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a b s t r a c t

Russia is known to be a country with enormous energy resources both renewables and non-renewables.
Much of the country’s effort towards energy generation has been on the development of the non-
renewables over the years. This study examined the opportunities and challenges in Russia’s Renewable
energy (RE) sector. By coupling both interviews and literature reviews, a total of 8 main opportunities
and 7 key challenges were identified and discussed. The Best–Worst-Method was used to assign
weights to the various factors using inputs of 30 experienced experts in Russia’s RE sector. According
to the obtained results, the most significant opportunity that the country would have to take advantage
of is the opportunity to export RE outside the shores of the country, it recorded 27.7 percent. This is
followed by the country’s target for the RE sector which scored 18%, hydrogen production and need
to meet local energy requirements followed with 12% each. The greatest challenge which also serve as
a hindrance to the development of RE in the country is the low attention given to clean technologies
from government, it recorded a weight of 31.4%. This is followed by unequal playing field, and strict
local content requirements which recorded 17.9% and 13.5%, respectively. The study ended with some
strategic recommendations to authorities for the development of the sector.

© 2021 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY license
(http://creativecommons.org/licenses/by/4.0/).
1. Introduction

The level of a society’s development in recent times is tan-
amount to the level of energy consumption. As a result energy
s seen as a key input parameter for the socio-economic de-
elopment of a nation (Agyekum, 2021; Agyekum et al., 2020;
gyekum and Nutakor, 2020; Mondal and Denich, 2010). The
ate of energy consumption in developing countries grow by 5%
hereas that of developing economies grow by 1% (Abu-Rumman
t al., 2020; Muneer et al., 2005). Rising levels of carbon dioxide
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in the air and its associated global warming effects has led to
increase in research which emphasizes the need to find more ef-
ficient and environmentally friendly sources of energy generation
to meet energy demand (Agyekum et al., 2021; Agyekum and
Velkin, 2020; Arsalis, 2019; Bagherian and Mehranzamir, 2020;
Mehmood, 2021a,b). Renewable energy (RE) has gained much
prominence in recent times as a result of its relatively less impact
on the environment as well as its sustainable nature (Bagherian
and Mehranzamir, 2020).

The World Energy Council (WEC) as well as the International
Energy Agency (IEA) has predicted that the world’s primary en-
ergy consumption may increase from 563 EJ in 2015 to between
663 and 879 EJ by close of 2050, which represents 17%–56%
increment (McGlade and Ekins, 2015). It is, therefore, practically
impossible to solve the existing climatic and resource depletion
concerns whiles still maintaining the conventional sources of
icle under the CC BY license (http://creativecommons.org/licenses/by/4.0/).

https://doi.org/10.1016/j.egyr.2021.07.039
http://www.elsevier.com/locate/egyr
http://www.elsevier.com/locate/egyr
http://crossmark.crossref.org/dialog/?doi=10.1016/j.egyr.2021.07.039&domain=pdf
http://creativecommons.org/licenses/by/4.0/
mailto:agyekumephraim@yahoo.com
mailto:mnallapan2-c@my.cityu.edu.hk
mailto:usmanmehmood.umt@gmail.com
mailto:manoj.panjwani@iba-suk.edu.pk
mailto:hassan.haesalhelou@ucd.ie
mailto:twaikline@gmail.com
mailto:hinai@squ.edu.om
https://doi.org/10.1016/j.egyr.2021.07.039
http://creativecommons.org/licenses/by/4.0/


E.B. Agyekum, N.M. Kumar, U. Mehmood et al. Energy Reports 7 (2021) 4498–4515

t
2
i
d
h
R
t
f
T
t
c
A
5
a
r

t
e
I
R
A
I
(
w
b
t
m
m

Nomenclature

BWM Best–Worst-Method
CR Consistency Ratio
DEGS Decentralized Electricity Generating

Systems
GDP Gross Domestic Product
GE Geothermal Energy
HPP Hydropower Plants
IDGC Interregional Distribution Grid Compa-

nies
IEA International Energy Agency
IRENA International Renewable Energy Agency
MADM Multi-Attribute Decision- Making
MCDM Multi-Criteria Decision-Making
MODM Multi-Objective Decision-Making
NPP Nuclear Power Plant
RE Renewable Energy
OECD Organization for Economic

Co-operation and Development
PJSC Public Joint-Stock Company
RES Renewable Energy Sources
UES Unified Energy System
UPS United Power System
WEC World Energy Council
WPP Wind Power Plant

energy where path dependency as well as interests of major
economic players triumph over environmental and social con-
cerns. Many countries across the globe have therefore developed
financially sound strategies for the promotion and development
of clean energy systems with RE playing a crucial role (Ermolenko
et al., 2017).

Whereas, RE use around the world is increasing, its implemen-
ation in the Russian Federation has been relatively slow (Velkin,
014) Its generation and consumption in the Russian Federation
n 2010 was mainly sourced from hydropower, whiles bioenergy
ominated heating in buildings and industries (including district
eat generation). Hydropower in 2010 represented some 70% of
ussia’s total renewable energy use of 0.6 EJ, whiles bioenergy
ook about 30% of the remaining. The total share of RE in Russia’s
inal energy consumption stood at 3.6% during that same period.
otal installed renewable power generation capacity increased
o 53.5 GW by close of 2015, representing about 20% of the
ountry’s total installed electricity generation capacity of 253 GW.
large chunk of this increase was from hydropower, which took
1.5 GW followed by bioenergy with 1.35 GW. Onshore wind
nd solar photovoltaic (PV) amounted to 111 MW and 460 MW,
espectively (IRENA, 2017).

Several researchers have conducted comprehensive studies on
he various RE potentials for countries such as Ghana Gyamfi
t al. (2015) and Agyekum (2020), Nepal Poudyal et al. (2019),
ndia Rajvikram Madurai Elavarasan et al. (2020a), Jordan Abu-
umman et al. (2020), Nigeria Aliyu et al. (2015), Bangladesh
hmed et al. (2014), Pacific Island Weir (2018), Tamilnadu in
ndia Jeslin Drusila Nesamalar et al. (2017), India Elavarasan et al.
2020b) and Afghanistan (Rostami et al., 2017). All these studies
ere either aimed at identifying the potentials, opportunities, or
arriers in the various countries’ RE sector and highlight them
o help in policy and decision making for the various govern-
ents and other stakeholders in sector. Such studies are however,
issing in the Russia Federation, this is however not surprising
4499
because of the abundance of fossil fuels in the country. As a
result, not much attention is given to the development of the
RE sector, RE usage in Russia is infinitesimal compared to other
countries such as USA, China, Japan and Australia (Chebotareva
et al., 2020). Chebotareva et al. (2020) assessed the various forms
of state support for Russia’s RE sector. They employed an energy
specific logit-model to evaluate both internal and external factors
that could affect Russia’s RE development. Ermolenko et al. (2017)
presented a study on measurement procedures for wind and solar
PV energy exploitation in Russia taking into consideration current
social and environmental limitations.

Boute and Willems (2012) evaluated the political, geopolitical,
economic, social, and legal opportunities and challenges that exist
in exporting RE energy to the EU from Russia. According to them,
a cooperation between the EU and Russia with respect to RE
energy will be a win–win situation. Boute (2012) analyzed the
support scheme for Russia’s RE sector which is aimed at pro-
moting RE through capacity markets. Furthermore, Shepovalova
(2015) looked at the implementation of solar energy and other
RES for the supply of energy in rural communities in Russia. The
study took into consideration the issues related to the implemen-
tation of RES as well as the measures on energy savings in rural
territories of the country. Boute and Zhikharev (2019) evaluated
the benefits of vested interest for the development of Russia’s
solar energy sector. According to the study, groups with vested
interest help to overcome resistance in the RE sector especially in
a country where oil and gas serve as the major source of energy.

The Russian government has indicated that it will make the
development and use of RE a national priority. The government’s
ambition on paper has been very high following a number of
statements in that regard, one of such statements is ‘‘Russia must
emerge as the leader of RE development globally’’. The govern-
ment in 2009 therefore announced a 4.5% electricity generation
target from RE by 2020 (Boute and Zhikharev, 2019). In order to
realize this target, the Electricity Law of the Russian Federation
as amended in 2007 required the establishment of RE support
scheme by the Russian Government (Boute, 2011). However, the
target for the 4.5% could not be met and has since been postponed
to 2024 due to delays in the implementation of the support
scheme (Boute and Zhikharev, 2019).

The question is why pay attention to RE in a country that
is so endowed with fossil fuels? After all, the country has the
largest reserves of natural gas globally, eighth largest oil reserves,
second largest coal reserves and the largest exporter of natural
gas globally, one of the main nuclear powers, second largest
oil exporter (Øverland and Kjærnet, 2013). However, with the
current rate of global extraction of these hydrocarbon resources,
it is projected to get exhausted in a number of decades to come:
crude oil and natural gas in slightly over 50 years, and coal
in 109 years (BP, 2017). These periods could however change,
i.e. shortened or extended as a result of some external factors
such as the development of new technologies for production,
discovery and exploration of new deposits, implementation of
stricter environmental legislations and the introduction of carbon
tax etc. In effect, the future of fossil fuel development is not
certain, and if the above estimations are accurate, then it means
the world is left with about 50 years to find alternative sources
of energy to meet its increasing demand (Proskuryakova and
Ermolenko, 2019).

According to Øverland and Kjærnet (2013), RE development
and use in Russia is highly relevant for the following reasons:
firstly, the country stands the chance to gain economically when
RE development and use is given a priority, this is because it will
improve its opportunities relative to energy exports by reducing
the internal use of fossil fuels. Secondly, whereas fossil fuels are

finite resources, exhaustible, RE is not, this suggests that the
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evelopment of RE will be important sooner or later. Thus, the
ountry being proactive in its development and use will be to its
dvantage. Thirdly, the vast size of the country coupled with the
everal remote and isolated communities makes RE development
he ideal and most economically feasible option and solution to
each such areas.

The objective of this paper is to comprehensively analyze
ussia’s available RE resources, the opportunities and challenges
n the sector and provide the way forward for the development
f the sector. Whereas the few literatures on Russia’s RE sector as
eviewed supra have focused on either legal or technical aspects
f the sector, this study looks at various issues that cuts across
ll sectors (i.e. political, legal, economic, and social). This gives
eaders a comprehensive view of the country’s RE resources and
otential opportunities and challenges. A total of 30 experts in the
ector mainly from academia and industry were engaged to eval-
ate the various factors that were identified through interviews
nd comprehensive literature review as either an opportunity or
hallenge in order to rank them in the order of importance to help
olicymakers during decision making. The Best–Worst-Method
hich is a form of multi-criteria decision making (MCDM) ap-
roach was used for the ranking of the various factors. This study
s unique in terms of jurisdiction and the adopted approach. Other
esearchers can adopt the approach to assess other sectors of the
conomy both within and without Russia.
The rest of the paper is organized as follows: Section 2 presents

he energy and power situation in the Russian Federation, a
eview of the various RE resources available in the country are
resented in Section 3, the methodology used for the study is pre-
ented in Section 4. Section 5 covers the results and discussion,
hilst the conclusion and future works are presented in Section 6.

. Energy situation and level of emissions in Russia

Russia’s energy strategy aims at maximizing the use of internal
r local energy sources to sustain the growth of its economy and
rive strategic growth across the country. As part of the strategy,
he country intends to reduce its energy intensity by some 5% by
030 (IEA, 2018). Russia comes fourth in terms of electric power
ystems globally, it is led only by the United States of America,
hina, and India. The country’s total capacity relative to electricity
eneration has been estimated to be about 243 GW (Josefson
t al., 2019).
Although Russia has just 2% of the world’s population and 3%

f the world’s gross domestic product (GDP), it is an important
layer in the world’s energy systems. It provides 16% of the
nternational energy trade, 5% of the world’s primary energy
onsumption, and about 10% of global primary energy produc-
ion. According to reports from the BP and IEA, the country was
he largest exporter of some energy resources in 2017, these
re: number one in gas export, number two for oil exports and
umber three for coal exports (Mitrova and Melnikov, 2019).
ussia also comes fourth globally — after China, United States
f America, and India relative to primary energy consumption,
lectricity production and carbon emission, as a result of the use
f gas, oil, and coal for combustion-related activities. Looking at
hese inputs from the country, the strategic behavior of Russia in
elation to energy transition is key to not only itself but also to the
ntire world Mitrova and Melnikov (2019), since their activities
ave the potential to affect either positively or negatively the
ight against climate change. Fig. 1 shows Russia’s total energy
upply by source.
Climate change has been one of the major challenges world-

ide due to our style of energy generation to meet demand.
t has significant effect including agriculture production, ocean
cidification and extreme natural phenomena such as rainfalls
4500
and droughts etc. It has been said that close to three quarters of
anthropogenic carbon dioxide emissions during the past 20 years
are linked to transportation, productions, and the processing of
hydrocarbons, as well as its use to produce electricity, mechanical
energy, and heating. Russia is identified as the highest emitter of
CO2 amid all IEA member states: the country’s carbon intensity
was more than most OECD countries in 2015: 0.47 tons of CO2
for every $1,000 of GDP (PPP) (Proskuryakova and Ermolenko,
2019). The emissions by fuel type in Russia from 1990–2018 is as
shown in Fig. 2. According to the data from the IEA (IEA, 2021),
the volume of CO2 emissions in Russia from fuel combustion was
highest from natural gas in 2018, measuring about 838 million
metric tons. Coal also increased significantly to 411 million metric
tons of CO2 emissions in 2018 compared to the previous year.

2.1. The power sector of Russia

Russia’s power sector comprises of the Unified Energy System
(UES) which covers 79 regions in Russia, and some technically re-
mote energy systems which provides electricity for large cities in
the Far Eastern parts, and also smaller isolated and remote from
UES settlements. The total installed capacity at the beginning
of 2016 for the UES was about 235.3 GW, including technically
isolated systems resulted in a total of 243.2 GW, including 60
MW solar power plants (SPP) and 11 MW of wind power plants
(WPP), which together constituted about 0.03% of the capacity
of UES (Lanshina et al., 2018). The major fuel for the isolated
power systems is diesel, the diesel is usually transported from
other regions in the country to areas where they are required,
leading to high cost of energy (Gavrikova et al., 2019).

The country’s power grid is mainly operated and owned by
state-controlled Russian Grids public joint-stock company (PJSC).
About 2.3 million kilometers of power lines in the country are
managed by the Russian Grids PJSC, they also manage about
507,000 substations whose overall transformer capacity is over
792,000 megavolt-ampere (MVA). Over 70% of the population
of Russia get their power from the Russian Grids PJSC as well
as industrial facilities which account for more than 60% of the
country’s GDP (Josefson et al., 2019). The country’s electricity
sector is made up of generation (divided into retail and wholesale
markets), transmission and distribution. The private sector are
the major owners of Russia’s generation facilities, and such power
plants largely run on natural gas and related petroleum gas, a
significantly smaller proportion of the facilities are coal-fired. The
state controls the hydroelectric and nuclear power facilities, and
the major transmission facilities. The reforms that began in 2003
led to the current structure of the country’s power sector. Prices
in the power market in the country has in recent times seen some
form of relaxation, and as a result about 80% of Russia’s electricity
is traded at non-regulated market prices. Even though it is envis-
aged that the country’s electricity will be traded at market prices
in the future, the state-regulated prices are expected to continue
for at least a foreseeable future (Josefson et al., 2019).

2.2. Russia’s electricity companies

The Russian electricity sector is made up of the generation,
transmission, and distribution sectors. For the generation sector,
the key players in this area are the companies formed due to the
unbundling of the completely unified state monopoly RAO UES
during the 2003 reforms in the country’s power sector. The power
generation companies in the country are many but the largest
ones includes, in no particular order (Josefson et al., 2019):

• PJSC Second Generation Company of the Wholesale Electric-
ity Market (OGK-2).

• PJSC Unipro (JSC EON Russia, OGK-4).
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Fig. 1. Russia’s total energy supply by source (IEA, 2018).
Fig. 2. Emissions by fuel source for Russia from 1990–2018 (IEA, 2021).
• PJSC Inter RAO UES.
• PJSC Territorial Generating Company Number One (TGK-1).
• Limited Liability Company Gazprom Energoholding.
• PJSC Mosenergo (TGK-3).

In the case of transmission companies, the Federal Grid Company
(PJSC Federal Grid Company of Unified Energy System) is the
largest transmission company.

The JSC Interregional Distribution Grid Companies Holding
Holding IDGC) is the country’s biggest distribution company. In
he case of supply, the following companies are the largest for
hat purpose, in no particular order:

• JSC St Petersburg Supply Company.
4501
• JSC EK Vostok.
• JSC First Supply Company.
• JSC Samaraenergo.

The Russian electricity market has two commodities — electric-
ity, and capacity. The trading of electricity is done via bilateral
contracts in an intra-day balancing market and a day-ahead mar-
ket. The bilateral contracts offers both buyers and producers
of electricity the chance to negotiate price, duration of supply
and quantity, directly among themselves, and independently of
prevalent market conditions. The day-ahead-market is a situation
whereby trades are conducted a day before actual delivery, it is
a wholesale electricity market. Such trades are organized in two
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Fig. 3. Russia’s renewable energy resource potential (Lombardi et al., 2016).
Fig. 4. Global horizontal irradiation of the Russian Federation (Global Solar Atlas, 2021).
teps, i.e., firstly, a week prior to delivery, submission of technical
nformation by power generators to the power system operators
JSC ‘‘System Operator of the Unified Power System’’ (SO) who
stimates the consumption and select adequate production units
o cover it. Secondly, a day to delivery, price offers are submitted
y the power generators selected during the first step to the
rading operators (OJSC) ‘‘Trading System Administrator’’ (ATS)
ho then select the optimum offers, based on the price order
Kozlova and Collan, 2016).

The capacity trade is conducted differently for both existing
nd planned generations (Boute, 2012; Kozlova and Collan, 2016).
acilities that are existing are subject to market-based selection.
ids are submitted to competitive capacity auctions; in this case
he cheapest offers are selected by the Administrator of Trading
ystem until the point where the needed capacity is complete for
year ahead period. The System Operator defines the required
apacity (Kozlova and Collan, 2016).
4502
3. Renewable energy resources in Russia

Despite the huge fossil fuel resources available in the coun-
try, Russia also has enormous RE resources. The country’s RE
resources are comparatively evenly distributed across the entire
country, whose total area is about 17 million km2 (Cherepovitsyn
and Tcvetkov, 2017). The vast geographical size of the country
coupled with the varying climatic conditions and terrain gives
Russia enormous advantage with respect to the development of
any form of RE. The various RE energy potential in the country
will be discussed in subsequent sections, Fig. 3, however, shows
the various RE potentials in the country.

3.1. Solar energy resource

Evaluation of solar energy potential in the Russian Federa-
tion dates back as far as the 1920s. The Black sea region, north
Caucasus, and the Caspian sea, Far East and Southern Siberia are
identified to have the highest solar energy potential. Promising
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Table 1
Estimated technical solar energy potential in Russia (Ermolenko, 2015).
Region Thermal, mln.

GCal
Power, mln.
kWh

Thermal, tsd.
GCal/ha

Power, tsd.
GWh/ha

Russia 219,402.23 87,972 023.23 0.22355 51.9892
Republic of Adygea 112.44 26,148.76 0.1443 33.5585
Republic of Bashkortostan 2,272.08 528390.46 0.15895 36.9641
Yamalo-Nenets 76,925.0 37,928.89 0.49306 114.666
Kemerovo region 9,572.5 1,717.68 0.17944 41.7301

Note: mln.: million; tsd.: thousands
reas for the development of solar energy in the country are
n the south western areas, these areas includes Rostov region,
olgograd region, Kalmykia, Stavropol region, Astrakhan region
nd Krasnodar region and in the south-eastern part of the coun-
ry, these areas are also promising: Primorye, Buryatia, Altai, and
abaykalsky. Also, the degree of insolation in certain parts of
he Far East, Eastern and Western Siberia is high (Serga et al.,
016). The global horizontal irradiation of the Russian Federation
s represented in Fig. 4. An estimated technical potential of the
ountry’s solar energy potential is also presented in Table 1.
It has been estimated that, the country has a gross solar energy

otential of about 2300000 million tonnes of coal equivalent
mtce), with an economic potential of about 12.5 mtce per year
nd technical potential of approximately 2,300 mtce. The annual
olar radiation for sections of Eastern and Western Siberia and
he Far East is about 1300 kW/m2, which is more than that in the
outhern regions of Russia. Incoming solar radiation, for example
n the in Irkutsk (52 degrees latitude), reaches 1340 kWh/m2

nd Yakutia-Sakha (62 degrees latitude) 1290 kWh/m2 (Tsatska,
013).

.2. Wind energy resource

The potential for the development of wind energy varies sub-
tantially across Russia. The country has large wind energy poten-
ial, it is estimated to have a theoretical wind energy potential
f about 197,477 billion kWh/year at a height of 100 m with
gross technical potential of about 21,850 billion kWh/year at

ame height. The most suitable areas for the development of
ind farms include territories of the North West, territories of
outh and North Caucasus federal districts, Siberian, Ural, Far
ast federal district, Sakhalin Island, Kamchatka Peninsula as well
s coastal areas at northeast of the country (Ermolenko, 2015).
owever, this potential is yet to be fully developed to the benefit
f the Russian people. The place with relatively less wind speed is
round East Siberia in the Lena-Kolyma core of the Asian anticy-
lone. The daytime in the country experiences greater wind speed
ompared to what is recorded at night in Russia, this variation is
owever, less pronounced during the winter period. The yearly
mplitude ranges from 1 m/s to 4 m/s, on average, it is between
–3 m/s. The center of the European part of Russia, East and
est Siberia (with the exception of the northern areas) have high

mplitudes, and particularly the Far East where it can record an
mplitude up to 4 m/s. A yearly amplitude which is less than 2m/s
s recorded in the south-east and south-west of the European
ection of the country as well as Central Siberia (Tsatska, 2013).
ig. 5 shows the wind speed characteristics map of Russia.
Recent report from RAWI RAWI (2019), shows that as of 2019,

ussia had a total of 564 wind turbines installed across the
ountry, with installed capacity of 190.54 MW. Table 2 gives
breakdown of the installed capacity, location and number of
urbines.
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3.3. Geothermal energy resources

Geothermal energy (GE) exploitation in Russia has been car-
ried out since the last 60 years. It is the second most commonly
used RE in Russia (Hanson, 2019). GE is used mostly in the
country for heating purposes in many cities and communities
in northern Caucasus and Kamchatka. Other regions use it in
their greenhouses (Svalova, 2012). Russia is endowed with high
GE resources; research indicate that many regions in the coun-
try have reserves of hot geothermal fluid. The temperature of
the fluid at depths between 200 to 3000 m ranges from 50 ◦C
to 200 ◦C. Such areas are found in the European section of
Russia (this includes the northern Caucasus with Alpine and
platform areas; the country’s deepest wells exceeding depths of
5.5 km were drilled in these areas). Other areas include Siberia
with Baikal rift area, Okhotsko-Chukotsky volcanic belt, western
Siberia with Krasnoyarsk, Kuril-Kamchatka region and Primorsky
Krai. The temperature of the thermal waters in the Kuril Islands
and Kamchatka Peninsula can be in excess of 300 ◦C. About 385
geothermal wells have so far been drilled in the volcanically
active areas of Kuril Islands and Kamchatka, whose depths ranges
between 170 m and 1800 m, two-phase fluids are been produced
from 44 of those wells (Hanson, 2019). The graphical represen-
tation of Russia’s geothermal energy potential is represented in
Fig. 6.

Russia has about 1000 geothermal heat pumps (GHP) units
that are currently under operation, these pumps are spread across
6 locations in the central and western part of the country. It is
estimated as follows: 110 MWt and 2185 TJ/yr for district heating,
110 MWt and 2185 TJ/yr are used for individual space heating,
4 MWt and 69 TJ/yr for agricultural drying, 4 MWt and 63 TJ/yr
for bathing and swimming, 25 MWt and 473 TJ/yr for industrial
process heating, 160 MWt and 3279 TJ/yr for greenhouse heating,
4 MWt and 63 TJ/yr for animal farming, 4 MWt and 63 TJ/yr for
fish farming, and a projected 12 MWt and 95 TJ/yr for GHP, for a
total of 433 MWt and 8475 TJ/yr (Lund and Toth, 2021).

3.4. Hydropower resources

The development and use of hydropower plants (HPP) comes
with a number of merits, some of these merits includes simplicity
of operations, high coefficient efficiency which varies between
92% and 94%, unlike that of nuclear and thermal power plants
which is around 33%. HPPs also require relatively lesser num-
ber of personnel to man the facility, i.e. 0.25 person occupies
for 1 MW of power, whereas that of NPPs and thermal power
plants are 1.05 and 1.26 MW, respectively (Denisov and Denisova,
2017). Hydropower plays a key role in Russia’s energy sector,
the country currently has about 102 HPPs with capacity of over
100 MW. The country’s total installed capacity for HPP units is
about 45 million kW, whiles that of generation is also about
165 billion kWh per annum (Hydropower, 2021). The country is
ranked second globally in undeveloped HPP resources, with an
estimated economic potential reaching about 852 TWh, so far
only 20% of it is been used. With an estimated 80% of the country’s

population and industries located in the southern and central
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Fig. 5. Wind speed characteristics map of Russia (Global Wind Atlas, 2021).
Table 2
Russia’s installed wind turbines and capacities (Kudelin and Kutcherov, 2021; RAWI, 2019).
WPP Location Installed capacity Number of turbines

Ulyanoskaya WPP-I Ulyanovsk oblast 35.00 MW 14
Ulyanoskaya WPP-II Ulyanovsk oblast 50.00 MW 14
Tarkhankutskaya WPP Th Republic of Crimea 17.25 MW 127
WPP Tyupkildy The Republic of Bashkotostan 1.65 MW 3
WPP Mirny (test mode) Krasnodar Krai 4.80 MW 2
Sudakskaya WPP The Republic of Crimea 3.76 MW 35
Salskaya WPP The Republic of Crimea 20.83 MW 180
Vostochno-Krymskaya WPP The Republic of Crimea 2.81 MW 17
Presnodnenskaya WPP The Republic of Crimea 7.39 MW 55
Donuzlavskaya WPP The Republic of Crimea 6.77 MW 63
Ostaninskaya WPP The Republic of Crimea 25.00 MW 10
Elistinskaya WPP The Republic of Kalmykia 1.20 MW 2
Ushakovskaya WPP Kaliningrad Oblast 5.10 MW 3
WPP in Tiksi Village The Republic of Sakha (Yakutia) 900.00 kW 3
WPP on the Bering Island Kamchatka Krai 550.00 kW 2
WPP in Ust-Kamchatsk village Kamchatka Krai 1.18 MW 4
WPP in Novikovo village Salkhalin Oblast 450.00 kW 2
WPP in Anderma village Nenets Autonomous region 200.00 kW 4
Anadyrskaya WPP Chukotka Autonomous Okrug 2.50 MW 10
WPP in Labytnangi Village Yamalo-Nenets Autonomous region 275.00 kW 1
WPP in Unchi field camp Khabarovsk Krai 100.00 kW 1
WPP Vetryanaya elekrostantsiya Belgorod Oblast 100.00 kW 5
WPP in the Orenburg Oblast Orenburg Oblast 2.73 MW 7
t

regions of European Russia, many of the yet to be exploited
potential hydropower sites are found to be far from major load
centers (IHA, 2020).

According to data from IRENA (IRENA, 2017), the country
as the world’s greatest water resources. Russia’s rivers are es-
imated to have a total length of over 8 million km. Russia’s
ydropower economic potential is projected to be almost five
imes the present capacity in operation, especially in the Siberia’s
astern section. According to same IRENA report, in terms of
mall hydropower development, the country’s largest potential is
ocated in the eastern and central parts. Russia is currently ranked
econd globally after China in terms of the size of hydropower
otential, approximately 852 billion kWh per year (Mikhailov
t al., 2021). Table 3 presents some large-scale hydropower plants
n the country.
 o
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3.5. Ocean and tidal energy resources

Tidal resources is quite significant in the northern section of
Russia. The Sea of Okhotsk and the White Sea experiences some
of the highest tidal ranges globally, it can reach as high as over
10 m. Some possible sites for the development of tidal power in
the country includes Tugur and Mezen, which have average mean
tidal range of 5.5 m. They have a combined potential power of
about 22 GW, with a basin area covering over 3500 km2. The total
idal generation potential has been projected to be in the order
f 90 GW (IRENA, 2017).
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Fig. 6. Geothermal energy potential for Russia (Solnechny Dom, 2021).
able 3
arge-scale hydropower plants in Russia as of 2019 (Mikhailov et al., 2021).
Hydropower plant Commissioning

year
NHPP ,
MW

E, billion
(kWh)/year

Krasnoyarsk 1967–1971 6000 20.40
Sayano-Shushenskaya 1978–1985 6400 23.50
Ust Ilim 1974–1979 3840 21.70
Bratsk 1961–1966 4520 22.60
Bogushany 2012–2014 3000 17.60
Zhiguli 1955–1957 2320 10.50
Volzhsk 1958–1961 2550 12.30
Bureyskaya 2003–2007 1980 7.10
Cheboksary 1980–1986 1400 3.31
Saratov 1967–1970 1270 5.35
Zeiskaya 1975–1980 1330 4.91
Nizhne-Kamskaya 1979–1987 1250 2.67
Zagorsk PSP 1987–2000 1200 1.95
Chirkeisk 1974–1976 1000 2.47
Votkinsk 1961–1963 1020 2.60

Where NHPP represents the installed hydropower plant capacity, and E represents
the total amount of generated electricity by the HPP.

3.6. Biomass resources

Bioenergy is seen as one of the most promising source of
nergy generation for the country’s economy, and some regions
n the country are already developing it for use. The expediency of
his sector’s development is as a result of the need for waste man-
gement, the availability of decentralized energy supply zones, as
ell as the need to upgrade the energy sector. The development
f bioenergy just like other RE sources requires a reliable resource
valuation and projections. A detail assessment of this resource
nd its potential has been conducted at the national level and
ata on the different forms of wastes used for the generation of
ioenergy has been collected. Technical and economic assessment
f same has since been done, maps such as that indicated in Fig. 2
as been developed for the resource for the Russian territory.
here has also been an assessment of the following resources:
unicipal solid waste, main cultivated agricultural crops, sewage
ludge and the main areas of animal husbandry at the regional

evel (Yu et al., 2015).
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It has been said that Russia has the world’s largest biomass
resources. It has been estimated that the country has about 20% of
the world’s forest area as of 2010, representing about 809 million
hectares. It also ranks third globally relative to arable lands,
i.e. about 8.8% of arable land area globally equivalent to some 121
million hectares as at 2008 (Namsaraev et al., 2018). A study by
(Namsaraev et al., 2018), identified Russia’s bioenergy technical
potential to be about 2225.4 PJ. About 42% of the total potential
comes from crop residues whiles 9% emanates from wastes from
livestock, 23% from forest residues, biogas from sewage sludge
constitute 1% and 25% from municipal solid waste. According
to same study, the country currently only makes use of 12% of
its bioenergy potential. Russia’s total annual agricultural organic
waste is estimated to be approximately 625 million tonnes which
is about 80 Mtoe per year. Biogas is also estimated to be around
73.7 billion m3(2 EJ), Volga federal and South federal have half of
this potential (IRENA, 2017). Russia currently use only 12% of its
bioenergy potential, its forest residues potential is the most use
of all (Namsaraev et al., 2018) . Fig. 7 shows the country’s actual
bioenergy production from different sources and the potential.

4. Materials and method

This study used an integrated approach in assessing the op-
portunities and challenges in Russia’s RE sector, this includes
stakeholder interviews, and literature reviews. The quantitative
approach was done by employing the Best–worst multi-criteria
decision-making method to assign weights to the various iden-
tified factors under each criteria. The methodology used for the
study is as depicted in Fig. 8.

4.1. Best–worst multi-criteria decision-making method

Multi-criteria decision-making (MCDM) is a well proven ap-
proach for solving complicated problems, particularly when mul-
tiple factors have an effect on an objective (Ali et al., 2019), it
is an aspect of decision theory. MCDM problems can be grouped
into two in relation to the solution space of the problem, i.e., dis-
crete, and continuous. Discrete problems can be solved by using
multi-attribute decision-making (MADM) methods, whiles that of



E.B. Agyekum, N.M. Kumar, U. Mehmood et al. Energy Reports 7 (2021) 4498–4515
Fig. 7. Bioenergy potential and production in Russia (Namsaraev et al., 2018).
Fig. 8. Methodology adopted for the study.
the continuous can use multi-objective decision-making (MODM)
methods. Some examples of MCDM that has been used over the
years include the Analytic Hierarchy Process (AHP), Technique
for Order of Preference by Similarity to Ideal Solution (TOPSIS),
Analytic Network Process (ANP), ELimination Et Choix Traduisant
la REalité (ELECTRE) and Preference Ranking Organization Method
for Enrichment Evaluations (PROMETHEE) among others (Rezaei,
2015).

In this study the Best–Worst Method (BWM) was used. Ac-
cording to (Rezaei, 2015), the BWM, is another powerful MCDM
tool that can be used to analyze complex problems such as one
in this paper as a result of its distinct features: (1) BWM can
either be used independently or combined with other MCDM
methods. (2) The consistent comparison associated with the BWM
makes it highly reliable. (3) BWM uses integers to allow for
4506
convenience. (4) Unlike the AHP approach, the BWM requires a
relatively less pair-wise comparison. It is for this reason, that the
BWM approach was adopted in this study to assign weight to
the various factors that were considered. BWM can be calculated
using the following steps (Rezaei, 2015; Şan et al., 2021):

• The first step involves the creation of the decision criteria
set {C1, C2, C3 . . . Cn}.

• The second step involves the determination of best (i.e. most
desirable) and the worst criteria (least desirable).

• Determination of the favorite of the best criterion over every
other criteria by assigning a number from 1 to 9. In this
case, the vector for the resulting Best-to-Others would be
as indicated in Eq. (1).

A = a , a , . . . , a (1)
B ( B1 B2 Bn)
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Where aBj denotes the preference of the best criterion B over
the j criterion, and aBB = 1.

• The next step is to determine the preference of the vari-
ous criteria over the worst criterion, also by assigning any
number between 1 and 9. In this instance, the vector for the
Others-to-Worst would be as indicated in Eq. (2).

AW = (a1W , a2W , . . . , anW )T (2)

Where the preference of criterion j over the worst criterion
w is denoted by ajW , where aWW = 1.

• The calculation of optimal weights are done at this step(
w∗

1, w
∗

2, . . . , w
∗
n

)
. In assessing the optimal weight for the

criteria, each pair of wB/wj and wj/ww , we have wB/wj = aBj
and wj/ww = ajw . In order to meet these conditions for the
entire j, it is required to identify a solution in which the
maximum absolute differences

⏐⏐⏐wB
wj

− aBj
⏐⏐⏐ and ⏐⏐⏐ wj

ww
− ajw

⏐⏐⏐ for
entire j is minimized. This results in Eq. (3) when factoring
the non-negativity and sum conditions for the weights.

minmax
j

{⏐⏐⏐⏐wB

wj
− aBj

⏐⏐⏐⏐ , ⏐⏐⏐⏐ wj

ww

− ajw

⏐⏐⏐⏐}
s.t.∑

j

wj = 1

wj ≥ 0, for all j

(3)

The optimal weights
(
w∗

1, w
∗

2, . . . , w
∗
n

)
and ξ ∗ would be ob-

tained by solving Eq. (3).
For the purposes of ensuring consistency, a consistency ratio

(CR) also known as the Ksi value is assessed using ξ ∗. It is obvious
that, the bigger the ξ ∗ value, the CR, and the comparisons become
less reliable. The comparison becomes more reliable when the ξ ∗

alue is closer to zero.
The judgments for the analysis for the two main criteria i.e. op-

ortunities and challenges in the country’s RE sector were ob-
ained from experts comprising lecturers in top universities in
he country with long standing experience in the country’s RE
ector, experts from industry and some Ph.D. students who have
ore than 5 years’ experience in the sector. They were contacted

hrough both emails and face to face interviews. In all, 38 experts
ere contacted, but 33 returned their responses out of which 30
ere considered worthy to be considered for the analysis after
ata cleaning. Those rejected were done on the basis that, they
ere not fully filled to give a complete assessment of the survey.

. Results and discussion

This section presents an overview of the opportunities and
hreats in Russia’s renewable energy industry, it cuts across all
he sectors, i.e. social, economic, environmental, and technical
spects. The various criteria are all presented and discussed in
he following sub-sections. The quantitative results were also
resented in this section.

.1. Quantitative results

The results of the BWM used to assign the various weights
o the identified opportunities and challenges as presented in
able 4 are discussed in this section. A total of eight opportunities
nd seven challenges were identified and ranked by experts, also
eferred as criteria in this study. These criteria shall be discussed
n detail in subsequent sections in this study.

After assessing the various inputs from the consulted experts,
igh export potential (O8) that is available to the country was
elected as the best opportunity whereas, technology policy was
4507
Fig. 9. Weights for the various criteria under opportunities.

dentified as the least desired opportunity. Based on the prefer-
nces provided by the consulted stakeholders for each criteria
rovided in Table A.1 in the Appendix A, further calculations were
one to ascertain the weights for the various factors. At a Ksi*
alue (CR) of 0.083 which is very close to zero, remember that
n BWM the closer the CR is to zero, the more consistent the
omparisons of the experts, the weights for the various crite-
ia for the opportunities are presented in Fig. 9. It reflects the
espondents views on the various identified factors which are
onsidered opportunities in Russia’s RE sector, and which has
he potential to positively affect the development of RE in the
ountry.
According to the results high export potential was assigned

he highest weight of 27.7%, followed by RE targets set by the
ountry which was also assigned 18%. Both high market potential
nternally and the potential for hydrogen production recorded
weight of 12%. The country’s RE policy which experts see as
ey to the development of the sector and the availability of
arge unoccupied land in the country also recorded same weight
f 7.2%, this is followed by technology policy with a weight of
.9%. In the case of the challenges in the sector, a Ksi* value of
.089 was obtained after the computation of the various rankings
y the consulted stakeholders, which is also very close to zero,
ence consistent and reliable. The weights for the various factors
onsidered under the challenges in the country’s RE sector are
resented in Fig. 10. The summary of the rankings from the
takeholders are presented in Table A.2 in the Appendix section.
ased on the computations, a weight of 31.4% was assigned the
ow attention to clean technologies from government (i.e. lack of
olitical will) which was also selected by the consulted experts
s the most critical challenge facing the sector. This was followed
y the unequal playing field in the energy sector, it recorded
weight of 17.9%. The country’s local content policy, high cost
f RE projects, and regulation and implementation uncertainties
ecorded same weight of 13.5%. Unfavorable institutional design
nd the country’s harsh environmental conditions garnered 5.7%
nd 4.5%, respectively. A Similar study in Nepal by (Ghimire and
im, 2018) also identified policy and political barriers as the
reatest challenge in Nepal’s RE sector. Also, a study by (Bukari
t al., 2021) on Ghana found political barriers as the greatest
bstacle in Ghana’s RE sector. These literature confirms the re-
ults in this current study. However, a study by (Luthra et al.,
015) on the barriers of RE technologies adoption in India found
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Table 4
Factors considered under each criteria.
Opportunities Challenges

Renewable energy targets (O1) Unequal playing field (C1)
Renewable energy policy (O2) Strict local content requirement (C2)
High market potential internally (O3) Low attention to clean technologies from government (C3)
Technology policy (O4) Regulation and implementation uncertainties (C4)
Availability of large unoccupied lands (O5) High cost of renewable energy projects (C5)
Need to meet local energy deficit (O6) Harsh environmental conditions (C6)
Hydrogen production opportunities (O7) Unfavorable institutional design (C7)
High export potential (O8)
Fig. 10. Weights for the various criteria under challenges.

eographical and ecological factors as the greatest inhibitors to
he development of RE in India as oppose to issues relating to
overnance and politics. Furthermore, (Reddy and Painuly, 2004)
dentified economic barriers as the most significant challenge
ollowed by institutional barriers in the Indian State of Maha-
ashtra. The differences in the results suggests that the distinct
ituation in every country, in relation to economic, political and
eographical conditions may determine the kind of remedy that
an be proposed for each country (Bukari et al., 2021; Ghimire
nd Kim, 2018).

.2. Opportunities in Russia’s RE sector

The opportunities in the sector are presented in this section.
hese includes factors that are available in the country to help
romote the development and use of RE apart from the enormous
E resources presented supra, which both investors and other
nterested parties can take advantage of.

.2.1. Renewable energy targets
RE has in the few past years received significant attention from

he Russian government as indicated supra at the national level.
his has manifested in a number of policy documents over the
ears, this includes the Energy Strategy to 2030 (Nov. 2009), the
limate Doctrine (Dec. 2009), the Concept for Long-Term Social
nd Economic Development to 2020 (Nov. 2008) as well as the
tate Energy Efficiency Program (Dec. 2010). The Concept for
ong-Term Social and Economic Development designed expects
he country to attain ‘‘a leading position in the development of
enewable energy sources’’. This suggests that, policymakers in
ussia acknowledge the impact of RE in terms of environmen-
al, social, energy security and economics. The country’s energy
4508
strategy to 2030 has the following objects (World Bank Group,
2011):

• Enhancement of energy security through decentralization
• Minimization of the anthropogenic effect on climate change

during generation of energy to meet demand
• Diversification of the country’s energy and fuel mix; reduc-

ing the rate of increase in transmission and distribution cost
of electricity

• Maintaining both quality and good health of the country’s
population.

According to information from the draft Energy Strategy for the
country for the period up to 2035, the share of RE in the country’s
total primary energy consumption is expected to move from 3.2%
to 4.9% by end of 2035. It includes the country’s approved plan to
increase the total PV, geothermal and wind capacity to 5.9 GW by
close of 2024 (Mitrova and Melnikov, 2019).

5.2.2. Renewable energy policy
The Federal Law No. 35-FZ dated 26 March 2003, (hereafter,

the ‘‘Federal Electricity Law’’) as amended in 2007 ‘‘On the Electric
Power Industry’’ requires the government of Russia to adopt
strategic national targets towards the development of RE in the
country. The policy also provides various support mechanisms
for the generation of electricity from RE. The government on 8
January 2009 adopted Resolution No. 1-r ‘‘On the Main Areas
of Government Policy to Raise the Energy Efficiency of Electric
Power from Renewable Energy Sources for the Period to 2020’’
which is intended to help it realize its obligations (Tsatska, 2013).
In effect, the policy stresses the relevance of efficient and clean
energy production.

The Decree 449, passed in 2013, constitute the basis for the
growth and transformation of Russia’s RE sector, it created the
legal framework for the establishment of RE capacity system for
the country. Past reforms like the 2007 amendment for electrical
regulations stated earlier in this study as well as the launch of
RE program to support its development in 2011 paved the way,
however, Decree 449 underpins the current development and
progress being made in the deployment of RES in the Russian
Federation. The decree was passed to promote the development
and use of RE in Russia, with special emphasis on wind and solar
photovoltaics, and small-scale hydropower to a lesser extent.
The terms for participating in Russia’s RE market are set out
in the legislation. Energy developers under this system whose
projects capacity is at least 5 MW have the opportunity to bid in
annual tenders for capacity supply contracts with the country’s
Administrator of Trading System. Suppliers who win are paid
both for the energy they supply and for the capacity they add to
the energy system, for a fixed tariff based on long-term 15-year
contracts (Power Technology, 2018).

5.2.3. High market potential internally
One factor most investors evaluate before taking a final de-

cision to invest in any economy is the availability of market for
whatever produce they offer. The availability of ready market in
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he energy sector is crucial since large amount of energy gener-
ted cannot be stored and therefore but be used. In Russia, the
onsumption of electricity is estimated to be increasing at 2% per
nnum (EU, 2013). The development of new energy technologies
n Russia is in the broader context being championed for the
ocio-economic development of all parts of the country. Decen-
ralized electricity generating systems (DEGS) are considered as
he optimum option for the several remote and distant regions in
ussia. This is because, the extension of high-voltage electricity
ines to such communities is seen as economically impracticable.
he DEGS also comes as an attractive package for industrial
omplexes. It gives them the opportunity to become independent
rom national centralized power system at a relatively lower cost
Tissot, 2018).

.2.4. Technology policy
Russia has a very sensitive policy on technology. The leader-

hip of the country has acknowledged the risk that the country
aces relative to technological development. It is the reason be-
ind the strict requirements on the localization of equipment
or RE and smart grids, as well as the several import substi-
ution programs. Since technology policy is the key driver of
he country’s interest in RE, Russia is focused on building its
wn RE manufacturing capacity first. As a result, the country
as instituted an equally high level of local content needed to
ualify for high tariff rates, which is a key component of long-
erm feasibility of many projects in Russia’s RE sector (Mitrova
nd Melnikov, 2019). The proportion of Russian-made equipment
eeded to prevent tariff penalties was comparatively modest dur-
ng the early stages of the auction system, however, it increased
o some 65% for hydro and wind farms and 70% for solar until
020, the government has since set a long-term target of 80% for
ocalization. It is because of these high levels that has led to nu-
erous tenders, particularly for the development of wind farms,

or which there is virtually no Russian-made equipment. These
equirements have stimulated overseas multinationals to partner
ith manufacturers and Russian power companies. This has led to
he establishment of a number of international joint ventures, this
ncludes Fortum and state-owned technology investor Rusnano’s
ind investment fund, and WRS Bashni, a corporation among
panish developer Windar Renovables, Rusnano, and the Russian
teel firm Severstal. Companies such as Lagerwey and Siemens
amesa Renewable Energy (SGRE) are also getting themselves
eady for the Russian market, Vestas Manufacturing Rus has also
ocalized wind equipment in the region of Nizhny Novgorod
Power Technology, 2018).

.2.5. Availability of large unoccupied lands
The nexus between power plants (i.e. electricity systems and

ts accompanying networks) and the land area occupied by these
omponents forms a key factor of their sustainability assessment
Cheng and Hammond, 2017). Decisions relating the use of land
or energy generating activities are exigent concern as the need
or ecosystem services, land scarcity and demands for genera-
ion of energy to meet consumption have concurrently increased
orldwide (Hernandez et al., 2015). Wind and PV power plants
ave almost similar land use features, with impacts from dis-
osal/recycling and materials for the manufacturing of various
nits. None of them need any further mining footprint. The two
echnologies are also characterized by the potential for dual use
ites (Evans et al., 2009). Gagnon et al. (Gagnon et al., 2002)
stimated a total footprint for wind power plants to be about 72
m2/TWh, without apportioning any part of this to agricultural
ctivities. Also, Lackner and Sachs (Lackner and Sachs, 2005) also
stimated that land occupation for PV power plants to be about
8–64 km2/TWh without dual purpose. In the case of hydropower
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plants, it varies significantly, it depends on the local topography.
It has been estimated to be around 73 km2/TWh (Evans et al.,
2009). In the case of geothermal power plants, their surface
footprints are relatively small, with most of the components
located underground (Bertani, 2005; Evans et al., 2009). A typical
footprint for geothermal power plant is estimated to range from
18–74 km2 /T Wh (Bertani, 2005).

Russia is considered as the largest country in the world in
terms of area (Serga et al., 2016), with nearly limitless land
available for the development of RE. The country has a total land
area of approximately 17.1 million km2, yet it is also estimated
that Russia has one of the lowest population densities around
the world (Study, 2021). This is positive for the development of
RE technologies since it will not require extra money to relocate
already settled people for its development. It also means investors
will not have problems with lands for the development of their
projects.

5.2.6. Need to meet local energy deficits
One major challenge in Russia’s energy sector is that about 50%

of the country’s regions have power challenges, as a result, such
regions purchase power from other regions. The swift economic
transformation that has taken place in recent times has put lot
of pressure on the country’s electricity generation capacities for
governments at the regional level. The country has a high level of
energy intensity, it is estimated to be about 1.5 times more than
the world average, it is twice that of leading countries in Europe
(Henderson and Mitrova, 2020). The complexity of increasing
regional gas-consumption limits has hindered the construction of
gas fired power plants and the strict sustainability rules has also
limited the construction of coal and hydro-powered plants. De-
veloping energy resources at the local level including RE sources
can be a viable solution to this problem (Tsatska, 2013).

5.2.7. Hydrogen production opportunities
Russia has not striven hard to be part of the international

communities and partnerships that are into the development of
hydrogen technologies. The country currently does not have any
national program on hydrogen, it was only in the end of 2019
when the initial attempt to synchronize various research groups
as well as other interested groups appeared. Russia, however, has
lot of resources and opportunities in this area for commercial
purposes. There has been some design work in the area of produc-
tion, transportation and storage and the use of mobile transport
(Henderson and Mitrova, 2020); (Melnikov and Chugunov, 2019).
Green hydrogen potential is enormous in the country and in-
vestors can take advantage of it, this is mainly because of the huge
wind and solar energy potentials (Henderson and Mitrova, 2020).
Russia could produce green hydrogen in commercial quantities,
renewable production could be especially economically viable if
sited near the Arctic Ocean or Black Sea (Caspar and Wiesholzer,
2021). Fig. 11 shows the various hydrogen production methods
that a country can adopt for its development depending on the
resources available.

Russia adopted two main policy documents in 2020 on its
plans for hydrogen development. The first document was adopted
in June 2020, this was on the country’s Energy Strategy up until
2035, it is premised on the importance of hydrocarbons for the
country’s energy sector and also the need to position Russia as a
major producer and exporter of hydrogen. The government has
targeted to export about 0.2 million tons by 2024 and increase
it to 2 million tons by 2035. The second document is about the
country’s roadmap for hydrogen development until 2024, which
was adopted in October 2020. Rosatom and Gazprom have been
assigned with special roles in realizing this goal in the Energy
Strategy. Stakeholders in the country’s energy sector are awaiting
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Fig. 11. Hydrogen production methods (Nikolaidis and Poullikkas, 2017).
the adoption of a comprehensive concept for the development
of hydrogen, in which the country is expected to emphasize on
strategic cooperation with countries such as France, Germany,
South Korea and Japan (Zabanova and Westphal, 2021).

5.2.8. High export potential
The country’s strategic objective for the electricity sector in-

clude the modernization of current electricity generating capaci-
ties as well as the implementation and development of capacities
that are dependent on new generating technologies, which in-
clude fast-tracked RE and nuclear power development. The coun-
try also intends to strengthen the United Power System (UPS) as
well as its interconnections with other adjoining countries (EU,
2013). The energy cooperation between Russia and the European
Union (EU) could also be a beneficiary of the opportunities hy-
drogen brings. Russia is the most significant provider of energy to
the EU. It accounted for 42% of coal imports, 40% of natural gas
imports, and 30% crude oil imports for the EU in 2018 (Caspar
and Wiesholzer, 2021). Exports of energy alone constitute about
half of the country’s revenues. As a result, the government of the
Russian Federation sees decreasing foreign energy demand as a
threat to the country’s economy. The European Green Deal, which
is intended to create the way for climate neutrality by 2050 — it
has stressed the need for the EU to take the energy transition and
climate protection serious. It has been projected by the German
Environmental Agency that Germany which is the highest domes-
tic consumer of natural gas for instance has projected demand
to fall by about 90%. In this regard, climate-friendly hydrogen
exportation to the EU could be an auspicious future opportunity
for the Russian Federation (Caspar and Wiesholzer, 2021).

5.3. Challenges in Russia’s RE sector

This segment also looks at some key barriers that hinder the
development of RE in Russia, this cuts across economics, technical
and regulatory aspects.

5.3.1. Unequal playing field
One of the greatest challenges to the development of RE in

Russia is the lobbying for, and traditional reliance on fossil fu-
els and nuclear power to meet the country’s energy demands.
Whereas the share of thermal power generations as of 2018
hovered around 74% and that of RE around 26% globally, thermal
power generation in Russia during that same period was about
83% and the remaining is renewables including 16% of hydro
4510
(Rasoulinezhad et al., 2020). This is occasioned by the fact that;
the country has lots of fossil fuel resources hence very little
importance is given to the development and use of other en-
ergy generating resources. In effect, there is no competition in
this sector, which has also affected both local and international
investments into the sector’s development.

5.3.2. Strict local content requirement
As stated earlier, the government introduced a local content

policy to facilitate the development of RETs production in the
country. This according to some experts in the industry serves
as a disincentive to foreign investors although within Russia it is
seen as positive. This is because the local content requirements
are quite challenging for the investor community particularly for-
eigners, this is because it affect the Capacity Delivery Agreement
(CDA) capacity price directly. Under the CDA, investors can lose
as high as 55%–65% of the capacity price. As indicated earlier, the
share of Russian equipment and technology in the solar energy
industry for instanced reached 20% in 2016. However, such equip-
ment or technology could be more expensive and less efficient
compared to foreign made technology (Vasileva et al., 2015). The
emerging Russian RE markets’ inability to satisfy the strict local
content requirements have left a substantial share of projects
that could get support under the capacity-based renewable en-
ergy support scheme (CRESS) unclaimed (Lanshina et al., 2018).
According to data from (Lanshina et al., 2018), the percentage of
unclaimed projects in the 2009 original quotas included 85% for
2014, in 2015 it was 54%, and 57% and 59% for 2016 and 2017,
respectively. Only quotas for solar PV were claimed virtually in
full volume as a result of the presence of an integrated solar PV
company in the country.

5.3.3. Low attention to clean technologies from government
Russia has not paid much attention to energy transition tech-

nologies. In an important state document, which outlines the
various priorities in this sector — the state program ‘‘Energy
Development’’ which was accepted and approved in 2014 and
later amended in 2019 — the only mentioned target was ‘‘pro-
motion of innovative and digital development of the fuel and
energy complex’’ along with other new technologies in the pro-
duction and processing of hydrocarbon; nothing was specifically
said about low-carbon technologies (Stambler, 2020). It is the
view of the consulted experts that, the role of government in the
development of RE, particularly in a country that is predominately
dominated by fossil-fuel based power plants is key. Much is
expected from government beyond just policy formulation.
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.3.4. Regulation and implementation uncertainties
Another overarching problem in Russia’s RE sector which has

ed to its poor development is the lack of coordination between
egulations and its implementation over the years. The inclusion
f RE in broad sector plans and programs instead of clearly living
hem as a standalone program and assigning clear cut policies
or the sector can be more or less described as declaratory in-
tead of a major push for action. For example, Russia’s energy
trategy for the period up to 2030 as well as the draft up to
035 recognize the need and certainty of the development of
ES and provide for economically viable increase in the use of
ES and support from government on RES. However, at the same
ime, the development of nuclear and fossil fuels remain a top
riority in same documents. This is inconsistent and does not
elp in the development of the RE sector (Lanshina et al., 2018).
he requirements to enable one to qualify under the RES law
f Russia further worsens the risk variability for investors and
egulatory uncertainty i.e., qualification is managed in Moscow
entrally and takes place after the facilities are constructed. This
s in contrast to ‘best practices’ internationally in this field, as
result, at the time of making their investment decisions on
ff-grid RES projects, investors are unable to rely on power pur-
hase agreements and long-term regulated price guarantees. This
emains a hurdle to the development of RES in Russia (Boute,
016).

.3.5. High cost of renewable energy projects
One other challenge which the consulted experts raised is

he cost of RE projects in Russia. Although the cost of wind and
olar energies have witnessed some considerable reduction in
ecent years, the cost of same in Russia still remain above the
lobal average. This is partially linked to the introduction of these
echnologies into the country, whereas, the country’s character-
stics, e.g. the vast nature of the Russian territory requires that
quipment are transported over a long distance, which ultimately
ffect the cost of such equipment (IRENA, 2017).

.3.6. Harsh environmental conditions
The extreme weather conditions in certain parts of the country

specially during the winter period was also identified as one
f the factors that affects the development of RE in Russia. Ic-
ng on wind turbines for instance could have three impact on
he system, i.e., performance (wind measurement, annual energy
utput, and design life duration), the safety (unbalanced rotor
pinning, ice throw, over-power, and fatigue), and the design
load, materials aerodynamics, and control system). It can also
ave an effect on the wind sensors, which will in turn render
ind measuring equipment ineffective — and increase the level
f noise from the system and decrease the cost-effectiveness of
he turbine (Power, 2014). In the case of solar systems, locating
ystems such as the solar thermal in areas with severe winter
onditions is mostly not a concern. Nevertheless, in the case of
V systems, cold weather conditions can have an impact on the
ystem. The output of PV system can be reduced to nothing when
he panels are covered with snow. Solar PV panels are, however,
ess vulnerable compared to other generation sources when it
omes to extreme winter conditions because they are solid-state
onstruction with no fluid inside it or moving parts. PV panels
hat are subjected to repeated freeze-thaw cycles, particularly
ith snowfall, are susceptible to the invasion of water, as the
elted water can possibly force open little gaps in the solar panel
overs, electrical connections, and mounting brackets over time.
n that situations, frequent checks of on such components are key,
iven that the entry of water into the electrical setup can cause
erious challenges (Power, 2014). In the view of the consulted
xperts, such situations increases the maintenance, operations
nd replacement cost which ultimately affects the cost of energy
rom such power plants.
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5.3.7. Unfavorable institutional design
Notwithstanding the numerous market reforms that has taken

place in the energy sector since the 1990s, Russia’s institutional
framework for the energy sector is still characterized by lack of
market mechanisms and high corporate concentration. Decentral-
ization of the sector still encounters stiff opposition from both
major business stakeholders and authorities. It is often seen as
a threat to the reliability and stability of the country’s energy
system, and to the security of the country. Low prices of energy
are still seen as a ‘‘public good’ after three decades of command
economic under the Soviet Union, as a result any attempt to
increase the price of energy in the country encounters stiff oppo-
sition from consumers. The cheap energy situation in the country
does not help in improving the efficiency in the sector, it also
affects the modernization of prevailing systems with high fuel
consumption (Stambler, 2020).

5.4. Discussion: The way forward for the country’s RE sector

It is obvious from the results discussed above that, Russia’s
RE sector has a number of opportunities but also some bar-
riers which are hindering the sectors growth which requires
the attention of government. It will include a holistic approach
that considers international best practices. A typical approach
adopted by a number of IEA countries towards the development
of their respective RE markets include the following three key
steps: the adoption of relevant laws (i.e. creation of the needed
market structure), adoption of RE strategy (finding the goals
for the sector) and the specification of execution mechanisms
(formation of rules) (IEA, 2003). Although these steps already
exist in Russia, experts have expressed their dissatisfaction with
some of the policies aimed at opening up the sector. As demon-
strated through the BWM, experts identified the low attention
from political players towards the development of the sector
and the unequal playing field as the most critical barriers to the
sustainable development of RE in Russia.

According to the World Bank report on Regulatory Indicators
for Sustainable Energy (RISE) which compares various countries
policy framework in that space, Russia was ranked 46th among
other nations with a mark of 61 out of 100 in the RISE section
devoted for RE (Banerjee et al., 2016). Although the report scores
Russia 100 out of 100 in terms of regulatory efforts, the country
got zero points on carbon pricing and monitoring mechanism
due to their absence in the country’s policies. Counterparty risks
and poor planning for the development of RE scored 49 and 31
points, respectively. In terms of bureaucratic procedures, Russia
is known for its numerous processes (17) needed to set up a grid-
connected RE power plant (Lanshina et al., 2018). All these were
confirmed in the current study by the consulted experts, as they
identified the country’s RE policy as an opportunity. Despite the
country’s effort in terms of legal and regulatory framework as
well as the huge resource potential, the RE sector has not seen
the required growth. It therefore suggests that the implementa-
tion of these brilliant policies has some deficiencies due to high
bureaucratic procedures in the sector as well as the lack of the
needed confidence within stakeholders.

The potential to export power to European countries especially
power generated from wind and hydro was cited as the greatest
opportunity relative to the development of RE in Russia. This calls
for a number of measures to be taken on the part of government
to enhance trade in that regard. The government will have to
urgently modernize its grid system by linking the modernization
plan to the country’s RE potential. Exporting electricity to Europe
will require the expansion of the country’s capacity for intercon-
nection, which creates flexibility in the electricity structure, and
allow more shares of variable RE in the power sector (IRENA,
2017).
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For a country to successfully develop its RE sector, it requires
he institutionalization of appropriate economic measures that
as the potential to affect market behavior, which will make
he sector competitive relative to other conventional sources of
nergy generation. It is said that when there is an increase in
conomies of scale, the cost associated with implementing RE
ecreases, making it more profitable. Countries such as Germany,
enmark, USA, and Spain are benefiting from renewables. Several
conomic mechanisms have been adopted by countries to pro-
ote the use of renewables, some of these include, subsidies and

ax-exemptions on RETs, taxes on fossil fuels, feed-in tariffs, and
ncentives etc. (Bellona, 2007). These are key economic mecha-
isms that the Russian government will have to adopt for the
evelopment of the sector.
The following recommendations are proposed:

• The RE sector in Russia has not yet been tried and tested,
as a result there is a lack of information on the successes
in the sector, as a result new investors are not confident
to venture into innovative projects in the country. It is
therefore recommended to the Russian government to take
the lead in some projects by investing in the development
of projects such as solar and wind power plants in order
to demonstrate to possible investors the successes in the
sector. This will open up the sector to both local and foreign
investments.

• It is also important for the government to define the long-
term role of RE in the country’s energy balance, this will
enable both government and other stakeholders plan ahead
to meet that target.

• Establish dedicated funds for the development of clean en-
ergy technologies. The budget for the development of con-
ventional power plants will have to be cut drastically and di-
verted into the development of RE. Subsidies and incentives
will play a major role in their development.

• Although the country’s Decree No. 449 of 28 May 2013
outlines the mechanism for the development of RE in both
capacity and wholesale markets, it failed to provide a clear
rule in competitive capacity selection relative to the gener-
ation of RE capacities (IRENA, 2017). Government will have
to look at this mechanism and amend it to address this
challenge.

• It is also important to increase public awareness in this
sector, one issue that was raised by respondents during the
interviewing process was the lack of adequate information
in this area. In RE development public awareness is key,
hence government and other stakeholders should institute
measures that will highlight the positives associated with RE
utilization among the population, some of these measures
may take the form of seminars, and awareness campaigns
within communities.

• When it comes to energy exports, Russia is already a major
player globally especially in the fossil fuel sector, hence it
has lots of experience in both intra-regional and interna-
tional cooperation with other countries. RE exports have
been identified by experts as a major opportunity in the
sector. It is therefore recommended that the government
should strengthen its international cooperation with respect
to RE as well. Such cooperation will help the government
to identify new energy markets and also get to know the
policies implemented by some of these countries in the
sector.

• RE projects are generally costly to construct and as identified
by the experts, this is not different in the Russian federa-
tion. Government will therefore have to create the enabling

environment that promote public–private partnerships. It
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will be important to encourage individuals in the country to
take advantage of the numerous RE potentials in the country
and invest in the sector. In this case, the government will
also have to establish effective financial mechanisms to win
investors’ confidence.

• Research and development (R&D) will be key to the success
of RE energy in Russia, especially because of the unique
weather it has compared to other countries. As indicated by
the consulted experts, the harsh environmental conditions is
a challenge in the RE sector, particularly wind and solar en-
ergies. It therefore suggest that foreign technologies may not
be efficient in the Russia jurisdiction. It is for this reason that
R&D on technologies to be used under Russian conditions
need to be improved by adopting new expertise to develop
new and efficient technologies capable of withstanding the
weather conditions in the country. The various universities
in the country will play a major role in this regard.

• Considering the large territorial nature of the country, de-
centralization of institutions in charge of coordinating and
managing the development and promotion of RE energies
will be very key. Centralizing these institutions in the na-
tion’s capital could serve as a disincentive to the locals who
will have to travel several kilometers to get documents pro-
cessed. Government must take steps to decentralize some of
these institutions to the regional level.

6. Conclusion and future works

Russia is a country with huge RE potentials, however, very lit-
tle of it is developed and utilized. This study presented potentials,
opportunities, and challenges in the country’s RE sector. The op-
portunities and challenges in the sector were identified through
both literature reviews and experts consultations or interviews.
The BWM was adopted to rank the various factors under each
criteria. The results from the study shows that the opportunities
in the RE sector with capacity to scale up the development of the
various resources in Russia includes, the high export potential,
renewable energy targets, high market potential locally, need
to meet local energy deficits, hydrogen production potentials,
renewable energy policy, availability of large unoccupied lands
and technological policy. For the challenges in the sector, the fol-
lowing in no particular order were identified as the crucial factors
that hinders the development of the sector: Unequal playing field,
local content requirements, low attention to clean technologies
from government, regulation and implementation uncertainties,
high cost of RE projects, harsh environmental conditions and, un-
favorable institutional design. According to the obtained results,
the most significant opportunity that the country would have to
take advantage of is the opportunity to export power generated
from RE outside the shores of the country, it recorded 27.7%. This
is followed by the country’s target for the RE sector which scored
18%, hydrogen production and need to meet local energy require-
ments followed with 12% each. The greatest challenge which also
serve as a hindrance to the development of RE in the country is
the low attention given to clean technologies from government,
it recorded a weight of 31.4%. This is followed by unequal playing
field, and strict local content requirements which recorded 17.9%
and 13.5%, respectively. It was the view of the respondents that,
since the sector is capital intensive, the role of the government
in championing its development and utilization is key hence the
government is encouraged to step up its commitment for the
sector. The study concludes with a number of recommendations
for the development of the sector.

Despite the comprehensive nature of this study, it has some
limitations that must be highlighted, firstly, it focused on only
one country and secondly, the number of respondents were rel-

atively small. That notwithstanding, the paper provides valuable
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able A.1
ecision criteria and judgments from experts for the opportunities in the sector.
Criteria Number = 8 Criterion 1 Criterion 2 Criterion 3 Criterion 4 Criterion 5 Criterion 6 Criterion 7 Criterion 8

Names of criteria O1 O2 O3 O4 O5 O6 O7 O8
Best O8
Worst O4
Best to others O1 O2 O3 O4 O5 O6 O7 O8
O8 2 5 3 5 5 3 3 1
Others to the worst O4
O1 3
O2 4
O3 5
O4 1
O5 3
O6 4
O7 3
O8 9
Table A.2
Decision criteria and judgments from experts for the challenges in the sector.
Criteria Number = 7 Criterion 1 Criterion 2 Criterion 3 Criterion 4 Criterion 5 Criterion 6 Criterion 7

Names of criteria C1 C2 C3 C4 C5 C6 C7
Best C3
Worst C6
Best to others C1 C2 C3 C4 C5 C6 C7
C3 2 3 1 3 3 7 7
Others to the worst C6
C1 2
C2 3
C3 5
C4 3
C5 5
C6 1
C7 3
R

A

A

A

A

A

A

A

A

A

A

A

B

insights that has the potential to affect policy direction for the
country. The adopted methodology can be replicated by other
researchers in other jurisdictions to assess similar projects. This
study recommends a comprehensive assessment of the long-term
effect of RE on the Russian economy by the use of software such
as the LEAP model as future study. This will enable stakeholders
assess the effect of RE on the economy and social aspects of its
implementation.
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