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ABSTRACT 

The structure of common networks, physically and legally, is such that they are centrally exploited and there is no issue as the common use of 
electrical energy systems.  In re-structured networks, asset management and the efficient use of electrical energy equipment requires some kind of 
close cooperation between entities that use electrical energy systems. The collaboration and interaction between distribution system operators and 
transmission systems, or both, can have a significant impact on issues such as restructuring, the electricity market, distributed generation and 
demand management, etc. However, the main impact of this interaction is on cost management. Therefore, such cooperation and interactions in 
energy networks will also improve network efficiency and reduce costs. To this end, issues such as challenges and frameworks for cooperation data 
between system operators and their areas should be carefully considered. The results show that this collaboration will save time and money in 
addition to network upgrades. 
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INTRODUCTION 

Distribution System Operator means an individual or law that is 
responsible for implementing, ensuring proper maintenance, operation, 
developing a Distribution System in a specific area and linking it to 
other systems, where necessary. The transmission system operator, in 
the wholesale power market, manages the management of the power 
system in real-time. It also coordinates the supply and demand of 
electricity in a way that avoids frequency fluctuations or interruptions. 
Transmission system operators are usually regarded in the law as part 
of the electricity market [3]. Therefore, the actions taken by 
transmission system operators have no effect on the performance of 
distribution system operators (except for emergencies where major 
discharge should take place). The development of demand-side response, 
coupled with the growing influence of distributed generation on their 
networks, is becoming a major challenge for distribution system 
operators [15]. Unlike the past when electric currents were predictable, 
nowadays due to the emergence of scattered production, electric 
vehicles, electric storage devices, etc., electric currents are not 
predictable. For this reason, the distribution system operators will have 
to manage new loads and change current roles [5]. It can be said that 
new cooperation is dependent on the information and operations of 
distributed generation resources. It is, therefore, necessary to define 
how information system operators receive distributed generation 
resources information (directly or through any other agent) and how 
requests are sent to these resources (directly or through any other 
agent). In summary, new cooperation requires determining which 
agent or representative is directly related to distributed generation 
resources (or receive information or send requests) and how the new 
connection between system operators is [5]. To facilitate sufficient 
technical performance in the global power system, the interactions 
between the technical performance of the distribution and the main 
transmission networks require the exchange of information, which aids 
both network operators. Distribution system operators are currently 
unable to access the data and measuring them with the help of the 
transmission system operator, and if this access is too small, data 
cooperation will be difficult and sampling accuracy will be very low. 

This means that the available measurement data is too limited [1]. 
Ideally, the exchange of information between network operators should 
be more accurate and compact near the boundary between 
transmission and distribution networks. Because in adjacent networks, 
the actions taken by the transmission and distribution system operator 
can severely affect each other's network planning performance and 
activities [8]. When the two operators work together, the tasks of each 
of them will change dramatically. The distribution system operator 
needs to obtain information and control over the connection point 
between the network operators. Its main purpose is to facilitate the 
creation of a domestic, efficient, competitive and sustainable energy 
market that works for public resources. In 2014, a documentary 
examining the role of distribution system operators in light of future 
changes due to the emergence of dispersed energy sources is 
presented, and the results show that improvements in infrastructure, 
strengthening and development of exchanged data between 
transmission system operators and Distribution can lead to efficiency 
and cost savings for the end consumer [14]. The Wisconsin Energy 
Institute says that as a dispersed energy source market and contributes 
to grid ancillary services, the boundaries of transmission and 
distribution operators are fading. The Institute's report studies the 
relationship between transmission and distribution operators, as a key 
aspect of the coordination between the two operators. Therefore, 
operator interaction reporting has the benefits of reducing potential 
losses, increasing system reliability and minimizing carbon dioxide 
emissions [5]. Previous studies have shown that, from a practical 
perspective, it is not desirable to concentrate full system responsibility 
on distribution system operators, since the process of full coordination 
becomes very complex. But the responsible system for distribution 
system operators must be expanded to access all the redistribution 
resources in the distribution network. This is becoming increasingly 
important as the share of renewable energy sources in the electricity 
system increases. In short, not only coordination is a key to addressing 
future challenges, but also is the source of proper allocation of resources 
to system operators. The results also show that more robust and 
complete collaboration between systems, operators can have significant 
cost savings in addition to having a positive impact on the performance 
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of both operators [12]. The role of the distribution system operators is 
evolving due to the increasing penetration of alternative and distributed 
energy sources in the distribution system. On the one hand, 
transmission system operators have access to flexible resources 
connected to the distribution network. Distribution system operators, 
on the other hand, are actively managing network distribution 
congestion, far from the common and forgotten approach. As a result, 
the need for a co-operation between the distribution system operator 
and the transmission system operator has become increasingly 
important. Studies show that cooperation between distribution system 
operators as well as between distribution system operators and 
microgrids can be crucial in the long run due to the development of local 
energy markets [7]. Due to power grids and power systems, there is a 
trend of increasing penetration and reuse of distributed energy sources. 
Distributed energy sources can provide services to both the distribution 
system and transmission system operators. Distributed power sources 
are usually installed and connected to power grids, which may be fully 
controlled or monitored by power system operators. If renewable 
energy sources operate to provide system services or market actions, 
this may lead to system benefits and efficiency improvement, but it can 
be accompanied by technical, economic and legal challenges. 
Distribution and transmission system operators must be able to 
coordinate, monitor and send resources as well as study and share 
information promptly [3]. In Ref. [10], the collaboration between the 
transmitting system and the distribution system is analyzed to balance 
the power system power balance, thus the sample network state is 
simulated. The purpose of this study was to optimize the economic use 
of network flexibility due to known limitations. For this purpose, two 
optimization problems are presented: The optimal deployment of 
facilities to support retransmission attempts and optimal use of 
available units as secondary storage in the specific ancillary services 
scheme. To discuss different types of networks, technical changes, as 
well as price and market structure, the parameters related to its 
optimization, are first determined. In [12] presents common challenges 
associated with the transmission system operators and distribution 
system operators, as well as the need for a strong correlation between 
them in the environment of segregated power systems. The results 
show that the exchange of information between the transmission 
system operator and the distribution system operator contributes to 
improving the level of penetration of renewable energy sources and also 
enables the system operators to significantly increase the security of 
the short and long term system. One of the studies on the cooperation of 
operators is the German Case project. 50Hertz Transmission GmbH is 
one of the four transmission system operators in Germany. The 
operator offers new responsibilities and requirements for system 
operators about the smart grid. This document defines the 
responsibilities of both system operators in their country. The results of 
the study indicate that collaboration among market players is a key 
issue for future network designs. In legal terms, this document lacks 
clear terms and conditions for the collection, presentation, and use of 
smart grid data [5]. The results of the REservise project implemented in 
Germany show that determining the reactive power flow requirements 
within the communication range of the two system operators causes 
the system to fail. If the distribution system operators are allowed to 
use their ancillary services and network management in collaboration 
with the system operators, the result can be more efficient and less 
costly [5]. The Irish Distribution Company is developing a pilot project 
in which transmission and distribution system operators must 
constantly interact with aggregators on the requirements of distributed 
energy sources, which is a requirement for the operation of distributed 
energy sources. When each of the service system operators buys, the 
aggregator decides which agents can participate. The advantage of this 
template is that both system operators have all the services provided by 
network users. The disadvantage of this approach is that transmission 
or distribution system operators can provide services that may impose 
new constraints on the other operator's network [5]. 
 

METHODS 

 
Each is considered to investigate the influence of cooperation and 
interaction of network transfer operators under consideration, and the 
network specifications and costs of the network before and after the 
formation of the operators and the transformer cooperation. 
 
Schematic of the studied network 

The network simulated by MATLAB in this study is shown in Fig.1. 

 
Fig. 1. Schematic overview of the grid 

 
Network specifications 

In this network, the cooperation between the two operators of the 
transmission system takes place. Loads 1 and 2 are used as time-varying 
loads used by a time controller to generate loads on a day-to-day basis. 
Their specifications are listed in Table 1. 
 

Table.1 Load specifications 

H
o

u
r

s load connected to the 

transmission   1 (load 1) 

in MW network 

load connected to the 

transmission    2(load 2) 

in MW network 

1 23.29 23.29 

3 18.63 31.73 

5 42.89 14.36 

7 31.80 33.59 

9 41.66 18.63 

11 9.31 41.66 

13 35.81 42.89 

15 24.29 24.29 

17 33.59 15.02 

19 14.36 32.94 

21 27.95 9.31 

23 15.02 35.81 

 
For a detailed examination of the cooperation, the conditions of both the 
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transmission operator are considered the same. For this purpose, the 
length of the transmission lines for both operators is 25 km. There is 
also a fixed load capacity of 50 MW per hour between the two 
transmission lines. Both transmission lines are 40 km apart with three-
phase power generators. A 150-megawatt three-phase power 
generator is intended as the primary power plant at the beginning of 
the grid. 
In this study, the distributed generation source and transformer are 
considered as devices that can be shared. The wind farm's generation 
capacity is connected to the grid by a 25/20 KV incremental 
transformer with a power of 200 MV and a common transformer with 
a 25/50 KV and 100 MV power. The wind farm consists of 11 induction 
generator turbines with an output voltage of 575 volts each. The 
output power of the wind farm is about 90 MW. 
The simulation of this network is done in two stages. In the first phase, 
the turbines are separated from the grid when the three-phase switch 
is open. At this point, the amount of power generated by each system 
operator is checked. In the second phase, by closing the switch, the 
distributed generation source and transformer enter the circuit to be 
shared between the two operators of a given network transmission 
system. Fig.2 shows the characteristic curve of the wind turbine 
production in terms of wind speed corresponding to the 10 kW rotors. 

 
Fig.2. 10 kW wind turbine characteristic curve (Power rate in 

terms of wind speed) [2] 

 
Functions used  

In this section, we examine the objective function, economic 
relationships, and costs governing the source of wind power generation. 
The source used related costs include construction costs and 
replacement costs. To optimize the power system, the total annual costs 
must be calculated. The following relationships are defined to calculate 
the costs associated with the project lifetime: 

 Interest rate: 
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In relation (1),  is the nominal interest rate and  is the annual 

inflation rate. In this study, the nominal interest rate is 20 and the 
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That  is the length of the project and it's been considered 50 

years. 
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Where  is the lifetime of each resource. In this study, 20 

years are considered. 

 A residual lifetime of each resource 
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 Depreciation factor of capital according to resource lifetime 
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Now we look at the existing costs: 
 

 Annual investment costs 
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Where  is the initial investment cost of the resources, which is 

estimated at 10,000 $. 
 

 Annual replacement cost 
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Where  is the cost of replacing each resource. Fig.3 is used to 
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calculate  and  for wind sources, where the costs of wind 

sources are given in terms of the number of modules. 

 
Fig.3. The cost curve for wind turbines 

After defining the available costs, we now consider the objective 
function of the system, which is to minimize all available costs. The 
objective function is (10). 

 

Where is the annual maintenance and maintenance cost of 10,000 $. 
A genetic algorithm is used in cases where absolute optimality is not 
considered and near enough set of optimal points. 

 
Fig.4. The general process of solving the optimization problem 

with the genetic algorithm 

 
As shown in Fig.4, the operators of the genetic algorithm are selected, 
intersection, and mutation. The fit of each chromosome is the inverse 
of the value of its objective function, which is calculated as (11). 

 
Two-point crossover operator with a mutation probability of 0.2% was 
used for each chromosome. The use of a two-point intersection 
operator is to avoid the choice of optimal local solutions. 
 
RESULTS AND DISCUSSION 

 

Network specifications 

In the first case of simulation, the source of the scattered production 
has not entered the circuit and no cooperation has taken place. In non- 
cooperation mode, with all constant and variable loads in circuits, Tables 
2 and 3show the amount of power shortages that system operators 
face. 

 
Table 2. Transmission System Operator Power Loss No. 1 

Power failure 

 hours 

Generating 

Power (MW( 

Power  

Consumption 

 by the load (MW( 

Power Outage 

(MW( 

7 31.77 33.59 1.89 

11 34.26 41.66 7.4 

13 28.66 42.89 14.23 

15 17.93 24.29 6.36 

19 14.54 32.96 18.4 

 
Table 3.Transmission System Operator Power Loss No. 2 

Power failure  

hours 

Generating Power 

(MW( 
Power consumption 

by the load (MW( 
Power Outage 

(MW( 

7 29.6 31.80 2.2 

9 36.19 41.66 5.47 

13 28.66 35.81 7.15 

17 18.66 33.59 14.93 

21 17.49 27.59 10.46 

 
Fig.5 to Fig.7 show the increase in the main (upstream) bus production 
capacity, respectively, of Transmission Operators 1 and 2 after 
cooperation with a distributed generation source and the transformer 
instead of two separate sources of transmission generation. 

 

 
Fig.5. Main Bass Power Generation by Wind Farm cooperation 
 



 

                                                                                                             Journal of Critical Reviews 

ISSN- 2394-5125                                                Vol 7, Issue 1, 2020 

 

1064 

 
Fig.6. The power generated by the operator transmission system 

number 1 after cooperation 

 
Fig.7. The power generated by the operator transmission system 
number 2 after cooperation 

 

Simulation economic evaluation results 

Based on the average power requirements for a day and night for 
Operators 1 and 2, respectively, in normal conditions, 65 and 53 
megawatts of power is needed to solve their grid power shortage 
problem. This amount of power loss, given that the output power of 
each turbine requires 8 and 6 turbines, respectively. Emergency 2 
turbines will be added to the number of turbines needed to meet the 
load shortage. Therefore, the number of turbines required for operator 
1 and 2 in emergencies is 10 and 8, respectively. According to Fig.8 the 
transmission system operator No. 1 will have to pay 45,400 $, assuming 
it operates in a network emergency and requires the construction of 10 
9-megawatt turbines. However, transmission system operator No. 2 will 
have to pay 36,200 $ to build 8 9-megawatt turbines. Therefore, it can 
be said that the whole network will incur 81600 $ in compensation for 
the shortage of available power. Fig.9 shows the construction cost of 
transmission system operators 1 and 2 and their sum. 

 
Fig. 8.Cost of investment and construction of wind turbines 

 

 
Fig.9.Cost of construction of wind turbines needed before 

cooperation 
 
The sharing of a wind farm that was technically able to offset power 
shortages with 11 wind turbines with 9-megawatt power costs 50,000 
$. So it turns out that sharing of the wind farm has been able to save 
31,600 $. In the normal state of the network (the absence of an 
emergency), the operator of the transmission system number 1 needs 8 
wind turbines and the operator of the transmission system number 2 
needs 6 wind turbine numbers. The total cost is 63200 $, which will be 
decreased by 13200 $ by cooperation. Fig.10 shows that the emergency 
replacement cost for Operator No. 1 is 41700 $ and Operator No. 2 is 
33100 $, which is a total of 74800 $. After cooperation this cost is 
reduced to 46,000 $, in fact, 28,800 $ has been saved. Normally, the cost 
of Transmission Operator No. 1, Transmission Operator No. 2 and the 
network total are, respectively, 33100, 24500 and 57600. So 11600 $ in 
economic savings has been earned. 
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Fig.10. Cost of wind turbine replacement 

CONCLUSION 

 
Sharing of a distributed generation source significantly increases the 
production capacity of the main bus and transmission system 
operators, which can also account for the potential new loads that may 
arise in the future. In normal states, the capital cost is dropped by 21% 
and network emergency by 39%. Regarding replacement costs, about 
20 percent are in normal and about 38 percent of emergency savings. 
It should be noted that the results expressed as a percentage, the 
declared values are within the date range of this network and may differ 
across conditions and other networks. 
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