Journal of Physics: Conference
Series

PAPER « OPEN ACCESS You may also like

Evaluation of development prospects of renewable @i ia e isngand aent

. based models
energy: agent based modelling Didier Somette

- The cavity method for minority games

5 . . . between arbitrageurs on financial markets
To cite this article: E A Klevakina et al 2017 J. Phys.: Conf. Ser. 803 012071 Tim Ritmeester and Hildegard Meyer-

Ortmanns

- Stability of subsystem solutions in agent-
based models

Matjaz Perc

View the article online for updates and enhancements.

@ LSS DISCOVER
s = how sustainability
The vh : intersects with
Electrochemical & |

Society

Advancing solid state &
electrochemical science & technology

This content was downloaded from IP address 3.16.212.99 on 27/04/2024 at 03:29


https://doi.org/10.1088/1742-6596/803/1/012071
https://iopscience.iop.org/article/10.1088/0034-4885/77/6/062001
https://iopscience.iop.org/article/10.1088/0034-4885/77/6/062001
https://iopscience.iop.org/article/10.1088/0034-4885/77/6/062001
https://iopscience.iop.org/article/10.1088/1742-5468/ac6030
https://iopscience.iop.org/article/10.1088/1742-5468/ac6030
https://iopscience.iop.org/article/10.1088/1361-6404/aa903d
https://iopscience.iop.org/article/10.1088/1361-6404/aa903d
https://pagead2.googlesyndication.com/pcs/click?xai=AKAOjstaCMBlBtizo5J1VRaz3DLu81ONyaABmf49FTdZzY87nBXO6FpzczKRU7oSfVoQ_u-hcRo0qsOeFH5GNmTZEo8gLPdz03M9xmNrguBvUtT6ji6MsE0DK2_oIBDEKa0_-CGPWS-paU-JIwYXSqMIqOgACqkESCrWkTG9BlIoGGJvHXX_Em-UnByeC7_H_yhUr9ia_UeSWUgXbaue4g5fAe5j4JZR2rFDZSM8IZnmSdOR27QwAepwr1ysyYxHYjcMMeK8mCDQsaLmDmEuX7pU3lF4AvOIQCapsQjz19HMpGxDaCSAn4Sf6gEBiTjuY9kEHk8eDtgT56DfTnKRiLdVmeQ5DQUPzQ&sig=Cg0ArKJSzDefDlOmhISu&fbs_aeid=%5Bgw_fbsaeid%5D&adurl=https://iopscience.iop.org/partner/ecs%3Futm_source%3DIOP%26utm_medium%3Ddigital%26utm_campaign%3DIOP_tia%26utm_id%3DIOP%2BTIA

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

Evaluation of development prospects of renewable energy:
agent based modelling

E A Klevakina!, | A Zabelina!, M Sh Murtazina’

" Institute of Natural Resources Ecology and Criology SB RAS, 16a, Nedorezova str.,
Chita, 672014, Russia

2 Novosibirsk State Technical University, 20, Karla Marksa ave., Novosibirsk,
630073, Russia

E-mail: bedew @yandex.ru

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

Content from this work may be used under the terms of the Creative Commons Attribution 3.0 licence. Any further distribution
BY of this work must maintain attribution to the author(s) and the title of the work, journal citation and DOL.
Published under licence by IOP Publishing Ltd 1


http://creativecommons.org/licenses/by/3.0

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

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 I, (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.
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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
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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).
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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.
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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.
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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.
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