the import dependency 

of Turkey and developing its source of local and renewable 
energy.

(c) It is essential to reduce CO2 emissions for an ecologically 
and economically sustainable energy policy.

(d) The best way to reduce Turkey’s energy bill is using energy 
more efficiently and [reducing] its dependency on imports. 

(e) New green jobs can be created by promoting renewable 
energy resources through higher incentives, but renewable 
energy technologies require significant research and 
development and local manufacturing efforts.

(f ) Nuclear power has proven to be a highly dangerous and 
unsustainable technology that Turkey should not pursue.

(g) An integrated foreign energy policy must be designed 
in a way that contributes to the gradual improvement 
of Turkey’s relations with its neighbors, as well as the 
opening of the EU energy chapter (Pamir 2018: 6).

A national energy platform is necessary to determine the policies 
that the energy sector requires, representing all sections of society, such 
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as universities, chambers of commerce, trade unions, and professionals 
and consumers. Through the national energy platform, the government 
should control the strategic plans for all the energy sectors, both new 
and traditional (Türkyilmaz 2012).

The rapid growth of the energy demand in Turkey, especially in 
the 1990s, forced policy makers to accommodate the accessibility of 
Russian natural gas instead of confronting the financial difficulties of the 
required investment in alternative energy (Bilgin 2018). The Justice and 
Development Party administration took energy into account and paid 
greater attention to Turkey’s foreign policy, and some energy-focused 
shifts in Turkey’s foreign policy are apparent:

(a) Foreign affairs are highly related to Turkey’s strategy of 
using energy as brokerage to foster regional economic 
cooperation;

(b) The energy industry in Turkey is related to the inability or 
unwillingness of its conventional allies to compensate for 
its energy mix flaws or the potential cost it would incur 
if it does not develop relations as much as possible with 
partners such as the Russian Federation, Azerbaijan, Iran, 
and Iraq. 

(c) From the aspect of geopolitics, since Turkey would not 
want to miss a chance to build an energy transit system 
(which would necessitate cooperation in the region 
including between the Russian Federation, Azerbaijan, 
Georgia, Armenia, Iran, Iraq), international energy 
security and international security mainly fall within the 
influence of the Ministry of Foreign Affairs. From this 
perspective, energy cooperation is surely seen as the key 
policy to foster interdependency and intensify relations 
between Turkey and its neighbors (Bilgin 2018: 148–153).

The Turkish government has drawn up multiple plans detailing 
its intentions for overhauling the energy sector, releasing the National 
Energy Efficiency Action Plan in January 2018. This document set out 55 
specific actions over six energy sectors (industry, transport, buildings, 
agriculture, energy generation, and cross-cutting), aimed at obtaining 
a 14% reduction in the country’s primary energy demand by 2023. To 
fulfill this target, the government estimates that the actions will attract 
$10.9 billion in investment (Saygin, Hoffman, and Godron 2018).

According to the Ministry of Energy and Natural Resource’s 
Strategic Plan (2015–2019), a variety of energy resources is a major 
priority. Turkey is interested in benefiting from its geographic 
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position to become an energy transporter to Europe and a regional 
hub for oil and gas from the Caspian Basin, Central Asia, and Iran 
(Yazdani 2019).

Turkey is aware of its strategic position and geopolitical advantage 
and thus has incorporated these considerations into its foreign policy. 
Despite this, Turkey requires more investment in infrastructure so 
that it can expand its natural gas facilities and refineries. There is 
some speculation that improvement in the field of energy could also 
improve Turkey’s European relations and chances of accession to the 
EU (Yazdani 2019).

Despite being the biggest producer of greenhouse gases among the 
Organization for Economic Co-operation and Development countries, 
Turkey wants to balance this dependence and plans to incentivize 
further coal production, in particular by increasing local consumption. 
Therefore, the government plans to use its entire coal reserves by 2023, 
and, in that time, build 70 more coal-fired thermal power plants in 
addition to the 25 that are already in operation. This situation clearly 
contradicts the 2015 G20 decision to support the transition to clean 
energy and the Paris Agreement target of keeping the total global 
warming at 1.5°C in accordance with the party countries’ emission 
limitations (Weiner 2018).

With the new policy, Turkey is now also trying to focus on alternative 
ways to decrease the country’s dependence on foreign resources. The 
government supposes that these objectives are achievable with the 
inclusion of more indigenous resources, be they renewable or nuclear. In 
the long term, Turkey therefore aims to consolidate its position among 
the energy-rich countries in the region by also increasing its storage 
capacity. In the Turkish National Action Plan for Renewable Energy, 
hydroelectric plants and geothermal energy are the leading sources of 
renewable energy (Weiner 2018).

12.3.2 Renewable Energy Resources Area Regulation 

Within the scope of the National Energy and Mining Policy’s “More 
Domestic and More Renewable” approach, by creating large-scale 
renewable energy resource fields (RERFs), Turkey will face issues 
such as the active and efficient use of resources, the rapid realization 
of investments by allocating these areas to investors, and the 
production of the high-technology parts used in generating plants 
based on renewable energy resources, made or provided domestically, 
and the contribution to technology transfer. (Energy Efficiency and 
Environmental Agency 2018).
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The share of renewables in the total capacity will increase rapidly. 
The production in daylight hours will have a decreasing effect on the 
peak of consumption. This production, which will result in a decrease 
in the mismatched capacity in the balancing and settlement system, may 
have a decreasing effect on spot market prices. This may have a negative 
impact on power plants using conventional welding (PWC 2018). The 
aim of the regulations is to allow efficient and effective use of renewable 
energy resources, opening new land for renewable generation, and 
streamlining the tendering process, thereby providing for mega-projects 
in contrast to the previously enacted small-scale projects. These large-
scale operations will provide Turkey with an improved chance of 
meeting its 2023 targets (Wilson 2018).

For the wind industry, 2018 was completed with the preparations 
and permitting processes. The preliminary license and construction 
permit processes of the projects that won their bids in 2017 were 
completed. On September 29 2018, the final areas of the Renewable 
Energy Resource Areas (RERF) 1 project were officially announced. 
At this stage, the project sites have been clarified as 406 megawatts in 
Kirklareli, 294 megawatts in Edirne, 160 megawatts and 90 megawatts 
in Sivas and 50 megawatts in Eskisehir. Permissions will be obtained 
within 24 months and the licensing process will be started. Each project 
is expected to be operational within 36 months (Çağatay 2019).

In the first half of 2018, 140 MW were produced; for the second half, 
the data are not clear, but the expectation is that the 300-MW plant will 
become operational. In 2018, a total of 400–450 MW were in operation. 
“If the decision regarding the capacity increases expected by the sector 
is announced within the first three months of this year [2019], the 
installed capacity is estimated to be [7,400] megawatts at the end of 2019 
and exceeds [8,000] megawatts” (Çağatay 2019).

12.3.3 Climate Change and Renewable Energy 

Extreme weather events, increasing droughts, and widespread health 
problems stand before us as vivid evidence that climate change is 
already taking place all over the world. According to the Paris Summit 
and Paris Climate Accord, Turkey, whose geography makes it one of the 
riskiest regions for the effects of climate change, has to decrease its CO2 
emissions by around 20% by 2030. It is notable that, between 1990 and 
2013, Turkey’s emissions more than doubled. Using more renewable 
energy in the Turkish domestic energy basket would help decrease CO2 
emissions and succeed in reaching the Paris Climate Accord targets 
(Hurriyet Daily News 2018).
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12.3.4 Geothermal Energy

Geothermal energy is a renewable underground energy source that is 
clean, cheap, and environmentally friendly. Turkey has a rich position 
among the countries of the world in terms of geothermal energy, since it 
is located on an active tectonic belt. There are many geothermal sources 
at different temperatures, with around 1,000 natural outlets spread 
over the country. The geothermal potential of the country is quite high: 
Western Anatolia holds 78% of the potential resources, 9% are in Central 
Anatolia, 7% are in the Marmara region, 5% are in Eastern Anatolia, and 
the remaining 1% are spread across other regions.

Of Turkey’s geothermal resources, 90% are low and medium 
temperature and are suitable for direct applications (heat, thermal 
cures, mineral production, etc.), and the remaining 10% are suitable 
for indirect applications (electricity production). Geothermal energy 
exploration has accelerated since 2004, and drilled explorations have 
increased from 2,000 m to 28,000 m; these studies have discovered high-
temperature geothermal resources reaching 287.5°C. Geothermal energy 
generated 6.1 billion kWh of electricity in 2017. As of the end of June 
2018, the installed capacity of Turkey’s geothermal plants was 1.144 MW 

(Ministry of Energy and Natural Resources Republic of Turkey 2018).

12.3.5 Hydropower

The theoretical hydroelectric potential of Turkey is 1% of that of the rest 
of the world, and its economic potential is 16% of the European economic 
potential. This theoretical potential is 433 billion kWh and is one of the 
most significant possible sources for the country. The technically feasible 
potential is 216 billion kWh and the economic potential is 140 billion 
kWh per year. In 2017, hydroelectric power generated 58.2 billion kWh 
of electricity. As of the end of June 2018, 636 hydroelectric plants, which 
have 27.912 MW of installed capacity, corresponded to 32% of the total 
installed power in Turkey (Ministry of Energy and Natural Resources 
Republic of Turkey 2018).

12.3.6 Wind

Variable surface temperatures cause air pressure to be different, 
making it move. Around 2% of the solar energy that reaches the earth 
is transformed into wind energy. The characteristics of the wind vary 
temporally and locally depending on local geographical differences and 
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the non-homogeneous warming of the earth. Two parameters express 
the wind: speed and direction. The wind speed increases with height, 
and the theoretical power changes in proportion to the cube of its 
speed. In spite of the disadvantages of wind power, such as high initial 
investment costs, low capacity factors, and variable energy generation, 
the main advantages are the following: 

It is a source of renewable and clean energy, and also it is 
environmentally friendly. There is no risk of depletion and 
price increase over time. Its cost has been able to compete 
with today’s power plants. The costs of maintenance and 
operating are low. The technology is relatively simple to 
install and operate. Commissioning can take place in a short 
time (Ministry of Energy and Natural Resources Republic of 
Turkey 2018).

By 2017, wind power plants produced 15.37 billion kWh of electricity. 
The first wind farm in Turkey began operation in 1998 in Izmir. 
Approximately 6.3% of the energy consumed today comes from wind 
power. Some of the 180 power plants in commission have not yet reached 
the installed capacity of the license, and construction is continuing. In 
this context, the additional capacity of the power plants with a capacity 
of 409 MW will enter operation and the installed capacity will reach 
7,008 MW (Energi Atlasi 2018).

With the help of 1 GW from the Turkish Renewable Energy Resource 
Zone Project along with finalized wind energy tenders of around 3 GW, 
Turkey’s investment reached around $5 billion in 2017 alone. In terms 
of installed capacity, the Izmir province on the Aegean coast ranked 
first, with 1,333 MW of total installed capacity. Balıkesir, in the Marmara 
region, followed, with 1,069 MW, and the Aegean territory of Manisa 
was responsible for 650 MW of capacity (Hurriyet Daily News 2019).

12.3.7 Solar

According to the Turkey Solar Energy Potential Atlas, there are 
2,741 hours of annual sunshine (a daily average of 7.5 hours), and the 
annual total incoming solar energy amounts to 1,527 kWh/m2 per year 
(a daily average of 4.18 kWh/m2 per day). With the right investments, 
Turkey, which has a very high average of 110 days of sunshine duration, 
is likely to become a fertile market for solar energy. The location for 
building solar power plants will be an area of 6,000 hectares in the Yaka 
region, approximately 1 km from the town center of Karapınar District 
(Republic of Turkey Ministry of Energy and Natural Resources 2019). 
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The government will establish a photovoltaic solar module production 
plant with an annual capacity of 500 MW and will build a solar power 
plant with 1,000 MW of electricity. In addition, it will establish a 
research and development center, with planned activities for 10 years 
(NTV 2019).

Turkey reached seventh place in Europe and 13th place in the world 
in terms of solar production at the end of 2017. Many countries have 
abandoned their energy production methods that cause environmental 
pollution and now use solar energy for their investments. Turkey has 
also continued to take steps in this direction. Private companies are 
making investments in solar energy production systems, which are 
becoming increasingly important. People prefer solar energy because 
of its cleanness and low system price and its environmentally friendly 
structure (Petroturk 2019).

By the end of 2017, the expected total installed power was 82 MW 
in Turkey. There was a belief that the proportion of renewable energy 
would rise while the imported carbon-based fuel usage would decline. 
Unfortunately, that was not the case. Estimations have indicated that the 
total installed capacity of solar power-producing power plants will reach 
2,400 MW. The total licensed solar projects during 2017 amounted to 52 
MW. In 2005, Law No. 5346 introduced incentive measures to encourage 
such investment. The guaranteed sale prices then were $0.05–$0.055 
per kW/h, while they were $0.13 per kWh in 2010 (Direskeneli 2019).

12.3.8 Offshore Wind Potential

The expectation is that the RERF offshore wind power plant, for which 
the Ministry of Energy and Natural Resources is responsible, will 
generate an investment volume of between $2 billion and $3 billion 
depending on the changing technology costs. The largest offshore 
naval base in the world, which Turkey will establish, depending on the 
changing technology investments, will carry the distinction of being a 
wind power plant; schedules have predicted 2023 as the date for the first 
electricity production from the property.

According to the RERF wind power plant specification, companies 
could submit their final applications for the power plant tender until 12 
p.m. on 23 October 2018. The announcement of the tender will occur 
after the examination of the applications, and the investors will compete 
with the auction price of a ceiling of $0.08 kWh. Offshore wind energy 
power plants, which Turkey will hold for the first time, especially in  
the Thrace region, will provide the facility of “making production at the 
point of consumption” without the need to use land areas to meet the 
high energy needs. Within the scope of the project, which will use the 
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seas more effectively in Turkey’s engineering efforts, the investor will 
implement “on-the-job training” with trained skilled laborers. Trained 
staff will gain competence in both national and international offshore 
platforms, including seismic studies with oil and gas exploration 
platforms (Haber Turk 2019).

12.4  Employment Opportunities  
in Renewable Energy 

The main objective of the energy policy in Turkey is clear: to meet the 
continuous demand, which is increasing every year, and to break the 
dependence on imported sources. To achieve these objectives, the 2009 
Energy Market and Supply Security Strategic Document evaluated all 
lignite and hard coal resources within the country for the purpose of 
electricity production. As of today, coal produces 27% of electricity; the 
Ministry of Energy anticipates that this will increase to 31% by 2030. 
In this context, the fifth-highest regional subsidies from the Ministry 
of Economy support investments in coal mining and coal-generated 
electricity (World Wide Fund for Nature 2019).

The investments made in the renewable energy sector will support 
training in this field and the establishment of a qualified workforce. Over 
the long term, a reduction in Turkey’s dependence on foreign energy 
will provide great benefits in terms of national income, employment, the 
environment, investment, and energy diversification, leading to energy 
security. Thus, Turkey will be able to become a self-sufficient country in 
addition to a trading hub (Direskeneli 2019).

By the end of 2017, approximately 84,000 people worked in the 
renewable energy sector in Turkey, largely in the solar industry. By 
comparison, the entire legacy electricity and gas sector employed 
819,000 people—and only one-third of that number had direct 
employment.  Greater economic activity and new employment 
opportunities will arise from local requirements, but it is necessary to 
temper these against the necessary upfront costs in creating a new home 
manufacturing base. To avoid deficits and delays, stakeholders in the 
Turkish market should be mindful of all these factors when designing 
the country’s energy transition (Saygin, Hoffman, and Godron 2019).

12.5 Challenges
Turkey has good potential in renewable energy, but its major challenge 
is to find a way to deliver the potential by 2023. According to the official 
statistics, Turkey needs $60 billion of financial capital to achieve the 
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goals that the strategy has set forth (Wilson 2018). Thus, it is vital 
that Turkey includes foreign companies in megaprojects, allowing not 
only for knowledge transfer but also for the sharing of the financial 
responsibilities. In 2017, many of the world’s largest renewable energy 
companies participated in Turkey’s two large tenders, and Ankara’s 
success depends on sustained interest from major global players. 
Therefore, Turkey must continue to offer secure investment, extended 
use of smart grids, and further liberalization of the electricity market 
(Wilson 2018).

The International Finance Corporation, a member of the World Bank 
Group, estimated that, by 2020, the Turkish renewable market will have 
attracted $28 billion of investment. The interest among overseas investors, 
despite Turkey’s status as an energy importer, is slowly increasing as it 
aims to expand its renewable energy output (Daily Sabah 2019).

Across the infrastructure, Turkey expects $47 billion of eco-friendly 
investments. It will spend around $18.6 billion on new green buildings 
in line with the country’s rapid industrialization and urbanization. 
Additionally, environmentally friendly investments in the transport 
industry will come to the fore, including a minimum of $24 billion for 
low-carbon transportation by 2020 (Daily Sabah 2019).

It is obvious that there needs to be a considerable effort to 
accelerate the transformation when it is analyzed in terms 
of financing. According to the sustainable development 
scenario in the report, an average annual investment of 3 
trillion dollars is needed between 2017–2040 in the energy 
sector. Today, the amount of investment in the energy sector 
is 1.8 trillion dollars. As in the world, the biggest question 
mark for Turkey is how to provide for the funding of energy 
conversion. For financial sustainability, both public and 
private sectors need to increase their financial resources. 
The transformation in energy will be realized only by the 
decisions of the governments and the policies they will 
implement and with the participation of all energy sector 
stakeholders (Haber Turk 2018).

There are some scholarly works that propose methods by which 
Turkey could eliminate the financial barriers to its goals in the energy 
sector. According to one of these reports, “The electricity demand 
outlook and financial institutions’ appetite for financing renewable 
energy projects may have improved dramatically since the global 
financial crisis, but financing conditions remain difficult for investors” 
(Haber Turk 2018).
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It has not been easy to finance investments in the Turkish renewable 
energy market. It has not been possible to obtain non-recourse loans, 
and the Turkish government has secured projects against their own 
assets, with repayments coming directly from the profits. However, the 
financing conditions have become much stricter. Although banks issue 
limited-recourse project finance loans, the all-encompassing price and 
completion guarantees make these loans equivalent to full-recourse 
corporate finance loans (PWC 2018).

The new YEK mechanism is unlikely to improve the terms of 
financing considerably especially for hydro and wind plants: 

ƀǇ For financing renewable energy projects, development and 
national banks are alternative sources.

ƀǇ “Step-in rights” are provided by the Turkish legislation to 
financiers, but financiers do not think this sufficient.

ƀǇ With the spot market prices considered too low due to a supply 
glut and the YEK mechanism offering no attractive alternative, 
the ability to conclude longer-term bilateral power purchase 
contracts will help project sponsors in their efforts to obtain 
financing (PWC 2018).

The renewable energy and climate plans in Turkey are ambitious; 
however, overlapping strategies and a singular focus on 2023 curtail the 
long-term visions. Large-scale efforts to deploy low-carbon technologies 
for transport, heating, and cooling have not yet accompanied the 
progress in renewable energy electricity generation (Saygin, Hoffman, 
and Godron 2018).

Turkey has another issue with its renewable energy policy: the 
dangerously high amount of installed hydroelectric power plants. These 
power plants have almost the same regulatory and environmental 
problems as traditional coal-fired power plants. Turkey must act quickly 
to restructure its energy policy to make it more local and environmentally 
friendly (Hurriyet Daily News 2018).

As the American Progress report indicated, if Turkey is to reach its 
target to reduce its dependence on foreign energy resources, it needs to 
have cooperation between all the organizations in charge of energy and 
regulation and set a new platform for it. Turkey must:

ƀǇ plan for power system transformation;
ƀǇ combine the benefits of large- and small-scale investments;
ƀǇ drive innovation in technology and enabling systems; and
ƀǇ utilize the potential of renewable energy sources and energy 

efficiency in the transport, heating, and cooling sectors (Saygin, 
Hoffman, and Gordon 2018).
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ƀǇ According to Alparslan Bayraktar, the Turkish Deputy Minister 
of Energy and Natural Resources, Turkey must pay more 
attention to the points below if it wants to have successful 
energy transition:

ƀǇ Activities such as offshore exploration of oil and natural gas 
will go on. In the near future, Turkish Petroleum will be more 
active in drilling operations.

ƀǇ National oil and gas exploration and production companies 
becoming very active through international partnerships is 
expected.

ƀǇ Foreign investors have recently been attracted to assets. 
Therefore, many mergers and acquisitions are expected to 
occur (Bayraktar 2019).

Turkey’s approach to new projects is based on these principles 
according to which all stakeholders should mutually benefit, and all 
risk allocation should be fair. More importantly, any project should 
contribute to Turkey’s national and regional supply security and to 
regional peace, stability, and prosperity (Bayraktar 2019).

12.6 Conclusion
The diversification of the energy consumption basket and the expansion 
of the energy trade with different countries favor energy security 
(Taghizadeh-Hesary et al. 2019). Because of the diversification of 
energy sources and the amount of dependence on external sources, the 
maintenance of safe energy sources and growth of renewable energy 
sources are vital. The share of renewable energy alongside other sources 
in Turkey is critical. There are many steps that Turkey must take, and it 
must act in accordance with the global perspective on renewable energy. 
The steps to meet the energy needs from renewable sources are thus:

ƀǇ improving the financial competitive power of renewable energy 
sources;

ƀǇ growing renewable energy sources simultaneously;
ƀǇ facilitating processes related to administration to integrate 

renewable energy sources into the national grid; and
ƀǇ removing the technical barriers to electrical network 

connections.

By investing in a low-carbon and resilient future, it will be possible to 
mobilize local resources, strengthen the energy supply security, ensure 
that trade is more balanced, produce new economic activity areas, and 
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increase employment. This will also improve environmental quality. The 
results of a study that Kilickaplan et al. (2018) conducted are consistent 
with Turkey’s energy policy by eliminating energy resource imports 
and increasing the system stability from a financial and environmental 
perspective. 

Sustainable development requires sustainable sources of energy 
without adverse environmental and social impacts. To achieve these 
goals, renewable energy facilities can play a crucial role. 

There must be incentives to invest in the production of hydrogen 
from the Black Sea. The country must set energy and environmental 
policies related to the cost of external energy, such as air quality and 
global climate change. All sectors, such as energy, urbanization, 
agriculture, industry, and tourism must develop an awareness of 
sustainable development (Ozturk and Yuksek 2016).
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13
Avoiding Energy Insecurity by 
Promoting Private Investment: 

The Case of Viet Nam’s  
Power Sector

Le Ngoc Dang and Farhad Taghizadeh-Hesary

13.1 Introduction
Viet Nam is undergoing a period of transition in the energy sector 
from fossil fuels to low-carbon energy to ensure that it can meet its 
huge demand for energy for economic development. Furthermore, the 
additional deployment of renewables enables the country to unlock its 
high potential as well as to avoid energy insecurity. The Revised Power 
Development Plan (PDP 7) (GOV 2016) estimates that the investment in 
the electricity sector alone until 2030 will be $152 billion–$185 billion, 
with the private sector needing to participate as essential investors to 
make up 47% in 2020 and 75% in 2030 of the total capital investment 
(World Bank 2018). In the context of the shortage of investment in the 
power infrastructure and power generation from the government as 
well as state-owned enterprises (SOEs), which were previously major 
players in investing in energy projects, finding an alternative source is 
the most pressing issue to address energy insecurity. Only accelerating 
private investment can solve this problem; otherwise, energy insecurity 
is highly likely to emerge. 

This study examines the status of the energy sector, including the 
signals of energy insecurity threats that the country needs to address by 
accelerating private investments. In addition, it analyzes the bottlenecks 
that limit private sector participation.
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13.2  Overview of the Energy Sector and 
Investment in the Energy Sector in Viet Nam

13.2.1 Status Quo and Trend of the Energy Sector

The growth of energy consumption in Viet Nam has closely accompanied 
the development strategy to modernize and industrialize the economy. 
As shown in Figure 13.1, over the last decade, the annual growth rate of 
energy has been even higher than that of the gross domestic product 
(GDP) (World Bank 2018). Energy consumption almost doubled in value 
from 38.6 million tons of oil equivalent (mtoe) in 2008 to 75.3 mtoe in 
2017, which equals an average energy growth rate for the decade of 9.4%, 
much higher than that of the GDP of 6.01%. 

Regarding the primary energy supply during the period from 
1990 to 2015 (Figure 13.2), an escalating trend of coal in both absolute 
numbers and percentages is apparent. The proportion of the coal 
supply in the energy basket rose rapidly from an average of 14% in the 
1990s to 19% in the 2000s and reached 30% in the period from 2001 to 
2015. This stems from Viet Nam’s policy of coal being a primary source 
of energy for the country (GOV 2016). In contrast, the proportion 
of the renewable energy supply (mainly biomass generated in the 
countryside) decreased dramatically during the period from 1990 to 

Figure 13.1: GDP and Energy Consumption  
in Viet Nam, 2008–2017

GDP = gross domestic product.
Source: World Bank (2018). 
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2015. Biomass used to be the greatest primary source, constituting 70% 
in 1990 and over 50% of the total energy supply before 2000; however, 
oil and coal rapidly replaced it and it stood at only around 20% in 2015 
(IEA 2015), partly due to the improvement of the income in rural areas 
(Dang et al. 2009).

Regarding electricity generation by source (Figure 13.3), although 
a variety of power sources currently exist, the major one is coal, which 
is also in line with the government’s domestic energy strategy based 
on its cheap cost. Viet Nam currently relies largely on hydropower 
for electricity (30% of the total electricity generated). However, the 
expectation is that hydropower will gradually diminish, and forecasts 
indicate that it will account for 17% by 2020 and about 12% by 2030 
(GOV 2016). Meanwhile, they show that renewables will account for 
10.7% of the final energy consumption in 2030. 

In addition, in the revised PDP 7, the government developed a plan 
that will derive most of the electricity supply for industrialization from 
coal. The forecast shows that the component of coal will be dominant, 
with a 49.3%, 55%, and 53.2% share in 2020, 2025, and 2030, respectively, 
(Government of Viet Nam 2016) in electricity generation. This policy 
questions whether the goal of reducing CO2 through the application of a 
friendlier energy source that the country has committed to is achievable 
due to the negative impacts on the environment from coal-fired projects. 
Although there has been an improvement in the quality of technology 
used in thermal power projects, the CO2 emissions from coal-fired power 
plants in Viet Nam rose from 28 Mt in 2011 to 40 Mt in 2013 and then 

Figure 13.2: Total Primary Energy Supply by Source in Viet Nam

MW = megawatt.
Source: IEA (2015).
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73 Mt in 2015. The numbers would be much larger if they considered all 
coal-related CO2 emissions (Nguyen 2017).

Regarding energy demand, estimations indicate that the energy need 
will increase significantly in the next 2 decades (Table 13.1). According to 
the forecasts in the revised PDP 7 (GOV 2016), the growth in the demand 
for electricity will be the greatest (7.9%) from 2016 to 2035, followed by 
natural gas (5.7%), and oil products (5.1%).

PDP 7 aims to supplement 24,500 megawatts (MW) of electricity 
from renewables (not from large hydropower), with the majority 
coming from solar power (12,000 MW), followed by wind power 
(6,000 MW), and biomass energy (2,000 MW), with small hydropower 
contributing 4,500 MW by 2030. The belief is that the total amount 
of renewable energy generated (21% of total installed capacity) will 
provide at least 10% of electricity, meaning about 57.2–63.2 billion 
kilowatt hours (kWh) (including 19.80 billion kWh of solar energy, 
14.3 billion kWh of inland/coastal wind power, and 4.8 billion kWh 
of offshore wind energy), and the rest will be energy from biomass 
and small hydropower plants. Accordingly, the report also estimates 
that the greenhouse gas emissions from electricity generation will be  

Figure 13.3: Structure of Power Sources as Shares  
of the Total Electricity Supply in Viet Nam

F = forecast.
Source: Government of Viet Nam (2016).
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12%–15% less than the usual scenario forecast of 385 million tons of 
CO2 equivalent (mt CO2e) in 2025 and 663 mt CO2e in 2035. 

Even though renewable energy will meet the additional demand, 
coal and liquefied natural gas (LNG) imports are unavoidable and are 
likely to increase. This is a threat to the energy supply security due to the 
vulnerability of the import sources when the largest source of coal for 
Viet Nam is the People’s Republic of China (PRC); further, coal prices are 
inconsistent, and the LNG import price is likely to increase in the long 
term. To avoid energy insecurity on the supply side, Viet Nam must seek 
a sustainable energy source with a preference for domestic potential, 
which is renewable energy.

Like any form of power generation, coal-fired generation has its 
benefits and drawbacks. Many argue that Viet Nam still needs to rely 
heavily on coal power due to its low costs, as well as being more reliable 
in the case of intermittency. However, this is not necessarily accurate. 
The cost for electricity price production from coal may be low when 
the domestic supply is sufficient to meet the demand. However, since 
2015, when the domestic resources were no longer sufficient to fulfill 
the need of the electricity generation company, Viet Nam has become 
a country facing increasing coal import costs. Moreover, the cost 
for renewable installation, such as solar power modules, has been 
decreasing significantly with the result that it is now cheaper than coal-
fired technology. 

The availability and cost of the supply source for coal challenge its 
reliability. According to the revised PDP 7, with the share of electricity 
generated from coal, the amount that Viet Nam needs to import under 
the national power development plan is huge (tens of millions of tons) 

Table 13.1: Growth Rate of the Final Energy Demand  
by Fuel Source as Forecast 

(%)

2016–2020 2021–2025 2026–2030 2031–2035
Average

2016–2035
Coal 3.7 3.4 3.0 1.4 2.9

Oil products 6.1 5.8 5.2 3.4 5.1

Natural gas 10.4 6.4 4.4 1.6 5.7

Electricity 9.8 8.6 7.4 5.9 7.9

Total 5.3 4.9 4.8 3.7 4.7

Source: Government of Viet Nam (2016).
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and will increase rapidly in the coming years. The imported coal is 
mainly from Association of Southeast Asian Nations (ASEAN) countries, 
including Indonesia and Malaysia, as well as Australia, the PRC, and 
the Russian Federation. In addition, South Africa and Canada are 
potential partners. Although coal from South Africa and Canada has a 
good freight on board price, due to the high cost of transportation, the 
cost, insurance, and freight is much more expensive than that imported 
from a closer location, such as Australia or the Asian region (Nguyen 
2017). Therefore, it is possible to state that the actual cost of electricity 
generated from coal will increase and become more difficult to forecast 
with increasing dependence on imports with a fluctuating price. The 
government should not consider coal as the first choice for electricity 
generation as before. Heavy reliance on electricity production from coal 
puts the country into a situation of energy supply insecurity. At the same 
time, the investment in coal is at the expense of other potential energy 
sources, particularly renewables.

To tackle energy insecurity, scaling up the investment in renewables 
with greater participation from the private sector should be a priority. 
In fact, with the energy transition process being underway, Viet Nam’s 
energy sector is a potential market in private investors’ eyes. The high 
demand for electricity means that large investment is necessary and 
leaves room for making profits if proper regulations and incentives for 
private investment are in place.

13.4  Private Investment in the Energy Sector: 
Status and Trend 

Meeting the electricity requirement for vibrant economic growth 
involves the compound annual growth rate of the electricity demand, 
which has been 13% since 2000; this has also resulted in the doubling 
of electricity consumption every 6 years. To keep pace with demand, 
the electricity sector investment will need to accelerate to around $8 
billion–$12 billion annually for the period 2016–2030 (World Bank 
2018), even if the energy mix further diversifies. 

From 2011–2015, the Vietnamese electricity sector achieved 
investments of $7.8 billion per year on average. This is a significant total 
figure within the constraints of the government budget. Over 80% of this 
investment has been concentrated in the power generation segment, and 
almost all of this has funded large coal, gas, and hydropower projects. 
According to the government’s revised PDP 7, the total investment 
needs in the power sector for the forecast period 2016–2030 are $152 
billion–$185 billion, including one-third of the investment in the energy 
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infrastructure. It is a major challenge to find sufficient finance (World 
Bank 2018).

Table 13.2 and Figure 13.4 present the investment growth forecasted 
over the period 2016–2030 compared with the previous period and 
based on three scenarios with regard to electricity consumption (low, 
medium, and high). In all three scenarios, the annual investment rate 
growth has increased significantly for network investment. For example, 
during the period 2016–2020, the investment increased by 11.6% for the 
lowest electricity demand scenario and will remain the same until 2030, 
requiring the mobilization of a huge amount of money for this sector, at 
least $152 billion. In terms of electricity generation, except hydro, for 
which the forecast is uncertain, the expectation is that the electricity 
sources will attract a large amount of investment. Coal-fired electricity 
generation has an expected growth rate for annual investment of over 
7% in 2016–2020, which will decrease to roughly 4% by 2030. The high 
annual long-term growth rate makes the total investment in coal power 
$75 billion–$92 billion; at the same time, the investment in renewables 
is likely to be above 1% during the period 2016–2020 and roughly 2% by 
2030. The long-term plan of the government somehow contradicts the 

Table 13.2: Investment in the Power Sector  
in Viet Nam’s Historical and Future Forecast Data

Average per Year in Investment Growth  
(%)

Total 
Amount  

($ billion)

2011–2015 2016–2020 F 2020–2025 F 2025–2030 F 2016–2030 F

Electricity 
Generation 

6.6 9.8–12 7.8–9.5 6.0–7.3 118–144

Coal 3.6 7.2–8.8 3.9–4.7 3.9–4.7 75–92

Gas and Oil 0.4 1.2–1.4 0.8–1.0 0.0–0.1 10–12

Large Hydro 2.5 0.3–-0.4 0.8–0.9 – 5–7

Renewables 0.1 1.1–1.3 2.3–2.9 2.0–2.5 27–33

Network 
Investment

1.2 1.7–2.1 2.4–2.9 2.6–3.2 34–41

Transmission 0.5 0.8–1.0 1.3–1.5 1.3–1.6 17–21

Distribution 0.7 0.9–1.1 1.1–1.4 1.3–1.6 17–21

Total 7.8 11.6–14.1 10.1–12.4 8.6–10.5 152–185

F = forecast.
Source: World Bank (2018).
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emphasis on coal-fired electricity generation in the future, and it may 
put the country in an energy insecure situation.

To achieve the country’s climate change targets, large-scale gas 
developments of about 20 gigawatts (GW), demand-side energy savings 
of 12 GW, and increased hydropower imports from the Lao People’s 
Democratic Republic of 5 GW by 2030 are necessary. If those investments 
are not forthcoming, imported coal will play an even greater role than 
currently planned. Furthermore, the balance of future investment is 
shifting slightly from generation toward the network infrastructure, 
which accounts for about a third of the total investment requirements, to 
keep pace with the rapid deployment of new energy generation projects, 
particularly renewables.

The electricity sector has so far relied primarily on state-guaranteed 
debt to finance the bulk of its investment program through the Electricity 
of Viet Nam (EVN) national utility. During the period 2010–2015, EVN 
financed as much as 96% of its capital expenditure through debt, leading 
to a total debt amount of $9 billion in 2016. The Ministry of Finance 
(MOF) backs part of EVN’s debt de facto, meaning that it is on-lent debt 
that it had borrowed from a variety of international finance institutions, 
and part of the loans that EVN received directly came from a variety of 
domestic and international commercial banks, which the MOF backed 

Figure 13.4: Total Investment in the Power Sector  
over the Period 2016–2030 Forecast in Generation, 

Transmission, and Distribution

F = forecasted. 

Source: Government of Viet Nam (2016).
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through direct debt guarantees. Both categories of borrowing count 
toward public debt. 

In addition to the MOF, domestic commercial and private banks are 
major financiers of the electricity sector or EVN. Those organizations 
implemented borrowing typically on a corporate basis rather than a non-
recourse project finance basis. Estimations show that five major banks 
(Vietcombank, Vietinbank, Bank for Investment and Development of 
Vietnam, Techcombank, and Saigon-Hanoi Commercial Bank channel 
about 5% of the total outstanding loans to the electricity sector (World 
Bank 2018). However, this source of financing will be more limited 
because of the single borrower limit requirement of 15% of the banks’ 
equity capital, which constrains the lending of many of the banks. 
Moreover, the sector concentration limits set by banks for prudential 
purposes further constrain their lending. 

The traditional model of depending mostly on government 
borrowing to finance the electricity infrastructure is unsustainable and 
no longer suitable. At a time when Viet Nam is strategizing substantial 
electricity investments, the country’s historical method of power sector 
funding will experience severe constraints for two major reasons. 
First, Viet Nam’s fiscal status has deteriorated in recent years, and the 
government is rapidly reaching its secured public debt threshold. With 
the sizable fiscal deficits in recent years, the public debt rose steeply 
from 51.7% of GDP in 2010 to an estimated 63.3% of GDP (the ceiling 
is 65% of GDP) in 2016 and just reduced to 58.4% in 2018. Outstanding 
publicly guaranteed and on-lent debt to EVN already accounts for 
4% of GDP, and the scope to expand this over the coming years is 
extremely limited given the public debt cap. In practice, this means that 
it will be challenging for the government to back EVN with additional 
funding or for EVN to borrow from commercial banks or international 
development finance institutions with the support of an MOF guarantee, 
as previously. Second, due to its recently gained middle-income status, 
Viet Nam has reduced access to concessional resources, particularly 
official development assistance loans. As a middle-income country, it has 
already experienced a dramatic reduction in international development 
institution financing. 

The World Bank (2018) suggests that at least 75% of the energy 
investment requirement needs to come from the private sector until 
2030. Currently, the private involvement in the energy sector in 
Viet Nam is negligible. From 1992 to 2016, Viet Nam attracted $13.8 
billion to invest in infrastructure (including energy, transport, and 
water), of which the energy sector occupies a dominant share with $8.3 
billion investment, equivalent to more than 60% of private participation 
in investment (PPI) capital. Notable projects in the energy sector include 
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Phu My 2.2 (gas build-operation-transfer [BOT] power plant, 2002), 
Nam Con Son gas pipeline (2002), Phu My 3 (gas-powered BOT power 
plant, 2003), and Mong Duong (coal-fired BOT power plant, 2011). In 
total, these projects accounted for $6.7 billion PPI, equivalent to 49% 
of the total PPI in Viet Nam in the period 1992–2016. The four projects 
mentioned above are in the form of BOT, foreign ownership accounts 
for the majority, and long-term international commercial debt; benefits 
from government commitments and guarantees protect the private 
participants but avoid some political and project-related risks, including 
converting the Viet Nam dong into US dollars and transferring it abroad. 
The Nam Con Son gas pipeline is the only project in the field of natural 
gas transmission and distribution that receives investment from the 
private sector ($1.3 billion).

In comparison with other ASEAN countries, Viet Nam has 
become increasingly attractive to private investors in the energy sector 
(Figure  13.5); in 2017 and 2018, it surpassed Thailand and became 
the second destination for private investment in the energy sector 
within the region, with $2.5 billion and $3.6 billion in 2017 and 2018, 
respectively. However, it is noteworthy that the private investment 
during the last 2  decades has focused almost entirely on coal-fired 

Figure 13.5: Private Investment in the Energy Sector  
in Southeast Asian Countries

Source: World Bank (2018).
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electricity generation, including hydropower (Figure 13.6). Since 2012, 
the appearance of wind projects marked an important stepping stone 
in renewables investment in Viet Nam with the active participation of 
the private sector. 

The government currently provides the feed-in tariff (FIT) as the 
fundamental incentive for investment in renewables along with the tax 
policy. It bases hydropower on the regionally differentiated avoided cost 
of thermal generation, while for solar power it applies a relatively high 
FIT of $0.0935 kWh. Previously, the FIT for wind at $0.078 kWh did not 
attract much investment, and the government is currently reviewing it. 
Both solar and wind FITs, as well as the prices under recently approved 
imported coal-fired power plants, are higher than the average cost of 
wholesale power purchase of $0.072 kWh, which has resulted in the 
booming of both ground-mounted and rooftop solar power projects in 
Viet Nam.

However, the future of renewables is still unknown due to the 
significant changes in the FIT policy after 30 June 2019. The government 
has not yet finalized the FIT policy after the “preference time,” but it 
has drafted a classification into four different zones, and the FIT rate 
will decline significantly in locations with high radiation levels, such 
as Ninh Thuan and Binh Thuan provinces, which currently have the 
largest number of solar and wind projects in operation, as well as those 
under construction. Furthermore, the proposed FIT for rooftop solar 
deployment is the most attractive compared with land-mounted and 

Figure 13.6: Private Investment in the Power Sector in Viet Nam

Source: World Bank (2018).
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floating solar projects within the same region. Once the government 
has adopted the new FIT policy, it forecasts decreasing investment in 
land-mounted solar power and quick installation of rooftop solar power 
in the high-potential locations that pave the way for private sector 
participation in both residential and commercial and industrial scale 
investment. 

As mentioned earlier, renewables play an essential role in ensuring 
an efficient and sustainable energy supply for the country, an aspect 
that plays an important role in avoiding energy insecurity. Furthermore, 
encouraging renewables is in line with the commitment to reducing 
CO2 emissions in the Paris agreement. According to the revised PDP 7, 
renewables will contribute only 7.5% of the total energy generation in 
the country by 2030. 

Table 13.3 calculates the capital investment in renewables required 
to achieve the government’s target.

The investment needed will reach $23.7 billion over the period 
2019–2030. This huge figure will be difficult to achieve without the 
participation of foreign investment. To date, domestic investors have 

Table 13.3: Total Accumulated Generation Capacity and Investment 
Requirement for Renewable Energy (Hydropower Included)

Year

Accumulated Capacity  
According to Revised PDP 7  

(MW)

Investment  
Requirement  

($ million)
2019 2,372 1,004

2020 3,103 731

2021 4,193 1,090

2022 5,393 1,200

2023 6,393 1,000

2024 7,593 1,200

2025 9,393 1,800

2026 11,553 2,160

2027 14,463 2,910

2028 17,703 3,240

2029 21,053 3,350

2030 24,583 3,530

MW = megawatt, PDP = Power Development Plan.
Source: Calculation from the revised PDP 7 (Government of Viet Nam 2016).



Avoiding Energy Insecurity by Promoting Private Investment:  
The Case of Viet Nam’s Power Sector!349

mainly developed renewables projects due to the international private 
sector’s lack of confidence in purchasing price agreement (PPA) 
contracts. Several smaller private investors have also mobilized financing 
for projects of up to 30 MW, albeit with a deadline for awarding the 
preferred FIT only if the projects attain the commercial operation date 
on 30 June 2019. In 2009, there were only two foreign direct investment 
(FDI) projects in renewables in Viet Nam, with total registered 
investment capital of $90.5 million. The FDI in this sector decreased in 
2013 and then gradually increased in 2014. In 2015, the registered capital 
in this sector reached over $356 million before decreasing to only above 
$100 million (Figure 13.7). However, with the supportive mechanisms 
from the government such as FIT policy for renewables, it is expected 
that FDI in the clean energy sector will boom in Viet Nam.

Previously, international investors’ participation in renewable 
energy was negligible due to concerns about the bankability and 
sustainability of contractual documentations. From 1990 to 2016, the 
international private sector invested roughly $8 billion into several large 
gas- and coal-fired power projects. Furthermore, a few hydropower 
projects have originated from foreign debt (often benefitting from a 
government guarantee), and some foreign investors, including the 
International Finance Corporation, have made small equity investments 
in both hydropower and solar projects. More recently, increasing 
financing for energy in Viet Nam has come from the international 
private sector.

Figure 13.7: Registered FDI Capital  
in the Renewables Sector in Viet Nam  

($ million)

FDI = foreign direct investment.

Source: Ministry of Planning and Investment (2017).
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Until the end of 2016, nine countries had invested in green energy 
via FDI projects, specifically the Republic of Korea, Germany, France, 
India, the United States (US), Singapore, the Russian Federation, 
Belgium, and the PRC. In particular, Republic of Korea investors 
lead with total registered investment capital of over $371 million, 
accounting for 48%. Germany is second with total registered capital of 
$226.68 million, accounting for 29.3% of the total registered investment 
capital in the green energy sector. France, India, and the US follow with 
total registered investment capital of $77.12 million, $59.22 million, and 
$26 million, respectively (Figure 13.8).

In 2017, FDI in power generation stood at $8.4 billion, accounting 
for 23% of the total in that year, which is more than the total during 
the last decade. Japan and Singapore invested in three electricity 
mega-projects—the $2.8 billion Nghi Son 2 thermal power plant, the 
$2.6 billion Van Phong 1 thermal power plant, and the $2.1 billion Nam 
Dinh 1 thermal power plant—all of which are under the BOT model 
with government support. The Republic of Korea is also funding the 
$1.3 billion Block B O Mon gas pipeline project. 

Due to the perceived risks, international private power sector 
investments have required payment guarantees from the Government 
of Viet Nam to cover certain institutional and political risks, including 
nonperformance of SOEs in terms of offtake and supply, exchange rate 

Figure 13.8: FDI Investment in Renewables  
in Viet Nam by Host Country 

($ millions; data until 2016)

FDI = foreign direct investment, US = United States.
Source: Ministry of Planning and Investment (2017).
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risk with Viet Nam dong convertibility and inflation adjustment, and 
termination payment obligations. Unlike the MOF guarantees for the 
commercial bank loans that EVN borrowed, these non-debt-related 
contingent liabilities are not recorded as part of the publicly guaranteed 
debt but have a potentially significant fiscal burden that needs stringent 
control. Most green FDI in Viet Nam is concentrated in provinces that 
can use wind and solar energy, such as Ninh Thuan, Ben Tre, Tra Vinh, 
and Soc Trang. In particular, Ninh Thuan is outstanding, with total 
registered investment capital of $224.67 million in 2017; the provinces 
of Ben Tre, Tra Vinh, and Soc Trang follow, with total registered 
investment capital for green energy projects of respectively $152 million, 
$120 million, and $70 million (EVN 2019).

13.5  Bottlenecks in Accelerating Private 
Investment in the Energy Sector  
to Lessen the Threat of Energy Insecurity

Given the situation that the government state budget faces huge public 
debt and that finance for the energy sector is limited as before, domestic 
and foreign private capital will become the major investment source for 
addressing the threat of energy insecurity regarding the instability of 
input for energy generation and increasing reliance on imported fossil 
fuels. Accordingly, the government must address the barriers to scaling 
up the private investment.

13.6  Uncertainty and Instability  
of the Legal Framework

The government has several incentives to attract private investment to 
the electricity sector through tax and FIT policies. It is undeniable that 
the FIT policy is showing its effects in increasing the attractiveness to 
the private sector, with a high volume of renewables capacity installed 
in a short time. Immediately after the increase in the FIT for solar 
projects, $0.09 in 2017, there was an unprecedented trend in solar power 
investment in the country. More than 60% of Viet Nam’s solar power 
output belongs to new projects integrated into the national grid in 
June 2019, which investors tried to complete before 30 June to receive 
a generous FIT rate. The time required to complete the average solar 
power project in Viet Nam is 275 days, which is extremely fast. EVN 
(2019) revealed that the country has already connected 82 solar power 
projects with a total capacity of 4,460 MW to the national grid. This 
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means that solar power currently accounts for 10% of the country’s total 
electricity output. In addition, about 13 projects with a total capacity of 
630 MW are under construction and due to become operational in 2019. 
The unprecedented development of solar power projects makes Viet 
Nam an emerging market for renewables in Southeast Asia.

However, what this trend will be when the FIT is amended after 
30 June 2019 is unknown, and the government has not yet promulgated 
the new regulation. The new FIT draft engenders considerable 
reluctance among future investors interested in solar power projects, 
as the expectation is that it will decrease significantly, particularly for 
ground-mounted solar projects, and the new draft classifies investment 
into four zones, applying the lowest FIT to ground-mounted solar and 
those locations that have the highest level of radiation. That is also 
where many ground-mounted solar projects are in operation and under 
construction. If the draft of the new FIT becomes official, there is likely 
to be a huge decrease in the utility scale of solar power projects.

Furthermore, FIT contract duration is usually considered an 
important determinant of its support. However, the guarantee of grid 
access to avoid congestion and curtailment plays an important role in 
inducing larger deployment. Both criteria are crucial to entice investors 
to sign a PPA contract. A study has also affirmed the matter of non-
economic factors (Zhang 2013), and the author argued that, although 
FITs have worked to accelerate investment, high remuneration levels do 
not necessarily have commensurate levels of installation. Noneconomic 
hindrances could contribute to the weak correlation between incentives 
and investment. In fact, the markets offering generous incentives 
may happen to be the ones that have serious problems involving 
noneconomic obstacles. Excessive subsidies could also provide rent-
seeking opportunities or allow investment in high-cost sites. 

Regarding the grid access and dispatch matter, with the impressive 
amount of investment in solar power projects due to the preferential 
FIT for solar power projects that have commercial operation date by 
30  June 2019, the dispatch problem is a critical concern of all PPA 
private contractors to ensure that their generated electricity is able to 
integrate well with the grid. This issue appeared on the agenda recently, 
when congestion affected almost all projects due to the intensity of 
big solar projects within the same region. In several days in June 2019, 
only about 65% of the electricity generated from solar projects in 
Ninh Thuan and Binh Thuan entered the grid, which means that 35% 
of the electricity produced was wasted, and this is causing confusion 
among developers regarding whether this situation will happen again. 
If so, large renewables projects will appear to be a risky investment, 
particularly in foreign developers’ and financiers’ eyes. 
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The uncertainty and lack of stability of regulation in the energy 
sector hinder the acceleration of private participation in the long run. 
In addition to the short-term FIT policy, energy regulation lacks strong 
and protectable terms in PPAs. Major concerns emphasize the single 
and greatest buyers of almost all renewables projects. The uncertainty 
of regulation in the energy sector at the same time creates a challenge 
in forecasting the electricity price, which is the essential element 
in decision making in direct purchasing power agreement (DPPA) 
contracts from private investors.

13.7  State-Owned Enterprise Reform toward  
a Playing Field for Private Participation

In developing economies, where significant parts of the population 
do not yet have electricity access, governments may also use SOEs to 
control strategically sensitive energy supply chains; these can provide 
important public revenue. SOEs can also be vehicles to obtain foreign 
technologies and know-how. In Viet Nam’s situation, this is not 
necessarily the case. Viet Nam now has 99% electrification (World Bank 
2017), and the country is now facing obstacles regarding a lack of money 
to serve the advanced energy need for industrialization rather than the 
coverage ratio of the population able to access electricity.

As mentioned, about 75% of energy investment until 2030 should 
come from the private sector. The degree of state intervention in the 
energy system via SOEs plays a major role in the types of stakeholders 
that are critical to shaping the investment environment. In fact, 
SOEs’ interests may not be aligned with the wider energy transition 
with additional players in the field, particularly as their operation is 
dependent on fossil fuels. In Viet Nam, the Ministry of Industry and 
Trade is responsible for electricity sector reforms and regulation and 
aligns closely with EVN in prioritizing fossil fuels for a number of 
reasons, such as the fact that renewables will require higher upfront 
costs and new investments in the distribution infrastructure. 

Viet Nam has been among the top countries with the largest power 
SOEs, with EVN formed in 1995 as a 100% vertically integrated SOE 
responsible for the power subsector (Table 13.4). In mid-2006, EVN was 
reconstructed into a holding group. The firm is still the key player in the 
power sector, with wholly owned subsidiaries: three power generation 
corporations (GENCOs); the National Power Transmission Corporation 
in charge of power transmission; and the five power corporations 
responsible for electricity distribution. EVN also owns the National Load 
Dispatch Center, which operates as the system and market operator; 
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Table 13.4: Levels of State Ownership of the  
10 Largest Electricity-Generating Companies Worldwide

Company Economy
Ownership  

Form
State 

Ownership 
Commission Federal Mexico Unlisted 100

Corpoelec-EMP Elec Socialista Venezuela 100

Egyptian Elec Holding Co Egypt Unlisted 100

Electricity of Vietnam Viet Nam Unlisted 100

Eskom Holdings Soc Ltd South Africa Unlisted 100

Hydro Quebec Canada Unlisted 100

PT PLN Persero Indonesia Unlisted 100

Rosernergoatom Ojsc Russian 
Federation

Unlisted 100

State Grid Corp of China PRC Unlisted 100

[Taipei,China] Power Corp Taipei,China Unlisted 100

PRC = People’s Republic of China.
Source: Prag, Röttgers, and Scherrer (2018).

strategic power plants, including multipurpose hydropower plants; and 
the Electric Power Trading Company. It is also the largest shareholder 
of partially privatized power plants in the Vietnam Competitive 
Generation Market. 

In 2014, EVN and its joint-stock companies owned 61% of the 
electricity capacity in the country, while domestic independent power 
producers and foreign investors with BOT arrangements produced 
the rest (ADB 2016). Turning to 2015, the situation was the same as 
in the previous period, when EVN and its GENCOs together shared 
64% of the electricity generation in Viet Nam, whereas the forecast 
shows that it will reduce to 31% by the end of 2030, with an increasing 
contribution from the private sector from only 8% in 2015 to 22% in 
2030 (World Bank 2018). The estimated figure for 2030 is based on the 
reform plan for electrical energy as well as EVN and its subsidiaries, 
with the ambitious target that the private sector will make up two-
thirds of the generation, whereas EVN will account for 15% of the total 
capacity (Figure 13.9). 

The reform process of EVN is meant to pave the way for a level 
playing field in the power sector and encourage the additional 
participation of private investment. While EVN was explicitly a stepping 
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stone for the reform, this now lies with the Ministry of Industry and 
Trade, with EVN now functioning as a normal SOE. Although its role 
and position have strongly influenced the sector, EVN no longer has 
the ultimate state authority. This transition in power gives consumer 
groups more bargaining power in their relationship with EVN. 

Nevertheless, EVN still holds distinct rights and powers on many 
key aspects, including electricity prices, developing and managing the 
transmission system, and dealing with investors, as the single buyer 
in the wholesale market and PPA contracts in renewables. This raises 
concern about the probity of its decisions regarding electricity prices and 
electricity buying from non-EVN power plants. As mentioned several 
times in the chapter, implementing power sector reforms, including 
EVN and its subsidiaries, is the largest barrier to investment decisions 

Figure 13.9: Electricity Generation Ownership 2015 and 2030 
(forecast)

GENCO = power generation corporation, BOT = build-operate-transfer, PVN = PetroVietnam,  
EVN = Electricity of Viet Nam, IPP = independent power producer, F = forecast.

Source: ADB (2016).

12%

BOT
GENCO 3
GENCO 1

IPPs, Vinacomin, PVN
GENCO 2
EVN

BOT
GENCO 3
GENCO 1

IPPs, Vinacomin, PVN
GENCO 2
EVN

BOT
GENCO 3
GENCO 1

IPPs, Vinacomin, PVN
GENCO 2
EVN

BOT
GENCO 3
GENCO 1

IPPs, Vinacomin, PVN
GENCO 2
EVN

2015 2030 F 

13%

21%

8%

28%

18% 22%

47%

6%

5%
5%

15%



356!Energy Insecurity in Asia: Challenges, Solutions, and Renewable Energy

from private investors, and many believe that it will take a long time to 
reform those organizations fully.

From the private investment perspective, power SOEs deserve 
particular attention due to their characteristics as market participants, 
notably the potential preferential treatment from governments that they 
may enjoy and the influence of policy mandates on their operations, 
such as low-interest rate debt and “readiness” to make a loss due to 
the responsibility for an unclear mandate in serving the social and 
development mission (Box 13.1).

In the still highly regulated electricity sector of Viet Nam, although 
reforms are in process, the nature of the relationship of SOEs with 
authorized ministries and transmission system operators might allow it 
more easily to anticipate and influence regulation, receive permits, and 
achieve easier grid connection and priority dispatch. It is still vertically 
integrated and controls transmission as well as conventional large-scale 
power generation, mainly based on coal and hydropower. In the plan 
for restructuring, EVN still owns 100% of the transmission company 
and, at the same time, is a major owner of a power company (over 51% 
of ownership), remaining the most powerful player in the market. This 
position is questionable regarding whether transparent and equitable 
treatment exists for renewable electricity generation from independent 

Box 13.1: Lack of Accurate Reports from State-Owned 
Enterprises’ Operation from EVN with a Number  

of Unprofitable Investment Transactions
The State Audit’s report, published on 25 July 2014, indicated explicitly the 
case of Electricity of Viet Nam (EVN). The State Audit concluded that “EVN 
has declared revenue inaccurately.” Specifically, EVN increased the electricity 
price of two power plants, Uong Bi Thermal Power Company and  Can Tho 
Thermal Power Company, yielding a benefit of VND865.8 billion. In addition, 
EVN decreased the selling price of electricity to five electricity corporations in 
the sector by VND1.7 trillion to offset the losses in the other businesses. EVN 
did not register allocation criteria and comply with the allocation ratio for the 
losses of foreign exchange rate differences according to the roadmap in the 
electricity-selling price plan. The parent company of EVN had overinvestment 
(VND21.3 trillion higher than its charter capital) with low efficiency of 
investment.
Source: CIEM (2015).
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producers. In fact, the PPA contract for renewables in Viet Nam is 
currently encountering problems relating to the technical concerns about 
grid stability. The lack of transparent data and convincing information 
demonstrates an inability to stage a fair competition from the regulators 
and formal owners, thereby causing substantial regulatory and market 
uncertainty for independent power producers in Viet Nam.

For investment in renewable energy, if preferential financing occurs 
as a key form of SOE advantage, it also creates a more serious situation. 
Renewables have initial capital costs that weigh heavily compared with 
the operational costs for most fossil fuel projects. If SOEs have access 
to explicit or implicit forms of preferential capital, such as preferential 
loans from governments or state-controlled financial institutions with a 
better guarantee, this can restrict access to new entrants in the industry. 

Firstly, even though the government has issued the plan officially, 
the duration and process for SOEs’ reform in practice are unclear, and 
it will be very hard to determine whether it is complete. This means 
that, for the private sector, particularly the foreign one, the uncertainty 
of a more competitive energy market with less control of SOEs is an 
issue. The low creditworthiness of EVN makes it difficult for foreign 
developers to find affordable borrowing sources or otherwise with a 
high interest rate for a “risky” PPA that lasts 20 years or more.

Furthermore, the creditworthiness of EVN as a single buyer in a 
PPA contract for grid-connected renewables projects is questionable. In 
addition to high dependence on state-guaranteed debt for its investment, 
the company is heavily exposed to foreign exchange risk since its 
borrowing is primarily in foreign currencies (particularly US dollars and 
Japanese yen), while only 30% of EVN’s loans are denominated in the 
local currency (Table 13.5). Much of EVN’s borrowing is short term, yet 

Table 13.5: Debt and Equity of EVN

2010 2011 2012 2013 2014 2015 2016
Foreign Commercial 0.6 0.2 0.6 1.0 1.5 1.4 0.6

Domestic Commercial 0.6 0.7 0.8 1.5 1.8 1.2 1.0

IFIs and Bilateral 1.2 1.3 1.4 1.5 1.3 1.2 1.2

Total 3.0 2.2 2.8 4.0 4.6 3.7 2.8

EVN Equity 0.3 0.3 0.3 0.7 0.7 0.5 0.9

EVN Equity (%) 10.9 13.1 9.1 16.9 16.1 13.5 31

EVN = Electricity of Viet Nam, IFI = international finance institutions.
Source: World Bank (2018).
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it has sourced debt to acquire long-term assets for up to 25 years, thus 
causing a duration mismatch between the firm’s assets and its liabilities. 
It is important to note that the bulk of EVN’s foreign currency loans do 
not have full concessional financing terms, even when they originated 
from international finance institutions; this is because they typically 
flow through the government, which on-lends them to EVN, adding an 
on-lending fee, including pass-through of foreign exchange risk, so the 
Ministry of Finance partially retains the benefits of concessional finance 
(like the obligation to service the debt). 

Recently, Fitch has rated EVN as “BB”. This is an important milestone 
for EVN, offering this enterprise easier access to foreign capital without 
totally relying on the government. Thanks to the positive credit rating, 
EVN is planning to issue international bonds for the first time. It is also 
planning a credit rating for its and distribution companies, the National 
Power Transmission Corporation, and power corporations.

The government also approved the privatization plan for EVN’s 
power generation companies, including GENCO 1, GENCO 2, and 
GENCO 3 in the near future, with EVN’s holding rate of at least 51%, and 
is proceeding with divestment. Under this policy, EVN will only hold 
all multi-purpose hydropower plants; power generation companies or 
houses will equitize all other power plants under development. By 2030, 
the expectation is that all GENCOs will be fully equitized and EVN will 
only maintain ownership of strategic generation assets (such as multi-
purpose hydropower plants). However, the failed initial public offering 
of GENCO 3 in early 2018 clearly shows that the privatization of power 
SOEs is struggling. Foreign investors do not seem to want to invest in 
large energy corporations like GENCOs, and part of the reason for their 
buying shares may be easier access to information. 

In line with the strategy for reforming EVN, the restructuring 
toward a wholesale and retail electricity market has taken place. 
However, the result and impact of this transformation are debatable. 
After the pilot phase, the Viet Nam wholesale electricity market 
officially came into operation in January 2019. The activeness of three 
power corporations plus the participation of some large power plants 
in the market are fundamental advantages for the Viet Nam wholesale 
electricity market to enter the “race” officially. According to the decision 
852-QD-TTG (GOV 2017), by 2020, the government must privatize all 
three electricity generation corporations that belong to EVN. EVN is 
planning many solutions to implement this significant reform. The SOEs 
emphasize restructuring the organization and ownership, considering it 
a breakthrough to improve production efficiency in business, increase 
labor productivity, and, at the same time, provide more transparent 
business production news of EVN. Specifically, EVN conducted EVN 
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GENCO 3 CPH procedures in 2016 and determined the enterprise value, 
followed by GENCO 1 and GENCO 2 in 2017 and 2018. 

However, until mid-2019, only GENCO 3 had completed this process, 
with the unexpected result that only 0.81% of state ownership was sold 
and the remaining share of the GOV is 99.19%. The goal of divesting all 
three GENCOs with state ownership below 50% by 2020 appears to be 
unachievable.

GENCO 3, for the first time, went to an initial public offering. 
However, with only a negligible share of less than 1% state ownership 
sold, EVN is now almost 100% SOE. With state ownership still 
accounting for 99.19% of GENCO 3 and the forecasted trend being the 
same for the upcoming GENCO 1 and GENCO 2 in 2019, the reform of 
the three GENCOs as part of the process of establishing a wholesale 
electricity market to start in 2020 is highly likely to fail.

If the wholesale market and then the retail market do not operate 
effectively enough, they will in turn produce many other negative 
consequences for a targeted liberal electricity market and private 
participants. For example, the standard duration for signing a PPA or 
direct PPA1 and pegging it to a fixed price is 20 years. In fact, without 
a market-based electricity system, it is challenging for contractors to 
forecast the market price based on a reliable market database, leading 
to a high level of uncertainty and risk in signing the contract in the long 
term. That is, as mentioned previously, the largest constraint on PPAs in 
Viet Nam.

According to Decision 63/2013/QD-TTg, dated 8 November 2013, 
Viet Nam’s electricity market’s formation and development consists of 
three levels: a competitive wholesale market (piloted from 2015 to 2016 
and completed from 2017 to 2021), a pilot competitive retail market 
(from 2021 to 2023), and a fully competitive retail market (after 2023). 
After nearly 6 years, the Ministry of Industry and Trade has so far only 
implemented the competitive wholesale market, from 1 January 2019, 
and the outcome of this process is challenging due to a number of 
factors, such as the unsuccessful GENCO equitization and the ineffective 
competitive wholesale market.

Thus, although changes have taken place, it is possible to say 
that Viet Nam’s electricity industry still follows a vertical monopoly 
model, as EVN is both a dominant power generation unit (over 61%) 
and owns transport and operates the sole power trading unit (power 
trading company), transmission unit, electric system operating unit, 
and operating market transactions. Accordingly, the vertical linkage 

1 Direct PPA is a special, newly developed PPA contract for implementation in 
Viet Nam.



360!Energy Insecurity in Asia: Challenges, Solutions, and Renewable Energy

between EVN’s units at all stages of the electricity industry (power 
generation, transmission, distribution, and retail) can create competitive 
advantages for EVN-affiliated companies, especially as the market 
increases and more private investors become involved. In other words, 
there is still a lack of a competitive market, because it does not guarantee 
the independence of enterprises. Therefore, implications can arise: (i) 
negotiating and signing contracts for electricity purchase from new 
power sources outside EVN may be more difficult, lack transparency, and 
often be prolonged; (ii) the electricity selling price depends on EVN’s 
decision; and (iii) EVN’s monopoly may significantly disincentivize 
private investment and foreign direct investment.

13.8  Infrastructure for Expanding and 
Integrating New Energy Projects

The infrastructure poses a major challenge for energy project 
development. The speed of infrastructure development that keeps 
pace with the rapid power project development prevents prospective 
projects from progressing, particularly renewable energy projects. 
The key infrastructure challenges include system constraints, a lack 
of grid access, high grid connection expenses, limited grid capacity 
and coverage, a lack of technical standards and certification, and a 
lack of operation and maintenance facilities. Inadequate development 
of new transmission networks will continue to be a barrier when the 
generation capacity increases. New large-scale projects must have 
sufficient transmission components with well-planned financing of the 
grid extension. 

Under the standardized PPA for small renewables producers, 
developers are responsible for the immediate connection costs 
(to the nearest substation or passing 110 kV line). Based on recent 
experience with small hydro, Electricity Regulatory Authority of 
Vietnam estimated the incremental network costs in 2011 at $51/kW, 
compared with $4/kW for combined cycle gas turbine and $12/kW for 
coal. While equivalent figures do not exist for wind and solar because 
of their remote location (particularly in the case of wind), these are 
likely to fall toward the upper end of this range. Meeting targets for 
the expansion of renewable energy generation capacity will therefore 
require substantial grid infrastructure investments to facilitate the 
necessary connectivity. 

Coupled with the wave of renewable investment from the private 
sector in a southern location, the grid capacity is a fundamental concern 
of the investors. EVN is the sole buyer for all renewables projects; 
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however, it is not responsible for the problems in electricity dispatch if 
congestion or curtailment happens. The government, at the same time, 
is encouraging developers to invest in the grid transmission line to aid 
projects’ connection success. However, from the investors’ point of view, 
this is an infeasible and risky solution due to the high cost of building the 
transmission line without secured long-term profit.

13.9  Dysfunctional Financial System  
with Limited Conditions to Channel  
Private Project Finance

The main channels for domestic financing flow through the banking 
system. Despite progress in recent years, the financial infrastructure and 
the regulatory and supervisory framework are still weak and deficient, 
with a primary focus on short-term lending and backing by collateral 
rather than project finance, which requires different methods of credit 
appraisal with a long-term loan duration. Energy projects are a kind of 
infrastructural project. The maturity of infrastructure projects is long 
term; therefore, to finance infrastructure projects, access to long-term 
finance is necessary. 

Due to the structure of their deposits, commercial banks find it 
difficult to offer longer-term finance. Viet Nam’s banks typically provide 
short-term loans, as they lack longer-term sources of funding to finance 
medium (1–3 years) and long-term lending (more than 5 years). 

There are two fundamental reasons for the lack of long-term 
deposits. The main reason is the flat yield curve by duration for deposits 
in the local market with only 80 basis points of interest rate differential 
between those with a longer duration and those with a duration shorter 
than 12 months. This discourages lenders from making medium- and 
long-term deposits. The short-term lending interest rates in Viet Nam 
are also high, currently ranging from 7.5% to 9.5%, although they are 
slightly lower for specific sectors (like energy) that the government 
promotes in the form of directed credit. Another reason derives from 
the economic instability and perceived risks regarding the interest rate, 
inflation rate, or foreign exchange rate fluctuation, which reduce the 
volume of the long-term deposit supply. Therefore, raising longer-term 
debt to cover the duration of power projects, which often have a payback 
period of longer than 7 years, is difficult in Viet Nam.

The limited amount of long-term funding prevents commercial banks 
from financing the energy sector, as does their lack of sector know-how 
and exposure to single borrower limits. Although commercial banks are 
interested in financing renewable energy and LNG projects, which they 
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consider to be a high-potential sector in the country, they have generally 
not been able to obtain a great deal of finance for several reasons. First, 
the short-term nature of their deposits, as mentioned earlier, makes it 
difficult to structure financial products that can match them with the 
cash flows from such long-term projects. Second, local banks often lack 
the necessary in-house technical expertise in credit appraisal for the 
renewable energy sector, thereby increasing their perceived risks. 

Beyond the banking sector, the local capital market remains 
relatively underdeveloped compared with that of neighboring 
countries in Southeast Asia. Viet Nam’s stock market capitalization 
was 76% of the GDP in 2016, but its liquidity was low. Although several 
state-owned enterprises are listed, in practice the government retains 
tight control over their management when they have only negligible 
privatized shares. 

Another consideration for the long-term financing channel 
comes from the bond market. However, the corporate bond market 
development in Viet Nam is still in the nascent stage, with a total 
issuance value of just 1% of the GDP and a limited number of large 
companies, as well as limited demand from institutional investors to 
participate. Cumbersome procedures for bond issuance, coming from 
high transaction costs and a lack of transparency and information for 
investors, also hamper it. The market has structured the most recent 
bond issuance placements as quasi-loan transactions and distributed 
them mainly through local banks in the form of private placements. 
There is also a plan to issue “green bonds” before 2020 that could 
benefit EVN in funding renewables projects. Nevertheless, without 
basic conditions of a functional market, green bonds for EVN and other 
green projects have a low chance of success. 

The institutional investor market is currently very small, and it 
channels most investments into government bonds. The government 
should encourage institutional investors with longer-term horizons, 
such as pension funds, to be more active in financing the economy.

Compared with other Southeast Asian countries, Viet Nam is 
less competitive in the finance sector than Malaysia, the Philippines, 
Singapore, and Thailand, where banking has good expertise regarding 
project financing for renewables and the competence to conduct 
relevant professional transactions (IRENA 2018). The Industrial 
Finance Corporation of Thailand was the pioneer financial service firm 
in the region to operate debt instruments. In Viet Nam, though local 
banks actively provide lending without support from international 
capital in a few cases, most transactions are in collaboration with 
development finance institutions and other international banks. The 
local financial institutions often lack capacity and in-house expertise 
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to finance renewable energy projects due to limited knowledge of 
technical solutions (reflecting the past experience in only fossil-fuel 
power projects). 

13.10 Conclusion and Recommendations
With the huge demand for energy, particularly electricity, Viet Nam is 
a capital-hungry country for the power sector. Given the new position 
of public finance, while official development assistance and preferential 
loans were previously a major source of energy investment, they have 
reduced significantly. The country has witnessed the threat of energy 
insecurity if sufficient capital to invest in infrastructure and new 
energy, such as renewables, cannot be raised. Putting capital into the 
energy sector will enhance the electricity demand security by reducing 
the increasing reliance on imports with a lack of energy generation 
diversification, at the same time unlocking the potential for renewables. 
Energy insecurity is an apparent threat to the Viet Nam economy without 
the timely involvement of the private sector, as forecasts indicate that 
this type of capital will account for 75% of the capital required in the 
power sector until 2030. Among the private sector barriers, non-
economic ones, including legal or regulatory obstacles with a low level of 
certainty and issues concerning grid access for private projects, are the 
most pressing. Instability and inconsistency in the energy policy with 
the weakness in PPA terms regarding EVN make investment decisions 
difficult. In addition, the effectiveness and real outcome of the energy 
sector reform with the privatization of EVN and its GENCOs to ensure a 
functional and competitive energy market are questionable. 

To improve the investment environment for private domestic 
and international investors, the study provides the following 
recommendations.

The first recommendation is to address the noneconomic barriers. 
Rather than just focusing on the financial incentives, like the FIT, which 
has become the agenda in the country with a debate relating to the rate 
and how to distribute it, addressing the noneconomic concerns is more 
important. An energy sector policy that encourages the private sector 
should shift incentives to medium- and long-term planning by enabling 
countries to take advantage of the carbon financing available from well-
developed countries in this field. The effective policy should be based 
on long-term power sector planning with careful analysis of different 
scenarios regarding changes domestically and internationally and should 
consider the improvement of the energy infrastructure accordingly. 
Policy making needs to consider more seriously the pros and cons of the 
short-term supporting policies. In Viet Nam’s case, to accelerate private 
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investment, increasing the creditworthiness and financial healthiness of 
the EVN as the sole buyer in PPAs is highly important, and it will create 
a healthy and positive image of contract offtakers that directly affects the 
confidence and profitability evaluation of the investor. 

Furthermore, the country should speed up the reform and 
restructuring of the energy market. It is undeniable that this process 
will take time due to the complexity of the current energy system, and 
its results will affect the status of different stakeholders in the field (the 
government, EVN, power SOEs, and the private sector). However, if the 
reform policy does not have stringent and disciplined implementation, 
serious consequences will arise for the investment climate in the country. 
More specifically, the functionality of the wholesale and retail electricity 
market, to which the government is committed, is fundamental for the 
long-term investment consideration of the private sector, particularly 
the foreign one. Because a functional, transparent, and competitive 
market will enable investors to forecast electricity prices better in the 
future, it is the key to decision making regarding PPA contracts.

The second recommendation is to consider employing an 
innovative contract, such as a DPPA. This type of contract allows 
private electricity buyers and sellers to sign an agreement directly for 
electricity transactions. A DPPA is suitable for Viet Nam for various 
reasons. First, with respect to worries about offtaker creditworthiness 
in traditional PPAs, DPPAs usually involve large electricity consumers, 
as well as well-known enterprises. The better credit rating of offtakers 
in the contract will allow the developers better access to financing 
sources from debtors; therefore, it is beneficial in finding cheaper loans 
for project development, which is the case of intensive initial capital 
in renewable energy projects. For example, in Viet Nam, there are now 
several potentials for electricity buyers in DPPAs, such as ABB, Apple, 
and Nike. Those corporations’ credit ratings are much higher compared 
with that of EVN. Second, Viet Nam is now the home of many FDI firms 
that are already committed to a large portion of electricity consumption 
from renewables. Therefore, applying a DPPA will benefit both the 
government, which is calling for the interest of private investment in 
the energy sector, and private international firms, which are seeking 
renewables sources to meet their commitment to green energy 
consumption.

The third recommendation is to improve the functionality of the 
domestic financial market. To attract more private sector involvement 
in energy development, particularly renewables, the government should 
enhance the domestic financial market via the domestic bond market 
as a basis for long-term lending, as well as a stepping stone to green 
bond issuance, and strengthen the capacity of financial and banking 
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institutions to fund projects that require long-term loan access and 
expertise in power sector credit appraisal. 

In addition to relying on the banking system for long-term financing, 
introducing pension funds to provide long-term finance might also 
be a practical solution. In the bank-dominated financial system of 
Viet Nam, with a relatively high interest rate and a significant amount of  
non-performing loans (NFSC 2017), as well as the limitation that banks 
face in entering the renewables energy sector due to the Basel capital 
accord, many banks are not showing an interest in financing renewables 
projects. In this situation, pension funds and insurance companies could 
be alternatives, as they are available for long-term deposits (20 years, 30 
years, and 40 years), which are appropriate for long-term projects such 
as those in the renewables sector. On the other hand, Viet Nam does not 
have an effective management for pension fund system that is expected 
to witness deficits at 2035 due to the aging population that the country 
will confront in the near future. The reforming and restructuring of the 
pension fund system will secure the future social security payments and 
at the same time provide long-term financing for those sectors that are 
seeking long-term financing and will provide high returns, such as the 
renewables sector.

Coupled with the aforementioned recommendations, other solutions 
include utilizing the spillover effect of the energy supply in the form 
of a tax return to the private sector. Having said that, the government 
often regulates electricity tariffs, which makes it difficult for private 
financial institutions, such as pension funds or insurance companies, to 
finance energy projects. Hence, to increase the investment incentives, it 
is necessary to utilize the spillover effects originally created by energy 
supplies and refund the tax revenues to the investors in energy projects. 
The energy supply will bring factories and businesses to the region. 
New residences will emerge, and property values will rise. Corporate 
tax, income tax, property tax, and sales tax will rise in the area of new 
energy supply. Either the local government or the central government 
collects all these spillover tax revenues, and does not return them to the 
investors in energy projects. Investors only rely on user charges accrued 
from the electricity supply. If part of the spillover tax revenues were 
returned to private investors, the rate of return of energy projects would 
increase not only in one period but also over a longer period, which 
can support their maintenance costs (Yoshino, Taghizadeh-Hesary, and 
Nakahigashi 2019). Another recommendation is the establishment of 
a credit guarantee scheme to reduce the risk of investment in energy 
projects, especially renewable energy projects, to incentivize private 
investments (Taghizadeh-Hesary and Yoshino 2019; Yoshino and 
Taghizadeh-Hesary 2019). 
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