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Abstract – In this paper the optimal plan for developing a power system over the next 15 years is determine. The system's load 
over the past 36 years, along with the characteristics of the power plants is given. First, according to the methods presented in the 
literature, by using the courier information of the past 36 years, the network load in the next 15 years should be estimated. Then, 
by using the WASP software and entering the characteristics of each power plant, all possible modes of supply can be determined 
using these generating units and the combination that produces the best efficiency and the lowest objective cost function. It is 
necessary to determine the best objective function by changing the composition and arrangement of the units added each year. 

Key Words:  Power system, power system operation and planning, Distribution system 

1. INTRODUCTION  

Power systems are one of the largest and most complex systems known to provide electricity to consumers [1, 2]. Electricity is 
one of the most important and widely used forms of energy used by various consumers, such as home and industrial 
consumers, so it is important to know how to supply and cost electricity[3]. One of the most important challenges of the power 
system is the technical and technical issues of the components of these systems and the provision of low electricity cost to 
consumers, as the price of electricity is strongly influenced by other costs[4]. In order to analyze the transient behavior of any 
uncertainties in the system, state-space model of the system need to be obtained[5, 6]. 

The issue of power generation planning (GEP) involves identifying production technology options (wind coal, etc.) to add to the 
existing power generation system and the time and place they need to be installed. In a time horizon meet the planning[7]. 
Scheduling of power systems includes determining the time, location, size and other technical specifications of the equipment 
that must be added to the grid to be responsive to consumption in the coming years[8, 9]. Power system planning includes 
topics such as production development, transmission network development, energy harvesting [10], substation development, 
maintenance and reactive power planning, generator entry and exit, economic dispatch[11]. Production planning plays a major 
role in the design of daily operations of power systems[12]. The program of generators entering and leaving the economic grid 
and dispatching production are two major parts of this complex issue. Production planning requires the above two tasks to 
effectively meet the projected load demand over a given time horizon[13, 14]. Our main objective in the production planning 
issue is to make decisions about the generation and entry of generators into the grid and to make available power sources 
according to the planning horizon to minimize overall production costs. The issue of production planning is constrained by the 
demands of system and storage requirements. Generally, the purpose is to design, implement, and develop a power grid or, in 
other words, power systems, to generate electrical power and deliver it to the consumer[15]. Therefore, the consumer is one of 
the most important components of power grids and is influenced by changes in network parameters such as voltage, frequency, 
and the parameters themselves. Therefore, sustainable operation (the ultimate goal of designing, implementing and developing 
an electric power grid) of power systems requires their ability to maintain a balance between the electrical power output of the 
power plants and the electrical loads of the system. Therefore, maintaining balance in an electric power system is of particular 
importance and in load modelling due to the variety of residential, commercial, industrial and sensitive loads [16, 17] and so on 
with an important, effective and complex process[18, 19]. Therefore it is difficult to approximate and estimate the exact 
composition of the load [5, 20]. On the other hand, this combination may be influenced by factors such as time (hour, day, and 
month), weather and economic situation[5, 20]. If the exact load combination is present, it is not possible to show every 
component of the load that millions of samples across the network have in the studies. For these reasons, the need for 
simplification in network studies and even in modelling is clearly seen and necessary. Wind Power Generation due to the 
constant change and difficulty of wind forecasting, there are many uncertainties in the operation of the power system[21]. Due 
to the variable nature of wind and the inaccurate prediction of systems with large wind units, there is a considerable amount of 
storage required, which should usually be provided in conditions other than wind power requirements[22]. Therefore, 
according to the prediction error of the wind power and the required system consumption, determine the objective 
function[23]. Therefore, this thesis first deals with a comprehensive and thorough review of production planning issues, and 
then discusses the methods for dealing with this issue. In the next step, an efficient and effective method is presented and 
investigated among the methods available to counter this problem in order to reduce overall production costs. 
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In this study, we examine how the development plan of an electric power system is determined by integer linear programming 
[24, 25]. Multi-purpose multi-period production development planning issues to determine the options for power generation 
technology to be added, and where on the grid to be created to simultaneously minimize multiple objectives such as cost and 
air pollution. Unmet demand is also considered as a cost in the objective function[26]. The proposed method considers the 
reliability of the system[27]. 

The method used here explicitly considers the existence of system components and operational planning. Stochastic simulation 
is used to generate component existence scenarios, and then the problem of linear integer optimization mixed with integers to 
find optimal expansion or development solutions is solved by considering these scenarios[28]. The method used in the GAMS 
software environment will be implemented on the sample power system and the results will be analyzed and evaluated. This 
paper presents a new nonlinear model for multi-year planning of coordinated development of production and transmission, 
considering the high level of influence of wind farms on the power system[29]. In the proposed approach, uncertainties related 
to load demand and wind power are modeled using two-level stochastic programming and then the optimal power system 
development plan between the generating units and the candidate transmission lines is based on minimum analysis maximum 
regret is selected. Finally, the proposed model is implemented on the 24-bus sample bus reliability model and the effect of the 
number of scenarios on the computational load of the scheduling problem and the final optimal response is evaluated [30, 31]. 

2. Load Information 

In the power industry, efficient and effective design and operation have always been the focus of attention, so reducing annual 
network costs is essential[32]. Therefore, parallel capacitors with varying tap ratio are used to control the voltage of the buses in 
the minimum and maximum permissible range[33, 34]. Despite extensive studies of capacitance shifts in power grids, there is a 
lack of in-depth investigation into two fundamental issues. First, the simultaneous investigation of other variables at the disposal 
of the operator, such as regulating the pulse rate and capacitance in power systems, and the relevance of these activities to other 
parameters at the disposal of the system operator, is more important. Second, economic scrutiny and its analysis as a link 
between technical and economic decision-making require more attention. In addition, considering uncertainties in the 
parameters affecting curbside is also a factor that represents a wider and more complete range of choices for network decision 
makers[35]. For this purpose, the main question of this research is how to plan reactive power considering other variables and 
parameters of decision maker network. In this regard, considering the effect of load uncertainty with respect to reactive power 
generator constraints, bus voltage range, tap change range and shunt capacitance size changes have been analyzed. The demand 
is given in Table 1. 

Table -1: Sample Table format 

Load Year Load Year Load Year 
14071 1979 11807 1967 10803 1955 
14356 1980 11934 1968 10859 1956 
14660 1981 12069 1969 10919 1957 
14987 1982 12214 1970 10983 1958 

15336 1983 12369 1971 11052 1959 
15709 1984 12535 1972 11126 1960 

16109 1985 12712 1973 11204 1961 
16536 1986 12902 1974 11289 1962 
16994 1987 19105 1975 11979 1963 
17484 1988 19323 1976 11475 1964 
18007 1989 19555 1977 11579 1965 
18568 1990 19804 1978 11689 1966 
14071 1979 11807 1967 10803 1955 

 
2.1. Assumptions 

There are two assumptions about the load. First, the maximum load ratio in spring, autumn and winter is 0.83, 0.92 and 0.8, 
respectively. Second, the load continuity curve for each season is trapezoidal as defined follows: in spring and fall the load 
continuity curve is in the form of a trapezoid, with a base load of 60% of the maximum load. In summer the load continuity 
curve is trapezoidal with a base load of 70% of the maximum load. In winter the load continuity curve is in the form of a 
trapezoid and the base load is 65% of the maximum load[36]. The specifications of the fuels used are as follows. The gas rate is 
8 cents per cubic meter and its thermal value is 10500 kcal / m. The oil rate is 25 cents per liter and its thermal value is 10,000 
kcal / liter. Gasoline rate is 30 cents per liter and its thermal value is 11500 kcal / liter[37]. 
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3. Development Units 

These units are similar to existing units. The following limitations apply to these units. Only one new hydroelectric unit can be 
added to the system each year. Only 3 new 325 MW heaters per year can be added to the system. Only 4 new 160 MW gas units 
per year can be added to the system. Only five new 120 MW gas units per year can be added to the system. Ignores 
environmental costs. Internal and external interest rates are 15% and 7% respectively. Every kilowatt-hour is 860 kcal. 

3.1. Load Forecasting 

In the first part, given the burden of the past 36 years, we predict the burden for the next 15 years. The Box-Jenkins method is 
used for this purpose. ACF and PACF charts were used to determine the time series static. These two diagrams are for Figure 1 
for the past 36 years. For the time series to be static and therefore to be used in the auto regression model, it is necessary to 
quickly break the autocorrelation function (ACF) curve. According to Figure 1, this occurs after three time derivatives. 
Therefore, the third derivative of the time series in question is used for the ARIMA model[38,39]. The ARIMA model is obtained 
using the third derivative as follows: 

-10.05825q+1=A(q)                                                                    (1) 

By writing the third derivative in terms of ARIMA model delay and expansion values: 

e+4)-y(t 0.05825+3)-0.82528y(t

+2)-y(t 2.82525-1)-y(t 2.94175=y(t)
           (2) 

3.3. Determine the optimal design 

WASP software is used to determine the optimal production plan. The different parts of doing this project are as follows: The 
first sub module of this software is about shared data. The following is completed using the problem data. 

 

Figure 1. Wasp panel 

After entering the information on loads and existing units and the units added to the development plan, we proceed to the first 
3 modules, to the second 3 modules, which relate to the decision on fixed layout of the plants. The wasp panel is shown in Fig1. 
The CONGEN module must first specify a fixed combination of power plants to provide the least load. This module produces all 
the combinations available for system development, subject to the constraints of the problem, providing only one layout per 
year and no optimization. These arrangements are then given as input to the MERSIM module. This module calculates the 
reliability indices for each arrangement, depending on the combination of power plants entering each year. Finally, the 
DYNPRO module extracts the optimal development plan with the information obtained from the previous modules. These steps 
are performed in WASP software and the corresponding file is available in the report folder. A variable expansion study mode 
should be used at this stage. In fact, for each year, several different arrangements are considered (depending on the amount of 
tunneling restrictions). After this module, the configurations as before are transferred to the MERSIM module, where 
parameters such as production rate, fuel cost and reliability indicators are calculated. After the implementation of MERSIM 
there is a batch of make-up with almost cost and parameters of LOLP and ENS. 

U+UUU 00                              (3) 

These configurations are used as input to the DYNPRO module. In this section, using the dynamic programming algorithm, the 
optimal solution of the development plan is extracted. These steps are performed in WASP software and the corresponding file 
is available in the report folder. 
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4. Simulation and Results 

Considering the uncertainties in the parameters affecting network decision-making activities, the reactive power scheduling 
scheme is randomly selected and requires risk-based economic and scenario-based surveys. It should be noted here that in 
order to have a proper analysis, the planning structure needs a proper problem solving solution. Therefore, reducing the size of 
the problem and at the same time having accurate answers using common techniques in the literature on the issue of 
dimensionality reduction such as scenario reduction techniques have been considered in the design of this research.  In the 
literature, the use of smart optimization methods for solving such dimensions is suggested. For this purpose, the particle 
swarm algorithm is used in this research to solve the problem and provide optimal response to network decision-making 
activities. 

 

Figure 2. Load and generation prediction 

As shown in Fig2. most industrial applications have a considerable number of small consumers of different sizes and it is very 
difficult for any consumer to use the correct capacitance for each consumer and in addition they are not always connected all at 
once and as a result installing the capacitor on any motor will be useless. Sometimes installing a central capacitor may be 
preferable to installing a small number of small capacitors. 

5. CONCLUSION 

How to use electrical networks is one of the most important issues of electrical engineers and it is always the effort of the 
designers and users of the network to design and operate the network to provide better service and provide customer 
satisfaction. Subscribers' low power factor is one of the concerns of distribution network operators as it increases network 
losses and reduces the limited capacity of line and transformers operation and also reduces the quality of delivery power. Local 
reactive power generation can also reduce power losses and free up grid capacity, which can increase power quality if the 
reactive power compensation level is not met. 
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