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2 Renewable energy in off-grid settlements in the Russian Arctic

In the Russian Arctic, just like in the entire country, new renewable energy 
sources (NRES, it means all renewables except large hydro) are increasingly rec-
ognized, yet so far are not developed on a large scale. In the recent years, the 
national government made real steps to incentivize NRES. However, this only 
refers to NRES that supply the electricity to the grid (Decision of the RF Govern-
ment, 2013; Elistratov, 2016; Gzenger et. al., 2016). The state policy focuses on 
ramping up the production or at least assembling of modern units in Russia, 
gaining ‘productive competence’, while large-scale use of NRES is not among the 
main tasks of the government. As additional benefits the government considers 
ensuring the CO2 emissions reduction in the country’s energy sector, and also 
facilitation of diversified exports. The first objective is the production of large 
competitive units that can operate in usual environments, while development 
and use of off-grid units for extreme climate conditions is not considered as ur-
gent. However currently there are many talks on the necessity of NRES develop-
ment in the Russian Arctic and relevant plans (Information on activities, 2017; 
Proceedings 2016; Smolentsev, 2012).

Energy is supplied via off-grid sources to about 2/3 of the country’s territory 
and to more than 80% of the Arctic regions in Russia, Fig.1. However, this 
is negligible not only on the national scale, but even for the Arctic regions, if 
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Fig. 1  
Russian Arctic: regions of the study; wind and solar areas
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we consider indicators such as the population or the total electricity genera-
tion (Gzenger et. al., 2016). In all regions there are ‘large’ energy systems with 
generation facilities and cities facing own problems on one hand; and on the 
other hand energy there is recognition of problems faced by remote off-grid 
settlements, which do not often seem to get a high priority.

The analysis shows, that the situation is not simple; moreover, problems and 
perspectives related to NRES are to a large degree different across the Rus-
sian Arctic regions. It is important to reveal problems and search for ‘grow-
ing points’ to either avoid troubles (e.g., looking for more favorable NRES 
locations), or to overcome them using innovative approaches (in particular. 
very tough technical requirements). Wind and solar are considered as the key 
NRES in the present summary. Timber biomass, geothermal and small hydro 
are important for particular regions and they are analyzed below in the re-
gional studies (Fig. 2). Drivers and barriers are also summarized here for all 
NRES in the Table 1 below.

 
The use of wind was attempted more than once, but the accumulation of posi-
tive experience in the Russian Arctic has just started. Extreme climate condi-
tions are the region-specific feature for most of the Russian Arctic. Despite 
the largest wind potential (e.g., in Tiksi or Anadyr) a number of attempts had 
failed until pilot projects of the last years, when the special equipment were 
specifically designed for operations in this area. On the other hand the at-
tempts in spots with insufficient wind were no more successful, as nearly all 
generated electricity was consumed by the unit itself.

The most positive experience was somewhat ‘intermediate’ – installation of 
wind/diesel or wind/solar-diesel units in localities with relatively mild cli-
mate, yet with good winds (Konovalova and Nikiforova, 2016; Kuznetsov and 
Minin, 2016; Saneev, 2016). It was in such environments that wind/diesel 
units were successfully launched in Kamchatka, and wind/solar units, com-
bined with modern diesel generators in Murmanskaya Oblast, Fig.2. The 
latter resulted in a reduced tariff in remote villages on the White Sea coast. 
Now local businesses started paying 0.13, instead of 0.3 US$/kWh (in Ruble 
equivalent1). It is just too early to speak about the elimination of residential 
subsidies (regional tariff for rural householders is ~0.032 US$/kWh, and for 
urban population ~0.048 US$/kWh), but it is obviously an incentive to busi-
nesses (Residential electricity, 2016).

Another type of wind energy includes units for extremely severe climates. It is 
only recently that such experience accumulation has been launched, specifically 
in Amderma, Tiksi, and Labytnangi, which have been put on probation for suc-
cess, provided the wind units can work for 2 or 3 years without failures and ef-
fectively yield diesel fuel savings. This will elevate the chances for building ad-
ditional10 or more plants (Information on activities, 2017; Saneev, 2016). The 
main area is Yakutia, where energy utility RAO ‘ES Vostoka’ actively cooperates 
with local government and Japanese partners. It is also practically planned in 
Murmansk Oblast, YaNAO, Chukotka and Kamchatsky Krai, where the regional 
governments and energy utilities could be among active implementers (Berdin 
et. al., 2017). There are also plans in Arkhangelsk Oblast, while as a whole this 
region mainly relies on timber biomass.

Wind

1 The RF Central Bank exchange course: approximately 60 rubles per US$ as in the beginning of 2017
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In the Russian Arctic it could be roughly divided into the ‘small’ and ‘large’. 
Small solar energy (less or about 10-20 kW) is in progress (Berdin et. al., 
2017). In Murmanskaya Oblast panels are used as an additional element of 
wind/solar units, which are combined with diesel generators in villages; to 
power public payphones and navigation lighthouses. In YaNAO, ‘Gazprom’ 
has been using more than 200 solar units to power gas-wells control equip-
ment. In Arkhangelskaya Oblast, solar panels are combined with small wind 
turbines to power road lighting; there is a small wind/solar unit at an Arctic 
station in the Kara Sea, Fig.1. Installation of small solar panels is likely to go 
on (Popel et. al., 2015). However, it cannot address the problem of energy 
supply to off-grid settlements.

‘Large’ solar energy sector is well-progressing only in Yakutia, where the po-
tential is much higher, than in other parts of the Russian Arctic. To a cer-
tain extent, the problem is that the highest electricity demand is observed 
in winter, when lighting is needed during the polar night, but solar panels 
cannot work. Therefore, during the polar day, solar units must yield diesel 
fuel savings sufficiently large to ‘spread’ the effect for the whole year. So 
it is no wonder, that only sunny Yakutia is demonstrating good progress, 
with RAO ‘ES Vostoka’ energy utility proceeding from the construction of 
medium-capacity solar units (10-100 kW) to large plants of more than 1 MW 
(Information on activities, 2017; Saneev, 2016). The first such plant is work-
ing in Batagai (1 MW). There are plans to build units in Ust’-Kuiga (1.1 MW), 
Moma (1.4 MW), Olenek and Zhigansk (2.1 and 2.0 MW), Deputatsky and 

Tiksi

PETROPAVLOVSK-
KAMCHATSKY

Fig. 2 
Russian Arctic: the main wind and solar plants and perspectives of development 

Solar
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Zyryanka (2.6 MW each), and in Sangar (4.7 MW), Fig.2. It is worth men-
tioning that it would be desirable to have Russian made equipment installed 
there (in Batagai, Chinese-made panels and German-made electronics are 
used). In fact, there is a good potential for solar plants in Chukotka, but 
there are no real plans there as yet.

The key driving force behind NRES development (especially in Eastern re-
gions of the Russian Arctic) is ‘north delivery’ – delivery of various cargoes 
(mostly fuel) to remote populated locations. Such delivery may take many 
months or even 1.5 year and include transshipping from sea vehicles to river 
boats or road transport. Winter roads are often used, when wetlands and 
rivers are frozen and ‘summer’ roads are not available; in this case, delivery 
often depends on the warming. Ice on rivers and wetlands is weaker and 
weaker. In many areas, cargo deliveries are now limited to much shorter 
periods of time. All this has resulted in the high fuel costs and huge logistical 
problems (Berdin et. al., 2017; Konovalova and Nikiforova, 2016; Smolent-
sev, 2012).

● Fuel saving in costly ‘north delivery’ is the first driver for NRES. 
Saving ensured by NRES is only a part of the total saving; the second and 
usually larger part refers to the energy efficiency of a new diesel combined 
with solar or wind units. Typically an old diesel generator is replaced by a 
combination of a new diesel power plant (DPP) and wind or solar units. In 
the Russian Arctic DPP+RES can reduce the huge difference between the 
economically justified tariff (0.25-2.5 US$/kWh) and the actual house-
hold tariff as subsidized by the government (0.03-0.15 US$/kWh) (Resi-
dential electricity, 2016). This driver produces the highest effect where 
the existing generators are becoming less efficient due to aging and low 
loading. However DPP are usually owned by large energy utilities and 
subsidies are covered by regional governments, while they both have to 
face larger financial problems related to a ‘large’ regional energy. There-
fore they consider off-grid fuel saving as important as a secondary factor. 
This saving effect would be very important if municipalities were owners 
of DPP subsidizing difference between economically justified and actual 
tariffs for local business or households (Berdin et. al., 2017 Gzenger et. al., 
2016; Konovalova and Nikiforova, 2016; Smolentsev, 2012).

● Reliability of ‘north delivery’ is the most important driver. Lo-
cal authorities and top management of energy utilities bear a personal 
responsibility for addressing reliability problems, because people rely on 
the fuel delivery for their lives, and thus no failures are acceptable. This is 
a big social risk. Dilapidating of transportation infrastructure, especially 
on revers; warming and sharper weather alterations enforce stakeholders 
to diversify risks. As a final result they would be happy to see fully au-
tonomous energy of small settlements based on any kind of local sources, 
while installation of new DPP+RES units is a good step forward, especial-
ly where such units are well-tested and supported by economic incentives 
as e.g. in Yakutia (Berdin et. al., 2017; On renewable, 2014).

If production of Arctic NRES equipment is well-organized in Russia (as a 
whole domestic NRES-production is a national priority), an expansion of its 
use could be a good driver. 

Drivers for NRES 
development
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Unfortunately CO2 emission reduction is not a driver. Mitigation of climate 
change is perceived by regional governments, municipalities and people as 
something not related to everyday life. It is too early to say, that people’s 
opinion can be a driving force for NRES development in Russia as a whole. 

● Technical problems. There were a large number of failures in wind energy 
in the Russian Arctic (Berdin et. al., 2017). The equipment reliability test in 
extreme climate (gusty winds above 40-50 m/s and very low temperatures 
– below -50°C) is just in pilot phase in Amderma, Tiksi and Labytnangi (see 
Box.1, Table.1). According to the experts involved, it will be possible to make 
judgments on the equipment reliability no sooner than 1.5-2 years after the 
launch of the wind plant. There is only one large solar plant and its reliability 
is not yet tested in many years to confirm an economically beneficial life cycle.

● Production of NRES equipment in Russia is a national priority, 
therefore after solving the main technical problems as a matter of prin-
ciple, we will face a technical problem of the economically viable domestic 
production. The equipment installed in Tiksi was made in Japan and de-
signed to stand the extreme wind/temperature conditions (similar equip-
ment is successfully operating in Ust’-Kamchatsk, yet the temperatures 
are milder there). In Labytnangi, domestically-produced experimental 
equipment is used. In Amderma, the equipment was made in China as 
per the design of Russian experts and with due account of the specific cli-
mate, maintenance, installation and assembly conditions. There are steps 
to overcome the barrier, in particular during the visit of the Russian Presi-
dent in Japan in December 2016, ‘Rushydro’, NEDO, ‘Mitsui’ and ‘Komai’ 
companies signed documents facilitating the use of ‘Arctic’ wind experi-
ence in Tiksi and a subsequent production of wind equipment in Russia.

Barriers for NRES 
development

Technical problems of wind energy in the Russian Arctic
● Extreme climate conditions are the main technical problem on the main part of the Russian Arctic: gusty 

winds above 40-50m/s, and very low temperatures – below -500C. Attempts in locations with the largest 
wind potential (e.g., in Tiksi or Anadyr) were a failure. In Tiksi the German unit (250 kW) was launched 
in 2007, which produced 50 kWh under the 5 m/s wind and 150 kWh under the 10 m/s wind. However 
gradually severe frosts resulted in microcracks, and these, combined with storm winds, led to a complete 
breakdown. In addition there were other problems related to the inappropriate equipment installation that 
substantially decreased electricity generation. In Anadyr (ten 250 kW generators of ‘Yuzhmash’ company) 
during the first years 3 mln kWh/yr were generated. However, at a later stage maintenance problems 
and the breakdown of the hydraulic system - that turns the blades - crucially reduced generation. It was 
not the first unsuccessful wind experience in Chukotka. In the early 80’es, 6 kW units were assembled in 
Providensky district; however, because of the poor maintenance, breakage and lack of spare parts they 
only lasted 3 or 4 years. In 1986-1987, a unique 1,000 kW wind turbine with a vertical shaft was installed 
at Beringovsky (produced by ‘LMZ’ plant in Leningrad), but broke down very soon. 

 Design of new wind units in Amderma, Tiksi and Labytnangi allows them to work in severe climate, 
while testing is still ongoing. Real plans for wind generation farms are available for the coastal area 
of Yakutia (Saskylakh, Chokurdakh, Chersky, and Nizhneyansk), Yar-Sale in YaNAO, and Lavrentia 
and Beringovsky in Chukotka. However, these plans will only be implemented, if wind units in Tiksi, 
Amderma, and Labytnangi prove the successful technical experience, Table 1.
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● Inadequate design or complicate maintenance. In relatively mild climate conditions there were 
a few failures as well. In more than 5 settlements in Arkhangelsk Oblast wind turbines lasted only a 
year or a bit more due to a mix of reasons: non-proper design required complicate maintenance or 
it was not adjusted to low temperature; diesels didn’t have additional equipment to equalize the high 
variability of the wind generation; delivery and assembling on place of location was too costly and/or 
complicated. The attempts in spots with insufficient wind were unsuccessful either, because nearly 
all generated electricity was consumed by the unit itself. In addition delivery of wind turbines and 
towers to remote area greatly contributed to the costliness of those projects.

On collecting all technical components together the following list of requirements was prepared by St. 
Petersburg technical university developed Amderma farm:
 careful selection of place for wind units on the basis of wind studies;
 wind units must turn off at wind velocity above 25 m/sec, and turn on at 4 m/sec;
 hydrophobic coating of wind turbine blades and coloring them black (passive ice protection);  

and anti-corrosion coating for stators and rotors of generators;
 replacement of pneumatic brakes with electromechanical systems;
 redundant sensors to maintain control with strong wind and the basic sensors’ failure;
 strengthened design and the use of frost-proof steel for the tower;
 tower weight segmentation – no more than 3 tons/segment, and no-crane assembly;
 placing the inverter and controls into a temperature-controlled container;
 special foundation for permafrost soils (considering a potential permafrost degradation).

Source: compiled by data (Berdin et. al., 2017)

● Financial problems. NRES development is not able to eliminate subsidizing for households in 
small off-grid settlements. It is a question of reallocation of subsidies from fossil fuels to NRES. The 
federal budget is the primary source of such funds especially for the Eastern regions of the Russian 
Arctic. Absence of earmarked subsidies from federal level to promote off-grid NRES in small Arctic 
settlements is a financial problem and barrier. The subsidies ‘architecture’ should be more efficient 
and aimed at long-term solutions, in particular NRES (Berdin et. al., 2017; Gzenger et. al., 2016; 
Konovalova, Nikiforova, 2016; Smolentsev, 2012).

● Regulatory problems. These economic instruments could include tax benefits and guarantees. It is a 
good idea to ‘equate’ NRES off-grid projects with activities in ‘priority development areas’, which have 
special tax privileges. The construction of a wind farm in Beringovsky (in ‘priority development area’ in 
Chukotka) could be used as a test. Yakutia’s law on support for NRES development, which is yielding 
practical results, is a very good example of guarantees, which provides confidence to RES investors (On 
renewables, 2014). On the other hand, absence of similar solutions in other regions is a regulatory barrier.

● Competition with other solutions. In the Russian Arctic reliability and cost of energy supply in re-
mote settlements are the main priorities and the main driver for off-grid renewable energy. Regional 
authorities and energy utilities would like just to reduce volume of ‘north delivery’ as much as pos-
sible. However renewables is only one of three solutions. The second solution is expansion to power 
transmission lines. It is a more feasible measure in West Russian Arctic regions and Kamchatka, 
where distances are usually shorter than in other regions. The third and most common solution is 
just a replacement of old DPPs by new and effective units. Such process is significantly more active 
than deployment of renewables due to simplicity and good fuel saving, which is not crucially smaller 
in comparison with DPP replacement combined with installation of wind or solar energy unit. Unsur-
prisingly that in Chukotka and YaNAO, where majority of DPPs are in relatively good shape attention 
to off-grid renewable units is not high.
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Table. 1  
Summary of results and ‘growing points’ for regions

Region Off-grid renewable 
development ‘Growing points’ Comments

Murmanskaya 
Oblast

Wind/solar + diesel units in 4 
villages on the While Sea coast. 
21 wind/solar units to power 
public payphones. Timber fuel 
heat boilers (in the south).

Replication of wind/solar + 
diesel power generation in 
remote localities. Large wind 
parks combined with hydro 
generation (on-grid).

Wind generation success story 
(in a relatively mild climate) - 
2.5-fold reduction in electricity 
tariffs for the local businesses.

Arkhangelskaya 
Oblast

More than 400 timber fuel 
heat boilers. Wind/solar  
units to power road lighting.  
A wind/solar unit on the  
Cape Zhelaniya (high latitudes 
Arctic).

Further development of sus-
tainable timber fuel use. Repli-
cation of the wind/solar experi-
ence of Murmanskaya Oblast 
on the White Sea coast.

Failures in wind generation. 
Relatively small solar and wind 
potential on the main part of the 
region. Good perspectives for 
expansion of grid connection 
and timer fuel-use.

Nenets Autono-
mous District 
(NAO)

Pilot wind plant in Amderma 
adjusted for extreme climate 
(accumulation of experience).

Wind use expansion on the 
sea coast (experience of Am-
derma, etc.). Renewables in 
oil- and gas-production sites.

Good perspectives for ex-
pansion of grid connection. 
Renovation of diesel units is 
required. Large problems of fuel 
delivery to remote areas.

Yamalo-Nenets 
Autono-
mous District 
(YaNAO)

Pilot wind plant in Labytnangi 
adjusted for extreme climate. 
More than 200 wind/solar 
units in gas production sites.

Wind generation expansion on 
the coast (experience of La-
bytnangi, etc.). Renewables in 
oil- and gas-production sites.

Extreme conditions on the 
coast, where wind potential is 
very large. Modest solar poten-
tial. Diesel units are mainly in a 
good shape (renovation is not 
required).

Taimyrsky mu-
nicipality

No off-grid renewable  
energy units.

Wind energy use (experience 
of Amderma and Labytnangi). 
Getting ‘Norilsky Nickel’ com-
pany involved in the renew-
ables development.

Extreme conditions on the 
coast, where wind potential 
is very large. Modest solar 
potential.

Sakha (Yakutia) 
Republic

16 solar plants, including  
a large plant in Batagai  
(1 MW). Pilot wind plant  
in Tiksi adjusted for extreme 
climate (accumulation  
of experience).

Development of solar energy 
use, including 7 plants of more 
than 1 MW capacity each. Use 
of wind energy (Tiksi experi-
ence). Planned construction of 
4 large wind farms in coastal 
areas.

Large solar potential. Complicat-
ed and risky fuel delivery to re-
mote areas. Yakutia is the leader 
in renewable development in the 
Russian Arctic. Good regional 
legislation and cooperation with 
an energy utility.

Chukotsky 
Autonomous 
District

Poor work of wind plant  
in Anadyr.

Planned construction of two 
wind plants on the Bering Sea 
coast (based on the experi-
ence in Tiksi, etc.).  
Use of the geothermal  
energy potential.

Unsuccessful experience in 
wind energy use. Complicated 
and risky fuel delivery to remote 
settlements. Diesel plants are 
mainly in a good shape (renova-
tion is not required).

Kamchatsky 
Krai

Two off-grid and one on-grid 
successful wind plants (large 
wind potential and mild temper-
atures). Use of geothermal heat 
for two isolated settlements.

Further development of wind/
diesel units. Use of the large 
geothermal energy potential.

Renovation of diesel plants is 
required. There are technical 
and financial problems of geo-
thermal energy-use.

Source: (Berdin et. al., 2017)

● The Russian Arctic has a good potential and recognized necessity in NRES; 
progress is not fast yet due to a set of barriers, but it is clear how to remove 
each of them.

● There are clear and good ‘growing points’ for the Russian Arctic, in particular 
construction of several MW-size solar energy plants in Yakutia; and series of 
large wind farms using experience of pilot plants in Amderma, Tiksi and La-
bytnangi and able to work in extreme climate conditions. 

Conclusion
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Russia is a northern country, 20% of its territory, or 3 million km2, is located 
beyond the Polar Circle. Nearly 2.5 million people live in the Russian Arctic, 
which is more than in the Arctic areas of all other northern countries put 
together. While most of the economic planning, financial and social issues 
are addressed on the regional level and via the interaction with the federal 
government, we explore the whole territory of Yakutia and Arkhangelskaya 
Oblast, and the entire Kamchatsky Krai. However, we do not include the 
north of Karelia. The scope of our study goes beyond the official borders of 
the Arctic zone, Fig.1.

All of the Russian Arctic regions have so-called a ‘large’ energy sector, i.e. 
local grids, or parts of Russia’s national energy grid, with large power plants. 
While these grids cover relatively small areas, they provide electricity and 
heat to the vast majority of local population, Fig.1. With only ~2% of Russia’s 
population living in the Arctic regions, total electricity consumption by these 
regions is 3.6%. Energy intensity of the Arctic economy (the ratio of electricity 
consumption to gross regional product) is lower, than Russia’s average:  
1.7 versus 2.0 kWh/US$2. At the same time, the primary energy consumption 
per unit of the gross regional product in the Arctic regions is higher, than 
Russia’s average. It is basically determined by the inefficient energy system 
and high power transmission losses: 14% versus 10% Russia’s average. The 
aging energy infrastructure is a very serious problem. Average wear and tear 
of the basic generation equipment exceeds 60%. The ‘large’ energy sector 
has faced a lot of problems and it requires so much attention of governments 
and management of energy utilities that little is left for the ‘small’ off-grid 
energy and for new renewables development (NRES, i.e. all renewables 
except large hydro) development (Smolentsev, 2012).

The ‘large’ energy could include renewables development as well, e.g. a 
construction of large hydro dams or even huge tidal plants. NRES also could 
be a part of a ‘large’ (on-grid) regional energy, while usually it is still almost 
negligible in comparison with the size of the grid production as a whole. 
Exclusions may be highlighted for the biomass in Arkhangelsk Oblast and 
the geothermal energy in Kamchatka. In the Russian Arctic grid-connected 
RES development only partially has the same drivers, barriers and problems 
as the off-grid NRES in small settlements (Berdin et. al., 2017). Therefore 
on-grid RES are just shortly noticed below for each of the regions, e.g. as 
pilot projects to gain experience, but they are not a subject of the given study, 
where we focused on NRES in small off-grid settlements

The energy efficiency and energy saving is the dominant national priority. 
However it is simultaneously a driver as well as a ‘problem’ for NRES. On 
one hand, fuel saving is a good driver for NRES development, especially in 
remote areas where delivery is very costly. On the other hand, efficiency 
attracts a major share of attention, funds and all other capacities. It creates 
another context as a whole, e.g. it means that expansion of grid and/or 

Introduction

2 The RF Central Bank exchange course: approximately 60 rubles per US$ as in the beginning of 2017
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just replacement of old diesel generator by modern one is quite enough for 
solution of the fuel saving problem and reduction of risks and complexity 
of the so-called ‘north delivery’ – supply of remote settlements with 
different goods, where fuel has the main part. It is also essential that risks 
and complexity of the ‘north delivery’ is growing due to climate change, e.g. 
weaker ice and more unstable river flows (Berdin et. al., 2017).

There are a lot of energy efficiency and/or saving problems in all on-grid and 
off-grid areas of all Russian Arctic regions, Fig. 1 (CENEf, 2017). They are 
crucially larger than NRES development and attract attention of authorities 
at any level. However they are not a subject of the given study.

The costs of energy production in off-grid settlements are so high, and fuel 
delivery is so complicated and risky, that NRES is just a footstep to a cost-
effective and sustainable energy. It has been highlighted by the officials, 
businesses, indigenous people, and environmental organizations that 
NRES ought to become a real priority for the Arctic zone (Proceedings, 
2016). In the government documents we can see some very positive, yet too 
general, wording regarding NRES development in the Arctic, while media 
publications about successful installation and operation of wind and solar 
energy units alternate with skeptical reports about failures and breaks.

Thus this study is aimed to answer the key questions on current and 
perspective NRES development for each of the eight regions of the Russian 
Arctic explored, see Fig. 1.

The main off-grid energy problem is the ‘north delivery’ to remote localities 
in the Arctic, Siberia, and the Russian Far East – fuel for diesel generators, 
albeit coal and residual oil are also delivered and adversely affect the 
environment. During its meeting in June 2016, the State Commission for the 
Arctic Development struck a very distressing balance: up to 6 or 8 million 
tons of motor fuels and lubricants and up to 20 or 25 million tons of coal 
are delivered annually (Proceedings, 2016). Millions US$ are secured (in 
Ruble equivalent) by the federal and regional governments, and the share 
of transportation costs in fuel costs amounts to 70% (see Box 2). In remote 
areas diesel fuel price is 500-600US$/t, which is 2 or 3 times the global 
market price (Smolentsev, 2012).

Under these circumstances, the key tool to reduce the costs of the fuel 
delivery and to improve the reliability of the energy supply is the use of local 
energy sources, in particular NRES, while sometimes extreme climate is a 
problem for them, especially for the wind. Coastal areas, where the average 
wind speed is about 6 to 7 m/sec, are a good location for wind farms, and 
there is a good solar potential in large areas (see Fig. 2). In the Arctic, direct 
daily solar radiation amounted to averagely 2 - 5 kWh/(m2*day) for the 
whole year. For reference: in the south of Germany, it is 3.4 kWh/(m2*day). 
On a sunny summer day, on some territories (for example, in Yakutia) solar 
radiation on a fixed south-facing surface with the optimum tilted angle may 
equal 6-8 kWh/m2, which is comparable to what we see in the south of 
Russia (Popel et. al., 2015). Some parts of Kamchatka and Chukotka have a 
large geothermal potential; the south of western regions is a good place for 
bioenergy (wood waste and low-grade timbers), Fig. 2. In a longer run, there 
are perspectives for tidal energy generation.
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Example of complicated and risky ‘north delivery’ (Smolentsev, 2012)

 
All petroleum products are supplied by oil refineries located beyond the region. Fuel is delivered 
by railroad to the accumulation center in Ust’-Kut (Irkutskaya Oblast). Then it is transshipped to 
oil carriers of the Lena inland navigation company and taken thereby along the Lena to the Yana 
estuary, where it is further transshipped to inland navigation shallow-water vessels that deliver it to 
Ust’-Kuiga. Total route is more than 4,000 km long. There are yet more remote populated spots on 
the same river, which cannot be reached by ship, and so winter (ice) roads are used – for example, 
Dzhargalakh village, where a solar plant was installed for the sake of fuel saving and reduce risk 
of delivery (river and wetland ice is weaker as well as river flow is more instable due to climate 
changes). 

Coal is taken from Dzhebariki-Khaya by shallow-water vessels along the Aldan River. Then it is 
transshipped to mixed river-sea going vessels and delivered along the Lena to the Yana estuary. 
Here it is again transshipped to the Yana inland navigation vessels and delivered to Ust’-Kuiga. Total 
route is 2,700 km long.

Routes for petroleum and coal delivery to Ust’-Yansky region (ulus) in Yakutia
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In terms of off-grid NRES, each region has particular circumstances. In 
the west of the Russian Arctic, it is mostly promoted by the regional and 
local authorities who cooperate with the developers and funders of pilot 
projects and vendors of unique equipment. On hydrocarbons production 
sites of YaNAO, NRES development is carried out by gas and oil companies, 
in particular, ‘Gazprom’ on its own premises, however, only small-capacity 
units so far (Berdin et. al., 2017). 

In the east, there is a dominant energy utility RAO ‘Energeticheskie systemy 
Vostoka’ (RAO ‘ES Vostoka’), which mostly belongs to ‘Rushydro’, which, 
in turn, is a 60%-state owned entity. This energy utility runs most diesel 
power plants and shares the responsibility for providing electricity and 
heat for people in remote settlements with the local authorities. Quite a lot 
depends on the cooperation between this energy utility and the governments 
of Yakutia, Chukotka, and Kamchatka. Looking on Yakutia one can see, how 
NRES development is progressing, when utility gets on well with the regional 
authorities (Information on activity, 2017; On renewable, 2014).

As a result, the Russian Arctic has both a large potential and a need for NRES 
development. How this is achieved in reality is discussed below, where eight 
Russian Arctic regions are explored one by one, and west-to-east. 

Then federal-level activities are very briefly discussed. It is followed by 
the final section devoted to recommendations to stakeholders on the 
national level and on the level of regional governments and companies; to 
municipalities and local people, non-governmental organizations (NGO), 
including WWF, which also could play a significant role in facilitation to off-
grid renewables in the Russian Arctic.
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MuRMANSkAyA OBlAST

Murmanskaya Oblast is a region with 145 000 km2 and 762 000 people (since 
the mid-1990’es, population has dropped by one third). The share of the 
urban population is more than 90%. The region’s capitalcity is Murmansk 
(~300 000) and there are also several 30-50 thousand-size cities and overall 
~140 cities and villages. The climate is moderately cold in the south and 
subarctic marine in the north, where it is tempered by a warm sea current. 
The average wind speed of 5 m/sec or more is typical only of a narrow strip 
on the Barents Sea coast and part of the White Sea coast, Fig.1. The solar 
potential is relatively small, while there are tidal/wave energy options for 
future (Kuznetsov, Minin, 2016; Popel, 2015).

The economy is based on the mining and shipping. Electricity grid is a part of 
the Russian Unified Energy Grid and supplied to ~50% of the territory and 
to >99% of the population. Major suppliers are a nuclear plant in Polyarnye 
Zori (1,760 MW), imported coal-fired Apatitsky CHP (230 MW electricity 
and 530 Gcal/hour heat), and residual oil-fired Murmansky CHP (12 MW 
electricity, 1,100 Gcal/hour heat). Along with it 17 hydro plants (4 cascades) 
with ~1600 MW total capacity, Kislogubsky tidal plant (1.7 MW) and a wind 
plant of ‘Vetroenergo’ (0.2 MW) are connected to the grid, see Fig.3. About 
45% of the local heat is generated by CHP. The boilers mostly run on residual 
oil, while some use coal and wood. This high reliance on costly residual 
oil determines high heat tariffs (Kuznetsov, Minin, 2016; Minin, 2012; 
Murmanskaya, 2014). After the termination of the Shtokmann gas field in 
the Barents Sea, some pipeline and/or autonomous gas supply options as 
suggested by Gazprom are being explored, but the regional government is 
not comfortable with the customer price estimates (Gazprom is the principal 
owner of the regional energy utilities).

About 80-100 settlements, fishermen’s stations, reindeer farms, etc. are 
not connected to the grid because of their remoteness and small electricity 
consumption (~5000 people live there, but in winter some of these localities 
are uninhabited). These settlements have gasoline generators or diesel power 
plants (DPP). Coal- or liquid fuel-fired boilers are used for heat; there are a 
few timber-fuel boilers on the South of the region. Costly transport services 
are used for fuel delivery, and therefore heat and electricity generation costs 
are several times as high as in the grid (Berdin et. al., 2017; Kuznetsov, 
Minin, 2016; Murmanskaya, 2014).
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Wind energy. A project of ‘Vetroenergo’ company in Murmansk (200 
kW) in 2001 started the wind use. Formerly it was off-grid work. Then the 
connection was organized to deliver the power to the grid. First of all, it 
allowed gaining experience, including the wind-grid ‘relations’. In 2013, a 
5 kW wind turbine was constructed in the ostrich farm in Molochny village 
and it met up to 50% of the farm’s electricity demand. In 2014, three 3 
kW wind turbines started to generate electricity for the Diving Center in 
Novaya Titovka village. In 2015, a 500 kW German second hand wind 
unit was commissioned in Kola at timber processing plant. However in 
practice the unit was revealing only a part of the capacity because 500 
kW requires 15m/s wind, while on average it is only 6.5m/s in the given 
location. Anyway the wind unit covered about 20% of the electricity needs 
of the plant. Apart from the coastal area, the wind experience is not always 
positive. A 4 kW turbine was installed in Levozero village as a part of a 
wind-diesel unit. However, strong winds are rare there, thus the turbine 
only provides 1.5 kW, while 2 kW are needed for the turbine itself, the 
wind-diesel unit mostly operates due to a new diesel (Berdin et. al., 2017; 
Murmanskaya, 2014).

 
Wind/solar and solar. In 1996-2010, under the Russian-Norwegian 
project aimed at the disposal of radioisotope units, solar panels were 
installed to power lighthouses, with capacities ranging between 0.05 and 
0.7 kW. In 2007-2008, in settlements located mostly on the coast wind/
solar units were installed for public payphones. Each unit consisted of a 1.4 
kW wind generator and a 0.88 kW solar photovoltaic panel, Fig.2 (Berdin et. 
al., 2017; Kuznetsov, Minin, 2016; Murmanskaya, 2014).

Installation of combined diesel and wind/solar plant in Pyalitsa village in 
2014 became a pilot project for settlements. It operated four 5 kW wind 
turbines, sixty photovoltaic panels (15 kW total) and two 30 kW diesel 
generators. The project cut the diesel fuel consumption and allowed 
for a day-and-night energy supply (instead of 8 or 9 hours per day). The 
electricity generation costs decreased by 50%. The project payback was 5 
years, and it annually saved 60 t of diesel fuel. The expenses were covered 
by the regional and the federal budgets with a small contribution from the 
local budget; about one-third was received from non-budgetary funds. The 
project was continued, as similar energy supply options were replicated 
in three remote coastal settlements (Kuznetsov, Minin, 2016). In 2015, 
combined plants were commissioned in Tetrino and Chavan’ga (~70 and 
~250 kW respectively). In 2016, a ~250 kW plant was launched in Chapoma 
(Konovalova, Nikiforova, 2016).

 
Low-potential heat and bioenergy. There is a project that focuses on 
the use of low-potential heat on the sewage treatment plant in Monchegorsk 
(200 kW heat pump). The project reduced the space heating costs by 20%. In 
Kuropta village two boilers (1.75 Gcal/h) use firewood and wood processing 
waste. In Luven’ga village a (3 Gcal/h) boiler uses wood pellets and chips 
(Murmanskaya, 2014).

Renewable energy 
development



16 Renewable energy in off-grid settlements in the Russian Arctic

● Wind/solar + DPP off-grid generation has a successful story in 4 villages 
on the White Sea coast and the experience could be replicated in Arctic 
areas with the modest climate and a good wind potential, while a regional 
replication is limited by a very small population in off-grid areas (Berdin 
et. al., 2017; Konovalova, Nikiforova, 2016).

● Tidal energy has a large technical potential for the far future (Kuznetsov, 
Minin, 2016).

● Main regional energy problems and NRES perspectives are in grid 
(obsolescent nuclear plant, aging of power lines, costly reliance on 
residual oil, high energy tariffs, etc.), where energy efficiency/saving is 
a priority for the government and utilities. However 3 large wind parks 
combined with existing hydro plants were also designed to be built: two 
along Murmansk – Teriberka and Tumanny roads (100 turbines of 2 MW 
each) and one in the north-west Pechengsky district - 100 MW (Berdin  
et. al., 2017). 

● The region depends on the federal policies and legislation, which may offer 
tax benefits, e.g. to those granted to ‘priority development territories’, or 
other mechanisms to develop on-grid as well as off-grid renewable energy 
(Berdin et. al., 2017; Konovalova, Nikiforova, 2016).

Fig. 3   
Murmansk Oblast energy and NRES development
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ARkhANgElSkAyA OBlAST

Arkhangelskaya Oblast is located in the north of the European Russia. It 
includes Nenets Autonomous District (NAO), which is also a constituent 
entity of the Federation and is considered separately below. The main part 
of the remaining area may be viewed as ‘Arctic’ only contingently due to the 
north forest zone. However, it has large high Arctic islands: Novaya Zemlya 
and Franz Joseph Land, Fig.4. The territory (excl. NAO) is 413 000 km2 with 
1,130 000 people, and large cities Arkhangelsk, Severodvinsk, Novodvinsk, 
and Kotlas (78% of the population is urban). There are more than 160 rural 
settlements, many of them are not connected to a grid. In the southern part 
the climate is moderately continental, going marine in the northwest and 
subarctic in the northeast. On the Arctic islands the climate is very cold. 
There is a good wind in the northern coast areas and in the Arctic islands. 
The solar potential is not large, but the biomass-use is common NRES in 
central and south areas (Popel, 2015). 

The economy is based on shipbuilding, wood processing, fisheries, 
diamonds and bauxite mining, etc. Nearly 70% of the territory and 90% 
of the population are connected to the national power grid that includes 
large plants: Arkhangelsky CHP (450 MW), two CHPs in Severodvinsk 
(600 MW), CHP of Arkhangelsky Pulp and Paper Mill (200 MW), etc. 
District heating is provided by the above CHPs, industrial plants and 
from the local boilers. In all, there are more than 700 local heat sources. 
In villages, however, the district heat is typically provided to public 
amenities and buildings, all others use individual heating with ovens 
or boilers. Boilers use firewood (nearly 40%), gas (28%), coal (27%), 
residual oil and diesel fuel (1%). Several large biofuel-fired steam boilers 
work at pulp and paper mills. Sawdust is processed into wood pellets. 
The region has accumulated a good wood fuel experience to build on 
for sustainable biofuel NRES projects. In the northernmost, subarctic, 
Mezensky district, 96% of the heat is produced by coal-fired boilers, 
and only 4% by firewood-fired ones.  (Berdin et. al., 2017; Konovalova, 
Nikiforova, 2016; Renewable, 2015).

More than 60 diesel power plants (DPP) with the total capacity of ~ 35 MW 
are operated in off-grid localities. Most of them belong to Arkhangelskaya 
Oblast Energy Utility, the rest are owned by various industrial plants and 
organizations. There is a large variety in the DPP wear-and-tear: some are 
substantially worn out and need replacement.

Bioenergy use is best developed due to the rich forest resources and large 
amounts of wood waste from commercial activities, and the economic 
situation inspiring the use of local fuels. There are more than 400 boiler-
houses with a capacity of more than 800 Gcal/h. They use bark- and wood 
waste, low grade timber (firewood), chips, sawdust, and wood pellets (Berdin 
et. al., 2017).
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Wind and solar. Since 2008, in more than 5 settlements wind turbines 
were constructed, but they lasted only a year or a bit more due to a mix of 
reasons: non-proper design required complicate maintenance or it was not 
adjusted to low temperature; diesels didn’t have additional equipment to 
equalize the high variability of the wind generation; delivery and assembling 
on place of location was too costly and/or complicated. It was a rather sad 
experience creating pessimistic spirit, which could be dissolved by success in 
4 villages on another coast of the White Sea, in Murmansk Oblast. Therefore 
people are cooperating now with producers of that equipment, which has 
confirmed robustness. 

There is a 1.5 kW turbine on Mud’yug island installed in 2014 to power 
lighting in a fishing and tourist complex, Fig.3. Small combined wind/
solar generators were installed in 2014-2015, when ‘Arkhangelskavtodor’ 
company took part in the international project ‘Barents Free Way’ (under 
the Kolarctic program). In all, 11 combined generators were installed for 
street lighting in Arkhangelsk and nearby districts. In 2015, a 1.6 kW wind/
solar generator was commissioned on office-house of Arkhangelsk ecological 
organization ‘ETAS’ (Berdin et. al., 2017; Konovalova, Nikiforova, 2016; 
Renewable, 2015).

Fig. 4   
Arkhangelsk Oblast (without NAO) energy and NRES development
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In 2015, a wind/solar unit funded by oil company ‘Rosneft’ was installed 
in the national park ‘The Russian Arctic’ on the Cape Zhelaniya (24 solar 
panels and two wind turbines to generate ~6 kW). This was projected to save 
up to a thousand liters of fuel per year. Some attempts to use wind turbines 
in polar stations were made as far back as in the USSR, e.g. in Hooker Bay 
on Franz Joseph Land. Technologically, at that stage it was impossible to 
produce generators for extremely severe climate. It is very important to get 
a positive experience on polar islands: then the experience will likely be 
replicated (Berdin et. al., 2017).

● The main regional priority is the use of local timber-fuel in the municipal 
utility sector as well as the use of gas and better energy efficiency/saving. 
By 2030, the share of timber-fuel in the sector is expected to be 44% (gas 
- 54%, coal - 2%). The plan is to entirely avoid the use of residual oil and 
diesel fuel there. It will address the problem of the huge subsidies. The use 
of sustainable timber-fuel and compliance with the existing solid ecological 
criteria are the key points for the local use as well as for exporting of pellets 
to Europe (Berdin et. al., 2017). In electricity generation the priority on 
the main part of the region is the development of power transmission 
lines that will result in shifting away from DPP.

● Wind + new DPP off-grid generation on the sea coast is a practical 
solution to save 20-30% of diesel fuel, especially in the Mezen area. The 
government has also signed an agreement to explore the construction of 
a large windfarm in the Mezensky Gulf (Berdin et. al., 2017; Konovalova, 
Nikiforova, 2016).

● Currently there are no hydro energy plants, however back in the 1950’s 
~60 small plants (6-100 kW each) were operated and this experience 
could be replicated again.

● For the far future there is also an idea of a tidal 10 GW plant in the 
Mezensky Gulf.

Renewable energy 
perspectives
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NENETS AuTONOMOuS DISTRICT (NAO)

Nenets Autonomous District (NAO) is a part of Arkhangelskaya Oblast, yet 
at the same time it is an independent Russian region with the territory of 
177 000 km2 and 44 000 people. Unlike many other Arctic territories, the 
outmigration in the 1990’s was relatively small, and since the early 2000’s 
the population has been stable. Indigenous peoples make up more than 25%. 
The population of the capital – Naryan Mar area is ~25 000 people. There 
is an urban-type settlement Iskateley, more than 40 villages, and several 
dozens of camps that serve the oil/gas production. The climate is subarctic, 
going temperate marine on the coast and continental (with severe frosts) 
further inland. There is a very good wind energy potential on the coast and 
in the east of the region, but the solar energy potential is not large, Fig. 1. 
The economy is based on the oil and gas extraction, Fig. 5 however villages 
are mainly located in other areas. There is a local energy grid with five 6 MW 
gas turbines in Naryan Mar and diesel generators. It is owned by the NAO 
government and meets ~80% of the region’s electricity demand. The heat 
is supplied by a number of local boilers (Berdin et. al., 2017; Konovalova, 
Nikiforova, 2016).

The electricity is supplied to villages by nearly 35 diesel power plants (DPP) 
with > 30 MW of the total capacity. Up to 150 kW DPP are installed in 
villages with not more than 100-150 residents; up to 1.3 MW DPP are run in 
settlements with several hundred residents; and up to 3 MW DPP operate 
in relatively large villages (700-1,600 people): Khorei-Ver, Nelmin Nos, 
Nes, Velikovisochnoe, Oma, Nizhnia Pesha. An exception here is Amderma, 
where the number of residents has dramatically dropped: there is a 5.2 MW 
DPP, while the population is less than 400 people. The high wear and low 
efficiency are typical of the DPP. Many generators operate at less than a 
50% load. Many difficulties are determined by the lack of trained personnel 
and a great variety of Soviet/Russian- and foreign-produced generators 
making the maintenance and obtaining spare parts quite challenging. 
Another problem is the high wear of the power transmission lines that 
require renovation (Berdin et. al., 2017).

The heat is supplied by municipal boilers of municipalities or local 
organizations; fuel (coal, diesel fuel, firewood) is delivered by the sea and 
rivers. The delivery volume is ~15 000 tons of diesel fuel and ~25 000 tons 
of coal. Diesel fuel is responsible for two thirds of the total fuel delivery 
costs. Most delivery problems are associated with the limited periods of 
navigation, especially on rivers. More instable river flow as well as weaker 
ice on rivers and wetlands caused by climate changes increase complexity 
and risks of delivery. 

In oil- and gas-production fields, there are modern modular mini-plants (15 
- 30 MW). However, these plants contribute to the energy supply to only a 
few villages, because it is unpractical to deploy such capacities for the energy 
supply to most other, more remote villages. Typically, companies are flexible 
in relocating their capacities to meet own demand and ensure high loads 
(70-80%), while they have no extra capacities for outside customers.
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There is only a wind/diesel plant in Amderma, which has recently started the 
operation. It has 4 wind turbines of 200 kW total and 3 diesel generators 460 
kW total. The designed wind speed is 13 m/sec, and cut-out wind speed is 25 
m/sec. Estimated annual generation is 160 thousand MWh. It was produced 
in China upon the Russian design to best fit the severe climate. Financing 
is provided under the ‘Polaris’ project (Kolarctic cross-border cooperation 
program) with the budget of € 3 000 000, of which one third is made up 
by funds provided by the project partners (‘The Nenets energy efficiency 
and clean production center’, municipal enterprise ‘Amdermaservis’, the 
‘Northwest united generation company’, and the Finnish consulting group). 
This is the second wind energy project in the region under the program; the 
first was wind potential study in several places and a typical wind/diesel 
project (Gzenger et. al., 2016; Konovalova, Nikiforova, 2016).

The solar energy use is limited by panels for lighthouses. In 1996-2010, 
under a Russian-Norwegian project aimed at the disposal of radioisotope 
generators some solar units were installed at more than 10 lighthouses, 
including 6 in Yugorsky Shar strait, Fig.5 (Murmanskaya, 2014).

Fig. 5   
NAO energy and NRES development
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● Replacement of DPP and modernization of transmission lines is an urgent 
need in many areas of the region. The government is concerned with the 
energy supply to remote villages, and primarily with the shape of power 
transmission lines, because there is a power cut-off risk. Renovation and 
construction of lines is under way and requires substantial funding from 
the regional budget.

● NRES development appears to be not so high on the agenda of local 
authorities, albeit wind energy perspectives are recognized. It is understood 
that wind energy projects can only be implemented with external financing 
(international projects or Russian earmarked investments – public or 
private, including those provided, for example, by large oil&gas companies 
which operate in the region). 

● Wind plant in Amderma plays an important role not only in NAO, but for 
all Russia’s Arctic as a pilot for technical solutions in severe climate. First 
of all, it is a pilot because delivery of diesel-fuel to Amderma is relatively 
easy task, while there is quite modern DPP there. Therefore interest of 
local authorities to wind plant is not high, but it should not be a barrier for 
accumulation and expansion of the experience (Berdin et. al., 2017).

Renewable energy 
perspectives
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yAMAlO-NENETS AuTONOMOuS DISTRICT (yANAO)

Yamalo-Nenets Autonomous District (YaNAO) is located in the north 
of the Western-Siberian Lowlands on 769 000 km2. YaNAO is part of 
Tumenskaya Oblast, yet at the same time it is a constituent entity of the 
Russian Federation with more than 530 000 people. Between 1960 and 
1990, as rich gas and oil fields were developed, the population increased 
from 60 to 480 000 people. Indigenous population also grew up, but only 
about 2-fold. Today indigenous peoples amount to 7%. Urban population 
amounts to ~85% and is mostly involved in hydrocarbons production 
and transportation. There are 4 cities with more than 50 000, around 
15 settlements with more than 5000 people, and nearly 80 villages with 
population from several people and 1-3 thousand, of which about 70% are 
located in southwest of YaNAO, where there is no oil or gas production, 
Fig. 6. The climate is Arctic, with severe frosts, snowstorms and gale-force 
winds. The solar energy potential is not large, but wind resources are 
significant, particularly in the north of the region. However, the situation 
is exacerbated by frosts and gusty winds.

YaNAO is very rich in gas; nearly 80% of Russian gas (or ~20% of the global 
production) comes from this region. All the large cities and villages with 
nearly 90% of the population are also connected to the Russia’s United 
Energy Grid, Fig.6. There are large gas-fired plants: Urengoysky (484 MW, 
410 Gcal/hour), Noyabrsky (123 MW, 95 Gcal/hour), Yamal-SPG (378 
MW), etc. Two large DPP – 33 and 13 MW – operate near Salekhard. New 
capacities are required for the expansion of hydrocarbons extraction and 
transportation. Current ‘spot’ development of oil and gas fields makes social 
and energy infrastructure in various districts of YaNAO very heterogeneous 
in terms of development. Thus, the region has energy problems, including 
the supply to remote localities not related to the oil and gas (On the approval, 
2013; Layout and program for the electricity, 2016).

The electricity is supplied by gas turbines with ~190 MW of the region total 
capacity and several dozens of small DPP with a capacity of ~100 MW. The 
DPP were mostly commissioned in the 2000’s, and have remained in a good 
shape. In several villages DPP are highly worn out, but such ‘rich’ region as 
YaNAO will likely easily replace them with modern units or construct power 
transmission lines where applicable. In addition, there is a distributed power 
generation of large power consumers. The total capacity of these generation 
units exceeds 500 MW. Typically, these units include gas-fired power plants, 
yet there are nearly 40 small DPP (On the approval, 2013).

The first region’s wind project started in 2014: a 250 kW turbine was 
installed in Labytnangi. It is fit to work in the Arctic conditions in the air 
temperature of 500С below zero and wind gusts up to 50 m/sec. The turbine 
is installed in the grid area, but it allows it to accumulate the experience, 
which is important for the off-grid generation (Berdin et. al., 2017). 
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The use of wind/solar generators at gas production sites of ‘Gazprom’ 
company is another NRES project. An equipment set includes a 1 kW wind 
generator (with 10-12 m/sec wind speed), two 40 W solar batteries, and 
two thermoelectric generators (devices that convert heat – the difference 
in gas and ambient air temperatures – into power). Such combination of 
power sources ensures year-round operation, given seasonal and current 
variability of the natural factors. In addition, the set includes an emergency 
block of accumulator batteries. In all, more than 200 sets are installed and 
successfully function. In recent years, small automatic wind/solar+diesel 
units have been used by ‘Purneftegaz’ (daughter company of ‘Rosneft’) on 
production sites. Every 40 kW unit has 2 wind turbines of 3 kW each, and 40 
solar panels of 250 W. Diesel automatically starts only if wind/solar sources 
are not able to deliver enough energy (Berdin et. al., 2017).

Fig. 6   
YaNAO energy and NRES development
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● Several wind/diesel complexes are likely to be built, provided the wind 
plant in Labytnangi and Amderma is a success. One locality where a 
wind turbine could be installed above all others is Yar-Sale village with 
6500 people. It has been already designed by St. Petersburg Technical 
University named after Peter the Great on the basis of experience of 
Amderma. Estimated service life is ~20 years, of which the first 6 years 
are the payback period, the wind/diesel complex may save ~3.5 million 
liters of diesel fuel (Berdin et. al., 2017).

● The regional development strategy addresses high electricity costs, 
particularly for off-grid DPP. Therefore, the region is planning to expand 
grid supply. The development strategy also makes a point that there are 
plans to install wind turbines in 11 villages mainly located in remote areas 
of the Gulf of Ob and the Taz Bay (On the approval, 2013; Layout and 
program for the electricity, 2016). 

● ‘Gazprom’ and other companies will use wind/solar generation on 
production sites, yet these will be very low-capacity units.

● Decisions of the regional government can promote NRES development 
because it has sufficient resources. It seems that, like in the Sakha Republic, 
renewable energy development in YaNAO needs to be officially and more 
specifically stipulated in the region’s social and economic development.

Renewable energy 
perspectives
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TAIMyR MuNICIpAlITy

Taimyrsky (Dolgano-Nenetsky) municipality is a part of Krasnoyarsky Krai. 
The territory is 880 000 km2; the population is 33 000 people, of which 
nearly 30% are indigenous. The main settlements are Dudinka (22 000 
people), Khatanga (2500) and Dixon (600), Fig.7. Because of a decline in 
the sea and river transportation the population of Dudinka halved in 1996-
2010, yet it has been stable ever since. In Dixon the population has become 
~10 times as small. The indigenous people population is unchanged. The 
climate is very cold. The solar potential is rather low, but the wind potential 
is high, Fig. 1. On the coast wind may reach 45 m/sec., and the snowstorm 
period is from October to May. Inside the Taimyr municipality there is 
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another municipality of Krasnoyarsky Krai – Norilsk city (177 000 people) 
with a giant mining and smelting plant of ‘Norilsk Nickel’ company. Its 
energy infrastructure operates three CHPs (1200 MW) used local gas; Ust’-
Khantaisky (450 MW) and Kureisky hydro plants (600 MW). Dudinka 
port serves the needs of ‘Norilsky Nickel’; that’s where electricity and gas 
for boilers are supplied. It is too costly and unpractical to build power 
transmission lines or gas pipelines to other settlements in Taimyr.

Dozens of DPP work in about 40 settlements with ~10 000 people. In largest 
settlement Khatanga there are two DPP (10 generators with total capacity 
8.2 MW), which need an upgrade. The economically viable tariff is ~0.7US$/
kWh, yet the Khatanga administration requested that residential tariff be 
set at just 0.025US$/kWh (2015), and so nearly all electricity generation 
is subsidized by the Taimyr government. In Dixon, there is a mini-CHP 
that consumes up to 8500 tons of coal from Kaierkan deposit near Norilsk. 
The total installed off-grid capacity is 6 600 MW, and they are operated by 
‘Norilsko-Taimyrsky Energy Company’ (Berdin et. al., 2017; Comprehensive, 
2011; Gzenger et. al., 2016). 

So far, there are no off-grid renewables.

● The region’s development program prioritize the energy supply to the 
residential sector, it also specifies that wind/diesel units are going to be 
used in settlements (Comprehensive, 2011). Along with modernization 
of DPP by new diesels and wind/diesel plants, there are other ideas. 
One of them is to switch the DPP in Khatanga to crude oil, which will be 
twice as cheap as diesel fuel; besides, consumption of crude oil is much 
lower. A more advanced solution would be the use of liquefied gas from 
the Yamal and Gydan peninsulas. However, gasification requires costly 
infrastructure, which may never pay off, given small consumption volumes 
(Berdin et. al., 2017).

● It looks like two requirements have to be met for wind/diesel units. First, 
successful experience in the severe conditions, e.g. in Amderma or Tiksi. 
Second, availability of an investor, in particular ‘Norilsky Nickel’. It is a 
private company, and it is important that it should be approached by the 
federal government with a request on renewable energy development as, 
e.g. ‘Rosneft” does.

● In perspective, more active use of the Northern Sea Route may become a 
driver for Taimyr’s economic development and also for NRES.
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SAkhA REpuBlIC (yAkuTIA)

Yakutia is Russia’s largest region with the territory of 3 084 000 km2, yet its 
population is no more than 1 million (indigenous people is ~50%). Two thirds 
live in the cities, including >300 000 in Yakutsk. A large number of sunny 
days make the region the sunshine duration leader of the Russian Arctic (in 
continental part it exceeds 2000 hours/yr.). The large wind energy potential is 
typical of coastal and of the lower Lena River areas, Fig. 1 and Fig.8.

There are several areas with local grids and large power plants: the central 
cluster with more than 50% of Yakutia’s population; and western and 
southern industrial areas with large mining plants, Fig.8. In the extreme 
northeast, Chersky settlement is connected with the Bilibinsky nuclear plant 
in Chukotka. In the Oymyakon area there is some electricity supply from the 
grid of Magadan Oblast. The fuel consumption breakdown is dominated by 
gas (88%), followed by diesel fuel (9%) and coal (2%). However the expenses 
are quite unexpected; diesel requires 48%, gas - 42% and coal – 5%. The 
largest thermal plants include Yakutsky (368 MW), Neryungrinsky (618 
MW), and Mirninsky (72 MW). Hydroenergy is the dominant supplier to the 
western one. More than 90% of the energy production and supply is managed 
by ‘Yakutskenergo’ company (daughter of RAO ‘ES Vostoka’ which, in turn, is 
managed by ‘Rushydro’, with the latter being 60% government-owned).

NRES development is well underpinned by the regional Law ‘On renewable 
energy sources in Sakha Republic (Yakutia)’ adopted in 2014 (On renewable, 
2014). It is aimed at improvement of social and environmental conditions, 
sustainable energy supply and fuel saving. The Law includes general 
provisions dealing with the government regulation in this sphere, as well 
as a number of provisions that ensure governmental support to renewable 
energy use.

There are about 155 DPP adding up to 200 MW of the total capacity, which 
are also owned by ‘Yakutskenergo’ or its subsidiary company ‘Sakhaenergo’. 
It is operation problems faced by these diesel plants that drive NRES 
development in the region: (Berdin et. al., 2017):

● problems of ‘north delivery’: short navigation period, complicate and risky 
fuel transportation schemes that include transshipment (see Box 2 in the 
Introduction above), and moreover climate changes cause weaker ice on 
rivers and wetlands, instable river flow;

● large share of costly diesel fuel in the energy mix. Its prices crucially 
outpace electricity tariffs and huge subsidies are required;

● high specific fuel consumption (low efficiency); underloaded equipment; 
high wear of power transmission lines. High electricity transmission 
losses in local low-voltage networks (up to 20%) leading to substantial 
financial losses, given the high electricity generation costs.

Particularities of regional setting price for the electricity generated by 
off-grid NRES include: a tariff setting for any owners of NRES without 
certification or qualification procedures; tariff fixing guarantees; the 
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principle of keeping the operation cost savings; 15 years’ investment 
payback (On renewable, 2014). This support provided by the regional 
government, along with strong federal support (according to the RF 
Ministry of Finance, in 2016 as a whole Yakutian budget got about 700 
million US$ in Ruble equivalent and has become Russia’s second largest 
recipient region) results in the eventual, albeit not really fast, development 
of the solar energy; there is also an experimental wind plant. 

Wind energy development in Yakutia is still limited by an experimental 
plant ‘Bykov Mys’, which is being assembled near Tiksi - a location 
characterized by storm-force winds and severe frosts - and it requires 
special equipment with thorough tuning, Fig. 8. The first unit of the German 
origin (250 kW) was launched in Tiksi in 2007 but severe frosts resulted in 
microcracks, and these, combined with storm winds, and other problems, 
led to a complete breakdown (Saneev et. al., 2016). Now a cooperation is 
launched by RAO ‘ES Vostoka’ company with Japanese ‘Komaihaltec, Inc.’ 
that developed special equipment (company already gained experience 
on wind plant in Ust’-Kamchatsk, see Fig. 9). The ‘Bykov Mys’ planned 
capacity is 1.9 MW; up to 1 MW can be commissioned at the first stage 
(Information on activities, 2016). The price of electricity generated by the 
diesel plant in Tiksi is above 0.15US$/kWh now; if diesel is combined with 
the wind, the price will drop at least by 25%.

Renewable energy 
development

Fig. 8   
Yakutian energy and NRES development 
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Solar energy. Due to the cooperation of Yakutia’s government with RAO 
‘ES Vostoka’ and to the effective regional regulatory framework, a tangible 
success has been achieved. At this point, 15 relatively small solar plants 
and one 1 MW station are in operation (Berdin et. al., 2017; Information on 
activities, 2017). 

In 2011, a 60 kW solar plant was built in Batamai in a complex with 160 
kW DPP and a 85 kWh power accumulator. It significantly reduced the 
diesel fuel delivery and improved the reliability of the energy supply. In 
2012, a 20 kW solar plant was launched in Yuchugei, which comprised 126 
domestically produced monochrystalline units on fixed platforms making 
the plant compact and easy to maintain. In 2016, the plant was extended 
by two rotating panels of 10 kW each. In the Arctic, rotating units turned by 
sensors towards the sun are far more important, than in the lower latitudes 
where the sun is right ‘above the head’. Such panels can increase electricity 
generation by 35-40%, and the equipment can operate with the temperature 
range between -40 and +600С (the planned fuel saving is about 6t/yr.).

In 2013, a 20 kW solar plant was put in operation in Dulgalakh (80 
monochrystalline units of 250 W each are installed on a frame that alters the 
panels’ tilt, but without a sun tracking). A solar plant of the same capacity 
was launched in Kudu-Kyuel. Both units are coupled with DPPs, 9 and 6.5 t/
yr fuel savings are expected in this settlement. 

In 2014, the activity was focused on the most remote territories where 
diesel fuel savings were of the paramount importance. A 20 kW plant 
was installed In Kuberganya, and a 40 kW plant in Eiik (6.5 and 12 t/year 
expected savings respectively). Yet another solar plant was installed in 
Dzhargalakh (15 kW). Its specific feature was that it used different types of 
solar panels: 20 polychristalline and 20 monochrystalline units, as well as 33 
amorphous panels. This solar plant has been working with a 460 kW DPP, 
which is 30 times the capacity larger of all the solar units, however solar 
panels give a substantial effect of ~5 t/year in fuel savings. It is important 
for the settlement that has fuel delivered by winter road transport from the 
transshipment point where it is stored since the summer navigation period. 
In the same year in Toyon-Ary an Italian- and German-produced 20 kW 
solar plant with a 96 kWh accumulator was installed to work jointly with two 
diesel generators of 30 kW each. The set can work in the autonomous mode 
and will require only minimal maintenance. 

In 2015, RAO ‘ES Vostoka’ developed the solar energy in two directions 
(Information on activities, 2016). Firstly, it installed the first large solar plant 
in Batagai, a large settlement with ~ 3500 residents. The plant’s capacity is 
1 MW, its 11 arrays of panels occupy 4.2 hectares (see photo on the cover of 
the given publication). Solar modules were produced by Suntech, a Chinese 
company, while the inverters are of the German origin (SMA). All of the 
equipment was designed for operation in extreme climate, including the 
temperature range between +40 and -45-500С. The total project costs were 
about 3.5 million US$ with 11 years of an expected payback. When the plant 
reaches its full production capacity, the annual fuel savings will be 300 tons 
(250-350 thousand US$ in Ruble equivalent). The electricity tariff in Batagai 
is as high as 0.5US$/kWh (except highly subsidized tariff for households). 
The electricity generation costs are expected to decline facilitating small 
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business and living conditions (Information on activities, 2017; Saneev  
et. al., 2016).

The second direction was the logistical solution on a combined equipment 
delivery to three other solar plants located in the relative proximity to one 
another in one batch with equipment delivery to Batagai, thus bringing down 
the transportation costs and substantially reducing the capital outlay. Two 
40 kW plants were installed in Betenkes and Yunkur, and one 10 kW plant 
in Stolby (expected fuel savings are 13, 16 and 3.5 t/year). 

Then the focus of activities was shifted to the south of Yakutia, where a 20 kW 
solar plant was launched in 2015 in Uluu (7.3 t/year expected fuel savings) 
and three more solar plants were put in operation in 2016 in Verkhnia Amga 
(36 kW), Delguei (80 kW), and Inniakh (20 kW) with expected fuel savings 
of 25, 24, and 8 t/year respectively. 

As a whole fuel savings resultant from all solar energy use will be more than 
450 t/year.

● RAO ‘ES Vostoka’ is going to proceed in two directions. First, it will be 
large solar plants. There are plans to build 7 large plants in Ust’-Kuiga 
(1.1 MW), Moma (1.4 MW), Olenek and Zhigansk (2.1 and 2 MW), in 
Deputatsky and Zyryanka (2.6 MW each), and in Sangar (4.7 MW); as 
well as plants in Tokko and Tyoply Klyuch (0.9 and 0.3 MW). These plants 
will be built in remote areas in the north of Yakutia (save for Sangar), 
where there are big problems of ‘northern delivery’, Fig. 8 (Information 
on activities, 2017). In financial terms, fast and complete implementation 
of plans on solar energy is substantially supported by partnership of RAO 
‘ES Vostoka’ with Yakutia’s government.

● Second, building on the wind power use experience in Tiksi, the energy 
utility will erect 4 relatively large wind plants on the coast: in Saskylakh, 
Chokurdakh, and Chersky – 1.375 MW each, and in Nizhneyansk – 0.55 
MW (Information on activities, 2017). In wind generation Russian-
Japanese cooperation is very essential as well as partnership with regional 
government.

● Yakutia is the successful NRES leader in the Russian Arctic. Other regions 
will look up on Yakutia’s experience – technical, financial, and logistical.

Renewable energy 
perspectives
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ChukOTSky AuTONOMOuS DISTRICT (ChukOTkA)

Chukotka is the Far East coast region of the Russian Arctic with 50 000 
people on 722 000 km2. In 1960-1990 a 3-fold increase of the population 
was observed, yet dropped by the same value by 2002, due to departure of 
non-indigenous people, and has been stable thereafter. 66% of the people 
live in urban areas, mostly in Anadyr (capital, 14 000 people), Bilibino 
(5500) and Pevek (4700). Indigenous people (80% Chukchi) make about 
the half. Inland western districts are characterized by severe continental 
climate and a good solar potential (sunshine ~1,800 h/yr., Fig.1). On the 
coast, the climate is maritime with 5-10 m/sec average winds (the greatest 
speed on Chukotsky peninsula and Bering Sea coast). Wind blasts to 40 m/s 
are typical and, combined with alterations of severe frosts and thaws with 
amplitude of 15-200C in a day, hamper the NRES development.

The energy sector was developed for mining (gold, copper, etc.). It gave birth 
to Bilibino city and the only world’s nuclear power plant in the permafrost 
zone (1974, about 50 MW and 60 Gcal/h), which has exhausted its 
performance potential. Chukotka has three energy grids with power plants, 
Fig.9: Egvekinotsky (modernization was carried out in 2010, local brown 
coal, 34 MW, 92 Gcal/h); Chaun-Bilibinsky (nuclear plant and Chaunsky 
CHP in Pevek – 34 MW, 60 Gcal/h, commissioned in 1944, coal is delivered 
by sea from Yakutia); Anadyrsky, which was commissioned in 1986, 56 
MW, 140 Gcal/hour CHP, local brown coal with current refit of one unit to 
local natural gas (Energy sector, 2016). All capacities, except the nuclear 
plant, are operated by ‘Chukotenergo’ utility, which is actually a subsidiary 
of the RAO ‘ES Vostoka’. The need to substitute the nuclear plant and old 
Chaunsky CHP, along with low generation capacity loads, are the major 
problems of ‘Chukotenergo’. There were plans of large net of transmission 
lines covering the region. It has been cancelled due to a smaller mining 
activity, population decline and permafrost conditions, which created focus 
on off-grid generation for small settlements.

Energy supply to off-grid settlements has specific features. First, many 
settlements are abandoned. Only very small native villages are left, and 
total rural population is about 15 000 people. Second, delivery of fuel is very 
difficult, yet compared to Yakutia, the distances in Chukotka are shorter, but 
paths are more complicated. During the short navigation periods, the fuel 
has to be first delivered to the sea ports and then it depends on delivery by 
rivers. It is costly and risky, moreover climate changes negatively influence 
by weaker sea and river ice, faster coastal erosion, permafrost melting and 
instable river flows.

On the other hand, in 2001-2010 nearly 30 native villages got more than 
80 diesel units. DPP have capacity 40-500 kW, and produced by ‘Cummins’ 
company. Funds of ‘Sibneft Oil Company’ were used by its owner Roman 
Abramovich, which was governor of the region. These units are modular 
pieces of a special Arctic design. It means that replacement of these DPP by 
DPP-wind complexes (any DPP has to have special design and/or electronic 
system/accumulator to work together with sharply instable wind generation) 
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will give rather small fuel saving. In the result regional government and RAO 
‘ES Vostoka’ recognized the importance of wind, but generally considered 
this to be a long-term perspective (Berdin et. al., 2017; Energy sector, 2016; 
Panin, Prokhorov, 2017).

 

Today, there is only one wind + diesel plant built on the initiative of governor 
in 2002 on the Cape of Observation near Anadyr (ten 250 kW wind generators 
produced by ‘Yuzhmash’ company and one 500 kW diesel). It was connected 
with Anadyr CHP, but it is mainly a NRES experience. At first the electricity 
generation amounted to 3 mln kWh/yr. However, at later stage maintenance 
problems and the breakdown of the hydraulic system, that turned the 
blades, crucially reduced the generation. It is not the first unsuccessful wind 
experience in Chukotka. In the early 80’es, 6 kW units were assembled in 
Providensky district; however, because of the poor maintenance, breakage 
and lack of spare parts they only were lasted 3 or 4 years. In 1986-1987, 
a unique 1,000 kW wind turbine with a vertical shaft was installed at the 
Beringovsky mine (produced by ‘LMZ’ plant in Leningrad), but broke down 
very soon. After the Cape of Observation a windfarm was launched, there 
was a plan for 15 wind plants with the EBRD loan, but it was never provided.

Renewable energy 
development
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In 2001, an attempt was made to use Kukunsky hot springs to meet hot water 
demand of Lorino settlement and Novoe Chaplino village with participation 
of ‘Kamhnit Ltd.’, an Islandic company. At present, there are exploratory 
wells there, which have yielded encouraging results, yet no further activities 
are under way (Berdin et. al., 2017).

There were no efforts to develop solar energy in the region and it is not 
prioritized by local authorities and/or main energy utility RAO ‘ES Vostoka’ 
(Energy sector, 2016; Information on activities, 2017), however solar has 
good perspectives, especially in western continental part of Chukotka (Popel 
et. al., 2015). 

● RAO ‘ES Vostoka’ has plans to build large wind plants in Lavrentia (1.375 
MW) and Beringovsky (4.95 MW), Fig. 9. However, these plans can be 
implemented only after successful experience in extremely windy and 
cold environments, particularly in Tiksi. Russian-Japanese cooperation is 
also very essential, because Japanese equipment probably could be used, 
see details in section on Yakutia above (Berdin et. al., 2017; Information 
on activities, 2017; Saneev et. al., 2016).

● NRES development could be facilitated by tax regime of ‘Beringovsky’ 
social and economic ‘priority development area’. It is legal status 
influencing on tax privileges for residents, which was set up by the federal 
government in 2015.

● Development of the energy sector and infrastructure of Chukotka as a 
whole is determined by mining needs. The main regional energy problems 
are replacement of the nuclear plant and the Chaunsky CHP, and power 
lines. There was option of ‘energy bridge’ from the South (Magadan Oblast) 
or construction of modern CHP in Bilibino. Currently floating nuclear 
plant is expected in Pevek, it is being built in St. Petersburg (electric 
capacity - 70 MW, heat capacity – 50 MW) expected time of completion of 
construction – 2019 (Smolentsev, 2012; Berdin et. al., 2017). First ships 
with construction materials for shore terminal already arrived to Pevek. 
Under the circumstances, and taking into account that DPPs in Chukotka 
are mainly in good shape, the regional government and RAO ‘ES Vostoka’ 
recognize the development of wind in off-grid settlements as potentially 
important task for future (Berdin et. al., 2017; Energy sector, 2016; 
Information on activities, 2017). However it is unlikely to see fast progress 
in wind for remote settlements until problems of ‘large’ regional energy 
are solved. It could be reconsidered, if fuel delivery will become extremely 
difficult and risky due to problems and degradation of river and seaboard 
transport infrastructure as well as climate change consequences.

Renewable energy 
perspectives
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kAMChATSky kRAI

Kamchatsky Krai occupies 464 000 km2 with population about 317 000 
people, of which ~78% are urban population. The climate is maritime, 
relatively temperate; with large amounts of precipitation and snow depth up 
to 2.5-3.0 m. Snowfalls bringing 1 m of snow each are usual. Strong winds 
are typical determining a large potential for wind energy. Volcanoes are a 
hallmark of the Krai making geothermal energy a clear focus in relevant 
parts of the region.

There is a centralized energy grid, which includes two CHP plants (total 
capacity is about 400 MW), which use natural gas produced by ‘Gazprom’ on 
Kamchatka’s west coast. In addition, there are two Mutnovsky geothermal 
power plants (GeoPP, 62 MW) and Tolmachevsky hydropower plants (45 
MW), Fig.10. There are problems of the given geothermal plants and power 
transmission lines, which decelerate development (Berdin et. al., 2017). 
The share of CHP in total heat production (~2900 thousand Gcal) is about 
40%, of individual boiler-houses more than 50%, and geothermal heat - 8%. 
About 25% of the heat is used in off-grid communities. Residential sector is 
the largest heat consumer. Serious problems are expected for the grid, if the 
data on depletion of the regional gas in 2020-ies are confirmed (Layout and 
program for Kamchatsky, 2016; Project, 2016). 

 

The electricity generation is based on 38 relatively large DPP with the 
capacities 0.1-6 MW and total installed capacity of nearly 100 MW. These 
DPP are mainly operated by AO ‘YuESK’ (owned by RAO ‘ES Vostoka’, 
which is owned by the energy company ‘Rushydro’ with 60% shares of 
the Russian government), and also AO ‘Koryakenergo’ in the north of the 
region. In addition, there are about 290 small diesel units of municipalities 
and other owners with total installed capacity of ~40 MW. In 2011-2015, 
electricity consumption in off-grid communities grew by ~3% per year. 
Shape of diesel units is a key factor for replacement with additional use of 
wind. Typically, each DPP has combination of quite modern and bad-shape 
units, however in several settlements all units are very old. Unsatisfactory 
condition of many local power transmission lines is also a huge problem. 
In off-grid territories, the heat is supplied by boilers which mostly run on 
coal or residual oil; much fewer boilers supply heat using firewood. There 
are instances of geothermal energy use, in particular, in Esso and Anavgai 
settlements, Fig. 10 (Layout and program for Kamchatsky, 2016; Project, 
2016).

Wind. The best areas are on the coast, and there are detail studies 
identified concrete places. The main factor for construction and operation 
are access to financing (typically, funds are to be provided by the investor 
company acting under some federal program and/or foreign partner) 
and commitment of a local company or organization to put effort into the 
practical implementation. 
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In 2008, AO ‘KES named after I.A. Piskunova’ implemented a MICON 
(VESTAS, Denmark) project in Oktyabrsky. During the first phase, 3x300 
kW wind energy units were installed. The second phase (4x600 kW units) 
was accomplished in 2014. In 2013, a wind/diesel unit was commissioned 
in Nikolskoe, ‘YuESK’ provided two turbines with 550 kW total capacity and 
a 292 kW DPP. In 2014, PAO ‘Peredvizhnaya Energetika’ commissioned a 
275 kW wind unit of a French company ‘Vergent’ in Ust’-Kamchatsk. In the 
same settlement in 2014-2016, ‘YuESK’ constructed three 300 kW wind 
units of a Japanese ‘Komai’ company as the result of the cooperation of 
NEDO (Japan), RAO ‘ES Vostoka’ and regional government (Information 
on activities, 2017; Layout and program for Kamchatsky, 2016; Project, 
2016). 

As a whole use of modern wind-diesel unit is able to yield up to 25% of fuel 
or even more is former diesel was very non-efficient. However the key point 
is ability of a diesel to work jointly with sharply instable wind generation. 
Fuel saving caused by just wind generation (excluding effect of new diesel) 
is 5-15% (Berdin et. al., 2017).

Geothermal energy in off-grid communities is represented by Pauzhetsky 
GeoPP and pump-houses in Esso and Anavgai. After 40 years ago, the 
GeoPP (12 MW installed capacity) can now perform no more than 5.5 MW. 
It is coupled with a 1.6 MW reserve DPP. The operation is constrained 
by outdated power transmission lines and facilities as well as reduced 
geothermal reserves. There are plans to increase the plant’s capacity to 8 
MW (this will require two new wells) and, more importantly, to upgrade the 
grid which is vital to meet electricity demand of a few communities during 
the autumn-winter season; however, there is no financing available (Layout 
and program for Kamchatsky, 2016). 

Hydro energy is represented by Bystrinsky plant (1.7 MW of 1996). 
The construction of another small plant was launched in 2000, however, 
it stopped due to the lack of financing. ‘YuESK’ is planning to undertake 
exploration and from 2021 to launch the construction of a few small 
hydroplants: on the Kinkil’ (12-16 MW) near Palana and on the Belaya rivers 
(10 MW) in Penzhinsky district, Fig. 10 .

Solar energy potential is not high, yet it is substantial in the northwestern 
part of the region. In 2015, ‘Ekotechnik’, a Czech company, proposed to 
install a solar plant in Tiguilsky district, and it was positively perceived by the 
regional government. However it requires a source of financing. Currently 
‘YuESK’ in partnership with local scientists is studying options for pilot solar 
plant with capacity about 100 kW (Berdin et. al., 2017).
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Fig. 10  
Kamchatsky Krai energy and NRES development
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● Wind-DPP success stories include off-grid plants in Nikolskoe and Ust’-
Kamchatsk as well as grid connecting work in Oktyabrsky, what is good 
basis for development. For the near future, ‘YuESK’ is considering the 
construction of wind units in Tilichiki, Manily, and Tiguil (three, three, 
and one generators correspondingly, 275 kW each), Fig. 10 (Information 
on activities, 2017). The successful, yet very limited, wind development is 
determined by a number of factors.

● Nearly all wind development depends on ‘YuESK’ (subsidiary of RAO ‘ES 
Vostoka’ having large debts and owned of ‘Rushydro’), but it wants to 
develop NRES only with an external support, including foreign financing. 
‘YuESK’ has no commercial interest in renewable energy deployment. 
Reduction of high electricity and heat tariffs and relevant governmental 
subsidies for off-grid territories is not a big driver for the company. 
Moreover it is cheaper and easier to buy and install a modern diesel 
plant, than a wind-DPP unit, while expected savings from additional wind 
turbines are not crucial (5-15%).

● The regional government and ‘Rushydro’ company are focusing at future 
of the centralized grid energy supply in area of the regional capital (in view 
of risk that local gas could be depleted). They are considering different 
ideas, including ecologically poor Zhupanovsky hydropower plants. They 
prioritize modernization of power lines, grid-connected use of geothermal 
energy as well as energy efficiency, with smaller attention paid to wind in 
off-grid communities, while 2016-2020 projections for off-grid territories 
stipulate ~ 5% growth of electricity consumption. (Berdin et. al., 2017; 
Layout and program for Kamchatsky, 2016; Project, 2016).

● The costs of electricity generation from wind are roughly twice as low as 
from fossil fuels. However, front-end costs need to be covered by a long-
term investor (Smolentsev, 2012; CENEf, 2017). A strategic solution 
would be to earmark federal subsidies for the development of renewable 
energy in off-grid communities. It is possible because energy subsidies 
paid by the region for off-grid settlements are a small part of huge federal 
subsidy to the region as a whole.

● There are no serious economic drivers for geothermal projects in off-grid 
territories. Use of local coal or delivered heavy oil looks as economically 
viable alternative for small settlements. 

● It is difficult to attract private investments to NRES development in 
the region. ‘Gazprom’ does not make a profit there; and no successful 
regional medium-size businesses find it attractive to invest in NRES. 
High transportation costs, poor institutional infrastructure, unattractive 
conditions for skilled professionals are among the main problems.

● In the far future giant tidal plant may be built in very remote area of the 
Shelikhov Gulf.

Renewable energy 
perspectives
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At the national level Russia is still proceeding from the recognition of the 
importance of the off-grid renewables in the Arctic to launching large-
scale practical activities to support and develop them. On the other hand, 
significant steps have been made in recent years to enhance the development 
of renewables connected to the grid. There are also some similar priorities, 
as highlighted by the officials when speaking about the grid and off-grid 
renewable energy: economic effect and domestic production (Berdin et. al., 
2017; Gzenger et. al., 2016; Panin, Prokhorov, 2017).

In Russia the total share of renewable energy in the electricity generation is 
not small (17%), but it is dominated by the large hydro, in which Russia is 
among the leaders. There is legislation for development of small renewables 
below 25 MW selling electricity to a grid. In 2013-2015 the government set 
a mechanism to support them on markets. The eligibility criterion includes 
that at least a part of the equipment is produced or assembled domestically 
(so-called ‘localization’): growing from 25 to 65% for the wind energy over 
2016-2024, from 50% for the solar energy in 2014-2015 to 70% in 2016-
2024 (Berdin et. al., 2017; Decision of the RF Government, 2013).

Speaking about extreme Arctic climates, only in Labytnangi the equipment was 
domestically produced; in Amderma, the equipment was made in China as per 
the design of Russian experts; the equipment installed in Tiksi was made in 
Japan. The only large Arctic solar plant (1 MW, in Batagai) uses Chinese panels 
and German electronics. The ‘localization’ principle should not be expanded 
on the off-grid Arctic, until experience has been accumulated, but in a longer 
term, domestic production of the ‘Arctic’ equipment should become a priority. 
For example during the visit of the Russian President in Japan in December 
2016, ‘Rushydro’ (dominant owner energy companies in the eastern regions of 
the Russian Arctic and the Far East), NEDO, ‘Mitsui’ and ‘Komai’ companies 
signed documents facilitating the use of ‘Arctic’ wind experience in Tiksi and 
a subsequent ‘localization’. In parallel the Russian Ministry of Energy and 
’Havel’ company (a domestic producer of modern solar panels) are joining 
efforts in a project to install at least 100 autonomous (off-grid) solar+diesel 
and other ‘hybrid’ solar plants by 2021 in Russia as a whole.

On the other hand, national measures for reduction of regional tariffs to 
Russian average (in particular in the Far East) entering into force in April 
2017 could have adverse effect diluting incentives for renewables and energy 
saving as a whole (Berdin et. al., 2017).

The federal agencies and/or companies have not yet launched large regulatory 
and/or investment activities to promote development of renewables in the 
Arctic. In some cases, federal funding was used to cover a substantial part 
of installation costs. For example that was the case in four off-grid villages 
in Murmanskaya Oblast, where wind/solar+diesel units were installed and 

National level activities relevant  
to Russian Arctic off-grid renewables
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helped making a 2.5-fold cut of the electricity tariffs for the local businesses. 
However there are no earmarked subsidies that regions could use specifically 
for renewables.

The national level companies are primarily concerned with the development 
of the traditional energy generation facilities and regional energy grids in 
areas of their businesses. In YaNAO, e.g. ‘Gazprom’ delivered more than 
200 wind/solar units to power the gas-wells control equipment. This is a 
positive, yet specific, experience, which can hardly be replicated to provide 
energy to populated spots due to a very small capacity. 

All these issues of renewable energy development require legislative 
solutions and support at the federal level; this should also be an incentive for 
all stakeholders (regional authorities, municipalities and energy utilities), 
and foster a positive attitude towards the renewable energy use in off-grid 
settlements in the Russian Arctic (Berdin et. al., 2017; Panin, Prokhorov, 
2017).
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Specific next steps to address four barriers of the Russian Arctic (technical, 
competitiveness, financial and regulatory) could be considered for several 
key actors: federal government, regional authorities, energy utilities and 
other companies, municipalities, people and NGOs, including WWF.

On the national level significant steps have been done in the last 
years to enhance the development of small solar, wind and hydro plans 
connected to a grid in Russia as a whole. Priorities were also announced: 
economic effect and domestic production (‘localization’). However as a 
recommendation for Arctic these priorities should be modified. In context 
of the ‘north delivery’ economic effect is only a part of the problem, where 
better reliability is the main point (use of renewables causes smaller volumes 
of fuel delivery and existence of independent source of energy). Domestic 
production of equipment specially designed for extreme Arctic climate 
is absent in Russia yet. There are good initiatives. ‘Rushydro’ (dominant 
owner of energy utilities for eastern Russian Arctic and Far East), NEDO, 
‘Mitsui’ and ‘Komai’ companies have signed documents facilitating use of 
‘Arctic’ wind experience in Tiksi and subsequent ‘localization’. Russian 
Ministry of Energy and ’Havel’ company (leading domestic producer of 
modern solar panels) are joining efforts in a project to install at least 100 
off-grid solar plants by 2021 in Russia as a whole. 

Such initiatives could be promoted by earmarked subsidies from national 
level that regions could use specifically for renewables with prioritizing 
of off-grid remote areas. In many instances, federal funding was used to 
cover a substantial part of installation costs. For example that was the case 
in four villages in Murmanskaya Oblast, where wind/solar+diesel units 
were installed and ensured a 2.5-fold reduction of the electricity tariff for 
the local businesses. Another tool is tax benefits and guarantees. It could 
be recommended to ‘equate’ renewables’ off-grid projects with activities 
in ‘priority development areas’, which have special tax privileges. The 
experience should be obtained by planned construction of a wind farm in 
Beringovsky ‘priority development area’ in Chukotka.

On the level of regional governments and companies it is possible 
to summarize most promising ‘growing points’ and recommend local 
stakeholders to pay main attention for the following solutions (Berdin  
et. al., 2017), Fig. 2:

● wind/diesel units in locations with good wind and relatively mild climates 
(coasts of Murmanskaya and Arkhangelskaya Oblasts, and Kamchatsky 
Krai);

● wind/diesel units in locations with very large wind potential, yet severe 
climate conditions (the Arctic coast of Yakutia, Chukotka, YaNAO and 
NAO);

● solar units in Yakutia, including large plants of several MW capacity; also 
those domestically produced;

Recommendations for further action
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● renewable energy development with the involvement of large oil&gas 
and mining companies, which are active in these regions (YaNAO, NAO, 
Taimyr, Chukotka).

Yakutia’s law on support for renewables development, which is yielding 
practical results, is a very good example, which provides confidence to 
investors in renewables (On renewable, 2014). It is a clear recommendation 
for the other Arctic regions to use Yakutian experience of guarantees of the 
regional government. This recommendation is mostly applicable to Chukotka 
and Kamchatka, where there is the same dominant energy utility company 
RAO “ES Vostoka” as in Yakutia as well as the same status of region-recipient 
of funds from federal to regional levels. It is also necessary to point out to 
those regional governments and energy utilities should not keep off-grid 
renewable energy in a ‘shadow’ of large problems of ‘large’ regional energy. 

An additional recommendation for regional and federal governments as well 
as top Russian politicians is to ask very rich oil&gas, mining or metallurgy 
companies, working in Arctic to donate for installation of renewable energy 
units in off-grid settlements. These companies are primarily concerned 
with the development of traditional energy generation and energy grids in 
areas of their businesses. However there are positive examples. ‘Rosneft’ 
has funded a wind/solar unit for very remote ranger station of the National 
Park “Russian Arctic” at the cape Zhelaniya. Its daughter ‘Purneftegaz’ 
uses automatic wind/solar+diesel units on production sites. ‘Gazprom’ 
installed than 200 solar/wind energy sources for own gas-wells equipment 
and could expand experience.

Municipalities and local people should recognize positive role of 
NRES and support its development. Firstly, municipalities and people 
should understand that despite some negative experience, renewable 
energy technically can work out for them and lead to better living 
conditions (Gzenger et. al., 2016; Panin, Prokhorov, 2017). Currently 
many of them remain skeptical. Solar and wind energy positive examples 
should be promoted by experts, NGOs and media. Dependence on ‘north 
delivery’ should be smaller and energy supply will be better (e.g. 24 hours 
of electricity instead of 8-9 hours per day). Difference between ‘new-DPP’ 
and ‘new-DPP+wind/solar’ makes sense.

Secondly, from the economic point of view they should be confident that 
electricity tariff for local business could become 2-3 times as low, e.g. as it 
is in practice in four villages in Murmansk Oblast, if they agree that with 
regional authorities (household tariff will be the same and subsidized, 
while load for regional budgets may be smaller).

The anthropogenic origin of the climate problem and reduction of CO2 
emissions are still perceived by people and municipalities as something far 
from their everyday life. People’s opinion on global climate risks is still not 
a driving force for renewable energy. Gradually they have to realize that 
everybody is responsible for global climate. However many of them see that 
‘north delivery’ is becoming more complicate and risky due to warming, 
weaker ice on rivers and wetlands, melting of permafrost, instable river 
flow and shorter navigation period. Therefore even ‘skeptics’, who attribute 
these effects to long natural ‘cycles’, should insist on simplification of the 
fuel delivery by NRES units. 
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NGOs, including WWF could play a significant role in facilitation  
to off-grid NRES. 

● They should promote a positive vision on the problems and perspectives 
for renewables in Arctic, especially in Russia, where voice of sceptics is 
rather large.

● They are able carefully monitor the progress in development of renewables 
as a whole, and especially the operation of the pilot large wind/diesel units 
for extreme climate. 

● They could work with expert community on the federal and regional levels 
to advocate decisions on earmarked subsidies, tax privilidges, and other 
incentives to promote renewables in the Arctic regions.

● NGOs, including WWF also could work with large oil&gas and mining 
companies to impel them to get involved in renewable energy development 
in the Arctic regions, YaNAO and NAO in the first place.

● Many parts of the Russian Arctic are WWF’ priority ecoregions on 
biodiversity conservation and sustainable fisheries, and WWF could 
do a lot there. In particular, WWF could be a partner of constructive 
cooperation with regional authorities and energy utilities, above all with 
‘Rushydro’ and its daughter companies.



44 Renewable energy in off-grid settlements in the Russian Arctic

Berdin, V.Kh., Kokorin, A.O., Yulkin, G.M., Yulkin, M.A. Renewable energy in 
isolated settlements of the Russian Arctic. — WWF, Moscow. 2017. — 80 pp. 
www.wwf.ru. (in Russian)

CENEf. Low carbon solutions for isolated Russian regions with high energy 
expenses. Moscow Center for Energy Efficiency. Round table ‘Russian-
Britain dialogue on support of development of mechanisms for greenhouse 
gas emission regulation in Russia’, 17 March, 2017. (in Russian) 

‘Comprehensive program on social and economic development of Dolgano-
Nenetsky municipality (Taimyr) for 2011-2020’. 2011. (in Russian)

Decision of the RF Government. 28.05.2013. No. 449. ‘On mechanism of renewable 
energy sources use on bulk market of electric energy and capacity’. (in Russian)

Elistratov V.V. Renewable energy. – Third edition, supplemented. – St. 
Petersburg: Polytechnical University Publishing House. 2016. (in Russian)

‘Energy sector development program for Chukotsky autonomous district for 
2016-2020’. Resolution of Chukotsky autonomous district Government No. 
291, 29.06.2016. (in Russian)

Gzenger Sh., Elistratov V.V., Denisov R.S. Wind energy in Russia: perspectives, 
possibilities, and barriers. World Wind Energy Association (WWEA), St. 
Petersburg Polytechnic University, St. Petersburg, Russia. Proceedings of 
the REENCON–XXI Congress ‘Renewable energy XXI century’, Moscow, 
2016. (in Russian)

Information on activities and plans of the company ‘Energeticheskie systemy 
Vostoka’ on RES development. www.rao-esv.ru/map. www.rao-esv.ru/
activity/renewable-energy/solar-power. 2017. (in Russian)

Konovalova O. E., G. V. Nikiforova Small renewable energy in northwest Arctic. 
Proceedings of Kola Science Centre of the Russian Academy of Science. 
2016, issue 1 (energy issue 12). (in Russian)

Kuznetsov N.M., Minin V.A. Hybrid units with the use of RES in power supply 
to remote consumers in Murmansk region. Center for physical and technical 
problems of the North energy sector, Kolsky scientific center of the Russian 
Academy of Science, Apatity, Russia. Proceedings of the REENCON– XXI 
Congress ‘Renewable energy XXI century’, Moscow, 2016. (in Russian)

‘Layout and program for Kamchatsky Krai electricity sector development for 
2016-2020’. Decree of the Governor of Kamchatsky Krai No. 790, 14.07. 
2016. (in Russian)

‘Layout and program for the electricity sector perspective development in 
Yamalo-Nenetsky Autonomous District for 2017-2021’. 2016. (in Russian)

Minin V.A. Prospects for the implementation of renewable energy sources in 
fuel and energy balance of Murmansk. Proceedings of Kola Science Centre of 
the Russian Academy of Science. 2012, issue 1 (energy issue 5). (in Russian)

References



References           45

Murmanskaya Oblast renewable energy plants inventory. Bellona-Murmansk, 
Ministry of energy and municipal utility sector of the Murmanskaya Oblast, 
Murmansk, 2014. (in Russian)

 ‘On renewable energy sources in Sakha Republic (Yakutia)’. 2014. Law of the 
Sakha Republic (Yakutia) 27.11.2014. No 313-V docs.pravo.ru/document/
view/63401648/79531068 (in Russian)

‘On the approval of the investment strategy for Yamalo-Nenetsky Autonomous 
District to 2020’. Decree of the Governor of Yamalo-Nenetsky Autonomous 
District No. 203, 25.12. 2013. (in Russian)

‘On the concept of local heat supply development in the territory of 
Arkhangelskaya Oblast to 2030’. Decree of the Arkhangelskaya Oblast 
Government No. 382, 11.11. 2014.

Panin S.V., Prokhorov V.N. Arctic winds are its riches. The Arctic Herald. 
Information & Analytical Journal. No. 1(20)/2017. Pp. 108-115. (in English)

Popel O.S., Kiseleva S.V., Morgunova M.O., Gabderakhmanova T.S., Tarasenko 
A.B. Using renewable energy sources for energy supply to customers in the 
Arctic zone. Arktika: ekologia i ekonomika, No. 1 (17), 2015. (in Russian)

Proceedings of the State Commission for the Arctic Development meeting. 
International forum for technological development ‘Technoprom-2016’, 
Novosibirsk, June 9, 2016. arctic.gov.ru/News/875526f6-062e-e611-80cc-
e672fe4e8e4e?nodeId=0778abc6-cd4b-e511-825f-10604b797c23&page=1&
pageSize=10  (in Russian)

‘Project implementation schedule to switch Kamchatsky Krai’s energy sector 
to renewable energy sources to 2030 for the purpose of attaining the goal, 
as specified in the ‘Kamchatsky Krai energy sector development strategy 
to 2025’, of bringing down energy tariffs to the Russian average figures. 
‘Regional center for the energy sector development and energy efficiency’, 
AO “Geotherm”, 2016. (in Russian)

Renewable energy in Arkhangelskaya Oblast. Inventory of renewable energy-
fired plants in Arkhangelskaya Oblast. Bellona, Arkhangelsk regional youth 
environmental non-government organization (ETAS), Murmansk. 2015. (in 
Russian)

Residential electricity tariffs in Russia. 2016. www.energybase.ru/tariff/
electricity/2016  (in Russian)

Saneev B.G., Ivanova I.Yu., Tuguzova T.F. The use of renewable energy sources 
as a priority line for the enhancement of systems for energy supply to hard-
to-access territories in eastern regions. Melentiev Institute for energy 
systems, Siberian branch of the Russian Academy of Science, Irkutsk, 
Russia. Proceedings of the REENCON– XXI Congress ‘Renewable energy 
XXI century’, Moscow, 2016. (in Russian)

Smolentsev D.O. Development of the Arctic energy sector: problems and 
opportunities of small generation. Arktika: ekologia i ekonomika, No. 3 (7), 
2012. (in Russian)

WWF Arctic Program. 2017. Renewable Energy across the Arctic Final Report 
of  WWF and IISD. www.wwfcanada.org (in English) (in print)




	Broshura-VIE_Obl1-2_Eng
	Broshura-VIE_Text_ENG
	Broshura-VIE_Obl4_Eng

