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          Project Necessity:  

The use of storage systems in the electricity industry has been associated with great growth and success; By 2024, 

the installed capacity of these devices is expected to grow to 2 GW worldwide. In recent years, the following two 

main factors have hindered the rapid growth of stockholders: 

1) High price of storage systems  

2) Lack of appropriate and incentive laws  

Regarding the first factor, it should be noted that today the price of most storage technologies has reached such a 

level that they can be installed and operated at today's electricity prices and are still profitable. Also, the downward 

trend in the price of these devices has led to the removal of the barrier to high installation costs. In the case of the 

second factor, significant efforts have been made to support storage providers. In the United States, for example, a 

performance-based payment system has been developed to control frequency. With the help of this payment model, 

an advantage is created for savers in the frequency control market, which, due to their high response speed, allows 

them to earn more money. 

The use of storage systems in power grids can be divided into three main categories. In the first category, the issue 

of storage systems is examined from the perspective of system operation. In this category, storage systems are 

commonly used to improve system operation and applications such as peak load reduction. In the second category, 

storage systems are used as an auxiliary source for renewable units. In this category, with the joint use of storage 

facilities and renewable resources, fluctuations in the production capacity of these resources and the risk of their use 

are reduced; Because predicting their production capacity is faced with a relatively high error. In the third category, 

the use of storage systems as a single and independent element is examined. In this category, the role of private 

investor is often discussed and earning money by using buying and selling opportunities in peak and off-peak 

network conditions, ancillary services, etc. is desired. 

Due to the increasing influence of storage systems in power networks in the world, it is expected that this trend will 

begin soon in Iran. Given the many benefits of storage facilities such as peak load reduction, frequency control, 

reservation participation and improving the risk of exploitation of renewable resources, increasing the penetration of 

storage facilities in Iran's electricity network will be useful and facilitating this process can be part Consider 

important policies for the development of Iran's power system. To this end, in order to investigate some methods to 

facilitate the presence of storage devices in distribution networks, a support program for micro-investors to install 



batteries in the distribution networks has been proposed. 

          Project Goals: 

In this project, a storage system has been used to improve the operation of the system (peak shaving). On the other 

hand, the storage system is considered as an independent element. Thus, the main purpose of the project is to 

formulate appropriate policies by the upstream institution for micro-investors in order to increase the willingness to 

invest and exploit in line with the goals of the upstream institution. Among the profitable measures to be provided 

by the storage system, the focus of this project has been solely on the issue of peak shaving; Because other 

measures, such as participation in frequency control or the reservation market, will require infrastructure that is not 

currently operational. In this project, the focus is on how to direct funds to the installation of home batteries so that 

they can be used for peak shaving in power systems. In order to reduce the risk of micro-investors and increase their 

willingness to do so, a supportive pricing system has been considered and an attempt has been made to extract the 

optimal levels for support prices for the purchase of electricity from batteries and the sale of electricity to them. The 

scope of the project is the electricity distribution network, where home and industrial subscribers can install storage 

system. In this network, which exists mainly in urban-home environments, the use of storage systems that cause 

environmental or noise pollution will not be appropriate. As a result, the project focuses on lithium-ion batteries 

among a variety of storage systems.   

          Abstract:  

In this project, an investor support program is proposed to install batteries at the level of electricity distribution 

networks. For this purpose, the necessary studies in this project to achieve its main goal are divided into three 

stages. In the first stage, the world experiences in the field of project subject, the basic requirements for problem 

modeling are studied. At this stage, an attempt has been made to fully introduce the types of energy storage systems 

and their specifications. To this end, storage technologies have been studied first. In these studies, after examining 

the basic concepts related to energy storage systems, storage specifications, types of energy storage systems, the use 

of energy storage systems in power systems and the influence of energy storage systems in the world have been 

studied. 

At this stage, batteries as storage technologies considered in this project have been specifically studied. For this 

purpose, technical and economic studies of batteries have been done. In technical studies of batteries, their basic 

concepts and technical specifications have been studied. Types of batteries including lead acid, lithium ion, sodium 

sulfur, nickel cadmium and vanadium redox flux have been introduced and studied. Next, the battery storage 

systems, the components of the battery storage system and the connection of the battery storage to the network are 

examined. In the following, the economic review of battery storage projects is discussed. The applications of battery 

storage devices have also been studied. In order to create a better perspective, the following are practical examples 

of battery storage projects around the world. Among the projects reviewed, two New Mexico's general company 

storage projects and the East Penn plant storage plant have been studied in more detail. Finally, at this stage, the 

incentive mechanisms for battery development in distribution networks are investigated. To this end, after providing 

the necessary preparations, barriers to investment in batteries have been introduced. Then, incentive mechanisms for 

battery development are examined. Finally, the incentive mechanisms for the development of implemented batteries 

in different countries are introduced. 

In the second phase of the project, a problem-solving model for determining the appropriate battery capacity in the 

distribution network is presented. To this end, a supportive pricing policy has been considered for charging and 

discharging lithium-ion batteries installed in the distribution network. According to this policy, at designated non-

peak hours, the price of electricity sold by the network to batteries (charging mode) is considered lower than the 

normal price of electricity sold to subscribers, and at designated peak hours, the price of electricity purchased from 

batteries by the network (Discharge mode) is more than the normal purchase price of electricity from power plants 

in the distribution network. As a result, by indirectly subsidizing the cost of buying and selling batteries, the return 

on investment of these devices will be accelerated and the interest of small investors in participating in the 

installation of home batteries will increase. In this way, firstly, the cost imposed on the upstream institution is not 

paid in one lump sum, but is given to the micro-investor over a period of several years as a protection policy. 

Second, telecommunications infrastructure will not be much needed and batteries will be charged/discharged by 



 

their owners as islands; In a way that the goals of network operation are also met. Thirdly, there will be no problems 

in the direct granting of facilities, such as not using the facilities granted in the field in question (here battery 

installation), in this plan. This policy is one of the most effective incentive policies in Iran, which has already been 

used in Iran in cases such as encouraging investors to install renewable power plants. In the mentioned plan, the 

purchase of electricity from renewable power plants is done as a guarantee and at a price higher than the price of 

electricity. 

At this stage, the optimal peak and non-peak hours in the network and the optimal levels of electricity purchase and 

sale prices of batteries in these hours have been determined. This should be done in such a way that the participation 

of micro-investors in the installation of batteries is optimal. It should be noted that from the point of view of the 

upstream policymaker, only the maximum participation of investors is not desirable; Rather, it is necessary to 

consider the benefits to the upstream entity and the power grid as a result of such support for battery installation. To 

evaluate the benefit of the upstream institution, several things can be raised. At this stage, in order for the analyzes 

to be useful, the benefit of the upstream entity from subsidizing the batteries is considered only as reducing the peak 

load of the network and other storage benefits for the network (such as frequency control, power quality 

improvement, etc.). In other words, according to the proposed model, the upstream entity, by providing appropriate 

subsidies and directing a suitable number of its subscribers (micro-investors) to install batteries, acquires a suitable 

capacity of batteries, which helps them to reduce the peak load of your network. By doing so, some network 

development and production development programs can be postponed. It is obvious that postponing the costs of 

such programs will be profitable for the upstream institution. In summary, at this stage, in addition to determining 

the optimal support prices for the purchase and sale of electricity from/to home batteries, the optimal peak and non-

peak hours are also determined in such a way that the public sector benefits from the subsidy (in maximize the cost 

reduction of production and network development projects by reducing the network peak). In the following, the 

mathematical model of the optimization problem required to determine the peak and off-peak hours and the optimal 

prices for the sale and purchase of battery power is presented. This model is a nonlinear two-level model that is 

transformed into a linear one-level model using existing methods. Then, in the third stage, the proposed model for a 

sample system based on load data in Yazd province is validated and the results are analyzed. 

          Steps and Methodologies:  

This project consists of three stages: 

1- In the first stage, the world experiences in the field of battery development are studied and the basic 

requirements for modeling the problem are provided. The studies conducted in this section are based on a 

review of domestic and foreign scientific documents, including the document of energy storage in Iran, articles 

published in domestic and foreign scientific journals and reports published by reputable foreign institutions.  

2- In the second stage, a problem-solving model for determining the appropriate capacity of the battery in the 

distribution network is presented. For this purpose, first the structure of the problem inputs is determined and 

how the input changes during the input years of the problem is examined. Then a two-level model of the 

problem is introduced. In the first model, the issue is examined from the perspective of an upstream 

policymaker. The second level model is introduced in which the issue is examined from the perspective of the 

investor. In the following, the introduced two-level model will also become a single-share model. After that, the 

proposed single-level model is also linearized and ready to be solved. Next, how the subscribers respond to the 

proposed support prices is determined by the PQC curve, and in the last step, with the help of a complete 

search, the best peak and non-peak times are determined.  

3- In the third stage, the proposed model is implemented in the second stage on a system with real data. For this 

purpose, the model for solving the optimization problem has been implemented in GAMS software and the rest 

of the model, including finding the optimal values of investor participation in MATLAB software has been 

implemented. Also, the code implemented in these two softwares are connected to each other through wgdx and 

rgdx formats to go back and forth between the two softwares to complete convergence and complete search of 

the answer space. 

 

     

          Main Results (technical outputs, patents, papers, books, reports, etc.):  

In this project, a mathematical model was proposed to determine a support strategy to encourage investors to install 



 

batteries at the distribution network level. For this purpose, supportive purchase prices were higher than the 

purchase price of power plants in the distribution network and supportive sales prices were considered lower than 

the selling price to the home consumer, and an optimization model was proposed to extract the optimal values of 

these prices. The proposed model was designed to take into account both the profits of investors and the goals of the 

indirect subsidizing investor. Thus, the proposed model was a two-level optimization model that was transformed 

into a one-level model with the help of optimization methods. In addition, since planning is a long-term planning 

(ten years), various techniques such as the large M method and SDT were used to linearize the problem to solve the 

problem in the long-term horizons. Also, the proposed model was designed in such a way that it is possible to 

determine the optimal peak and non-peak intervals. In the proposed model, the decision of subscribers regarding the 

support prices announced by the upstream policymaker is done by PQC. The mentioned models are connected to 

each other through an iterative algorithm with feedback and the completion of the simulation is detected by the 

defined convergence criterion. With the simulation performed, it was shown that the support prices for selling at 

peak and buying at off-peak are not important in the optimization model and can be used as a penalty to prevent 

battery owners from selling at off-peak and buying at peak. Also, it was observed that with the design, the optimal 

pattern of battery use by battery owners is in line with the goals of the upstream policymaker and leads to pick load. 

In other words, battery owners discharge batteries during peak times and recharge their batteries during off-peak 

times. Thus, without the need for a telecommunication-control platform for scheduling charge/discharge of 

distributed batteries at the distribution network level, the desired behavior can be expected as a separate control 

from micro-investors. In the proposed model, the linear PQC method was used to model how small investors 

respond to the proposed support prices. As shown, the slope of the PQC line is one of the influential parameters in 

this model; In a way, if this parameter has a wrong estimate, it can lead to very high support prices and staggering 

profits for investors, or on the contrary, it can lead to unlucky investors. Therefore, it is necessary to calculate this 

parameter through accurate statistical and field study of the target population, and using the opinion of experts and 

designing appropriate questionnaires in this field can increase the accuracy of estimating the PQC curve. It should 

be noted that the outputs of this project are presented in the form of technical reports as well as programming codes. 


