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Abstract. The COP 21 agreement state that the reduction of CO2 emissions will limit the rise of global temperatures 

and thus the impacts of global warming. Since the energy sector is one of the biggest CO2 emitters, greening it is one 

of the actions selected to achieve COP 21 targets. Increased generation from renewable sources, however, should 

entail an increase of flexibility options for integrating renewable energy in the system. The volatility of renewable 

sources such as wind and sun requires flexible storage units, energy conversion and management techniques as well 

as active consumer participation to ensure the power system is balanced. In multi-energy systems, the electricity 

generated by renewables is converted into other energy forms such heat or gas. Rural areas result to be attractive test 

bench in which multi-energy system could be developed. The objective of this study is to analyze the potential for the 

development of multi-energy systems in remote Russian communities. 

1 Introduction 

The Russian Federation is one of the world’s largest emitters 

of greenhouse gases and producers of fossil fuels. Its energy 

policy strategies are intended to lower carbon emissions by 

25% to 30% over 1990 by 2030. The use of renewables could 

accelerate achievement of this target. Generation with volatile 

renewable energy sources (RES) such as wind and solar 

requires a very flexible system, though. Such flexibility could 

be established by using energy storage systems 1-2, making 

consumers more active, and transforming the electric system 

into microgrids, net-zero energy systems (NZES) and multi-

energy system (MES)  3-7.  

Electricity and heat production alone account for around 25% 

of direct global climate change emissions. The transportation 

and industrial sectors account for another 35% of global direct 

emissions. Buildings alone are responsible about 6.4% of 

global emissions (see Fig. 1). As referred in 8, these emissions 

are wholly related to the national contribution based on the 

development status of a particular country. The higher a 

country´s urbanization rate is, the higher its direct and indirect 

CO2 emissions are. Appropriate actions must be taken for 

sustainable development. Improving energy efficiency, 

increasing the use of renewables, electrifying the 

transportation and heating sectors can be instrumental in 

decreasing the carbon footprint. 

 
Fig. 1 Direct and indirect CO2 emissions per sector 9 

 

The development of renewable energy systems might be a 

challenge in the Russian Federation and a solution for 

greening the Russian energy sector. The Russian Federation 

has huge capability to exploit its renewable energy resources 

(see Fig. 2).  
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Fig. 2 Potential renewable energy sources in the Russian Federation 
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Power plants based on the photovoltaic technology or on solar 

thermal collectors could be installed in many areas in the 

southern part of the Russian Federation and in the Siberian 

region. Onshore and offshore wind farms could be installed in 

the northern and eastern coasts. Small or large biomass or 

biogas power plants could also be used to produce electricity 

and heat. The potential to exploit (electrical and thermal) 

energy from biomass is very high (see Table 1). According to 

11, the biomass potential ranges between 1848 and 14084 

PJ/year. 

 
Table 1 Potential biomass feedstock supply in Russia 2030 11 

 Low 

(PT/year) 

High 

(PT/year) 

Energy crops from non-forest land - - 

Harvest residue 239 493 

Agro-processing residue 218 461 

Animal manure and post-consumer 

household waste  

18 498 

Energy crops from forest land 0 10386 

Timber logging and processing residue 801 1728 

Wood construction, demolition and 

furniture waste 

572 518 

Total 1848 14084 

 

2 Rural Communities in the Russian 
Federation 

Around 10-15 million people live in rural areas in the Russian 

Federation. They are mostly located in the north and in the far 

east of the Russia Federation. Such areas are supplied neither 

by the electrical grid nor by a natural gas network (see Fig. 3). 

Over 90% of the energy consumed in these areas is thermal 

and less than 10% is electricity (see Fig. 4). Residents of these 

areas use diesel generators or biomass boilers to produce 

electricity and heat. Diesel is generally supplied by train, boat 

or even helicopter. According to 11, between 900 and 50000 

diesel generators are in operation in Russian rural areas. They 

generate less than 1% of Russia’s total electricity output at a 

cost that can reach €1/kWh. 

 
Fig. 3 Remote rural areas in the Russian Federation 

 

 

 
Fig. 4 Energy use in the residential sector (based on 11) 

 

 

These areas’ economies could be vastly improved if the 

quality of the (electrical and thermal) energy supply was better 

and the costs were lower than they actually are. Renewable 

energy sources offer great potential to improve the quality of 

life in the Russian rural areas. They can help decrease energy 

generation costs, improve the quality of the energy supply, and 

create new job opportunities 12. Since the capital expenditures 

required to upgrade rural systems from diesel generators to 

RES generators would be relevant to local investors, it is very 

important to identify the optimal energy system configuration 

that maximizes investment economically, socially and 

technically. 

3 Energy Configuration for Rural Energy 
Systems 

Renewable generators could become the backbone of rural 

energy systems. They could supply the energy required by a 

rural community completely. Doing this, however, requires 

making the energy system more robust with new flexibility 

options. Energy storage systems, e.g. batteries or thermal 

energy storage systems, could help make the system robust 

enough to integrate volatile RES 100%. Multi-energy systems 

could conceivably also cover other energy demands such as 
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heat, transportation and gas (see Fig. 5). Energy storage 

systems (electrical and thermal) in MES are key elements for 

integrating and storing volatile RES for long periods. 

Electric vehicles are an attractive solution for distributing 

energy storage throughout the rural energy system. The 

electric agricultural machinery such as tractors and vans being 

marketed by more and more electric vehicle manufacturers 

could be integrated in the rural electric system perfectly.  

 

 

 
Fig. 5 Residential multi-energy system design 

  

Electric heat pumps and biomass boilers could be selected to 

produce heat. Electric heat pumps are generally used to 

convert electricity into low enthalpy heat (up to 55°C). The 

heat produced can be supplied to the local heat network or 

stored in thermal energy storage systems (TESS). The heat 

pumps’ energy performance is contingent on the sink side 

temperature (TH) and the heat source temperature (TL). The 

coefficient of performance (COP) is normally the main 

parameter analyzed to evaluate the performances of electric 

heat pumps (see Eq.(1)). The COP of air/water heat pumps can 

range between 1.1 and 6.5 (see Table ). Water/water heat 

pumps do not perform as well as air/water heat pumps but 

their heat source temperature is more constant over time. 

 

heat H

electric H L

E T
COP

E T T
 


 (1)  

 
Table 2 COP of air/water heat pump 
Heat source 

temperature 

(K) 

Sink side temperature (K) 

 288.15 308.15 318.15 328.15 333.15 

253.15 3.2 1.9 1.4 1.2 1.1 

258.15 3.6 2.3 1.8 1.4 1.2 

266.15 4.0 2.9 2.5 2.1 1.9 

275.15 4.7 3.4 2.9 2.5 2.4 

280.15 5.6 4.0 3.3 2.8 2.7 

283.15 5.5 4.1 3.5 2.9 2.7 

288.15 6.3 4.6 3.7 3.1 2.9 

293.15 6.5 4.8 3.8 3.2 3.0 

 

Biomass can be burned in boilers or organic Rankine cycle 

(ORC) plants to increase enthalpy and thus temperature. ORC 

plans can cogenerate electricity and heat and be connected 

with solar thermal power plants Ошибка! Источник 

ссылки не найден.-16. They can also recover waste heat to 

cogenerate electricity and heat. 

 

4 Net-Zero Energy System Design 

The net-zero energy system (NZES) design could be a 

paradigm for upgrading Russian rural energy systems. The 

idea behind the NZES design is to establish a system supplies 

every load (electric, heat, transportation, etc.) only by using 

RES. The time horizon considered is fundamental to the 

NEZS design. A system could be net-zero for one hour, one 

week or one year. The longer the time horizon is, the larger 

the number of flexibility options needed (for energy storage 

capacity or energy converter capacity) is and, consequently, 

the higher the capital expenditures needed are. 

For rural areas, the methodology applied to design an NZES is 

generally divided into three phases (see Fig. 6). In the first 

phase, the system (e.g. buildings, districts, etc.) is analyzed 

and modeled. In the second phase, the potential to produce 

renewable energy and the energy loads (electricity, heat, etc.) 

are estimated. In the third phase, the energy sources and the 

flexibility options (e.g. energy storage capacity) are modeled 

over the considered time horizon. 

 

Fig. 6 NZES design methodology 
 

Different modeling and analysis tools were used for phases 

one and two. Fig. 7 presents an NZES modeled with ESI 

SimulationX® software. 
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Fig. 7 Screenshot of an NZES modeled with ESI SimulationX® 

software 

 

Phase three deals with an optimization problem that can be 

solved by considering only one criteria (generally economic) 

or various criteria (i.e. economic, technical, social and 

ecological).Total capital expenditure is usually an economic 

criterion. Other indicators such as net present value, internal 

rate of return or cost of generated energy are estimated to 

assess the cost effectiveness of every single NZES 

configuration considered. The technical analysis generally 

entails evaluating the system self-consumption index (SSCI) 

(see Eq.(2)) and the system self-sufficiency index (SSSI) (see 

Eq.(3)). 
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A variety of indicators can be factored into the social analysis. 

New job opportunities created by investment and visual or 

acoustic impacts of new infrastructures on a system are 

usually analyzed indicators. Virtual reality and 3D tools can 

be used to facilitate communication of a new infrastructure’s 

visual impact on an existing system to local communities (see 

Fig. 8)  

 

 
Fig. 8 Visual impact of a wind park represented by a virtual reality 

tool 

 

Emissions and reductions are analyzable ecological criteria. 

CO2, CO2 equivalents or particulate matter are usually 

evaluated. Though these indicators, the quality of the air in 

which the new generators will be installed can be performed.   

 

5 Conclusion 

 

Over 10 million Russians live in remote communities that are 

not supplied by the main electrical grid. Electricity in these 

areas is largely produced by diesel generators with fuel 

transported in by train, boat or helicopter. Consequently, the 

costs of producing electricity are very high. Russia is very rich 

in natural energy resources. Biomass, sun and wind resources 

could be exploited to supply energy for electricity, heat and 

transportation. Multi-energy systems could be designed to 

modernize existing infrastructures. Electrification of the entire 

energy system could help increase the penetration of power 

generated by RES. MES offer sufficient flexibility to 

implement net-zero energy systems. Designing generators and 

flexibility options for net-zero energy would improve the 

quality and certainty of supply. It is essential to consider 

technical, economic and social factors when designing an 

NZES. The latter factor should be considered carefully since it 

can expedite or hinder the implementation of an NZES 

project.  
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