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Abstract. The paper describes the agent-based model usage to evaluate the dynamics and the 
perspectives of alternative energy adopting in the Eastern regions of Russia. It includes a brief 
review of the agent-based models that can be used for estimation of alternatives in the process 
of transition to “green” economics. The authors show that active usage of solar energy in 
Russia is possible at the rural household level, when the climate conditions are appropriate. 
Adoption of solar energy sources decreases the energy production based on the conventional 
sources and improves the quality of environment in the regions. A complex regional multi-
agent model is considered in this paper. The model consists of several private models and uses 
GIS technologies. These private models are a demographic and migration model of the region 
and a diffusion of the innovations model. In these models, agents are humans who live within 
the boundaries of the agents-municipalities, and agents as well are large-scale producers of 
electricity that pollutes the environment. Such a structure allows us to determine the changes in 
the demand for electricity generated by traditional sources. A simulation software will assist to 
identify the opportunities for implementation of alternative energy sources in the Eastern 
regions of Russia. 

1.  Introduction 
Development of low-carbon energetics is intended to solve the problems of environment pollution 
caused by usage of traditional sources to produce electricity. Having a significant share in the 
electricity production, Siberian and Far Eastern coal power stations are not exclusions. Theirs 
emissions consist of such components as soot, sulfur dioxide, nitrogen oxides, carbon monoxide, and 
also benzopyrene that is a carcinogen and makes negative impact on human health [1]. While the 
amount of emissions being decreased in Russia and other regions in the last years, the quality of 
atmosphere air is still not appropriate in many  territories. 

The increasing interest to energy production is caused by the fact that this industry is the main 
source of pollutions while it still remains the foundation of all productive forces. Currently, one of the 
world priorities is the strategy of “green” growth that should help to save natural assets. To evaluate 
changes in this field of ecological economics we develop the regional multi-agent model that provides 
a tool to calculate some economic and environmental indicators. Work [2] suggests a concept of 
direction and “color” of economic growth. In paper [3], it is noted that this model can be used for the 
temporal and spatial analysis. We will consider this conception in detail and  show how to apply it to 
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the modeling of processes by the example of the energy sector of the Trans-Baikal Territory. Let us 

apply the graphical method for this purpose. 

As the point of origin Io (figure 1) we take the ecological and economic state of the system at the 

initial time. The X axis will contain the economic result (ER) obtained as the main indicator of the 

economic development of the region that is the gross regional product measured for the economic 

activity «Electricity, gas and water supply». The Y axis contains specific indicators of negative impact 

on the environment per one unit of economic result. In this case we used the eco-intensity of air 

emissions from stationary sources that is calculated as the ratio of the corresponding environmental 

pressure to the economic result. 

   

Figure 1. Air emissions from stationary sources of the energy sector in Trans-Baikal Territory: 

color growth in 2005–2014 (Russian Ruble, 2005) 

 

The curve named G is the geometric place of points that characterizes the continuous negative 

impact on the environment. The further trend of the system development in time is analyzed and  is 

defined accordance to the vector of “green” growth  depending on the ecological economic zone that 

contains next points. As the result, it may be concluded that the economic growth (from 2005 to 2013) 

in the energy sector of the modeled region is characterized by “black” color. It means that  the 

increasing of the economic result corresponds with increasing in both the eco-intensity and the total 

impact on the environment.  In 2014, the transition to brown growth zone was detected. It means the 

decreasing of the environmental pressure indicators and also increasing of the both the economic result 

and emissions.  Consequently, there is no any evidence of the transition in the near future to the green 

growth zone, where increasing of the economic result is accompanied by reduction in both the eco-

intensity and the total impact. 

A huge task of alternative energy development  in the regions of Siberia and Far East  was set  in  

the Russian Federation. However, financing of this task is insufficient. In the spite of the absence of 

government support, the intensive usage of solar energy in Russia is possible at the household level in 

case there are the appropriate climate conditions. The ABM based modeling experiment provides the 



opportunities for evaluation of a potential benefits from usage of alternative energy sources. This 
approach is reasonable due to high cost of the equipment and its installation. The modeling will help to 
show the benefits that can be achieved by decreasing environmental pressure. Thus, both recipients of 
the technology and population on the whole will be considered in the role of beneficiaries. 

2.  ABM Methodology 
At present, agent-based modelling (ABM) is one of the perspective research methods that is 
appropriate for finding a solution to many different tasks. ABM is actively used in most of social 
sciences from 1990. In papers of Russian scientists [1], it is noted that a large number of models has 
been developed recently in different fields of research (and most of them were developed abroad). 
This raised a problem of standardization of these models. The acting agents in these models may be 
humans, manufactures, transport, equipment and even non-material objects. They have a specific 
properties, behaviour and can communicate with each other and also with environment (figure 2). 
 

 
Figure 2. The scheme of interaction between agents and environment 
 
Modeling of the processes of human activities with usage of the agent approach is of particular 

interest. Thus, the first models were demographic models. e. g., in paper [4], the model of the structure 
and dynamics of the household is considered. This model is developed in order to investigate the 
interactions between demographic processes and the process of epidemic spreads. More complex 
models imitate activity of economic system [5]; in particular, paper [6] develops the multi-agent 
model of the fundamental economic system that includes manufactures, consumers and banks. The 
most important aspect of this model is self-regulation mechanisms of costs, production and 
investments. Complex models cover several aspects of human activity, e. g., the model of Mayan 
society considered in paper [7] investigates relations between population increasing, agricultural 
production, soil degradation, climate change and changes in the ecosystem. 

Also, there are models that may be applied for investigations of transition to green economy in 
order to decrease the degradation of environment. Paper [8] models processes of decision making by 
households with regard to the installation of photovoltaic cells across the city. This model takes into 
account demographic, social, ecological factors according to data about usage of alternative energy 
sources. Paper [9] discusses the hybrid agent-oriented model that makes it possible to evaluate the 
population demands for water, paper [10] focuses on sustainable groundwater management. 

Applying ABM to the model of complex social, demographic and economic processes in the 
region, as well as to the model of interaction with the environment, means a specific advanage. In 
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works of Russian researchers, this approach is used to investigate demographic processes at the 
country-wide level. There are models that allow imitating the population, the economics and the 
environment interactions bounded by one region as well [1]. 

3.  Description of the model 
For developing of the model, the authors use the AnyLogic software product. The regional multi-agent 
complex model is based on GIS (Geo-informational system) technologies as well. It assumes the 
interaction with the environment and consists of two local models: the demographic model of the 
region where the migration intentions are included, and the model of diffusion of innovations. 

 
Figure 3. A flowchart of the regional mode 

 
The agents of the model (figure 4) are humans who live in bounds of the corresponding agents-

municipalities, and large energy manufactures having the negative impact on the environment. The 
demographic model describes fertility, mortality and migration. Agents are characterized by sex, age, 
income, willingness to adopt solar panels as an energy source and accommodation in some 
municipality. To determine the willingness of solar panels adoption and to form specific behavior of 
agents in the areas of the modeled region the sociological research was made. It allowed defining the 
needed parameters of the agents' behavior. The environment comprises some economic, institutional 
and other parameters that can  influence the willingness of the population to pay for transition to 
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alternative energy. 

 
Figure 4. Agents of the regional complex model 
 
Different combinations of the potential, decreasing the energy output caused by local adoption  of 

solar panels, makes it possible to evaluate the reduction of the environmental pressure in the region 
and to define the optimal value of energy generation. The model experiment will show how much 
consumption energy produced by traditional sources will be reduced. The eco-intensity indicator will 
show changes in ecological and economic systems of the region, according to the conception of 
direction and “color” of the economic growth [2]. 

4.  Conclusion 
The actuality of the issues related to the transition to low carbon economics and to an increase of the 
economic growth quality is still significant in Russia. It is supposed that the agent-oriented modeling 
is the perspective approach to model different systems including economic systems. This model allows 
defining perspectives of adoption of alternative energy in the Eastern regions of Russia. It also makes 
possible to analyze scenarios and conditions required to elaborate recommendations for support of  
renewable energy in regions. To use this model further, a special software product (simulator) is being 
developed. It provides interaction with the model and runs the model experiments. The obtained 
ecological and economic characteristics of system functioning can be used in further evaluation of   
technological changes in the energy system of regions. e. g., will it lead to transition from “brown” to 
“green” growth of region's economics according to the “green” model of economics development. 

5.  Acknowledgments 
This work was supported by the Russian Fund of Fundamental Research  (project № 16-06-00295 А) 
and the project of SB RAS IX.88.1.6. The development of the model is a part of the RFFR project. 
The research of growth direction of the energy industry in the region is a part of the SB RAS project. 

References 
[1] Makarov V, Bakhtizin A and Sushko E 2015 Economy of Region 3 312 
[2] Victor P 2015 Ecological Еconomics 109 93 
[3] Glazyrina I, Faleichik L and Yakovleva K 2015 Geography and Natural Resources 4 17 
[4] Geard N, McCaw J M, Dorin A, Korb KB and McVernon J 2013 Synthetic Population 

Dynamics: A Model of Household Demography J. of Artificial Societies and Social Sim. 
JASSS16(2013)001 

[5] Entwisle B, Williams N, Verdery A, Rindfuss R, Walsh S, Malanson G, Mucha P, Frizzelle B, 
McDaniel P, Yao X, Heumann B, Prasartkul P, Sawangdee Y and Jampaklay A 2016 Popul. 
Environ. 38 47  

[6] Ogibayashi S, Takashima K, Kunita T 2010 ICIC Express Letters 4 877 
[7] Heckbert S 2013 MayaSim: an agent-based model of the ancient maya social-ecological system 

J. of Artificial Societies and Social Sim. JASSS16(2013)004  
[8] Rai V and Robinson Sc 2015 Environmental Modelling & Software 70 163 

Environment 
Agents 

Population 
Energy 

companies 
Municipal 
districts 

5

International Conference on Information Technologies in Business and Industry 2016                     IOP Publishing
IOP Conf. Series: Journal of Physics: Conf. Series 803 (2017) 012071         doi:10.1088/1742-6596/803/1/012071



[9] Athanasiadis I, Mentes A, Mitkas P and Mylopoulos Y 2005 Simulation 81 175 
[10] Farhadia S, Nikooa M, Rakhshandehrooa Gh, Akhbarib M, Alizadeha M 2016 Agricultural 
Water Management 177 348 

6

International Conference on Information Technologies in Business and Industry 2016                     IOP Publishing
IOP Conf. Series: Journal of Physics: Conf. Series 803 (2017) 012071         doi:10.1088/1742-6596/803/1/012071




