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Abstract  
Russia is rich in mineral resources and fossil fuels. Resources are distributed 

disproportionately on the territory of Russia; hence some regions are strongly 

dependent on imported fuels. Furthermore, there are cases where there is no 

infrastructure for the delivery of natural gas, thus liquid oil is used as the main energy 

source. This has negative economic and environmental impacts – it causes a 

substantial amount of greenhouse gas emissions, associated with the actual burning 

of fossil fuels as well as with the transport of these fuels.  At the same time, the regions 

with little or no fossil fuels potentially have their own sources of energy; such as 

biomass, wind, solar, hydro and etc. Therefore, every region in Russia should be 

researched to identify the potential of the locally available renewable energy sources 

to decrease the dependence on the imported fuels; releasing some of the economic 

and environmental pressure. 

The selected region of Murmansk strongly depends on imported heavy oil for heat 

generation. Considering the harsh and cold climate of the region, where number of 

days require heating up to 350 days in some locations and on average for the region 

its 280 days, thus it is crucial to have sustainable heating system by decreasing the 

dependence on imported oil as a heating fuel. To explain precisely regional need in 

heating, the average heating degree days for Murmansk city (not the coldest location), 

and considering the outside temperature as 15,5 0C as minimum temperature after 

which the heating is required  the heating degree days indicator is 5676  HDD, 

accordingly,  (Degreedays, 2015).   

From the assessment made, it can be concluded that heating generation facilities 

based on biomass are not economically feasible in the absence of dedicated financial 

support. Overall, these can cover up to 7% of the total regional heating demand in 

2030.  For electricity demand the analysis shows that apart from hydropower and tidal 

all renewable energy sources reviewed in this thesis were found not to be 

economically feasible under current market and framework conditions. However, 

considering that Russia has implemented a law establishing investment grants for 

hydro, solar and wind energy in the electricity sector wind energy is feasible under the 

certain conditions.  

Russia has vast territory with various climate conditions and different types of energy 

sources. Some of these regions are rich with traditional fuels, while others are rich 

with biomass and/or wind energy. This abundance of natural resources calls for an 

analysis of the sources available in the different regions of Russia, as this would be 
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useful to optimize energy systems, which can potentially lead to better economical as 

well as social aspects and better life quality.	 	
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Introduction  
In Russia as of 2012, the estimate of the resources of oil and natural gas of Russia were more than 17.8 

bln tons and 164 trl m3 respectively. Traditional fossil fuels resources are mainly concentrated in regions 

such as West Siberia, Yamal, Caspian Sea and a few new areas such East Siberia and the Arctic. Other 

regions hold less fossil fuels resources, however these regions are potentially rich with other sources of 

renewable energy, which may have a high potential to be developed. For example, the north and coastal 

territories have high wind speeds, other areas like the southern part of East Siberia and Irkutsk city have 

high solar insolation level (i.e. more than 5 KW/m2/day). West Siberia, which is known as the capital of oil 

production in Russia, with its depleting oil resources, is rich with peat and biomass. The region of 

Kamchatka has geothermal energy potential and etc.  

Considering that the resources are distributed unequally in the territory of Russia, particularly traditional 

fossil fuels, some regions are heavily dependent on imported fuels. Hence, it could be beneficial from many 

aspects to analyze the availability and technical potential of different energy sources for each region, with 

the target of increasing the usage of locally available sources without concentrating solely on fossil fuels, 

and eventually developing and creating sustainable and efficient energy systems in those regions. The 

key benefits of developing such a system would be: economic benefits, as the cost of imported fuels can 

be a significant part of the regions’ budget, thus with the local sources developed, RGP will grow in mid to 

long term view. Socio-economic benefits, as the development of renewable energy sources will introduce 

new jobs to the region. Moreover, the better the regions are developed, in terms of the efficiency of the 

energy systems and the usage of local renewable energy sources, the bigger the portion of produced 

oil/gas can be exported.  

The Murmansk region was selected due to its strategic location, in regards to the Arctic (which is significant 

due to the expected development of the oil and gas fields located there); as well as the expected 

decommissioning of the nuclear station in that region (which may create an energy deficit). Moreover, due 

to climatic conditions, the region requires heating almost all year around. The selected region is rich with 

different types of minerals. There are over 60 large deposits of various raw minerals. These minerals 

include apatite, nepheline and cyanate ores and other rare metals. There are natural gas fields discovered 

on the Barents Sea offshore, however due to complex conditions and the presence of cheaper natural gas, 

these fields are not economically feasible for development yet and it is not foreseen to be so up to 2030, 

particularly in the case of the well-known Shtokman field. Thus, natural gas cannot be considered as a 

feasible locally available energy source, for the purpose of this thesis, up to 2030. 

In regards of electricity, the area is currently saturated due to the nuclear power station there, however the 

station is scheduled to be decommissioned gradually starting from 2018, undoubtedly creating an 

electricity deficit. As for heating, the region is currently heavily dependent on imported fuels; with most of 

the heating generating facilities not making profit and relying on government subsidies to maintain a certain 

tariff level.  
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It is necessary to mention that the estimation of the amount of locally available sources are based on 

different references (no first-hand empirical investigations were done). Along with the aforementioned 

references, the region’s characteristics (landscape) is also considered in the estimation of the amount of 

locally available sources. For the technical potential, commercially available and mature technologies were 

selected. Calculations are done separately for electricity and heating. The main challenge was in 

identification of the economical feasibility, which is crucial for facility construction and operation. For 

economical feasibility, Long Run Marginal Cost (LRMC) was used as an indicator together with Net Present 

Value (NPV); both calculated for each source separately.  

Based on the findings of this report, it was concluded that all heating generation facilities based on several 

types of the biomass are not economically feasible; thought altogether, these facilities can cover up to 7% 

of total regional heat demand of Murmansk region in 2030.   

In the case of electricity, forest residuals, wind, hydro and tidal are economically feasible based on the 

findings (wind in case if premium payment subsidies will be applied).  Tidal, hydro and forest residuals 

together, can cover almost 10% of Murmansk region electricity demand in 2030. Wind as an energy source, 

can cover more than 100% of the regional demand itself (with potential generation 83 TWh/y), however 

the winds farms has to become operational by 2020 in order to receive financial support as currently 

granted by the government.  

To conclude, precise analyses of locally available energy sources in each region of Russia would be 

beneficial for many reasons; including economical and environmental ones. Each region should focus on 

its local sources of energy, including renewable, in order to increase energy security of Russia. 
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1.  Method of approach 
The main objective of this thesis is to examine the technical possibility and economical feasibility 

of constructing of heating and electricity generating facilities using locally available renewable 

energy sources. In order to verify if the locally available energy sources are economically feasible 

it is necessary to understand, first of all the technical potential of the energy source in the region 

(for both electricity and heating generation).  Secondly, to estimate the cost of the construction 

of such a facility and cost of the potential output.  

After brief examination of the available sources, it was decided to use data issued by the Ministry 

of Energy (MOE) of Russia for consumption/generation forecasts and cost projection 

estimations. For the data related to the costs of the generating facilities construction and any 

other such associated costs, IRENA’s and IEA’s various reports and researches were selected 

as the most reliable.  

The analytical work in this thesis is presented in the subsequent chapters. The following chapter 

2 (Murmansk region general description) is concerned with clarifying the current energy situation 

in the Murmansk region; including, electricity and heat generation as well as projection (up to 

2030) and energy mix. The projection will be based on the data from  (MOE of Russian 

Federation, Agency of energy balances forecasting, 2011). For the electricity projection, the 

effects of the decommissioning of the nuclear power stations will be considered, which will 

undoubtedly lead a deficit of electricity in the region. As for the heating, keeping in mind further 

regional development is expected (due to the aforementioned Arctic development), depending 

largely on imported heavy oil puts the region at a low energy security level.  

For the economical assessment it is critical to estimate the projected tariffs of electricity and 

heating in the region.  Murmansk is the part of the wholesale electricity trading zone, with 

regulated tariffs for the electricity. In case of heating, generating facilities usually supply the heat 

directly to the end user via transmitting lines, however the sales price to the end user is regulated 

by the Government, and in the majority of cases in the Murmansk region, heat generating 

facilities are not profitable. 

The chapter number 4 (Locally available energy sources) is devoted to the evaluation of locally 

available renewable energy sources from the technical prospective.  Besides the various energy 

sources available in the Murmansk region; the offshore of Barents sea is rich with fossil fuels 

such as natural gas, however due to numerous reasons from technical to political the production 

of these fields may not start before 2030, thus natural gas cannot be  considered in the 

calculations as a currently viable locally available energy source, even though natural gas in the 

Murmansk region is a good alternative to some existing energy source used in the current energy 

mix. Additionally, it is necessary to mention that different lists of the energy sources for heating 

and for electricity generation are selected. Firstly, for electricity generation, the energy sources 
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are wind, solar, hydropower, tidal, and biomass (of different types; Timber, peat, and MSW).  

Secondly, for heat generation, the list of the sources is: Biomass of all types. Each energy source 

has to be considered separately, and the methodology for estimating potential of each is different; 

still, the general idea is to estimate the potential amount of the energy source, and to calculate 

its max technical potential using existing technologies. 

To understand the potential and availability of some sources in the region different information 

sources were used, most of which are in reports and scientific articles from local scientific 

institutes such as the “Kola science center” branch of Russian Academy of Science. For every 

energy source the approach is unique, however the similarity is that no empirical researched 

done, and analyses is based on the second hand or secondary available information. The result 

of the chapter is technical potential output for both electricity and heat generation from locally 

available renewable energy sources and its potential role in regional energy mix.  

Chapter 5 is the economical assessment of the heating and electricity generating projects. 

Considering derived costs, the recommendations on the generating facilities construction will be 

given, as well as the potential share of renewable energy sources in the existing energy mix of 

the Murmansk region in 2030. One way (the most common), for generating a project’s 

economical feasibility, is to measure the LRMC (long Run Marginal Cost); Another financial 

indicator should be considered as well; particularly the NPV (Net present value). In case the NPV 

is negative for a project, that project will not be considered as economically feasible from today's 

perspective in the absence of dedicated support. 

To calculate the LRMC, some additional information is required, such as the CAPEX and O&M 

costs of the facilities. In addition, it is necessary to consider some other contributors to the 

generation costs, such as infrastructure costs (e.g. in areas that require road development); This 

chapter’s results are the costs of the generated electricity and heating from the potential facilities 

which will be based on the locally available renewable energy sources.  

Taking into consideration the results on potentials and costs of locally available energy sources, 

conclusions are drawn and recommendations are provided in regards of energy sources 

projected usage. The environmental impact of switching to renewable energy sources or adding 

renewable sources to the energy mix will not be calculated (because it is out of the scope of this 

paper); these impacts are significant, as it may further encourage the use these sources. That 

being said, 80% of heating is generated from imported heavy oil today in the Murmansk region; 

with the pollutants associated with the transportation of the oil as well as the burning of oil for 

heating generation.  
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2. Murmansk region description 
2.1 General 

The Murmansk region is part of the North-West Federal district of Russia. The total area of the 

region is 144.9 Th km2, or equivalently 0.86% of Russia. The targeted area is located on the Kola 

Peninsula and is surrounded by the Barents Sea and White Sea; the total coastal area is approx. 

2 Th km2. The Murmansk region borders with Finland on the west and with Norway on the North 

West. The location of the region is shown in Figure 1.   

Figure 1 Murmansk region on the map of Russia 

 
Source: (prowton, 2012) 

The Murmansk region consists of 16 districts and other populated areas (such as rural areas), 

see Figure 2.  

Figure 2 Districts of Murmansk region 

 
Source: own assessment based on (Goverment of Murmansk region, 2013) 
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The region is highly urbanized; with more than 90% of the total population living in cities. Climate 

in the region varies and due to the northern location, the average number of days requiring 

heating is on average 280 days per year. There is polar night in the region, which is from the 

beginning of December to the middle of January, and polar day, which starts from the end of May 

to the middle of July.  

2.2 Economic development of the region 

Historically, the main source of income in the region has been mining of various minerals. In 

2013, income coming from minerals extraction in Murmansk region was around 17% of total RGP 

(Regional Gross Profit) (Federal Statistical Agency, 2015). Around 60 fields are currently under 

exploration in the region. Besides metal and ore minerals, the region is relatively rich fossil fuels, 

including gas and gas condensate. Discovered fields are located on the Barents Sea offshore 

mainly, such as the well-known Shtokman field. Currently, available gas resources are not 

economically feasible for production due to offshore location and complex infrastructure required 

to start the production, particularly LNG plant.   

The Murmansk region has well developed logistic infrastructure, however mostly between the 

biggest populated areas. There are two major and five small airports, most of which are located 

in the coastal areas of the region, to ensure year around access to the areas. A map of the 

transportation system is shown below, in Figure 3.  

Figure 3 Map of transportation system in Murmansk region 

 
Source: (Minin V. A., Economical Aspects of small scale renewable energy development in 

remote locations, 2011)  
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2.3 Population and birth rate in the region: 

Population level in the Murmansk region as of 2013 was 780.4 Th. inhabitants, with population 

density being 5.4 inhabitants per km2. In the region, there are more than 104 areas where the 

population is not more than 1000 people and in some cases not more than 100 people. The level 

of population heavily depends on the economical situation and in the 1990s, after the USSR 

collapsed, the region lost 30% of its population in a few years. In 2012, for the first time since 

1990, birth rate offsetting death rate was recorded, shown below in Figure 4. 

Figure 4 Population, death/birth rate in Murmansk region 

 
Source: (Goverment of Murmansk region, 2013) 

Comments: red line- death rate (per 1000 inhabitants), green line- birth rate (per 1000 

inhabitants). Blue chart-number of inhabitants in the region 

2.4 Future development of the region: 

The Murmansk region is considered to be a future gate to the Arctic development for Russia; 

(Ministry of transportation of Murmansk region, 2011) including fossil fuels production. Currently, 

Murmansk port is the main port for “Prirazlomnoe” field exploration. Although, Intensive extraction 

of mineral resources has already created environmental issues, considering sensitive ecosystem 

of the Arctic.  

  

трудовых ресурсов, препятствуя  развитию  целого  ряда  отраслей  регионального  хозяйства.  При  этом
инфраструктурные  инвестиции  требуют  большого  объема   средств   и   не   дают   быстрого   возврата
вложенного   капитала.   Нарастание   темпов   старения   обеспечивающих   и    обслуживающих    видов
хозяйственной    деятельности    (гидрометеорология,     навигационно-гидрографическое     обеспечение
мореплавания), шлейфовых и  смежных  производств,  разобщенность  систем  контроля  и  обеспечения
обуславливают неразвитость соответствующих элементов сервисной экономики и сферы услуг в целом.

Необходимость  реализации Указов при  отсутствии  дополнительных  источников  роста  доходов
бюджета ведет к росту внешних заимствований и увеличению государственного внутреннего долга.

При  этом  Мурманская  область  показывает  высокие  темпы  роста  доходов  консолидированного
бюджета,  которые  преимущественно  покрывают   расходные   обязательства.   Ежегодно   повышаются
объемы поступлений налогов, сборов и иных обязательных платежей в бюджетную систему  России,  а  с
2006  года  сокращается  задолженность  по  налогам  и  сборам.  Это  происходит  на  фоне   оживления
инвестиционных процессов в области, которые показывают существенный, но нестабильный рост.

Изменения объема  инвестиций  в  основной  капитал  носят  волнообразный  характер  в  связи  со
значительной долей в структуре показателя вложений вертикально интегрированных компаний,  а  также
высокой  степенью  зависимости  от  регулярности  инвестирования  средств  федерального  бюджета   в
расположенные на территории региона объекты федеральной собственности.

В социальной сфере последствия экономических трансформаций сказались в  первую  очередь  на
основных демографических трендах. За 22 года область потеряла более  трети  постоянного  населения,
при  этом  наиболее  тяжелыми  стали  1990-е,  характеризующиеся  существенным  оттоком  населения,
ростом смертности населения и падением рождаемости. Только в последнее время  наметились  первые
признаки  стабилизации  в  процессах  естественного  движения  населения  -   в   2011   году   сложились
одинаковые  коэффициенты  рождаемости  и  смертности,  а  в  2012  году  зафиксирован   естественный
прирост населения (рис. N 7).

Рисунок N 7. Основные демографические характеристики

Продолжается   отток   молодого   трудоспособного   населения   в   другие    регионы    Российской
Федерации,  обусловленный  в  том  числе  снижением  разницы  между  размером  средней   заработной
платы в северных регионах и остальной частью  страны,  что  на  фоне  суровых  климатических  условий
существенно снизило мотивацию людей  к  работе  в  Заполярье.  При  этом  приток  квалифицированной
рабочей силы в область остается крайне незначительным. Начиная с 2009 года, динамика миграционной
убыли населения в области показывает ухудшение показателей (10,1 чел. на 1000 жителей  в  2012  году
против 6 чел. в 2009 году).

К   числу   положительных   демографических   тенденций   следует   отнести   сокращение   уровня
младенческой смертности, который в настоящее время ниже средних по России показателей.
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3. Current energy system in the 
Murmansk region 

3.1 Energy distribution system in Russia 

3.1.1 Electricity  
There are two main electricity trading systems in Russia (Ministry of energy of RF, 2010). 

Wholesale market and retail market. Wholesale market designated for a large scale generators 

and mainly major consumers, particularly trading companies, which sell and supply electricity 

further on to the end users. At the moment wholesale market divided into several independent 

parts (or regions): where tariffs are regulated and non regulated respectively. Wholesale market 

in regulated areas is a well developed competitive market with a high number of electricity 

suppliers.  In contrast to the regulated part of the wholesale market, the trading system for non 

regulated market is on the process of developing, and not properly settled yet. And retail 

electricity market consists of the isolated energy systems.  

In Figure 6 below, the following zones of electricity system are presented: Zones 1 and 2- 

wholesale market with regulated tariffs, Zones 3 and 4- wholesale market with non regulated 

tariffs, and zone 5- retail market. The Murmansk region is a part of wholesale market with 

regulated tariffs, zone 1 as in the Figure 5 below. 

  Figure 5 Electricity trading zones 

 
Source: (Encost, 2014)  
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The wholesale market’s functionality is represented in Figure 6, below. To understand the 

economical efficiency of potential renewable energy usage in the Murmansk region, the tariffs, 

given by NGO «Market consul» will be used as the main baseline for comparison with the cost 

of the energy generation (electricity and heating) from newly constructed facilities, based on the 

renewable energy sources, available in the Murmansk region.  

Figure 6 Wholesale electricity trading system 

 
Source: Own assessment 

Additionally, there is a geographical division of the energy systems of Russia as presented in 

Figure 7. The Murmansk region is part of the “North West” energy system.   

Figure 7 Map of energy systems of Russia (light blue is North West energy system) 

 
Source: (System Operator of the Unified Power System, 2015) 
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3.1.2 Heating: 
Trading system for heating is conventional: direct heat trading from generating facilities to the 

end user via the utilities companies. Heating generation cost heavily depends on the cost of fuel, 

according to some sources for around 50%.  

3.2 Energy in Murmansk region 

Major source for the electricity generation in the region is nuclear power station. The main source 

for heating in the Murmansk region is heavy oil (heating oil). Electricity and heat generation 

facilities (the bigger ones) in Murmansk region are presented on the map below, see Figure 8. 

Figure 8 Heat and electricity generating facilities of Murmansk region 

 
Source: (TGC-1 JSC, 2015) 

Energy generating and transporting system in Murmansk region is well worn out, which  leads to 

lower efficiency higher losses. The conditions of the energy system are hindering development 

and creating a risk of energy security in the Murmansk region.   

3.3 Electricity generation in the Murmansk region 

3.3.1 Electricity system in the region 
The Murmansk region is highly urbanized and the majority of the electricity distribution is 

centralized, see below in Figure 9 (electricity grids map). Electricity coming from the diesel 

generators, devoted to the remotely locate consumers is minor and around 1% out of total 

electricity consumption (Goverment of Murmansk region , 2009). For all further calculations in 
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this thesis, centrally distributed electricity will be considered as 99% of total consumption in the 

Murmansk region and the one of the remote and isolated areas (areas disconnected from the 

central electricity distribution system) is around 1%; the latter will not be considered in the report 

as it requires a separate extensive research.  

Figure 9 Electricity transmission lines in Murmansk region 

 
Source: (Goverment of Murmansk region , 2009) 

3.3.2 Electricity generation in the region 
Generated electricity in the Murmansk region is mainly coming from the nuclear station (around 

60%), the second important energy source is hydro, with the chain of the hydropower stations 

(around 37%). 3% Energy sources, apart from hydro and nuclear some small scale projects; 

such as the tidal generation facility and waste to energy plant (Goverment of Murmansk region , 

2009). Currently the region is electricity abundant, due to the nuclear power station. 

3.3.3 Electricity generation forecast 
As electricity consumption usually depends on the economic development of the region, the 

Increase in is projected by (MOE of Russian Federation, Agency of energy balances forecasting, 

2011). This is due to expected Arctic development and plans of Government of Russia to 

transform the Murmansk region into a transportation hub to ensure access to new areas of 

development in the Arctic (Ministry of transportation of Murmansk region, 2011). According to 

the report, the electricity consumption is projected to reach a level of 20.79 TWh/year by 2030. 

To understand the required level of the generation for the period up to 2030, it is necessary to 

add up expected losses.  In the Table 1, below, the data on the historical losses devoted to 

electricity transmission is presented. As of 2007, the level reached 4.8%, this % will be used to 
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project required generation of electricity. Electricity generation projection by 2030 is presented 

below in Figure 10. 

Table 1 Electricity losses during transmission 

 
Source: (Goverment of Murmansk region , 2009) 

Figure 10 Electricity generation forecast, up to 2030 
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Source: Own assessment based on (MOE of Russian Federation, Agency of energy balances 

forecasting, 2011)  

3.3.3.1 Electricity generation in the Murmansk region by fuels 

Shares of the sources for electricity generation as of 2007 are allocated as following: the major 

part (around 60%) is coming from the nuclear power station; second biggest share (around 40%) 

is from Hydro electricity stations.  

Currently the Murmansk region is electricity abundant, due to the electricity coming from nuclear 

power station. The nuclear power plant in the Murmansk region is one of the oldest in Russia 

and needs to be upgraded or closed due to the wear and tear of the equipment. There is a project 

for stage decommissioning of nuclear reactors, starting from 2018. And by 2030 all nuclear 

reactors will be closed (decommissioned). In Table 2 below, the nuclear reactors 

decommissioning schedule is presented.  
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Table 2 Nuclear reactor decommissioning schedule 

 
Source: (MOE of Russian Federation, Agency of energy balances forecasting, 2011) 

Still, the active debates is ongoing, in regards of the reactors discharging (RIO news, 2015), due 

to regional electricity demand and high risk of the potential deficit (as no alternative developed 

yet). However, for the report the decommissioning as it is scheduled will be considered as a basic 

scenario.  

To anticipate the percentages of energy sources in the regional energy mix for electricity by 2030, 

the following approached applied: Role of Hydro power and others will be considered on the 

same level up to 2030, however the share of nuclear power will be decreased gradually in 

accordance with the schedule. The below Figure 11, shows electricity generation forecast for the 

region up to 2030; the red area is the potential deficit of the electricity generation in the Murmansk 

region (in case only the current generation facilities are considered and the nuclear power station 

reactors will be gradually decommissioned as planned).  

Figure 11 Electricity generation forecast open by the energy source, TWh/year 
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Source: Own assessment 

3.3.4 Electricity cost forecast 

The aim of the thesis is to evaluate the feasibility of the locally available energy sources usage, 

thus, it is critical to understand the current tariffs and to estimate the potential cost of electricity 
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generated from local renewable energy sources. As a benchmark for electricity cost, the available 

forecast of wholesale tariffs, prepared by the (MOE of Russian Federation, Agency of energy 

balances forecasting, 2011) will be used. It is assumed, the projection is prepared in nominal 

terms. The mentioned cost projection is given for “North West Energy system” and Murmansk 

region is a part of it Figure 8.  In the report prepared by MOE (MOE of Russian Federation, 

Agency of energy balances forecasting, 2011). Tariffs are presented in rubles (Russian 

currency), however, as US$ being used in the feasibility study (as globally understandable 

currency), the provided tariffs have been converted to US$, with the exchange rate as of 2011 

(28 RUB/US$), in accordance with (Central Bank of Russia, 2011). Thus, the below mentioned 

tariffs in Figure 12 will be used for feasibility evaluation of the electricity generating projects based 

on the renewable energy sources.  

Figure 12 Electricity wholesale tariffs by 2030 in US$/MWh 

 
Source: Own assessment based on (MOE of Russian Federation, Agency of energy balances 

forecasting, 2011).  

3.3.5 Conclusion:  
As aforesaid, Murmansk region is electricity abundant currently, with the partially operative 

nuclear power station; However, starting from 2018, after the decommissioning launching, the 

Murmansk region may face an electricity deficit if no actions taken before. Below in Figure 13, 

the actual electricity generation by fuel.  
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Figure 13 Electricity generation as of 2007, open by energy source 
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Source: (Goverment of Murmansk region , 2009) 

Since the year of 2018 (start of the scheduled nuclear reactors decommissioning) the Murmansk 

region may face the electricity deficit and with gradual decommissioning of the nuclear reactors, 

by 2030, electricity deficit may reach 60% (current share of nuclear power). 
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3.4 Heating  

3.4.1 Heating system in region  
Cold climate of the selected region of Murmansk, creates excessive heating demand. Heating 

season in the Murmansk region is 280 days (or nine months), average temperature during the 

winter months is -10 degrees cesium (MOE of Russia, Housing and utilities department of 

Murmansk region, 2011). Below in Figure 14, the number of the days require heating, in 

Murmansk region, is presented (from red- the highest number 295 days, to yellow- the lowest 

275 days). District heating system, in the selected region of Murmansk, means, the disctribution 

of the generated heat via transmission lines to a number of consumers. Around  98% of the total 

consumers in the region are using a district heating system (MOE of Russia, Housing and utilities 

department of Murmansk region, 2011).  

It is stated (MOE of Russia, Housing and utilities department of Murmansk region, 2011) that 

heating transportation infrastructure in the region is well worn out, in some cases reaching 80% 

and this has led to high losses and inefficiency. In 2011 installed capacity of heat generation 

stations was 8329 MW and the annual production 13,7 TWh/y. Heating season length in different 

districts of Murmansk region 

Figure 14 Heating season length in different districts of Murmansk region 

 
Source: (Blinov, 2007) 

3.4.2 Heat generation in the region 
73% of total supplied heat is coming from generating facilities (43 units), concentrated in 6 major 

cities (Murmansk, Apatiti, Kirovsk, Monchegorsk, Kovdor, Severomorsk) (Minin V. , 2012). The 
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last 27% is coming from the facilities located in the small populated areas, shown below in Table 

3. 

Table 3 Heat generation open by locations (2010) 

Group Name Heat supply 
[TWh]

Cities Murmansk 3,74

Apatiti 1,49

Monchegorsk 1,50

Kirovsk 1,24

Kovdor 0,96

Severomorsk 1,04

Populated areas Olenegorsk 0,78

Polar Zori 0,34

Alexandrovsk 0,70

Vidyevo 0,08

Municipal districts Kolskyi 0,51

Pechengskiy 0,78

Kandalakshskii 0,30

Levozerskiy 0,15

Terskiy 0,07

Total Murmansk Region 13,70

73,6%

12,1%

14,3%

 
Source: (Minin V. , 2012) 

3.4.3 Heat generation forecast 
There is no available data on the heat generation forecast for the Murmansk region particularly.  

In order to  assess the required level of heat generation by 2030, the projection for “North West” 

energy system was used, which the Murmansk region is the part of. In accordance with (MOE of 

Russian Federation, Agency of energy balances forecasting, 2011) required heating generation 

will rise up annually by 0.61%. Using the aforementioned approach, the level of required 

generation of 2011 (13,7 TWh/y) will be extrapolated by 0.61% yearly up to 2030. Heat 

generation projection for different energy systems of Russia are presented below in Table 4 and 

forecast for the Murmansk region particularly, is displayed below in Figure 15.  

Table 4 Heat generation projection for the energy systems of Russia 

TWh % Y-Y	increase,	
%

North	West	 87 90 93 97 98 11,3 11.5% 0,61

Center	 161 161 163 167 170 9,2 5.4% 0,28

Mid	Volga 109 114 118 121 122 12,9 10.6% 0,56

South	 28 33 34 37 41 13,2 32.3% 1,96

Ural 174 181 183 190 190 16,6 8.7% 0,46

Integrated	power	
systems,	TWh 2010 2015 2020 2025 2030

Increase	in	2030	vs	2010	

 
Source: (MOE of Russian Federation, Agency of energy balances forecasting, 2011)  



Master Thesis 
MSc Program 
Renewable Energy in Central & Eastern Europe 

-- 18-- 

Figure 15 Heat generation actual/projection  
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Source: Own assessment, based on Source: (MOE of Russian Federation, Agency of energy 

balances forecasting, 2011)  

3.4.3.1  Heat generation by fuel 

In Murmansk region, as of 2010, the main energy  source for  heat generation (up to 82%) was 

heating oil (MOE of Russia, Housing and utilities department of Murmansk region, 2011). Coal 

had a share of 12% out of total generated heating, and electricity took 6%, see Figure 16.  

Figure 16 Heat generation by fuel, 2010 

82%

12%

6%
Heat	generation	by	source,	2010

Heavy	oil	 Coal	 Electricty	
 

Source: (MOE of Russia, Housing and utilities department of Murmansk region, 2011) 

By 2020, the regional government has a target to increase the role of the coal in the energy mix 

of heat generation, and increase the role of biomass in the same (without specifying the type of 
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biomass). Additionally, 10% of the heat is projected to come from natural gas; as mentioned 

below in Table 5. 

Table 5 Main sources of the heating 

Energy	source	for	heating	
generation	

2010	(%,	
actual)	

2020		(%,	
forecasted)	

Heavy	Oil	 82% 54%
Coal	 12% 31%
Others	(including	diesel)	 0.3% 0%
Biomass	(raw	wood	and	other) 0% 1%
Electricity	 6% 4%
Natural	Gas	 0% 10%
Total	 100% 100%  
Source: (Kolcov E, 2010), (MOE of Russia, Housing and utilities department of Murmansk region, 

2011) 

3.4.4 Heat generation tariffs  
As stated before, around 80% of generated heat iin the Murmansk region comes from 

burning of imported heavy oil (heating oil). That potentially leads to higher cost of heat generation 

in the Murmansk region; additionally, the outworn infrastructure and poor isolation level of houses 

(MOE of Russia, Housing and utilities department of Murmansk region, 2011) altogether create 

higher consumption and inefficiency of heating system in general. 

Information on the actual cost of heat generation in the Murmansk region is very limited, as for 

the actual cost as well as for projected once. The heating sales prices (prices for end users) is 

available at the same time. Heating rates for end users in the Murmansk region, set by the 

«Murmansk region tariffication department» (Murmansk Region tariffication department, 2015), 

and they have to be within the range, which suggested by the government of Russia and 

reviewed annually.  In order to estimate the cost of the heating the assumption has been made, 

that generation cost itself (heating tariff) is around 30-35% out of the heating sales price and the 

other 65-70% of the heating price is devoted to cover losses and to transport generated heat.  

Normally 40-50% of heat generation cost is devoted to the feedstock cost and in Murmansk 

region particularly the share of the feedstock in heating cost structure is reaching 56% (MOE of 

Russia, Housing and utilities department of Murmansk region, 2011). Heavy oil price is 

connected to the prices oil export and additionally logistical expenses (to transportation fuel from 

region to region) altogether are increasing the cost of the heating generation. Heating cost 

projection by 2030, will be based on the heavy oil costs increase forecast, which is provided 

particularly for the Murmansk region, see Table 6.  
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Table 6 Heavy oil cost projection including logistic 

 

Source: (MOE of Russian Federation, Agency of energy balances forecasting, 2011)  

In the given forecast for heating oil cost is growing steadily up to 2030, the % of yearly heavy oil 

cost increase will be used as an index to forecast heating generation tariffs, results presented in 

Figure 17. 

Figure 17 Heat generation by fuel, 2010 

 
Source: Own assessment   

3.4.5 Conclusion: 
Despite the fact that the district heating supply system is well developed in the region, there are 

some issues which are causing inefficiency and increasing the cost of heating generation. The 

issues are as follows: the outworn heat heat transmitting infrastructure, technically outdated heat 

generation facilities, the lack of the heating consumption measurement system, poor housing 

isolation and long winter period, which increases the heat demand. 

The government has targeted increasing the role of natural gas for heat generation by 10%, 

expanding the share of heat generated on coal (up to 31% by 2020, from 12% in 2010). 

Consequently, the share of the heat coming from heavy oil projected to decrease (from 82% in 

2010 to 54% by 2030).  As mentioned above, in 2020, 10% of the generated heat of the region 

is projected to come from the natural gas, however gas production is not foreseen to start earlier 

than 2030. Consequently 10% of heating generation in 2020 can be a potential deficit. In Figure 

18 and Figure 19, actual and forecasted heating generation by energy source are presented.   
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Figure 18 Energy mix for heating (actual 2010) 
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Source: (MOE of Russia, Housing and utilities department of Murmansk region, 2011) 

Figure 19 Energy mix for heating (projection for 2020) 

 
Source: (Kolcov E, 2010) 
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4.  Locally available energy sources 
The target of this chapter is to estimate the raw potential of various energy sources which are 

locally available, and to calculate the technical potential accordingly; for both electricity and heat 

generation. A list of naturally occurring energy sources targeted for further analyses in this report 

is shown below in Table 7. Out of this, peat as an energy source, which is so called semi-

renewable; peat lands has a very slow restorative ability (1 mm per year) (Northern Ireland 

Environment Link , 2011). Improper harvesting is affecting the sensitive eco system of the 

swamps, and they can loose the recovering capability. Harvesting has to be well controlled 

process, avoiding overproduction. However, considering the vast usage of imported heavy oil in 

the region (around 80% of totally generated heat is coming from the heavy oil), peat will be 

considered as a locally available energy source, thought semi renewable.  

Out of the scope some energy sources are self limiting (limited volume per year), like biomass 

(in all its types), and some other energy sources needs to be additionally limited (for example 

available land for PV field construction). In such cases (PV, wind) the geographical limitations 

will be applied in order to estimate potential of the energy source in the region. The main 

geographical limitations are listed below in Figure 20. 

Figure 20 Geographical limitations for wind and solar energy 

 
Source: Own assessment   

Table 7 Targeted energy sources are selected as below: 

Energy	source Electricity	 Heating	

Forest	residuals	 [FR] ✔ ️ ✔ ️

Peat	briquettes [PB] ✔ ️ ✔ ️

Municipal	solid	waste [MSW] ✔ ️ ✔ ️

Wund [WE] ✔ ️

Solar	 [SE] ✔ ️

Hydro [HD] ✔ ️

Tidal [TD] ✔ ️  
Source: Own assessment   

The technical potential will be calculated based on the well know and commercially available 

technologies.  
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4.1 Natural Gas: 

4.1.1 Availability in the region as a primary source of energy 
The targeted region of Murmansk is rich with fossil fuels, oil and gas fields are mainly located on 

the offshore of the Barents Sea; currently, 12 fields are discovered. Initially, the production start 

was scheduled for 2025. However, the  further development remains uncertain under market 

conditions. The estimated extractable gas resources are 3.8 trl cm. The expected annual 

production from the Shtokman field is 20 bln cm/year. Still any further development requires 

massive investments, including infrastructure construction (such as LNG plant). Thus, natural 

gas is not included in the list of the locally available energy sources, as most probable production 

wont start earlier 2030.  

4.2 Biomass 

For the analyses further ahead, the main groups of biomass, which will be reviewed in thesis are 

as follows: Forest residuals, Peat briquettes, and Municipal waste. For each type of renewable 

source, the availability per year will be estimated as well as the theoretical maximum of electricity 

and heating generation.  

4.2.1 Forest residuals availability as a primary energy source in the Murmansk 
region 

In the selected region of Murmansk there are three forest economic regions. They are: Central, 

Western and Eastern, as presented below, Figure 21.  
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Figure 21  Map of the Murmansk region with forest economic zones indicated 

 

Source: (Forestry committee, 2008).  

In Figure 21, green zone is Western forest economic region, pink is Eastern and yellow is Central 

respectively. Below in the Table 8, the main characteristics of each zone are presented 

Table 8 Forest economic zones highlights  

Zone
Forest	volume,		Mln	

cm
Out	of	total		

%

Western	 113,1 50%

Eastern	 88,7 39%

Central	 24,5 11%   
Source: (Forestry committee, 2008) 

It is stated in the Murmansk regions’ “Forest plan” (Forestry committee, 2008),  as of 2008 the 

total forest area available for commercial usage  was 94 Th km2. The majority of the forests in 

the Murmansk area are under protection, particularly 64.8%. And any commercial activity, 

including timber Harvesting, is restricted in that area.  
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Table 9 Total forests area and volume by the Designation  

 

Source: (Forestry committee, 2008) 

Wood processing industry is not well developed in the selected region of Murmansk. Two main 

products generated in region are: round timber and sawn wood.  (Forestry committee, 2008). For 

this thesis only harvested timber residuals will be reviewed as a primary source of energy. Data 

of the actual harvesting volumes in the Murmansk region, (in the Table 10 below) is available 

from the Federal statistical Agency of Russia  (Federal Statistical Agency, 2015).  

Table 10 Forest harvesting in Murmansk region (actual data) 

Harvested	timber	[Th	m3] 2009 2010 2011 2012 2013 2014

Murmansk	region	 84,64 94,3 126,9 117,22 100,02 126,08
 

Source: (Federal Statistical Agency, 2015) 

Level of forest production is projected to increase till the level of 154 Th m3 by 2018 (Forestry 

committee, 2008).  The harvested volume will be extrapolated by the same % and under this 

approach the level of the harvested forest will reach the volume of 173 Th m3 by 2020 and 310 

173 Th m3 by 2030, see below Table 11. 

Table 11 Timber volume projection for Murmansk region 

Harvested	timber	projection		[Th	
m3]

2015 2020 2025 2030

Murmansk	region	 134 173 232 310
 

Source: Own assessment based on  (Federal Statistical Agency, 2015) 

With the given spruce specific density, as 500 kg/m3 (Engineering tool box, 2010) available 

tonnage of the harvested forest is 150 Th ton in 2030, and out of that suitable residuals for further 

review are estimated as 30% of totally harvested forest or 45 Th ton.   
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4.2.1.1 Forest residuals technical potential of electricity generation 

For  forest residuals and peat briquettes conversion to energy (electricity and heating), the direct 

combustion was selected as a well developed and mature technology for electricity generation; 

as is shown below in Figure 22. 

Figure 22 Learning curve for direct combustion 

 
(IRENA, 2012) 

The average global efficiency of fossil-fuelled power generation has remained stagnant for 

decades at 35% to 37%.   (International Energy Agency (IEA), 2011).	The level of 35% will be 

used for electricity generation calculations. 

Forest residuals moisture content will be taken as 50%, as residuals are not specially treated 

before the usage, apart collection and drying naturally. In accordance with (FOOD AND 

AGRICULTURE ORGANIZATION OF THE UNITED NATIONS, 1990), the energy content for 

wood with different moisture levels are as shown below in Table 12.  

Table 12 Energy content for wood with different moisture level: 

 
Source: (FOOD AND AGRICULTURE ORGANIZATION OF THE UNITED NATIONS, 1990) 
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For further calculations the 6,7 MJ/kg will be considered, which is equivalent to 2,38 KWh/kg.  

Capacity factor for wood waste burning will be taken accordingly (IRENA, 2014); Results of the 

calculations are presented below in Table 13. 

Table 13 Theoretical electricity generation from forest residuals 

  
Source: Own assessment   

The totally available volume of timber is 45 Th ton/y.  A 20 MW plant, can generate up to 0.055 

TWh/y, of electricity, and requires 73 Th ton of feedstock per year. With the totally available 

volume of timber is 45 Th ton/y, the potential electricity generation is 0,034 TWh/y. 

4.2.1.2 Forest residuals: Technical potential of heat generation: 

As mentioned previously, the selected technology (Direct combustion) is a well established and 

commonly used technology for converting biomass into heat. The efficiency of the boiler is taken 

based on the data from the local heat generation plant in Murmansk  (build capacity and 

generated heat in 2014), efficiency is set to be around 60% (Murmanskay heating station, 2015). 

As it was stated earlier, heat content of the forest residuals, with no pre treatment (moisture 

content of 50%), is 2,38 KWh/kg. The following potential output have been calculated, presented 

below in Table 14.  

Table 14 Theoretical heat generation from forest residuals 

 
Source: Own assessment   
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Possible heat generation from one facility with the capacity of 20 MW, based on biomass 

(wood/forest residuals) is 0.081 TWh/year. Yearly available volume of mentioned biomass in 

Murmansk region is 45 Th ton, thus potential annual heating generation is 0,049 TWh/y.  

Forest residuals are not yet in use for electricity and heat generation in the Murmansk region. 

Moreover, the development of bioenergy is slow due to some critical obstacles such as lack of 

infrastructure for feedstock handling, treating and drying. Planning and construction of wood 

treatment infrastructure would require additional investments and besides investments devoted 

to the construction of the new biomass based facilities itself. 

Optionally for the Murmansk region the total harvested forest can be considered as an energy 

source, this would potentially increase the technical potential of forestry biomass significantly. 

However, this is the subject of the additional research in order to ensure the sustainable forest 

harvesting in the Murmansk region and asses the monetary benefits of the harvested forest 

usage as an energy source, not the good for trading.  
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4.2.2 Peat: Availability as a primary energy source in the Murmansk area. 
Peat is a fuel, which is a product of the partial decomposition of organic material. Peat is located 

in the wetland areas such as swamps. Around 45% of the global peat resources are concentrated 

in Russia. Peat resources is estimated to be around 175,65 bln ton and located on the area more 

than 500 Th km2.  

Peat as an energy source, has a number of long term disadvantages; Such as extensive 

(especially machined cutting and drainage) harvesting can ruin the integrity of the wetlands and 

its ability to recover (Northern Ireland Environment Link , 2011). Whilst, wetlands, in their natural 

state have number of benefits for environment; Its (wetlands) absorb the carbon dioxide and 

store it, and have a critical role in storing and purifying water. As it was stated before, peat is 

considered as semi renewable source of energy and yet it can be an alternative to the imported 

heavy oil, for electricity and heat generation in the Murmansk region. Peat briquettes as an 

energy source (for heating and electricity generation) was selected, due to its mode of 

production; Peat briquettes commonly produced on smaller scale by manual, semi-mechanical 

methods. Consequently, peat briquettes are the most efficient (less moisture content) and less 

damaging for the environment due to its production mode.    

4.2.2.1 Peat availability in Murmansk region: 

Peat is not involved in energy generation in the region, neither electricity nor heating. To figure 

out the available volume of the source in the region, the data from (Ruspeatland, 2015) was 

used. It is claimed in the source that a total of 204 Th ton a year of peat is available for treatment 

and other commercial usage; as is indicated below, in Table 15. The peat fields, located in the 

Murmansk region are presented on the map below, Figure 23. 

Table 15 Peat resources in Murmansk region 

 
(Ruspeatland, 2015) 
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Figure 23 Map of peat fields in Murmansk regions 

 
Source: (Evzerov, 2012). 

As stated in the (FOOD AND AGRICULTURE ORGANIZATION OF THE UNITED NATIONS, 

1990) artificially dried compressed peat briquettes with a moisture content of 10-20%. It is 

assumed that the raw peat will be processed to the peat briquettes in the Murmansk region, as 

the most efficient energy source from peat and most convenient for further transportation.  

Considering the moisture content of raw peat, total weight, has to be 75% decreased in order to 

estimate the weight of peat in briquettes, which are artificially dried. That means that totally 

available peat in briquettes volume in the region is 31 Th ton a year. 

4.2.2.2 Peat: Technical potential of electricity generation  

The efficiency of electricity generation from peat will be the same level as for forest residuals, 

35%. Heat content of the peat briquettes, will taken as 20 MJ/kg or 5,5 KWh/kg as presented 

below, in Table 16.  The resulted calculations are displayed in Table 17. 

Table 16 Combustion properties of different peat types 

 
Source: (FOOD AND AGRICULTURE ORGANIZATION OF THE UNITED NATIONS, 1990) 
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Table 17 Theoretical electricity generation from peat briquettes 

 
Source: Own assessment 

Considering the vast availability of peat in the Murmansk region, this source can be considered 

as an alternative for the imported heavy oil, especially for the rural areas, where peat fields are 

mainly located. Overall, it is theoretically possible to generate 0.054 TWh/y of electricity out of 

the yearly available peat volume in the region of Murmansk. 

4.2.2.3 Peat: Technical potential of heating generation: 

For the calculation of the theoretical heat generation from the peat briquettes, the same heat 

capacity has been taken as for the forest residuals; particularly 20 MW. Efficiency of the boiler is 

taken based on the data from the biggest heating plant in the region – Murmasnkay TEC. Based 

on its installed capacity and heat output in 2014, the efficiency is about 60% (Murmanskay 

heating station, 2015).  Energy content of the peat briquettes is 5,5 KWh/kg. Derived calculations 

are shown below in Table 18. 

Table 18 Theoretical heat generation from peat briquettes 

 
Source: Own assessment 

Technically, it is possible to achieve a heating output of 0,081 TWh/y from one 20 MW facility 

based on peat briquettes (as an energy source), yet an available volume of peat briquettes in 

Murmansk region is 31 Th tons a year. Therefore, the theoretical potential of the heat generation 

from peat is 0,078 TWh/y. 
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4.2.3 Municipal Solid Waste (MSW): Availability as a primary energy source in 
the Murmansk area 

In this part, the municipal solid waste availability as an energy source in the Murmansk region is 

appraised. It can be said that waste is a sustainable energy source in the sense of a reoccurring 

volume. MSW management system includes collection, recovery, and disposal of waste; 

mentioned actions are conducted by specialist entities and coordinated by local authorities. In 

accordance with (International Finance Corporation, 2011) volume of MSW in Russia is steadily 

growing and around 48 Mln tons produced in 2010; meaning  around 330 kg per capita per year. 

For the further calculations, the level of the generated MSW per capita will be assumed as  380 

kg. To estimate the projected volume of MSW in the Murmansk region, the average per capita 

volume is multiplied to the population (number of inhabitants in the region). MSW projected 

volume in the Murmansk region is presented in Table 19.  

Table 19 Forecasted volume of the MSW generation in Murmansk region 

Generated		MSW	[Th	Tons] 2020 2025 2030

Forecast	of	the	MSW	generation	in	the	region	(with	380	kg	per	year/per	capita)	 310 317 323
 

(International Finance Corporation, 2011) 

4.2.3.1 MSW: Technical potential of electricity generation  

The selected technology for the MSW conversion into energy (for both electricity and heating) is 

the Incineration. Incineration is the waste treatment systems, where waste materials converts 

into ash, flue gas, and heat. Incineration is burning the waste (including MSW) to boil the water, 

which after powers steam generators, producing electricity.   

After incineration, the waste volume is typically reduced up to 95% (caricomenergy, 2015). One 

of the major benefits of the technology, is that the MSW is not require any pretreatment.  Thus, 

the primary purpose of a waste-to-energy facility is to manage municipal solid waste; energy 

production (electricity and heating) can be considered as an extra benefit.  In accordance with 

the US Energy Information Administration, municipal solid waste contains both biogenic and non-

biogenic components. Nowadays, the proportion of the non biogenic waste has increased (EIA, 

2012), as much as 50%, below Table 20. EIA states that non-biogenic material has a higher heat 

content, and consequently the average heat content of MSW will increase, making its’ more 

efficient for producing energy (electricity and heating). 
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Table 20 Heat content of components of MSW 

 
Source: (EIA, 2012), 

The average MSWs heat content, with 50% of non biogenic in the mixture is 17 MMBtu/ton or 

4.98 kWh/kg, which will be considered in further estimations. Potential electricity output from 

20MW facility based on MSW, presented below in Table 21.  

Table 21 Potential electricity generation from MSW in Murmansk region 

 
Source: Own assessment 

That type of waste treatment can reduce the volume of solid waste up to 90%, as mentioned 

before. Thus, the main target of the technology is garbage utilization, and energy output is a 

secondary product.   
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4.2.3.2 MSW: Technical potential of heat generation: 

As mentioned above, the MSW energy content is 4,98 KWh/kg, this number will be used for 

further calculations.  The efficiency is about 60% (Murmanskay heating station, 2015).  Potential 

heating output, given below, in Table 22. 

Table 22  Technical potential of heat generation from MSW 

 
Source: Own assessment  

Considering the projected volume of the MSW more than 300 Th ton a year (in 2030 particularly 

323 Th ton a year). the potential heating output of the 20 MW facility based on MSW will be 0,081 

TWh/y. And total possible heat generation is 0,965 TWh/y. Municipal solid waste as an energy 

source has a few benefits; First of all, it is sustainable (with a steadily growing volume), secondly, 

usage of the MSW as an energy source can partially solve the utilization issues, particularly 

landfilling.  
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4.2.4 Biomass as an energy source in the Murmansk area (technical) 
In terms of electricity generation, with the usage of locally available biomass (forest residuals, 

peat briquettes, MSW) and existing technologies it would be possible to generate overall 0,509 

TWh/year, presented in Table 23. That amount of electricity would cover 3.10% total required 

electricity generation in the Murmansk region in 2030. Yet, the mentioned generation of electricity 

is only technical potential notwithstanding the economical feasibility, which is a subject of the 

analyses in the chapter 5 of this report.  

Table 23 Biomass potential for electricity generation in Murmansk region  

 
Source: Own assessment 

Based on the biomass (different types) availability projections and capabilities of the selected 

technologies, all of a lump it possible to generate 1,094 TWh/y of heating, see below Table 24. 

That level of generation could secure around 7% of the regional heat demand of 2030.  And yet, 

the feasibility study will be performed in the chapter 5.   

Table 24 Biomass potential for heating generation in Murmansk region 

 
Source: Own assessment 
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4.3 WIND 

4.3.1 Wind: Availability as a primary energy source in the Murmansk region 
Generally, the Murmansk region is considered to have high potential for wind energy, mainly due 

to its’ geographical location, along the coastal line.  Offshore wind speed is usually higher than 

the onshore one. However, the cost of the offshore wind farms construction is significantly greater 

than the onshore one. In accordance with (IRENA, 2012) capital expenditures for offshore wind 

farms almost twice higher vs onshore once (1850-2250 US$/KW vs 4000 US$/KW).  Thus, only 

onshore wind as an energy source will be reviewed in this thesis. 

For the wind energy potential calculations, data from the Kolskiy Scientific Centre was used. The 

highest wind speed registered in the coastal areas of the Murmansk region is more than 7 m/s 

and the record registered speed is 40 m/s (Minin V. A., Economical Aspects of small scale 

renewable energy development in remote locations, 2011). In the centrally located areas of the 

region, the average annual wind speed is not more than 5 m/s, measured on the height of 10 m. 

Detailed map with average wind speed measured in the Murmansk region and wind speed 

variations within the seasons, presented below, Figure 24. Presented data is a result of 10 years 

monitoring of the wind speeds from 37 stations located in the Murmansk region at the 10 meter 

height. 

Figure 24 Average wind speed in Murmansk region, measured at 10 m height. 

 
Source: (Minin V. , 2012)  
To calculate wind energy potential in the region, apart the average wind speed, it is necessary 

estimate the appropriate area available and suitable for the wind parks construction. Information 

on the Murmansk region land usage is available in the report “Environmental condition and 

protection actions efficiency” (Ministry of Natural Resources and Environmental Protection of 

Murmansk region, 2015). Below in Table 25, the  area usage allocation for of the Murmansk 

region is presented.  
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Table 25 Murmansk region land usage, 2014 

Description [Th sq km]
Total area of Murmansk region 144,9
Populated areas 0,611
Industrial area 4,575
Agricultural 28,57
Protected forests and other 3,228
Lakes 0,77
Forests 95,1
Avalible area 12,0  
Source: (Ministry of Natural Resources and Environmental Protection of Murmansk region, 2015) 

In addition, a further limiting factor as 40% is imposed, due to a low level of logistical access to 

the coastal lines due to poor infrastructural development in such areas. Thus, the total available 

land for the wind parks construction will be estimated to be 7,2 Th km2. 

4.3.2 Wind: technical potential of electricity generation 
The average wind speed for the region (taking into account fluctuations in districts and different 

seasons) is assumed as 5 m/s. In accordance with the mentioned research (Minin V. A., 

Economical Aspects of small scale renewable energy development in remote locations, 2011) 

the measurements were performed on the 10 meters height. However, up-to-date wind turbans  

are able to operate  at the height 80 and more, in order to catch higher speed and generate more 

electricity.. For the selected region of Murmansk, there is no available data on the wind speed at 

such height (at 80-100 m), thus the wind profile calculator will be used  (Wind data, 2014). 

Considering the average speed (as 5 m/s) at the height of 10, wind speed on the higher level if 

estimated, see in Table 26.  

Table 26 Wind speed at the height 80-100 m 

 
Source: (Wind data, 2014) 
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Henceforth, it will be assumed that wind turbine erected on the height of 80 m, and average wind 

speed at this point is 6.79 m/s. This number will be used for calculations of potential electricity 

generation from wind, in the Murmansk region. The type of selected wind turbine is 2.5 MW GE; 

the performance chart of which is presented below in Figure 25. The yearly average power output 

at a given speed is around 700 KW from one turbine.   

Figure 25 GE wind turbine performance 2.5 MW 

 
Source:  GE Power & Water 

According to the (Denholm, Hand, Jackson, & Ong, 2009) report, land requirements  for the wind 

park, in terms of capacity per unit area, typically, ranges from 1.0 to 11.2 MW/km2, and the 

average capacity density is 3.0 ± 1.7 MW/km2, or 4,7 MW/km2, if the maximum is taken. Thus, 

the required area for 20 MW wind park is 4.25 km2 (if the highest density is considered). Results 

of the calculations are presented in Table 27. 

Table 27 Technical potential of Electricity generation from wind in Murmansk region 

 
Source: Own assessment  

The maximum recorded wind speeds reach up to 40 m/s, however, the average wind speed 

(measured at the height of 10 m) is assumed as 5 m/s. Estimated average speed at the height 

80 m is 6,79 m/s.  Based on the wind speed and the available, suitable territory for the winds 

parks construction, the total expected output can reach the level of 83,154 TWh/y. Which can 

cover more than 100% of Murmansk region electricity demand (21,8 TWh/y in 2030). Ultimately, 

The New Industry Standard
Suitable for a Wide Variety of Sites
Designed for IEC Class II and Class III, the 2.5 MW wind turbine can be deployed on over 85% of the sites being developed 
today. The 103 meter rotor diameter optimizes the 2.5 MW turbine for IEC Class III applications and provides an increase 
in Annual Energy Production for IEC Class III.

The 2.5 MW wind turbine also excels on sites that are constrained by environmental regulations. GE’s innovative and 
patented rotor blade technology provides the 2.5 MW wind turbine with very competitive acoustic performance. In 
fact, with the optional sound-reduced operation modes, the 2.5 MW wind turbine can be deployed even at sites with 
the most stringent sound constraints, while simultaneously maintaining a high energy yield.

The 2.5 MW wind turbine can be equipped with various towers resulting in hub heights of 100 meter, 85 meter and  
75 meter (50 Hz only), meeting potential tip height constraints and maximizing energy yield. 

With more than 210 units installed and over two million operating hours, customers in eight countries around the 
world are already benefiting from our advanced 2.5 MW technology. Building on GE’s industry leadership with  
over 6,000 MW in cold weather operating conditions, the 2.5 MW wind turbine series can be equipped with a cold 
weather extreme option.
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decision on the wind park construction depends on the cost of the generated electricity, which is 

the subject of the chapter 5.     
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4.4 SOLAR 

The biggest part of the Murmansk region is located below the polar circle line, there is polar night 

and polar day in the region. Consequently, the biggest obstacle of solar energy developing in the 

region is the low level of solar insolation. Seasonably, there is a monthly variation of daylight 

length, from zero hours in December to almost 24 hours in June and July (when the highest solar 

radiation is observed). The most promising candidates for solar energy are remote isolated 

consumers fully dependent on imported fuels.  

4.4.1 Solar: availability as a primary energy source 
Insolation level varies along the territory of Murmansk, from 2 to 8 Kwh/m2/day, as indicated on 

Figure 26 below. (Minin V. A., Prospects of implementation of the renewable energy sources in 

the Murmansk region , 2013), South part of Murmansk region (and particularly the Terskiy region) 

has the highest potential for solar energy development. Potential electricity generation coming 

from the solar energy, will be calculated for one district of the Murmansk region (Terskiy), where 

the highest average insolation level as 7,5 Kwh/m2/day or 2737 Kwh/m2/year.  

Figure 26 Average insolation level in Murmansk region KWh/sqm/year 

 
Source: (Minin V. A., Prospects of implementation of the renewable energy sources in the 

Murmansk region , 2013)  

The total area of the Terskiy district is 19 Th km2; Area usage allocation (of Terskiy district ) 

presented below, in Table 28, (Terskiy district administration, 2013) . Based on the data in the 

aforementioned table, the total area available for solar plant installation is around 0.46 Th km 2. 

Terskiy Distrikt 
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Table 28 Terskiy region land usage, 2013 

 
Source: (Terskiy district administration, 2013) 

4.4.2 Solar: Technical potential of electricity generation 
In case of solar energy, the selected technology for electricity generation is PV panels. Solar 

photovoltaic panels convert sunlight directly into electricity. This type of solar cells is most 

competitive in the market due to their low cost and highest commercially available efficiency. In 

order to understand the energetic performance (potential electricity generated); the level of the 

produced electricity will be calculated, with the following formula in accordance with 

(photovoltaic-software, 2014)  

 

 

[E] Generated electricity, KWh 

[A] Total solar panel area, m2 

[r] Solar panel yield, % 

[H] Annual average solar radiation on tilted panels, KWh/m2/ year 

[PR] Performance ratio (varies from 0.5 to 0.9), % 

Potential electricity, generated from 20MW PV facility, in Terskiy district of Murmansk region is 

presented below, in Table 29. 

E=A*r*H*PR 
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Table 29 Potential electricity generation from 20 MW PV plant 

 
Source: Own assessment 

The total possible generated electricity is 0,018 TWh/y from one 20 MW PV field. However, 

considering the afore-mentioned land usage allocation of Terskiy region (see Table 28), totally 

available and suitable territory for PV fields construction is 0,46 Th km2, thus the overall potential 

output of electricity is 0,077 TWh/y (considering 4,28 units 20 MW facilities).  

Besides the low level of insolation in the Murmansk region, there are additional obstacles against 

the solar energy development in the Murmansk region. Such as fluctuations in solar insolation; 

specifically, the polar nights (with 0 insolation) and polar days (with almost 24 hours of daylight). 

The estimated cost of the electricity and feasibility study of the PV field construction, is the subject 

of analyses of the chapter 5 of this thesis.  
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4.5 TIDAL: 

Tides are the result of the gravity, the rise and fall of water levels (in some cases more than 12 

m) creates potential energy.  In order to capture this energy, it is necessary to have a barrage or 

other barrier; the power generates through turbines located in the barrage. Accordingly  (IRENA, 

2014), currently existing tidal energy generation projects are as follows: in France (240 MW), 

Canada (20 MW), China (5 MW), Russia (0.4 MW) and South Korea (254 MW). The biggest 

advantage of tidal energy is its’ stability and predictability (unlike some other renewable energy 

sources such as wind and solar energy). 

“Kislogubskay” tidal electrical station, located in the Murmansk region, in Figure 27, 

commissioned in 1968, and has a total capacity of 0,4 MW. In 1992 the station was preserved 

due to a lack of investments; later on in 2004 it was brought back to operations.  

Figure 27 Kislogubskay tidal electricity station 

 
Source: RusHydro 

To estimate the potential energy from tides in the Murmansk region, it is necessary to analyze, 

difference in tides levels (heights difference) and surface water areas (or area of the barrier). To 

identify required parameters, data from RusHydro report  (RusHydro, 2009), was used. There, 

the coast and gulfs of Murmansk region were surveyed in order to select the most applicable 

locations for a tidal stations; Totally 53 gulfs/bays were analyzed, the map of he survey is 

presented below in Figure 28. 
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Figure 28 Gulfs/bays of Murmansk region coastline examined for tidal potential  

 
Source: (RusHydro, 2009) 

Out of the analyzed areas, the most appropriate locations have been selected. The selection 

criteria were: Maximum tidal height (more than 3 meters), Watershed area (more than 4 km2), 

Sea depth from the lowest possible point in the water (more than 8 m).  The most appropriate 

areas are represented below in Table 30. 

Table 30 Selected areas for the tidal generating stations construction 

 
Source: (RusHydro, 2009) 
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To calculate the potential energy of tides, the article from the Applied Energy magazine was 

used, particularly (Junqiang Xia, 2012). In the mentioned article it is stated, that potential energy 

contained in a volume of water can be depicted with the formula: 

𝐸	 = 0.5 ∗ 𝜌 ∗ 𝑔 ∗ 𝐴 ∗ ∆ℎ- 

E- potential energy over a tidal cycle, GW 

𝜌- sea water density  1025, t/m3 (Average meaning); 

g- gravity 

A-Horizontal area of the enclosed basin, km2 

∆ℎ- mean tidal range in the basin (m) 

For the coastal regions, where tidal power generation is economically attractive, the tidal regime 

generally consists of two floods and two ebb tides, with a semi-diurnal period of 12.42 hours.  At 

low tide level, the potential energy is zero. (Junqiang Xia, 2012) Thus, the total mean potential 

power can be represented with the formula below. The tidal energy potential is displayed below 

in Table 31. 

 
Source: (Junqiang Xia, 2012) 

Table 31 Tidal energy potential in Murmansk region 

 
Source: Own assessment 

4.5.1 Tidal: technical potential of electricity generation 
There are two types of technologies of electricity generation from tidal, the barrage and the 

turbines. In the case of the barrage, the energy is created due to water running from higher level 

to lower level (the same concept as a dam). In the case of turbines, the kinetic energy of the 

movement of the tides rotate the fences similar to a wind turbine.  

As for the Murmansk region, the barrage technique with vertical axis turbines selected. 

Accordingly to (IRENA, 2014), out of the existing tidal energy generation projects, more than 

70% of them use turbines with vertical axis. Electricity generation form tidal characterized by low 

values of power conversion efficiency of - η %, usually ranging from 20 to 40% with an average 
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of 33%. The potential annual tidal energy output from a barrage can be approximately calculated 

as shown in the equation below: 

𝐸	 = 0.987 ∗ 𝐴 ∗ ∆ℎ- ∗ 𝜂, where: 

E- GWh 

A-Horizontal area of the enclosed basin, km2 

∆ℎ- mean tidal range in the basin, m 

𝜂- Efficiency, 33%  

Out of the total potential areas, RusHydro specialists selected three the most applicable, 

presented in below in Table 32. Selection parameters were: Technological (if the existing designs 

is possible to use there), operational (required period for construction) and financial.  

Table 32 Tidal electricity output in Murmansk region: 

 
(RusHydro, 2009)  

Technical potential of electricity generation from the energy of tide in the Murmansk region is on 

the level of 1.092 TWh/y. Electricity output is 1.09 TWh/y from the three most promising locations. 

The cost of the station construction and potential cost of the electricity, will be calculated in 

chapter 5. 

  



Master Thesis 
MSc Program 
Renewable Energy in Central & Eastern Europe 

-- 47-- 

4.6 Hydro  

4.6.1 Hydro: Availability in Murmansk region 
Hydro energy is already well developed in the Murmansk region, almost 40% of electricity 

generated in the region is coming from hydro stations.  As a main source of information to  

evaluate hydro energy potential in the Murmansk region, the research “Potential of the micro 

hydro power stations in the far north regions of Russia” was used (V.A. Minin, 2005). Hydropower 

is a renewable energy source based on the natural water cycle. In general, hydro energy sources 

are abundant in the Murmansk region. Water in rivers comes from melted snow, thus, rivers have 

a high level during spring and lower level during the autumn and winter seasons. A map of the 

rivers in the Murmansk region is shown below, in Figure 29. 

Figure 29 Rivers in the Murmansk region 

 
(Konovalova, 2005) 

There are more than 107 Th lakes with a total surface area of 8 Th km2 , 10 water storing facilities, 

and 21 Th rivers with a total length of 60 Th km (V.A. Minin, 2005). Most of the rivers 19,5 

thousand (or 95.1%) are less than 10 km long. 15 rivers (or 4%) in the Murmansk region are 

95 
 
 
 
 
 

 
 

Рис.1.  Схема  рек  Кольского  полуострова 
 

Реки   Кольского   полуострова   относятся   к   бассейнам   Баренцева   и   Белого  
морей.  Водораздел  проходит  с   запада  на  восток  – от  государственной  границы   
с   Финляндией   к   горлу   Белого   моря   через   Сальные,   Хибинские,   Ловозерские  
тундры   и   горную   гряду   Кейвы.   Главные   реки   текут   на   север   и   на  юг,   в  широтном  
направлении  протекает  лишь  река  Поной  и  частично  Иоканьга. 

Реки  Мурманской  области  относятся  к  рекам  преимущественно  снегового  питания.  
Годовой   режим   стока   характеризуется   высоким   весенним   половодьем,   низкой   зимней   
и   летней   меженью,   относительно   небольшими   летне-осенними   дождевыми   паводками.   
Это  также  способствует  совместному  использованию  ветровой  и  гидроэнергии.  Сток  рек  
Кольского  полуострова  уменьшается  с  севера  на  юг  и  от  побережьев  вглубь  полуострова. 

На  территории  области  насчитывается  104  населенных  пункта,  где  число  жителей  не  
превышает  1000  человек,  а  в  некоторых  не  доходит  даже  до  сотни  человек.  Большая  часть  
этих  поселков  находится  на  побережье  Белого  и  Баренцева  моря  и  в  центре  полуострова  в  
Ловозерском  и  Кандалакшском  районах  – в  зонах  децентрализованного  электроснабжения. 

Электроснабжение   большинства этих   населенных   пунктов   осуществляется   
от   дизельных   электростанций,   а   теплоснабжение   от   котельных.   Постоянный   рост   цен   
на   топливо   и   значительная   удаленность   от   железной   дороги   приводят   к   снижению  
рентабельности   энергетических   установок   и   повышению   себестоимости   электрической   
и   тепловой   энергии. Поэтому   малая   возобновляемая   энергетика   для   таких   поселков,   
куда   подача   электроэнергии   по   ЛЭП   экономически   невыгодна   из-за   малочисленности  
населения   и   низкой   потребляемой   мощности,   рассматривается   как альтернативный  
источник   энергии,   способный   если   не   полностью   снять,   то   в   значительной   степени  
уменьшить  проблему  транспортировки  дизельного  топлива. 
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longer than 100 km. 4 % of rivers are longer than 200 km. Hydrographic characteristics of the 

most promising rivers for the generation of hydro energy are presented below, in Table 33.   

Table 33 Hydrographic characteristics of the selected rivers 

Length	
Water	
hight

Average	 water	
flow	rate

[km] [m] [m3/s]
Rynda 97,6 285 18,5
Harlovka 126 260 32,5Vostochn
ay	Lisitca 118 290 30,2
Indel 23 37,2 7,87
Hlebnay 29 111 3
Umba 125 151,6 81
Kica 37 54,3 3,18
Acha 80 131,2 12,6
Pacha 26 54,3 1,36

River	

 
(Konovalova, 2005) 

4.6.2 Hydro: technical potential of electricity generation 
Weighted average capacity factors for both small and large hydropower projects are around 0,5 

presented below, in Figure 30. For this report, an average for small Hydropower in Eurasia will 

be taken as 0,6.  
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Figure 30 Weighted average capacity factors for small/large hydro stations 

 

Source: (IRENA, 2015) 

To calculate potential generation of the electricity, the following formula was used:  

𝑃34 𝑊 = 𝜇	 % ∗ 𝜌	
𝑘𝑔
𝑚3

∗ 𝑞
𝑚3
𝑠

∗ 𝑔
𝑚
𝑠2

∗ ℎ[𝑚] 

𝜇	 % - Efficiency  

𝜌	
𝑘𝑔
𝑚3

− 𝑑𝑒𝑛𝑐𝑖𝑡𝑦	𝑜𝑓	𝑤𝑎𝑡𝑒𝑟 

𝑞
𝑚3
𝑠

− 𝑓𝑙𝑜𝑤	𝑟𝑎𝑡𝑒 

 

Potential generation of electricity from hydropower stations in the Murmansk region, displayed 

the below, in Table 34. 
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Table 34 Theoretical potential of electricity generation from hydro sources 

 

Source: Own assessment 

Potential electricity generation from hydro stations in the Murmansk region is 0.95 TWh/y. Cost 

of generated electricity, will be analyzed henceforth in chapter 5.  
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4.7 Renewable energy’s technical potential in the Murmansk 
region: 

4.7.1 Electricity technical potential:  
From the derived results on the technical potential of electricity generation in the Murmansk 

region, it is possible to conclude that  the most promising renewable sources for electricity 

generation (in terms of volume of the electricity generation) is wind potential electricity generation  

83 TWh/y, which represents more than 100% of the Murmansk region need in electricity in 2030.  

Hydroenergy with 0.95 TWh/y, and tidal energy with 1,09 TWh/y both represent around 10% of 

regional electricity demand of 2030, overall results presented in Table 35.  

The least promising energy sources (in terms of volume of generated electricity) are electricity 

generation based on peat briquettes with overall output 0.05 TWh/y  Solar energy with 0.077 

TWh/y.  Most of the local energy sources is in rural locations and require additional investments 

for new infrastructure, which makes the prospect of utilizing renewable energy resources less 

attractive. Currently, Murmansk’s region is electricity saturated, due to the nuclear station. 

However, a deficit of electricity may occur, starting from 2018, when the scheduled 

decommission of the nuclear reactors will take place.  

Table 35 Electricity from renewable sources technical potential in Murmansk region 

 

Source: Own assessment  
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4.7.2 Heating technical potential:  
Based on the performed calculations for potential heating generation in Murmansk region, from 

the selected energy sources (biomass, several types); it can be conducted that biomass can 

potentially cover 7,06% of regional heat demand in 2030; with the major contributor from MSW, 

which can deliver up to 6,24% of totally required heating in 2030. Results are presented in Table 

36. All of the currently used energy sources for heating generation is imported, such as heavy oil 

or coal, which cause adverse environmental issues, due to CO2 emissions while transportation 

and the burning of the fossil fuels (heating oil/coal).  

Table 36 Heat generation from renewable sources technical potential in region 

 
Source: Own assessment 
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5.  Economical assessment of locally 
available energy sources  

In this chapter, the feasibility of potential renewable energy projects will be evaluated. To better 

estimate the cost of the potentially generated energy, for both electricity and heat generation, the 

long run marginal cost (LRMC) will be calculated. Doing so, it will be possible to compare the 

cost of generating energy from the locally available renewable energy source with the energy 

projected costs in the Murmansk region, the latter of which was discussed in the previous chapter 

3.  

The definition of the LRMC of electricity and heating is defined as the price of electricity/heat 

required for a project, where revenues would equal costs, and a return on the capital invested 

equal to the discount rate. 

The following formulas will be used to calculate the LRMC: 

FORMULA 1 

𝐿𝑅𝑀𝐶 =
𝐴𝑛𝑛𝑢𝑖𝑡𝑦	𝑜𝑓	𝑐𝑜𝑠𝑡

𝐴𝑛𝑛𝑢𝑎𝑙𝑙𝑦	𝑔𝑒𝑛𝑒𝑟𝑎𝑡𝑒𝑑	𝑒𝑙𝑒𝑐𝑡𝑟𝑖𝑐𝑖𝑡𝑦
 

FORMULA 2 

𝐴𝑛𝑛𝑢𝑖𝑡𝑦	 𝑐𝑜𝑠𝑡 = 𝑁𝑃𝑉 𝑐𝑜𝑠𝑡 ∗ 𝐶𝑎𝑝𝑖𝑡𝑎𝑙	𝑅𝑒𝑐𝑜𝑣𝑒𝑟𝑦	𝐹𝑎𝑐𝑡𝑜𝑟	(𝐶𝑅𝐹) 

FORMULA 3 

𝐶𝑅𝐹 =
[𝑖 ∗ (1 + 𝑖)\]
[(1 + 𝑖)\]^]

 

Where: n-investment horizon, which will be taken as 15 years for all the projects and i- discount 

rate.  

Discount rate is an interest rate used to determine the present value of future cash flows 

(Investopedia, 2014). Discount rate for Russia was fixed in 2012 by Central bank of the level of 

8,25% (Central Bank of Russia, 2012). Considering current economical situation on the global 

scale (particularly, low oil prices) and economical situation in Russia, the discount rate will be 

taken as 10%, in order to cover some risks. 

FORMULA 4 

𝑁𝑃𝑉	 𝑐𝑜𝑠𝑡 = 𝐷𝑖𝑠𝑐𝑜𝑢𝑛𝑡𝑒𝑑	𝐶𝑜𝑠𝑡𝑠 

Furthermore, for the calculation of the LRMC, it will be necessary to identify a few parameters 

such as the CAPEX, O&M, and other costs (explained below). As a bench mark for these 

parameters, the resource that will be used is the IRENA research «Renewable energy 

technologies: cost analyses series» (IRENA, 2015) To calculate the LRMC the following 

parameters needs to be considered: 
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ü CAPEX (Equipment costs and other initial capital costs).  

The total investment cost – capital expenditure (CAPEX) – consists of the equipment, the fuel 

handling and preparation machinery, the engineering and construction costs, and the planning 

costs (IRENA, 2012). Basically, CAPEX is the major expenses, which needs to be made in order 

to complete the construction of heat/electricity generating facility. The measurement unit of the 

CAPEX is US$/KW. For each renewable energy source a CAPEX will be individually reviewed 

and assigned.  

ü Feedstock costs: 

This means the cost of the energy source. This cost will include the treatment and transportation 

(when applicable). The feed stock cost will be identified for each energy source separately. For 

some of these source, the feedstock cost will be 0 (such as wind or solar), while for others (such 

as biomass; peat particularly) it can be up to 40% of the generated electricity/heating cost, this 

is due to the expenses on the raw source treatment such as drying or the transportation costs, 

and  warehousing costs. 

ü O&M (Operations and maintains costs). 

Fixed O&M cost, includes expenses on labor, scheduled maintenances, routine 

component/equipment replacement (for boilers, feedstock handling equipment, etc.), insurance, 

etc. Usually this parameter is taken as a % per year of the total CAPEX; the level of the % 

depends on the technology being used, and so the cost (or %) of such will be identified 

individually for each technology. Again, as a benchmark, the IRENA reports will be used as the 

main informational source of the level of O&M.    

Once all the parameters are given values, and the LRMC is calculated for energy sources for 

both electricity generation and heating generation, a conclusion can be made about whether the 

project is economically feasible, also the NPV will be calculated to further indicate whether the 

projects are economically feasible. 

Two cases will be considered in feasibility study   

Ø Basic case: with investment horizon as of 15 years, and discount rate of 10% (which is 

higher than 8,25%, the officially set by Russian Central Bank). The basic case will be 

calculated, with consideration of the related risks, higher discount rate and shorter (than 

life time) investment horizon.  

Ø For the second case the discount rate will be taken on the level of 8,25% and investment 

horizon period as the lifetime of the technology. In this case the tariffs projection for the 

period beyond 2030 for heating/electricity has to be estimated, thus the indexation level 

will be applied. 
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Additionally, it is necessary to mentioned, recent law introduced by Russian Government. As of 

May 28th 2013, a Decree (No. 861-r) was issued On “Amendments to Guidelines for State 

Policies in Increasing the Effectiveness of Use of Renewable Energy Sources for the Period until 

2020”. The strategy outlines steps taken by state authorities to promote further use of renewable 

energy sources and establishes targets for electricity generation using renewable energy 

sources; in particular, its’ target is to install create 6,000 MW of new capacity using renewable 

energy sources by 2020. The capacity subsidies are individual for each energy source and will 

be paid on the monthly basis.  

Abovementioned capacity subsidies, will be considered for wind as wind is the most promising 

energy source of the region and capable to cover more than 100% of regional electricity need.  

5.1.1 Biomass Electricity generation costs 
CAPEX 

The cost and efficiency of biomass power generation equipment varies significantly by 

technology. Equipment cost depends on the nature of the feedstock, and level of feedstock pre 

treatment onsite. The technology selected for biomass conversion to the energy is direct as well 

established and available on a wide range of scales; from a few MW to 100 MW or more.  

In Figure 31, CAPEX range presented, for various technologies. Accordingly  (IRENA, 2015) 

Biomass power plants in developing countries may have noticeable lower than in developed 

countries, that is due to lower local content costs and the cheaper equipment allowed by less 

strict environmental regulations. The range of capital costs may vary between USD 500/kW and 

USD 5000/kW in developing countries. Capex for combustion will be taken on the level as 650 

US$/KW, which represents co-firing in a fossil-based power plan. 

Figure 31 CAPEX for biomass based power plants 

 
Source: (IRENA, 2015) 
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O&M: 

Fixed O&M costs for biomass power plants typically range from 2% to 6% of the CAPEX, per 

year as of  (IRENA, 2015) .  For calculations, the Fixed O&M cost will be taken as 2% per year 

of the capital expenditures. Additionally, the indexation factor will be applied as of 2% to estimate 

annual increase in O&M costs.  

Area required for the plant construction: 

This parameter is necessary to determine in order to estimate the cost of land rental. In the 

Murmansk region, the land cost varies for different regions. To simplify the the cost of the land 

near the Murmansk city will be used (as Murmansk in the biggest city of the region and 

consequently the highest demand in both heating and electricity). According to a local 

(http://murmansk.irr.ru) the average cost of land rental is about 1,4 US$/m2/year. Indexation 

factor for annual cost increase is considered on the level of 2%.  

Feedstock biomass:   

Cost of biomass feedstock mainly depends on the level of pre treatment of the biomass as an 

energy source; from simple collection and transportation, to artificial drying and packing. To 

estimate the biomass cost as a feedstock, data from a various sources including local 

newspapers has been reviewed and related costs were identified and benchmarked. Afterwards, 

costs are adjusted individually as per local specifics (when applicable).  

5.1.1.1 Forest residual electricity generation cost: 

Forest and wood processing residues may appear to be an attractive energy source from 

technical point of view. However, collection and handling costs must be considered as well as 

transportation costs. 

To estimate the cost of forest residuals as a feedstock a few local (regional) suppliers were 

checked; Such as below commercials from the local web sources:   

1.  http://birzha-othodov.ru/catalog/struzhki-opilki/656/, where the price of forest residuals 

starts from 100 rub (around 2 US$) per 10 cub/m, which is equivalent of  3,5 tons),  

2. and [http://arkhangelsk.dorus.ru/industry/timber-industry/prodam-othody-

derevoobrabotki_7017270.html],  where it is stated that 0,35 tons would cost  20 rub or  

(0,4 US$).  

Both on the ex-works terms (logistic expenses is not included) and both for raw, not pretreated 

forest residuals different sizes and high moisture content. Based on the presented above 

information, the  cost of the forest residuals as a feedstock will be fixed on the level of 2 US$/ton. 

Other expenses will be added to the basic cost, expenses such as handling and transportation 

and storing of the feedstock; as shown below in Table 37. Assumption made based on the 

average price range in the Murmansk region.  
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Table 37 Timber feedstock cost 

• Cost of the Timber itself 2   [US$/ton] 

• Handling and transportation (within the 
region) 

2  [US$/ton] 

• Storing the wood residues 1 [US$/ton] 

Total cost of the wood residues 5  [US$/ton] 

Source: Own assessment 

In additional to the above, the cost indexation factor added as of  2% annual increase per year; 

Area required for plant itself and storage facility, will be taken as 25 Th m2, for 20 MW generating 

facility as per (PPC renewables, 2012). Below are the resulted numbers in Table 38.  
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Table 38 Electricity generation feasibility from Forest residuals 

 
Source: Own assessment 

Based on the calculated numbers the conclusion can be made, that electricity generating project 

(with installed capacity of 20 MW) and based on the forest residuals is economically feasible, as 

NPV is positive in both cases basic and optional.  

5.1.1.2 Peat electricity generation cost: 

As aforementioned in the 7.1.1.1, the majority of the costs are similar for peat and forest 

residuals, with the exception of feedstock costs.  In Russia, the cost of peat, particularly peat 

briquettes is around 6000 rub/ton or around 100-120 US$/ton; this is according to a local trading 

source (http://helpczech.ru/teplo/doma/pellety-iz-torfa-v-karelii-tsena). As a benchmark cost, 110 

US$/ton will be used; below in Table 39 below, the results of the cost calculations are presented. 
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Table 39 Electricity generation feasibility from peat briquettes 

 
Source: Own assessment 

Electricity generation from peat briquettes, located in the Murmansk region is not feasible. The 

calculated LRMC is 111 US$/MWh and NPV is -25,6 Mln US$ in basic scenario. The reason 

causing negative NPV is most probable high cost of the feedstock (peat briquettes). However, 

the cost of the peat briquettes can be potentially decreased with the development of the 

infrastructure. 
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5.1.1.3 Municipal solid waste electricity generation cost. 

The cost of the combustion technology for the Municipal solid waste is higher than that for other 

types of biomass; this is mainly due to the system of filters which are required due to the 

hazardous emissions. Waste incineration involves high investment costs of both CAPEX and 

O&M. Investment costs for Waste-to-Energy plants, vary from country to country, however for 

Europe it can be considered on the level of 400 – 700 eur/ton capacity (Cewep, 2010).  The 

maximum will be taken is consideration as 700 eur/ton or 745 usd/ton, which is equivalent of 

8259 US$/KW. Suggested O&M expenses, of MSW facilities, is 79 US$/ton per year (or 10% of 

CAPEX), in accordance to the example given in the report (ICF International, 2014). 

Feedstock, cost is estimated 0, as local municipality (of Murmansk region) is responsible for 

waste collection, transportation and following disposal. MSW electricity generating results, 

presented in Table 40. 
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Table 40 Electricity generation feasibility from MSW 

  
Source: Own assessment 

MSW based electricity generation project in the Murmansk region is not feasible as the NPV is 

negative in both cases basic scenario (15 years investments horizon and 10% discount rate) and 

optional one (20 years investments horizon and 8.25%) discount rate. Considering the current 

abundance of electricity in the Murmansk region, and low prices for landfilling; electricity 

generation from waste is not feasible economically, however it may have changed in case of 

nuclear reactors decommissioning will be in accordance with schedule.  
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5.2 Solar: Electricity generation cost 

To understand the LRMC of electricity generation from PV plant in the Murmansk region, several 

basic parameters have to be identified. In accordance with (IRENA, 2012), the structure of the 

PV generation plant consists of the following: 

First of all, capital cost or CAPEX: which includes PV module cost and balance of system cost 

(associated structural costs, such as site preparations and electrical system cost).  The average 

PV electricity generation facility’s CAPEXs is presented below in Figure 32. Additional 

components of the costs are: discount rate, O&M, level of solar radiation and efficiency of the 

solar cells.  

Figure 32 PV utility scale installation cost 

 

Source:  (IRENA, 2015) 

For the evaluation of the solar energy (electricity generation) potential in the Murmansk region, 

the simplest PV panels selected. the considered; without turning mechanism and locally 

produced (this to be eligible for the premium capacity payment from the Russian Government). 

CAPEX will be taken below weighted average (Figure 33) as 1800 US$/KW for solar PV utility 

scale construction in the Murmansk region. locally produced PV (Russian PV plant) panels were 

selected and particularly, panels made by “Ryazanskiy sintered metal powder plant”. The 

specifications of the PV panels are: 
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ü Peak power   240 kw 
ü Rated Voltage   29.1 V 
ü Cell/Model efficiency  14.9% 
ü Total area   1.61 sq. m 
ü Dimensions   1640 mm x 980 mm x 36 mm 
ü Weights    21.5 kg 

For a PV facility with a capacity of 20MW, 84 units of PV panels will be required, as each of panel 

have the dimensions of 1640 mm x 980 mm or 1.61 Sq. m; the total required area is 107 Th m2. 

Feasibility study results of the 20MW PV facility on the Murmansk region, are presented below 

in Table 41. 

  



Master Thesis 
MSc Program 
Renewable Energy in Central & Eastern Europe 

-- 64-- 

Table 41 Electricity generation feasibility from Solar 

  
Source: Own assessment 

20 MW solar energy facility construction for electricity generation in the Murmansk region is not 

economically feasible; as shown above, in Table 43 (NPV is negative – 45 mln US$, and LRCM 

383 US$/MWh). That is due to the several factors, such as low level of insolation in the region 

and low generation of the electricity, consequently insufficient level of revenue from electricity 

sale. Moreover, as mentioned before, the peak of electricity consumption is during winter months 

and at the same time, there will be a polar night, with no insolation at all.  

  



Master Thesis 
MSc Program 
Renewable Energy in Central & Eastern Europe 

-- 65-- 

5.3 Tidal: Electricity generation cost    

For the Tidal energy cost estimation, the main source used was IRENA «Tidal Energy, 

Technological brief» (IRENA, 2014). Tidal generating stations has been commercially applied, 

since the late 1960s,). Most of the installed facilities are still operative.  In order to calculate the 

cost of the generation, the tidal station in “Bay Ivanovskay’ will be taken as an example (of the 

technical parameters) for further calculations.  Parameters of tidal station in the Murmansk region 

are presented below in Table 42. 

Table 42 Bay Ivanovskay technical parameters 

 
Source: Own assessment 

As stated below in Table 43, CAPEX for the planned facility in Russia is 377 US$/KW. For the 

theoretical case, the O&M will be estimated as 5% of CAPEX per year. The cost of tidal energy 

is zero. Calculation results are presented below in Table 44. 

Table 43 Actual costs of the tidal energy facilities: 

 
Source: (IRENA, 2014)  
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Table 44 Electricity generation from tidal economical feasibility 

 

  
Source: Own assessment 

Results, shown in Table 44 above, are confirming the feasibility of the tidal based electricity 

generating power stations in the Murmansk region. NPV is positive in the optional case (20 years 

investment horizon and 8.25% discount rate) and LRMC is 47,43 US$/MWh. 
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5.4 Wind: Electricity generation cost    

Based on the information from IRENA,  cost analyses series (IRENA, 2012), in 2010, the lowest 

CAPEX price for onshore wind farms was between 1 300 to 1 400 US$/kW. In China and 

Denmark, however, the average cost varied from 1 800 to 2 200 US$/KW, as per Table 45.   

Table 45 Wind parks costs in different locations: 

 

Source: (IRENA, 2012) 

A CAPEX value for the wind electricity generation facilities in the Murmansk region will be taken 

as 2000 US$/KW. As per (IRENA, 2012), the O&M costs for onshore wind to electricity 

generation facilities typically range between 0.01 US$/kWh and 0.025 US$/kWh. Due to no 

experience in the maintenance of these facilities, the cost for O&M will be taken as 0.02 

US$/KWh. Results of the feasibility study, presented in Table 46. 
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Table 46 Electricity generation from wind (economical feasibility);  

	
Source: Own assessment 

The highest wind speed in the region is on the coastal, low populated areas. The construction of 

the 20 MW wind electricity facility is not economically feasible, according to the table above Table 

46, the LRMC is 129 US$/MWh and the NPV is negative in both cases.  

5.4.1 Wind energy potential, considering premium payments for capacity.  
As was mentioned before in 2013 the new legislation act have been implemented (Goverment of 

Russian Federation , 2013). That enactment introduces the premium monthly payments for 

capacity, applicable for wind/solar/hydro based renewable energy. The premium payment size 

demands on the year of project launching, size and the structure of the payment as below, in 

Figure 33. 
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Figure 33 Capacity subsidies for wind energy 

  
Source: (IFC World Bank, Association of renewable Energy , 2013) 

In the Figure above only first year of operations is shown and year 15, however the payment size 

will be decreasing gradually through the period of 15 years. For the particular case of the report 

(launching of the projects is foreseen in 2020), the premium capacity payment on the first year 

is 10,4 US$/KW per month and by the year 15 that amount will reach 0.  Estimated payments for 

each year of the operations from 1st to 15th, introduced in the table below, see below Table 47. 

Table 47 Premium capacity payment decrease rate  for the  wind energy  

Year	 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034
Capacity	supportive	payments	
projection,	US$/KW	per	month	

10,4 8,8 7,4 6,2 5,2 4,4 3,7 3,1 2,6 2,2 1,8 1,5 1,3 1,1 0,0

Source: Own assessment based on (IFC World Bank, Association of renewable Energy , 2013) 

In order to check the feasibility of wind projects in the Murmansk region the following assumptions 

have been made: First of all, that all capacity will be eligible for premium payments; secondly 

that wind projects will start their operations in 2020, as for the moment, 2020 is the last year of 

subsidies validity.  

As the law was introduced in 2013 and payments were given in rubles. At the moment of 2013, 

the Rub/US$ exchange rate was 34, and in recent year the Russian currency fluctuating heavily, 

thus the current exchange rate considered in calculations (65 rub/US$). The result of the 

feasibility study of 20MW wind park (considering the capacity subsidies payment) presented in 

Table 48 below. 
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Table 48 Wind energy feasibility assessment, with consideration of premium capacity payments 

 
Source: Own assessment 

The results, presented in table 49, above, showing that 20MW wind farm, located in the 

Murmansk region is feasible. NPV is positive 9 Mln US$ and LRMC is 34,1 US$/MWh, which is 

lower than projected tariff for electricity in 2030 (56 US$/MWh). In Table 49, highlights of the 

several options of the wind electricity generation feasibility are presented. As mentioned above 

the only feasibly option is the project, where subsidies considered as well as longer investment 

period and lower discount rate.  
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Table 49 20 MW onshore wind farm feasibility in Murmansk region  

 
Source: Own assessment 
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5.5 Hydro: Electricity generation cost 

For the hydro to electricity cost evaluation, IRENA research «Renewable Power Generation cost 

2014» (IRENA, 2015) was used as the main information source. Electricity generation from hydro 

energy is a mature technology, technically proved and been used for decades. Hydropower is a 

capital intensive technology with high development and construction costs, which are mainly due 

to preparation works required (such as feasibility assessments, planning, design and 

engineering). Additionally, in case of remote or isolated locations, the construction costs can take 

almost a half of total projects expenses, due to difficulties in accessing the area.  

CAPEX for large-scale hydropower projects typically varies from 1000 to 3500 US$/kW (IRENA, 

2015). In line with the below presented data in Figure 34, the cost of the installation for small 

hydropower stations selected on the level of 2000 US$/KW. 

Figure 34 Average installed cost for small/large hydropower projects 

 

Source: (IRENA, 2015) 
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Hydropower stations usually have low operations and maintenance (O&M) costs, ranging from 

1% to 4% (IRENA, 2015). In case of the Murmansk region, it can be said that, there are available 

experienced labor as well as engineering stuff, due to presents of the hydropower in the region 

for a few decades. the O&M costs will taken the lowest possible, or 1%, out of the (IRENA, 2015) 

recommended range. 

Out of the total list of the potential hydropower stations in the Murmansk region, the average one 

was calculated; In order to use its (average electricity generating hydropower station in the 

Murmansk region) technical parameters, such as capacity and generation, for feasibility 

calculation. The list of the potential stations and the benchmarked average station as below in 

table 50. Feasibility checking results, presented below in Table 51. 

Table 50 Hydropower Station in Murmansk Region with average parameters 

 
Source: Own assessment 
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Table 51 17 MW hydropower station in the Murmansk region, feasibility study  

 
Source: Own assessment 

In accordance with presented results, hydro electricity generation is economically feasible only 

in alternative case, meaning in case of longer investment horizon (up to 20 years) and lower 

discount rate- 8.25%. Hydropower is currently being used in the region to provide around 40% 

of total electricity demand.  
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6. Cost of heating generation from 
renewable energy sources. 

First of all, it is necessary to mention that heat generation in this report is only considered to 

come from the biomass (several types: forest residuals; peat briquettes and MSW). To measure 

the feasibility of heating generation facilities, the same methodology applied as for the electricity 

generation (identification of LRMC and NPV). Also, the same parameters as for the electricity 

will be used to understand above mentioned LRCM and NPV.  The parameters are: CAPEX 

(Equipment costs and other initial capital costs), O&M (Operations and maintenance costs), and 

Feedstock cost.  

6.1 Biomass heating generation cost: 

As a guideline for the biomass heating cost  (CAPEX) the NREL data was used (NREL, 2013). 

As is stated on the web page, the mean installed cost as of 2013 was 600 US$/KW, with a 

standard deviation of +/- 361 US$/KW. For the purpose of this report, CAPEX will be taken as 

650 US$/KW; this cost slightly higher than the average, and this is to take into account logistical 

issues. The O&M will be taken as 10% of CAPEX.  

6.1.1.1 Forest residuals: heating generation cost: 

To calculate the cost of heating generation from Timber, LRMC with the only difference with the 

other biomass sources in feedstock cost, which is 5 US$/ton for forest residuals.  Based on the 

mentioned above parameters the following results were achieved Table 52. 
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Table 52 Forest residuals heat generation feasibility  

 
Source: Own assessment 

Heating generation project with the installed capacity of 20 MW and  based on the locally 

available forest residuals is not economically feasible in both cases basic and alternative. As 

NPV is negative.  
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6.1.1.2 Peat briquettes: heat generation cost: 

In case of peat briquettes, CAPEX for heating generation project will be considered the same as 

for the wood/forest residual (650 US$/KW), as well as O&M cost (10% of CAPEX per year). The 

only difference is the cost of the energy source itself, which is sizably higher in case of peat 

briquettes; on the level of 110 US$/ton.  Feasibility results of 20 MW heating generation station, 

based on peat briquettes, presented in Table 53. 

Table 53 Heat generation cost using Peat Briquettes 

 
Source: Own assessment 

Heat generation from  peat briquettes is not  feasible, with LRMC being as 88 US$/MWh (in basic 

case and negative NPV - 31mln US$.  
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6.1.1.3 Municipal Solid Waste heat generation cost: 

Municipal solid waste as an energy source has a few benefits: first of all, it is sustainable (with a 

growing supply as the population increases). Secondly, utilizing MSW as an energy source can 

partially solve environmental issues, such as landfilling. Below, feasibility is the calculations 

Table 54.  

Table 54 Heat generation from MSW, feasibility study 

 
Source: Own assessment 

The project, incineration plant, with installed capacity of 20MW, is not economically feasible with 

projected negative NPV -283 mln US$ and high LRMC cost 497 US$/MWh.  

  



Master Thesis 
MSc Program 
Renewable Energy in Central & Eastern Europe 

-- 79-- 

7. Conclusions and recommendations 
Derived results: Electricity: 

Murmansk region is currently electricity abundant due to nuclear power station (which is providing 

60% of total electricity), however the situation may change noticeably in case of the nuclear 

reactors decommissioning as its scheduled (starting from 2018). After that point the Murmansk 

region most probably will face the electricity deficit. The region has very limited time to make 

adjustments and implement alternative generating facilities, as before first stage of 

decommissioning only two years left; thus  actions have to be taken immediately. In case of 

sources selection for electricity generation, time is required for facility construction, facility 

construction. This is an extra factor to be considered in decision making.  

The forecasted economic growth and development of the Murmansk region is only possible if the 

the energy system will be sustainable and well developed, thus it is crucial to ensure the 

generation of the electricity at acceptable cost. Otherwise the development of the region seems 

problematic. However, for electricity generation, derived results are very promising. And after the 

brief analyses some of the renewable sources are feasible, such as wind, hydro and tidal.  

Technically, wind itself can provide 83 TWh/y, which is a few times higher than the regional 

demand in 2030 (21.8 TWh/y).  Hydro energy, which is already being used in the region (40% 

out of the current electricity generation), can be extended to some level and add around 5% to 

the local energy mix by 2030, results are presented below in Table 55. 

Table 55 Electricity generation potential by energy sources  

 
Source: own assessment (excluding wind energy)  

Abovementioned results for electricity generation, can give a guideline on the further actions, 

and that these several sources (Wind, hydro, tidal) have to be deeply analyzed for further usage. 

In Table 56, the feasibility study results for electricity generating projects are provided.  
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Table 56 Electricity generation feasibility   

 
Source: own assessment 

Derived results: Heating: 

In additional to the electricity generation projects development, heating generation is crucial to 

ensure the quality of living in the region. Harsh climate and nine months of heating period, both 

have led to the strong dependence on the imported heating oil (around 80%). Government of 

Russia is providing subsidies to the local Murmansk authorities to purchase necessary volume 

of heating oil yearly, to secure the heating period. Considering this, the heating generation 

projects has to be developed in parallel with the existing system, which will increase the financial 

pressure on the regional budget (as the heating oil still will be purchased annually to ensure the 

heat supply). Overall, it can be concluded, that the Murmansk region is very rich with the biomass 

resources (different types), yet if we consider forest residuals for example, that type of the 

biomass can provide less than 1% of the required heating, see Table 57.  

locally available biomass (Forest residuals/ peat briquettes/MSW) overall can cover only 7% of 

regional heat demand in 2030. Forest harvesting as well as wood processing industry is 

surprisingly poor developed (in comparison to the area and the volume of the available 

commercial forests in the Murmansk region (94 Th km2, or 102 mln m3)); which is maybe due to 

ecological limitations of harvesting. However, it could be beneficial for the region if the the usage 

of the biomass as an energy source (particularly for heating) will be extended. 
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Table 57 Heat generation technical potential   

 
Source: own assessment 

For heat generation non of the projects are feasible with the selected sources, technologies and 

estimated cost projection for heat supply (as per Table 58). However, it can be different if instead 

the conventional combustion technology, the cogeneration will be used to convert biomass to the 

heat and electricity, which is more efficient (around 75-80%). Moreover, the projects could be 

feasible in case of the subsidies from the Government side for some limited period in order to 

ensure the launching of the projects.  

In general, to release the dependence on the imported fuels (heating oil and coal) it could be a 

solution to focus on the further research and analyses of biomass based heating generation 

plants (particularly forest residuals). Additional opportunity to increase the heat generation 

volume from biomass is to devote all harvested forest to the energy generation (instead of 

exporting as a raw material and importing heavy oil), yet that is a subject for the separate 

analyses. Other option, for improving the situation with the heating in the Murmansk region, is to 

focus on the efficiency, such as to implement proper measurement system and to control the 

consumption, improve the quality of houses thermo isolation and to repair/change heat 

transmitting lines. All these actions are targeted to minimize the losses and potential decrease 

the required generation.  

Table 58 Heat generation projects feasibility 

 
Source: own assessment 
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General conclusion:   

One of the challenges, which appeared during the working on thesis is the information sources 

availability and quality of the information about the renewable sources of energy in the Murmansk 

region. However even with the rough estimations made in some cases, to asses the availability 

of the source in the region, still the solid conclusion can be done regarding the type of the most 

promising energy source for the Murmansk region (both heating and electricity).  

The other uncertainty happened during work, is the fluctuations of the Russian currency (ruble), 

which is an issue in regards of the tariffs projections, as the exchange rate more than doubled in 

comparison with 2011 (when the forecast was prepared). 

The weak point of the thesis, is that CO2 emissions are not considered, and not included in the 

scope of the thesis; however, that is important factor to study in order to decide on the project 

feasibility in the ecological aspect. To suggest the proper energy mix for the Murmansk region, it 

would be beneficial to compare emissions level of the different energy sources the suggested 

renewable and current fossil fuels. 

However, in spite the mentioned uncertainties, derived results confirmed the feasibility of some 

of the projects; For the Murmansk region particularly, these projects are: Hydro, tidal and wind 

in case of electricity generation, these sources I would recommend to analyze further on. 

The main obstacle of the further development of the Murmansk region's energy system (for both 

heating and electricity generation and supply) is lack of investments and particularly private, 

which is due to the market condition overall (Russia is considered to be unstable and risky for 

investments) and regulated tariffs as well. Moreover, the construction of the new generating 

facilities has to be started simultaneously with the infrastructure development (i.e. logistic access 

development, treatment facilities construction in case of biomass, grids and etc), that would lead 

to more financial pressure.  
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