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Renewable Energy in Russia: A Forthcoming Transformation Driven by

Economic and Industrial Factors
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Abstract: With a relatively small population, Russia accesses
huge oil, natural gas, coal and uranium resources, and hosts
advanced nuclear energy, oil and natural gas industries.
However, the combined effect of today’s low cost electricity
generation via photovoltaic modules, water and wind turbines
and similarly low cost storage in Li-ion battery and solar
hydrogen obtained via water electrolysis will have a profound
impact on Russia’s energy and automotive industries.
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1. Introduction

Tsarist Russia hosted an advanced oil industry with several
oil refineries (export of crude oil was forbidden), but it lagged
behind in electrification [1]. By 1913 Russia hosted 327 MW
of installed power, 177 MW of which were located in just
three cities: the capital St. Petersburg, Moscow and Baku [2].
World War | and the subsequent civil war worsened matters.
In the early 1920s the overall power from all the Russian
power stations had decreased to about 70 MW, producing
about 500 million kWh of electrical energy [3].

On February 7, 1920, the State electrification commission
(GOELRO) was formed and tasked to devise a plan for
electrifying the country. By December 2020, the commission
presented the delegates of the 8" All-Russia Congress of
Soviets held in Moscow a document of more than five
hundred pages urging the construction in 10 years of a
network of huge (“regional” in a country whose regions are
as large as entire countries) thermal, hydropower power, and
combined heat and power stations [1,2].

By 1935 the output of electricity in Russia had reached 13.5
billion kWh from 2 billion kWh in 1913 [4]. After World War I,
Russia pioneered the use of nuclear power with the world’s
first nuclear power plant (a 5 MW reactor) located in Obninsk,
about 100 km southwest of Moscow, connected to the power
grid in June 1954 [5].

Today Russia hosts 700 electric power stations with a total
installed capacity of 243 GW (comprised of 165 GW
thermoelectric power plants mostly burning natural gas and
coal; 29.13 GW nuclear power reactors, and 48.5 GW
hydroelectric plants). All combined, the aforementioned
power plants in 2018 produced 1091.7 TWh of electricity
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dispatched in the form of alternating current with a single 50
Hz current frequency across the world’s longest (3.018
million km) electric power lines [6].

In accordance with the 2003 law “On electric power industry”,
the electricity market in Russia is open (since 2011) to full
competition in generation by ensuring third party access to
the grid. The energy market regulator is the “NP Market
Council” whose main task is to ensure the correct functioning
of the national wholesale electricity and power capacity
market. All companies in the wholesale electricity market
must become member of the NP Market Council, which by
mid May 2018 had 415 members [7].

In 2018 Russia’s thermal power plants including those of
large industrial firms produced 693 TWh, hydroelectric dams
gave a 194 TWh output, and nuclear reactors afforded over
204 TWh, with two new nuclear reactors entering service in
Leningrad region nuclear power station and in Rostov [6].

Russia is the world’s 2" natural gas [7], the 3™ largest oil [8]
and the 6" largest uranium [9] and coal [10] producer. The
nation globally ranks second in oil, first in natural gas exports
and third in coal exports.

Though being the world’s largest country, Russia hosts only
143.2 million inhabitants, less than Nigeria. Its natural gas,
oil, coal and uranium reserves are immense. Why then
should Russia be willing to develop electricity production
from intermittent wind and solar energy, or start
manufacturing electric vehicles?

The reasons, | argue in this study, are of economic and
industrial nature. Putting arguments in the rapidly evolving
international energy context, this study provides arguments
justifying this forecast.

2. Renewables in Russia

Since mid 2013 the development of renewable energy in
Russia, is regulated by a decree entitled “On Procedure for
Incitement of Use of Renewable Energy Sources at
Wholesale Power Market” [11].

The law establishes a system for which renewable energy
developers of projects with an output between (at least) 5
MW and 25 MW can bid in annual tenders for capacity
supply contracts with Russia’s Administrator of the Trading
System.

Winning suppliers are paid both for the capacity they add to
the energy system, and for the energy they supply, based on
long-term 15-year contracts with fixed tariffs [11], provided
that wind, solar and hydro projects source 55%, 50% and
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20% of production equipment from within Russia (in 2016,
these figures were increased to 65%, 70% and 45%).

To avoid a rise on electricity prices, yearly limits control the
increase of newly added renewable generation capacity.
According to a government's resolution of May 2013
auctioned power between 2014 and 2020 cannot surpass the
5871 MW threshold (3600 MW wind, 1520 PV and 751 MW
small hydro).

Figure 1. The Yelshanskaya 25 MW photovoltaic park in the Orenburg region
supplies power to the grid since July 1, 2019. Using only components made in
Russia, the plant is expected to produce 30.5 million kWh annually. [Image
courtesy of Hevel Energy Group, Reproduced from hevelsolar.com].

Between 2013 and 2016, slightly more than 2 GW of
renewable capacity was awarded in the annual tenders. The
2017 auction saw a total of 2.2 GW across wind, solar and
small hydro awarded in a single tender. The 2018 auction
had 1.08 GW of capacity distributed across 39 projects [12].
Finally, in 2019 the competitive tender for new renewable
energy capacity from 2019 to 2024 was set at slightly more
than 313 MW, most of which comprised of new hydro power
capacity (about 230 MW), followed by wind (78 MW) and
only 5.6 MW new photovoltaic power (Figure 1, to be
connected to the grid in 2022) [12].

The effects of the newly installed wind, solar and
hydroelectric power capacity on power generation became
noticeable in 2018 when production of wind energy in Russia
rose by 69.2%, and that from PV by 35.7%. Combined, wind
and solar PV output crossed the 1 TWh threshold [6]. Even
more importantly, the amount of time during which wind and
solar PV parks in Russia in 2018 supplied energy at their
nameplate capacity was, respectively, 1602 and 1283 hours.

Russia’s almost unlimited land available for development, the
latter long functioning times, and the low and decreasing cost
of both PV and wind power generation systems create the
conditions for significant penetration of wind and solar PV in
Russia’'s energy mix via utility-scale PV and wind parks
coupled to storage in large Li-ion battery and solar hydrogen
systems.

In other words, the combined effect of today’s low-cost
power generation and storage via, respectively, photovoltaic,
wind turbine, Li-ion battery and solar hydrogen technologies
will shortly have a profound impact on Russia’s energy and
mobility industries.

3 Electric Vehicles

“‘New energy vehicle” (NEV) is the name aptly given by
China’s government to vehicles including battery electric
vehicles, plug-in hybrids and hydrogen fuel cell vehicles. The
use of the “new energy” term to indicate electric vehicles
(EVs) is revealing as it points to their forthcoming impact on
the global energy system, in which Russia, supplying natural
gas and oil to numerous countries, plays a crucially important
role.

Generous and prolonged subsidies to support NEV sales
(over $30 billion between 2009, year of subsidy introduction,
and 2018 [13]) drove in China mass production of both Li-ion
batteries and battery electric vehicles. By the end of 2018
China’s cities hosted 380,000 electric buses (or 56% of the
country’s public bus fleet [14].

Only in the first nine months of 2019, 880,000 NEVs were
sold in China (+35% year on year), 90% of which were
passenger cars, 5% buses, and 5% special purpose vehicles
such as trucks and vans [15].

Since July 2019 subsidies to EV sales in China were cut by
up to 60%, and it is expected they will be fully cancelled in
2020 [16]. In other words, in China EVs are ready to
compete with internal combustion engine (ICE) vehicles
without subsidies.

Today’s EVs are competitive because the cost of Li-ion
batteries manufactured and marketed in China was below
$100/kWh already by late 2018 [17].

As put it by the managing director of a reputed lithium battery
consultancy based in Britain during a US Senate hearing on
the supply chain for EV batteries and energy storage held on
early 2019:

«We are in the midst of a global battery arms race, in
which so far the US is a bystander. The advent of
electric vehicles and energy storage has sparked a
wave of battery megafactories that are being built
around the world.

«Since my last testimony only 14 months ago we have
gone from 17 lithium ion battery megafactories to 70. In
gigawatt hour-terms we have gone from 289 GWh to
1,549 GWh, that’s the equivalent of 22 million pure
electric vehicles worth of battery capacity in the pipeline.

«The scale and speed of this growth is unprecedented
and it will have a profound impact on the raw materials
that fuel these battery plants. The scale of investment

will also drive the cost of lithium ion battery production
down below $100 kWh this year [18]».

The consultant provided also figures for the US import
dependency for the main minerals used to manufacture Li-
ion batteries in 2018: 59% for nickel, 92% for lithium, and
100% for cobalt and graphite [18].
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In Russia, the price of electricity is extremely low, and the
grid is ubiquitous. Shifting mobility from internal combustion
engine to electric vehicles therefore is an economically
convenient opportunity starting from companies and cities
operating large vehicle fleets.

The State owned company managing the 6,500 Moscow’s
bus fleet has already ordered 300 electric buses. All bids
required as mandatory contract condition the localization of
the manufacture process within Russia. Indeed, the first 300
electric buses were commissioned to two Russia’s
automotive manufacturers (Kama and Gorky automobile
plants: KamAZ and GAZ): 200 in Spring 2018 and 100 in
April 2019.

The first electric buses started to circulate in Moscow streets
on September 2018. Less than one year later, there were
over 180 of them deployed on 13 e-bus routes, carrying
more than 80,000 passengers every day [19].

Moscow’s public transport company since 2021 will only
purchase electric buses, completely discontinuing the
purchase of diesel buses [19].

The electric bus supplied by Kamaz, which won the bid to
supply 200 electric buses, makes use of lithium batteries
using the lithium titanium oxide (LTO, lithium titanate))
cathode technology. The LTO cathode ensures high frost
resistance (a key requirement in cold regions), extended
service life, and fast charging, which eliminates the need for
high storage capacity, lightens the bus and increases the
passenger capacity.

Perhaps not surprisingly, Kamaz is currently building in
Moscow a 500 vehicle/year production plant and a R&D
innovation centre for electric buses [20].

Every 1000 battery electric buses, about 500 barrels of
diesel are displaced every day [21], making the e-bus
powered by electricity stored in Li-ion batteries (and shortly
in solar hydrogen fueling hydrogen fuel cells) the first electric
vehicle to become ubiquitous across the world, entirely
replacing buses and coaches powered by diesel or natural
gas fuels burned in internal combustion engines [22].

4. Electric mobility, stationary storage

With 1.8 million passenger cars sold in 2018 and more than
three million vehicles produced yearly, Russia is one of the
12 largest automobile markets worldwide [23]. Around
400,000 workers are employed in automotive manufacturing
facilities and special economic zones, where tax and
customs benefits are granted to manufacturers and public
financing of infrastructure construction is provided [23].

As shown by the case of electric buses ongoing mass scale
delivery in Moscow, Russia’s automotive industry has in
“new energy” vehicles powered by electricity stored in Li-ion
batteries the first real opportunity to emerge as a leading
automotive manufacturer refocusing production from ICE to
battery electric vehicles so far mostly produced in China.

Along with lithium, nickel, iron, cobalt and graphite are the
main minerals used to produce Li-ion batteries. Russia in the
world’s largest nickel manufacturer and 7" largest graphite
manufacturer [24]. Significant increase in graphite production
is expected during the next several years due to two ongoing
investment projects (Dalgrafit and Uralgraphite).

When it opened in in Novosibirsk, Siberia, in 2011 as a joint
venture between a Chinese lithium battery manufacturer and
state-owned Rusnano technology group, the lithium-ion
battery plant using the safe and reliable lithium-iron
phosphate (LFP) cathode technology was “the world’s
largest” [25].

The plant was expected to produce “up to 500,000 lithium
batteries per year, to supply electric vehicles and larger bus
batteries, in addition to a variety of energy storage
applications, and emergency power supplies” [25].

According to market analysts based in Britain the company
“saw downtimes between 2014 and 2016” due to “continuous
ruble devaluations that pushed up the cost of imports” [26],
namely the import of battery-grade lithium carbonate from
abroad needed to manufacture the battery cathodes.

It is instructive thus to learn that Russia's state nuclear
company “pursuing its goal of applying lithium ion battery
technology in the Russian economy” lately signed an
agreement outlining the acquisition of up to a 51% ownership
in a Atacama lithium project in northern Chile... after sealing
a non-binding agreement in July with Bolivia's energy
ministry to cooperate in developing lithium deposits and
making lithium products” [26].

Russia, in other words, is trying to secure supply of
strategically important lithium to manufacture batteries on
the multi gigawatthour scale required for mass producing
electric vehicles (a 1 GWh storage capacity is enough to
equip 40,000 electric cars with a 50 kWh battery pack each).

As shown by the first 100-500 MWh ESS deployed in
Australia, California, Hawaii and numerous regions of China,
coupled to energy storage systems (ESS) based on
containairized Li-ion batteries, intermittent renewable power
produced at low cost by utility-scale PV and wind parks
becomes of higher quality (precise frequency of alternate
current, reliability and immediate availability) than power
produced by state of the art gas-fired thermoelectric power
plants [27].

In brief, as the ongoing solar energy PV revolution unfolds
[28], the potential of PV in Russia will be fully realized when
the country will access energy storage systems based on Li-
ion battery at the low cost and on mass scale.

By then, Russia will use renewable power plus ESS in place
of the diesel-fired thermoelectric power units currently used
to supply Russian citizens in sparsely populating areas of the
country connected to local grids powered by said
thermoelectric stations.
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Figure 2. The seven integrated power systems of Russia’s unified power
system. The geographically isolated energy systems are Chukotka
Autonomous Okrug, Kamchatka Territory, Sakhalin and Magadan Oblast,
Norilsk energy Districts of Taimyr and Nikolaev, western energy systems of
Sakha (Yakutia) [Image courtesy of eclareon, Reproduced from Ref.29].

We briefly remind that the unified energy system of Russia
(UES) is divided into seven integrated energy (or power)
systems (IES or IPS of the South, Center, Middle Volga,
North-West, Urals, East and Siberia) and a huge area of
geographically isolated energy systems (Figure 2),
representing a total of 71 regional power systems and
different owner structures [29].

With an excellent performance of 1283 hours in terms of
kWh/kW,, in 2018 for the first 834 MW of PV power installed
in Russia [6], generating power at overly low generation cost
of today’s photovoltaic technology is now an achieved
outcome also for Russia.

The results of a recent study aimed at identifying which
renewable energy source and where in Russia has the
highest potential revealed that even in Krasnoyarsk Region
which “seems to be a territory with a northern climate, the
actual potential of solar power in the region, which combined
with other renewable sources of energy relevant to each
municipal entity, outlines a solution for thinly populated,
agricultural and remote areas” [30].

For example, large manufacturers of solar modules in China
already commercialize bifacial PV modules of 460 W nominal
power at less than $0.3/W. Supplied with a linear
performance warranty guaranteeing peak performance for 25
years, such modules are made of half-cut cell in
monocrystalline silicon using the PERC (passivated emitter
and rear cell) technology and 9 busbars to ease the
electricity flow [31].

5. Solar hydrogen: Heavy duty transport
and low temperature heat

Solar hydrogen, namely hydrogen produced via water
electrolysis using overly abundant solar and wind power [32],
is also in Russia the complementary, and necessary, energy
storage technology that will rapidly adopted in Russia to

power heavy duty electric vehicles and provide electricity and
low temperature heat to buildings.

Using technology developed by a France’s train
manufacturer, Germany In late 2018 was the world’s first
country to launch on a commercial route two electric trains
powered by electricity generated onboard by fuel cells
converting hydrogen stored at 350 bar [33].

Derived by the analogous commercial diesel train (same
train dimensions and no significant changes in weight/point
of gravity), the new hydrogen train re-uses all main
components (i.e., bogie), and avoids adding equipment in
passenger areas, with only positive impact on passenger
experience and comfort. In other words, the hydrogen fuel
cell technology can be scaled and used to retrofit existing
fleets [33].

To date, the trains safely and reliably have been running for
over one year on a non-electrified route in Lower Saxony
demonstrating the full economic and technical viability of the
technology. A few months after the debut, the Lower Saxony
railway company ordered 14 hydrogen fuel cell trains to the
French train manufacturer followed by another 27 trains
order from a subsidiary of Rhine-Main Transport Authority, in
each case to replace diesel trains on regional lines.

It may not come as a surprise, that in Autumn 2019 Russian
Railways reached an agreement with the country’s largest
locomotive and train manufacturer and with the State-owned
nuclear energy company for the production of the first
Russia’s trains using hydrogen fuel cells to be first deployed
in the Sakhalin region [34].

Russia hosts several electrolyser manufacturers. The largest,
PJSC  Uralkhimmash, produces in  Yekaterinburg
electrolysers with a capacity of 4 to 300 cubic meters of
hydrogen per hour [35]. Platinum in very low amount is the
noble metal currently used as catalyst at both electrodes,
particularly for the oxygen reduction reaction, in state of the
art industrial hydrogen fuel cells. With over 25 tonnes of
platinum mined annually, Russia is the world’'s second
largest platinum manufacturer after South Africa.

The hydrogen fuel cell technology, and in particular the
proton exchange membrane (PEM) technology, is now so
advanced and industrially scalable with ease that China in
seven months only increased the installed capacity of
hydrogen fuel cells by 643% to almost 46 MW [36], with
1,176 hydrogen fuel cell electric buses manufactured and
sold in China practically from zero between 2018 and 2019.

Soviet Union was leading the field of alkaline fuel cells. A
large number of research institutes are engaged in Russia
with research and development activities in the field of
hydrogen fuel cells, and their role, including that of the OOO
National Innovation Company New Power Engineering
Projects (2006-2010) was recently recounted [37].

Along with electricity, H fuel cells generate low temperature
heat in the form of water at 70-80 °C, which is ideally suited
to provide sanitary hot water to buildings.
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The energy density of hydrogen is so high (120 MJ/kg for Hz
vs. 43 MJ/kg for diesel fuel) that it is enough to store the
excess PV energy generated during Spring and Summer as
electrolytic H2 under pressure in today’s safe reservoirs in
composite material to provide off-grid buildings with power
and hot water for the whole year even in Sweden
(experiencing 220 days of rain each year) where the first off-
grid homes of a public housing company powered only by
solar hydrogen generated via water electrolysis driven by PV
energy are currently being completed prior to customer
delivery [38].

5. Outlook and Conclusions

The reason for which Russia will shortly emerge as a leading
country in new energy technology based on renewable
power generation and energy storage in Li-ion battery and
solar hydrogen, | argue in this study, is of economic and
industrial nature.

Aware that solar PV generation is the cheapest way to
generate electricity, governments across the world in 2018
auctioned 81 GW of PV power out of about 100 GW installed
globally.

In 2019 the amount of power contracts through a competitive
procurement is expected to rise to 90 GW out of 114 GW
expected [39]. In 2018, only seven countries installed
between 1 and 5 GW of PV power, but by 2022 the number
of such countries is expected to almost triple to 19 [39].

As countries increasingly replace thermoelectric power
generation with solar and wind power, the demand of gas-
fired turbines has gone from over 71.6 GW to less than 30
GW in 2018 [40].

Becoming a leading country in clean energy technology turns
out to be for Russia’s industry and economy an inevitable
option as world’s countries increasingly replace natural gas,
oil and coal-fired thermoelectric plants and ICE vehicles with
low cost renewable energy generation coupled to energy
storage systems and EVs.

The country currently lags behind in solar cell, Li-ion battery,
wind turbine, and hydrogen fuel cells manufacturing but it
excels in practically all fields of science, with numerous
milestone achievements in the areas of physics, chemistry,
mathematics, aerospace, medicine and engineering. As put it
by Hargittai, “there is no other city in the world that has so
many memorials honoring scientists as Moscow” [41].

According to Russian scholars writing about Li-ion battery
manufacturing in Russia, “the current level of competences,
technologies, and production volumes in the Russian
Federation does not meet the needs of modern and future
markets” [42].

Yet, neither “competences” nor “technologies” can be a
problem to scale-up Li-ion battery manufacturing in a country
excelling in all fields of today’s science and advanced

technology manufacturing in fields far more complex than
battery technology such as avionics, aerospace and nuclear
energy.

As battery electric vehicles currently replace ICE vehicle
sales in the world’s largest automotive market (China) at
over 1 million vehicle per year rate [43], Russia simply needs
to develop its own national Li-ion battery and battery electric
vehicle industry.

To wunleash its potential in clean energy technology
manufacturing, the country’s government needs to re-invest
part of the huge revenues coming from oil and natural gas
sales abroad into developing the national clean energy
technology industry. One single example renders said
potential. Russia’s sole solar cell and PV module
manufacturer was established in 2009 by State-owned
Rusnano technology group in Novocheboksarsk.

In 2018, the company (Hevel) started shipments of its new
heterojunction solar modules replacing thin film modules not
only to Russia’s customers, but also to customers in Sweden,
Thailand, Kazakhstan and other countries [44].

By mid 2019, the company completed the expansion of its
heterojunction solar module production capacity from 160 to
260 MW annually. Though minuscule in volume in
comparison to the yearly output of just one of the single top
ten PV manufacturers (all based in China, with the first alone
having delivered only in 2018 more than 11 GW of solar
modules [45]), the new production line yields also 460 W
bifacial modules with 144 half-cut bifacial cells, whose 460 W
nominal power is fully in line with state of the art bifacial
modules manufactured in China by the same world’s leading
PV manufacturer [31].

On July 1, 2019, Hevel connected to the grid a 25 MW solar
park in Yelshanskaya (Figure 1). Alone, the plant will
produce over 30 million kWh every year, saving the
equivalent of 4 million m?® of natural gas. All components of
the power plant, including the inverters and support
structures, were produced in Russia.

The competing dynamics of oil price, economic growth and
oil extraction costs require that by 2025, even keeping the oil
fraction in the global energy mix at the 2015 low level of
approximately 33%, more than 11 additional million barrels
per day will have to be added to current oil production levels
[46]. Furthermore, this exceptional amount of extra oil should
be available at low extraction costs, which poses an
unresolvable dilemma.

In brief, driven by socioeconomic and energy global factors,
mankind has no alternatives to switching to producing energy
from renewable energy sources. The widespread uptake of
decentralized solar energy systems in the built environment
on a truly global scale is now a realistic objective for all
world’s countries [47]. Even in Moscow’s huge (962 ha)
Kuzminki-Lyublino park, 228 out of 505 existing lamps are
ready to be replaced by solar street LED lights equipped with
Li-ion batteries [48].
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The build-up of Russia’s clean energy technology industry
will require proper planning, rationalization efforts and the
development of creative and effective policies which will
include much-in-need new educational initiatives in today’s
solar energy science and technology [49].

Addressing the delegates of the 1920 All-Russia Congress of

Soviets Ulianov

(Lenin) said: “communism is Soviet

government plus the electrification of the whole country”.
One century later, as the world enters 2020, with Russia fully
electrified since decades and no longer a socialist economy,

Lenin’s

insight might be reformulated as follows: “As

renewable solar, water and wind electricity will soon power
vehicles, buildings and industries, the government invests
now part of the fossil fuel sales revenue to build the clean
energy industry on the scale required by being the world’s
largest country” [50].

List of abbreviations

ESS = Energy Storage Systems

EV =
FC =

Electric Vehicle
Fuel Cell

ICE = Internal Combustion Engine

IES
IPS

= Integrated Energy System
= Integrated Power System

LED = Light Emitting Diode

LTO = Lithium Titanium Oxide (Lithium titanate)
NEV = New Energy Vehicle

PEM = Proton Exchange Membrane

PERC = Passivated Emitter and Rear Cell

PV =

Photovoltaic

UES = Unified Energy System

(1]
[2]
(3]
[4]

(5]
[6]

[71

(8]

9]

[10]

J. Coopersmith, The Electrification of Russia, 1880-1926,
Cornell University Press: 1992; pp. 42-98.

J. Coopersmith, Soviet electrification: the roads not taken,
IEEE Technol. Soc. Mag. 1993, 12, 13-20.

G. G. Lapin, 70 Years of Gidroproekt and Hydroelectric Power
in Russia, Hydrotech. Constr. 2000, 34, 374-379.

S. Patel, The Russian Power Revolution, Power Magazine, 1
January 2013. See at the URL: www.powermag.com/the-
russian-power-revolution.

B. A. Semenov, Nuclear power in the Soviet Union, /AEA Bull.
1983, 25, 47-59

Ministry of Energy of the Russian Federation, Main Features of
Russia’s Electrical Energy Industry, Moscow: 2019. See at the
URL: https://minenergo.gov.ru/node/532

S. Bigot, Russia announced a tender to build 313 MW of
renewable energy capacities, Eurasia Network, 22 April 2019.
See at the URL: https://eurasianetwork.eu/2019/04/22/russia-
announced-a-tender-to-build-313-mw-of-renewable-energy/
British Petroleum, BP Statistical Review of World Energy 2019,
London: 2019. See at the URL:
www.bp.com/content/dam/bp/business-
sites/en/global/corporate/pdfs/energy-economics/statistical-
review/bp-stats-review-2019-full-report.pdf

World Nuclear Association, World Uranium Mining Production,
London: 2019. See at the URL: www.world-
nuclear.org/information-library/nuclear-fuel-cycle/mining-of-
uranium/world-uranium-mining-production.aspx

D. Sokolov, B. Saneev, A. Sokolov, Coal Supply Outlook in
Russia, APEC Clean Fossil Energy Seminar, Xian, China,
October 15, 2007. See at the URL:
https://web.archive.org/web/20120319183937/http://www.egcf

(1]

[12]

[13]

[14]

(18]

[16]

(171

(18]

[19]

[20]

[21]

[22]

[23]

[24]

[29]

[26]

[27]

[28]

6
e.ewg.apec.org/publications/proceedings/CFE/Xian_2007/6-
4_Sokolov.pdf
International Energy Agency, Decree No. 449 on the

Mechanism for the Promotion of Renewable Energy on the
Wholesale Electricity and Market, Paris: 2015. See at the URL:
http://tiny.cc/6k42dz

Is Russia finally ready to embrace renewable energy?, Power
Technology, December 5, 2018. See at the URL: www.power-
technology.com/features/russia-renewable-energy.

China beats US 8-1 when it comes to charging electric
vehicles, South China Morning Post, 16 October 2019. See at
the URL: www.scmp.com/tech/big-tech/article/3033251/china-
beats-us-8-1-when-it-comes-charging-electric-vehicles

China Automotive Technology & Research Center (CATARC),
Annual report on NEV industry in China (2019) - Blue Book of
NEV, Shangai: 2019.
According to official
www.d1ev.com.

D. Ren, China cuts electric car subsidies by up to 60 per cent
as it looks to improve technological standards to global levels,
South China Morning Post, 27 March 2019. See at the URL:
https://www.scmp.com/business/companies/article/3003451/ch
ina-cuts-electric-car-subsidies-60-cent-it-looks-improve.
Benchmark Mineral Intelligence, Benchmark Minerals’ Simon
Moores warns Senate US a ‘bystander’ in battery arms race, 6
February 2019. See at the URL:
www.benchmarkminerals.com/benchmarks-minerals-simon-
moores-warns-senate-us-a-bystander-in-battery-raw-materials/
US Senate Committee on Energy and Natural Resources
Committee, Written Testimony of Simon Moores, Managing
Director, Benchmark Mineral Intelligence, 5 February 2019.
See at the URL:
https://www.energy.senate.gov/public/index.cfm/files/serve?Fil
e_id=9BAC3577-C7A4-4D6D-A5AA-33ACDB97C233

Moscow Mayor official website, New electric bus route in
western Moscow, mos.ru, 15 August 2019. See at the URL:
www.mos.ru/en/news/item/60142073.

Kamaz is building a plant for electric buses in Moscow,
electrive.com, 7 July 2019. See at the URL:
https://www.electrive.com/2019/07/07/kamaz-is-building-a-
plant-for-electric-buses-in-moscow/

J. Hodges, Electric Buses are Hurting the Oil Industry,
Bloomberg, 24 April 2018.
www.bloomberg.com/news/articles/2018-04-23/electric-buses-
are-hurting-the-oil-industry.

M. Pagliaro, F. Meneguzzo, Electric Bus: A Critical Overview
on the Dawn of its Widespread Uptake, Adv. Sust. Syst. 2019,
3, 1800151.

A. Gorbushina, N. Gulyaeva,
lexology.com, 4 April 2019.

P. Barrera, Graphite, Investing News, 14 August 2019. See at
the URL: https://investingnews.com/daily/resource-
investing/battery-metals-investing/graphite-investing/top-
graphite-producing-countries-china-india-brazil-canada/
Liotech, The world’s largest plant producing high capacity
lithium-ion batteries has been launched in Novosibirsk region,
8 December 2011. See at the URL:
www.liotech.ru/newsen_1206_350.

E. Bouckley, Chile project could be path to lithium supply for
Russia's Rosatom, S&P Global, 17 October 2019. See at the
URL: www.spglobal.com/platts/en/market-insights/latest-
news/metals/101719-chile-project-could-be-path-to-lithium-
supply-for-russias-rosatom.

M. Pagliaro, Renewable energy systems: Enhanced resilience,
lower costs, Energy Technol. DOI: 10.1002/ente.201900791.
F. Meneguzzo, R. Ciriminna, L. Albanese, M. Pagliaro, The
Great Solar Boom: A Global Perspective into the Far Reaching
Impact of an Unexpected Energy Revolution, Energy Sci. Eng.
2015, 3, 499-509.

government figures, available at:

Automotive in Russia,

d0i:10.20944/preprints202001.0334.v1


https://doi.org/10.20944/preprints202001.0334.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 28 January 2020 d0i:10.20944/preprints202001.0334.v1

7
[29] eclareon, Enabling PV in Russia, Berlin: 2019. See at the [50] V. I. Ulyanov (Lenin), Collected Works, Volume 31, April -
URL: December 1920, J. Katzer (Ed.), Moscow: Progress Publishers,
www.solarwirtschaft.de/fileadmin/user_upload/Enabling_PV_R 1966; pp. 496-518.
ussia_EN.pdf

[30] E. Gavrikova, Y. Burda, V. Gavrikov, R. Sharafutdinov, I.
Volkova, M. Rubleva, D. Polosukhina, Clean Energy Sources:
Insights from Russia, Resources 2019, 8, 84.

[31] M. Hall, Jinko launches Tiger module Down Under, pv
magazine, 23 October 2019. See at the URL: https://www.pv-
magazine.com/2019/10/23/jinko-launches-tiger-module-down-
under/

[32] M. Pagliaro, A. G Konstandopoulos, Solar Hydrogen, RSC
Publishing, Cambridge: 2012.

[33] J. Varney, Coradia iLint — Hydrogen Fuel Cell Train, Rail
Conference 2019, Toronto, 23-26 June 2019.

[34] Russia to develop its first hydrogen train, Railway Pro, 19
September 2019.

[35] The hydrogen economy — a path towards low carbon
development, Skolkovo Energy Centre, Moscow School of
Management, Moscow: 2019. See at the URL:
https://energy.skolkovo.ru/downloads/documents/SEneC/Rese
arch/SKOLKOVO_EneC_Hydrogen-economy_Eng.pdf

[36] L- Xia, China's installed capacity of hydrogen fuel cells soars
sixfold in first seven months, Xinhua News, 1 September 2019.

[37] O. S. Popel’, A. B. Tarasenko, S. P. Filippov, Fuel Cell Based
Power-Generating Installations: State of the Art and Future
Prospects, Therm. Eng. 2018, 65, 859-874.

[38] M. Pagliaro, F. Meneguzzo, Digital Management of Solar
Energy En Route to Energy Self - Sufficiency, Glob. Chall.
2019, 3:1800105.

[39] Wood Mackenzie, Global solar PV market outlook update: Q2
2019, Edinburgh: 2019.

[40] E. Crooks, Gas turbine competition heats up, Financial Times,
16 August 2018. See at the URL:
www.ft.com/content/bc315606-a0da-11e8-85da-
eeb7a9ce36e4

[41] |. Hargittai, M. Hargittai, Science in Moscow, World Scientific,
Singapore: 2019.

[42] E. V. Antipov, A. M. Abakumov, O. A. Drozhzhin, D. V.
Pogozhev, Lithium-lon Electrochemical Energy Storage: the
Current State, Problems, and Development Trends in Russia,
Therm. Eng. 2019, 66, 219-224.

[43] M. Pagliaro, F. Meneguzzo, The driving power of the electron,
J. Phys. Energy 2019, 1:011001.

[44] Hevel Energy Group, Hevel Group Ships Heterojunction Solar
Modules to Sweden, 3 October 2019. See at the URL:
www.hevelsolar.com/en/about/news/hevel-group-ships-
heterojunction-solar-modules-to-sweden.

[45] A. Bhambhani, China’s JinkoSolar With Over 11 GW Modules
Shipped Tops PV InfoLink’s Charts As Top Module Supplier In
2018; Tongwei Ranks First Among Top Cell Manufacturers,
Taiyang News, 25 January 2019. See at the URL:
http://taiyangnews.info/business/jinkosolar-top-module-
supplier-in-2018/.

[46] F. Meneguzzo, R. Ciriminna, L. Albanese, M. Pagliaro, The
energy-population conundrum and its possible solution, arXiv
2016, 1610.07298.

[47] R. Ciriminna, M. Pecoraino, F. Meneguzzo, M. Pagliaro
Integrating Solar Energy in Rome’s Built Environment: A
Perspective for Distributed Generation on Global Scale, Adv.
Sust. Syst. 2018, 2:1800022.

[48] S. Koshkin, Installation of solar street lighting systems in
Moscow parks: Kuzminki-Lyublino park case study,
International Conference on Energy and Cities 2019,
Southampton, 10-12 July 2019.

[49] R. Ciriminna, F. Meneguzzo, M. Pecoraino, M. Pagliaro,
Rethinking Solar Energy Education on the Dawn of the Solar
Economy, Renew. Sust. Energ. Rev. 2016, 63, 13-18.


https://doi.org/10.20944/preprints202001.0334.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 28 January 2020 d0i:10.20944/preprints202001.0334.v1



https://doi.org/10.20944/preprints202001.0334.v1

