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创建农村智能电网及其并入俄罗斯集中式电网的问题
THE PROBLEMS OF CREATING RURAL SMART GRIDS AND 

THEIR INTEGRATION INTO A CENTRALIZED ELECTRIC GRID 
IN RUSSIA

Belov Sergey Ivanovich
Candidate of Technical Sciences, Associate Professor
Russian State Agrarian University – Moscow Timiryazev 
Agricultural Academy
ORCID ID: 0000-0003-3974-6734

抽象的。 本文讨论了在农村地区部署新型电力基础设施（智能农村电网），以
提高终端消费者能源供应的可靠性。

分析了使用 HOMER 建模和优化包确定最佳规模、可再生能源参与的发电构成
以及优化创建农村智能电网的成本的问题，以及实际管理创建的微电网的问题 时
间并使用集成控制系统将其集成到集中式网络中。

考虑利用智能农村电网实现俄罗斯农业生产智能化、保障可靠能源供应、农业
现代化和农村经济发展的任务。

关键词：农村智能电网、微电网、配电网、可再生能源、分布式发电。
Abstract. The article discusses the deployment of new electrical power 

infrastructure in rural areas (Smart Rural Grid) to improve the reliability of 
energy supply to end consumers.

The issues of determining the optimal size, composition of generation with the 
participation of renewable energy sources and optimization of costs for creating 
a Rural Smart Grid using the HOMER modeling and optimization package are 
analyzed, as well as the problems of managing the created microgrid in real time 
and its integration into a centralized network using an integrated control system.

The tasks of using Smart Rural Grid in the intellectualization of agricultural 
production in Russia, ensuring reliable energy supply, modernization of 
agriculture and economic development of rural areas are considered.

Keywords: Rural Smart Grid, microgrids, distribution networks, renewable 
energy sources, distributed generation.

1. Introduction
All over the world, the production of electricity from renewable sources is 

rapidly increasing and their share currently accounts for more than half of the 
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increase in global electricity generation, while the current stage of development 
of the electric power industry is characterized by the large-scale use of renewable 
sources of electricity directly to the end consumer, as well as the development of 
new energy and information and communication technologies that make it possi-
ble to effectively manage the existing smart energy system [1].

Constantly rising electricity prices and deteriorating distribution networks 
highlight the benefits of producing energy close to the point of use and increasing 
the energy efficiency of consumer equipment.

The creation of a smart network that unites a growing array of distributed en-
ergy resources located at end consumers, including various options for generating 
and storing electricity, helps balance supply and demand, ensures the reliability of 
energy supply to the consumer, and also opens up access to new products, services 
and markets.

The International Energy Agency’s (IEA) Roadmap defines a Smart Grid as an 
electricity network that uses digital and other advanced technologies to monitor 
and manage electricity generation from all sources to meet the changing needs 
of end users in order to achieve maximum operational efficiency. all parts of the 
system, minimizing costs and environmental impact while maximizing system re-
liability and efficiency [2].

Smart grids are an evolving set of local generation and technologies that are 
being deployed at different rates and in different contexts around the world, de-
pending on local commercial attractiveness, compatibility with existing technolo-
gies, regulatory changes and the investment base.

Properly designed and effectively managed smart grids provide consumers 
with the opportunity to make optimal behavior and purchasing choices in the retail 
electricity market. Smart grid deployment and smart grid costs and savings must 
be tailored to the specific needs of each region, taking into account market and 
regulatory considerations.

Smart grids have a particularly large role to play in the deployment of new ru-
ral electricity infrastructure (Smart Rural Grid), enabling more efficient operation 
and lower costs for consumers in remote areas.

2. Determining the size, generation mix and costs for creating a Rural 
Smart Grid

One of the prerequisites for creating a Rural Smart Grid is to study the load 
profile of the system for forecasting and data management to meet the power de-
mands of diverse loads by matching supply and demand and effectively reduce 
peak loads through intelligent load management through the installation of smart 
meters. Peak load management will reduce the need for operational generation 
reserves to ensure a reliable source of energy supply [3].

A variety of local renewable and traditional energy sources can work together 
in a smart grid, creating hybrid generation with different principles and modes of 
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operation of the generating devices. Renewable energy sources due to their inter-
mittent nature cannot supply the load continuously and the load itself is constantly 
changing as required, so additional battery storage is required to ensure a continu-
ous balance of generation and load. The correct choice of combination and power 
of generating devices with an electricity storage system and with a consistent load 
profile significantly affects the costs of the local network [4].

Extremely important when building a Rural Smart Grid is the sizing of gen-
erating units and cost analysis for stand-alone hybrid systems. To design an au-
tonomous power plant and optimize the installed capacity of renewable energy 
sources, it is necessary to model the system configuration depending on natural 
conditions and the nature of the load.

Abroad, the selection of the best option for identifying available energy re-
sources in a certain local area, depending on the nature of the load and its potential 
demand, at many sites around the world, a modeling and optimization process 
is used using the Hybrid Optimization Model for Electric Renewable (HOMER) 
software package for simulation Rural Smart Grid model based on optimization of 
initial capital costs, power generation costs, operation and maintenance costs and 
life cycle cost (LCC) analysis of the facility [5].

For example, in rural Bangladesh, the HOMER package was used to analyze 
the potential of wind and solar energy by investigating the economic feasibil-
ity of a grid-connected hybrid power system. Two types of models have been 
developed and optimized for comparison: standalone and networked. For each 
model, a sensitivity analysis was performed to determine the impact of variations 
in grid energy costs on the overall grid cost. The simulation results show that the 
grid-connected hybrid power system is the most suitable and cost competitive for 
the specified region [6].

The combination of various power plants using RES is considered an effective 
and promising approach to electricity generation for rural electrification. Using 
the HOMER package, Rural Smart Grid hybrids with various generation sources 
were selected and built in Indonesia, India, Ethiopia, Algeria and other developing 
countries [7-9].

3. Problems of microgrid management and its integration into the net-
work

There are a number of active microgrid projects and research efforts around the 
world testing and evaluating these advanced power distribution system concepts: 
American microgrids, Asian microgrids, European microgrids [10], [11].

However, there is rather little literature on rural smart grids and improving the 
reliability of energy supply to rural consumers through the introduction of modern 
technologies. The main difference between urban and rural microgrids is that rural 
areas are connected to weak distribution networks. Radial networks are the most 
obvious choice for creating microgrid systems in rural areas.
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One of the important aspects of the construction of microgrids is that their 
operation does not contradict the use of a traditional power supply system, com-
plements the electrical grid system, increases the reliability of power supply to the 
end consumer, especially in the event of technological or emergency outages in 
the distribution network, while the microgrid can be turned off if emergencies in 
the network without affecting the local power supply.

Ensuring reliable power supply to self-loads is the most important priority for 
microgrids. Therefore, a microgrid must have the following characteristics, which 
must be ensured when connected to the distribution network [12]:

• Installed at a specific local location, which can be either in the distribution 
network itself or in a remote area connected to the radial distribution network.

• Must have two operating modes: connected to the network; and autonomous 
(isolated) and for this purpose have devices in the distribution network for auto-
matically connecting and disconnecting the electrical network, and must be pro-
vided with appropriate means and protection circuits.

• Provided with an intelligent bidirectional electricity metering system for mu-
tual settlements when receiving electricity from the network and in the event of 
supplying excess microsystem generation power to the centralized network.

• Generate the required reference voltage and frequency in islanded mode to 
support the highest priority loads during a power outage or poor power quality.

• To use local information to manage energy consumption and stochastic gen-
eration to ensure power balance in the microgrid including abnormal situations 
(unintentional network outages or faults).

• To act as a single controllable entity from the grid’s perspective, using moni-
tors to monitor electrical components such as power, voltage and frequency.

One of the main reasons for the development of the microgrid concept is the 
penetration of renewable energy sources, which have been recognized as a major 
driver for the introduction of these types of power units into the microgeneration 
structure. These types of resources are completely dependent on weather condi-
tions, and their erratic and highly variable nature can lead to significant uncertain-
ty regarding the generation and load balance that is critical to microgrid operation.

The basic single-line diagram of a smart grid is shown in Fig. 1.
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Figure 1. Schematic single-line diagram of a smart grid [12].

RES technologies generate uncontrolled power with different voltages and fre-
quencies. The use of RES generation units as a power source can undoubtedly 
cause many disadvantages, such as problems with control, dynamics and energy 
management. Therefore, it is very important to ensure a balance of supply and 
demand, which must be ensured at any given time.

To ensure coordinated, integrated and efficient operation of the microsystem 
in any mode, it must be provided with a monitoring and control system that plays 
a vital role in the reliability of power supply to the end user, while, thanks to the 
common connection point, it is possible to operate in both isolated mode and in 
grid-connected mode, which should provide increased flexibility in managing mi-
crogeneration in different operating modes.

In cases where local resources are insufficient, grid connection is used to meet 
end-user needs and supply-demand imbalances may result and should be avoided. 
This flexibility also addresses voltage and frequency stability issues.

Microgrids are power distribution systems containing controllable loads and 
distributed energy resources (such as traditional micro, mini and renewable gen-
erators, power electronic converters, electrical storage devices and static load 
switches) that can and should be controlled in a coordinated manner either when 
connected to the main power grid or in island mode.
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One of the most important challenges in managing smart grids in rural areas is 
the diversity and poor predictability of load and generation characteristics of RES. 
To cope with this problem and ensure load balance to maintain the required volt-
age and frequency, the control system must have a hierarchical structure, shown 
in Fig. 2 [13].

Figure 2. Hierarchical management system of smart rural grid [13]

A microgrid is different from a distribution network and has both additional 
benefits and challenges, with the main difference being the application of an en-
ergy management system in the form of a centralized control unit, which as the 
main controller is used to maintain optimal operation of the microgrid. However, 
if connected to a network, it is subject to additional requirements for overload 
protection and synchronization with a centralized network.

When considering these operational issues, master controllers will need to 
continually maintain a balance of active and reactive power, as well as ensure 
optimal allocation of local resources through control, automation and communi-
cations systems. The microgrid central controller is a physical computer system 
consisting of a software platform that uses various modules for load generation 
and forecasting, human-machine interfaces, and supervisory control and data ac-
quisition (SCADA).

It has been noticed that systems with a high level of distribution of distributed 
generation experience changes in voltage and reactive power, as well as frequency 
fluctuations at the connection point. Therefore, the main task of networks, guar-
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anteeing their local reliability and stability of consumers, is voltage regulation, 
for which a local voltage regulation system should be developed to avoid these 
changes and the circulation of reactive currents between sources [14].

The central controller performs multiple processes to forecast power produc-
tion, power demand and market prices for power, as well as monitoring, analyzing 
and optimizing data to provide the functions required for efficient operation of the 
power system by sending optimal solutions to ensure power supply at minimum 
cost. A central controller is required to systematically coordinate the various com-
ponents of a microgrid to ensure its energy-efficient, safe, reliable and cost-ef-
fective operation, and can be implemented for both centralized and decentralized 
information processing.

In centralized processing, the central controller processes all microgrid in-
formation, while in decentralized control, the central controller only takes into 
account a limited amount of real-time information from local controllers, which 
must provide the primary level of control designed to ensure proper power distri-
bution among microgeneration units and load voltage control.

When distributed generation is integrated into the distribution network, its 
operation changes significantly as the flow of electricity becomes bidirectional. 
Distributed generators are impacting feeder operations and the planning and safety 
practices of electric utilities. From a power supply security perspective, microg-
rids must include settings for protection devices and ways to restore the system in 
the event of a fault.

Since the control approach is a key element of the microgrid, it must be de-
signed to represent the microgrid as a whole from a power system perspective. A 
good place to provide control and protection systems for microgrids is the power 
substation.

The affected rural consumer is usually connected to an extended distribution 
network, which, through a final transformer and circuit breaker, supplies the load 
of the rural consumer at a low voltage level. Radial networks are based on a sin-
gle main line, where loads and distributed generation are connected in parallel. 
When the term “smart grid” is used, it refers to the entire network as a whole: the 
electrical system, including a variety of generation, taking into account renewable 
energy sources; transmission and distribution of electricity; various productions of 
agricultural consumers with varied loads, including social institutions and the pop-
ulation; retail electricity market and energy service providers, as well as operation. 
All this makes the network a rather complex object to manage [15]. 

4. Development of electricity infrastructure in rural areas in Russia
The development of electrical power infrastructure in rural areas in Russia 

should lead to increased energy efficiency and a reduction in the cost of produc-
tion of agricultural products at agro-industrial complex enterprises, the creation of 
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smart agricultural enterprises, and improved quality of life and working conditions 
for rural residents. The energy intensity of agricultural production can be reduced 
through the introduction and use of renewable energy sources (RES), obtaining 
energy from secondary energy resources and waste from livestock and agricultural 
activities, and the creation of smart energy supply systems in rural areas [16].

The creation of smart agricultural enterprises with a complex of interconnect-
ed smart fields, farms, greenhouses and auxiliary production, based on modern 
competitive domestic technologies and management systems with the introduc-
tion of information and communication technologies (ICT), intelligent metering 
of energy resources, planning and forecasting of a systematic reduction in energy 
intensity should ensure efficient production agricultural products [17].

The use of renewable energy sources has already become the norm almost 
throughout the world. The emerging economic basis for the widespread use of 
renewable energy sources makes it possible to build a new energy sector with 
lower specific investments per 1 kW of installed capacity and with the production 
of cheaper electrical energy than from a centralized power grid. RES power plants 
provide the highest net return on invested capital, the highest profitability index 
and the highest return on investment [18].

A person is not able to cope with a large flow of stochastic information re-
ceived from various sources (tags, controllers, sensors, controls), which must be 
quickly processed, make the right decisions and at the same time manage the pro-
duction process. Therefore, to significantly increase the efficiency of agriculture in 
Russia, it is necessary to digitalize all agriculture, which should provide the oppor-
tunity to use broadband, mobile, LPWAN communications, information technol-
ogies (small and big data, AI, management platforms), and in every possible way 
develop the market for information technologies and end-to-end digital systems in 
agriculture, leveling the digital divide between urban and rural areas [19].

The insufficient development of digital infrastructure in rural areas, especially 
in rural areas, does not currently allow us to achieve the full potential of introduc-
ing modern energy technologies.

This requires new tools, more flexible approaches and mechanisms to ensure 
adequate capacity in smart rural electricity grids, taking into account the rapid 
development of digital technologies, control platforms, ICT and power control 
equipment. Electricity generators must be more responsive, consumers must be 
more connected and adaptable, and grid infrastructure must be strengthened and 
digitized.

Rural power grid is one of the key infrastructures in rural areas, which affects 
the level of agricultural production, farmers’ working conditions and the well-be-
ing of rural residents, so the smart rural power grid becomes an important founda-
tion and driving force of a new rural regional development model.
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The required distributed generation resources and power equipment can be 
flexibly integrated and intelligently distributed using advanced information, com-
munication and control technologies. Local consumption of clean energy can help 
improve greenhouses, pumped irrigation systems and heating systems.

Systems for monitoring and forecasting weather conditions will make it pos-
sible not only to effectively manage local generation sources with the participa-
tion of renewable energy sources, but also to regulate the load in accordance with 
changes in the process of agricultural production itself depending on the weather. 
Information about agricultural production can be collected in the form of a pano-
rama and subjected to intelligent monitoring.

The application of power grids in smart agricultural production can ensure re-
liable energy supply, improve the overall information level in rural areas, promote 
the modernization of agricultural production structure and the economic develop-
ment of rural areas.

The application of smart grids in rural areas in Russia optimizes crop growing 
conditions, reduces production costs, reduces labor and improves efficiency. All 
this contributes to further economic development and intellectual construction of 
agricultural production [20].

5. Conclusion 
Rural power grids are one of the most important infrastructures in rural areas. 

The level of agricultural production, working conditions and well-being of rural 
residents significantly depend on a reliable energy supply to the village.

It is necessary in every possible way to develop and introduce modern distrib-
uted generation technologies with the participation of renewable energy sources 
and advanced information and communication technologies in the rural energy 
sector. The introduction of new technologies and intelligent management of the 
rural power grid Rural Smart Grid is becoming an important basis and driving 
force for a new rural model of regional development.

Therefore, great attention should be paid to and carefully studied the develop-
ment of the process of implementation and operation of Rural Smart Grid abroad 
in order to make the most of this experience in rural electrical networks in Russia.
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