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Abstract. A model of power market with a simple market clearing price mechanism on microgrid is 

considered. Market participants are consumers, prosumers with energy storage systems (ESS), and the 

power company as a guaranteed supplier. Prosumers charge their ESS in the first off-peak period with low 

prices from the power company and can decrease their demand or sell energy in the market through 

discharging the ESS in the second peak period. The strategic behavior of participants and their influences on 

a system state are postulated as the goal of work. Some use cases and model elements are discussed. 

1 Introduction 

The microgrid idea allows us to think about creating a 

micro market – local electricity market at the lowest 

level, the household level. It arose in connection with the 

growing popularity and falling prices for renewable 

sources (solar, wind, etc.) and energy storage (chemical 

batteries, hydroelectric storage, etc.) - let us call all these 

elements "microenergetics". At the same time, the 

critical factor from which the desire to create a market 

arises is that a household can become an electricity 

producer rather than just a consumer, i.e., it can transfer 

the excess of its sources of energy to other households in 

the microgrid. Such a network participant is usually 

called a prosumer. 

The interest of large energy companies to research 

and create microgrid technologies and subsidizing 

purchases by households is related to the smoothing of 

temporary peaks in energy consumption connected with 

microenergetics. At the same time, when using only 

energy storage systems (ESS), the total consumption of 

the prosumer increases due to the inevitable loss of 

power in work processes of the ESS. For the energy 

company, there is a double interest: smoothing peaks + 

growth in total consumption of customers who use only 

energy storage devices. 

In [1], a hierarchy of models for analysing price 

mechanisms in energy markets was proposed from a 

strategic point of view – decomposition of complex 

control problem into a number of elementary, basic 

problems [2]. There are cases with fixed demand and 

active producers, with active demand, with active parties 

owning several producers and/or consumers, and various 

mechanisms of pricing and competition. Two-node 

models with electricity transfer between nodes are 

considered separately. The models are analysed using 

game theory, mechanism design, and business games 

with dedicated students. 

In this paper, we aim at a similar analysis with an 

emphasis on other aspects: microgrid and prosumer. We 

will try to outline the simplest model that will contain 

the required properties and based on the models in [3] 

and [4]. Basically our prosumers modelling similar to [4] 

and [5] but our goal and market modelling are slightly 

different. In [4], the market price is a linear function and 

a future price is a random variable, the power company 

choose a base market price as a leader in Stackelberg 

game. In [5] the market price is based on historical data, 

the ESS and a peer-to-peer market of prosumers are 

compared to basic interaction of prosumers with the 

power grid. 

2 Model 

Let us consider a consumers set C = {1, …, m+n}, a 

prosumers set P = {1, …, n} ⊂ C and one «big» 

guaranteed supplier M. Let us consider the local market 

model with the standard market mechanism for 

determining the Market Clearing Price (MCP) [6]. The 

supplier M can provide electricity for all needs of the 

local electricity market. 

Further, firstly, due to the presence of prosumers, 

both consuming and producing processes should be 

considered. We should not fix the overall demand. 

Secondly, since the prosumer separate consumption and 

production of energy in time, it is necessary to consider 

at least two periods of time, for example, the off-peak 

and the peak periods or, conventionally, the first and 

second periods t ∈ {1, 2}. Note that the temporal aspect 

was not considered earlier in [2]. The peak period is 

characterized by an increase in consumer energy demand 
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and price and an increase in the price of the single 

supplier M. According to [7], the use of the ESS in the 

wholesale market makes it possible to flat locational 

marginal prices. However, a microenergetics ESS can 

produce such an effect only with massive deployment. In 

our work, the prices of the single supplier remain 

different. 

Each consumer (including a prosumer) i ∈ C has a 

demand profile in each period: di(1) < di(2) and the 

maximum prices at which he is ready to buy energy: 

pi(1) ≤ pi(2). A prosumer can either reduce its demand 

during the period by discharging the ESS and increase it 

by charging the ESS . The prosumer i has ESS with a 

capacity Si. Then the prosumer can change its power 

demand from (di(t) – Si) to (di(t) + Si). The prosumer can 

also produce some electricity volume gi(t) ∈ [0, Si] by 

price pi
g
(t) as a generator in the market. 

The goal function of the prosumer is the total of 

electricity sales revenue, the cost of purchasing 

electricity in the local market, and the fixed cost of 

maintaining microenergetic devices, while the devices 

can help both increase revenue and reduce costs: 
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where P(t) is the price of energy in the micro market 

during the period t, si(t) ∈ [-Si, Si] is the volume of 

energy discharged from the ESS (if the value is negative) 

or the volume of energy charged from the power grid (if 

the value is positive) in the period t, gi(t) is energy of the 

ESS passed to the market as a generator, c is the unit 

cost of maintaining the ESS of volume Si for one period. 

Denote the initial stored energy as si(0) ∈ [0, Si]. 

Then the following physical restrictions can be 

introduced: 

                       0 ≤ si(0) + si(1) – gi(1) ≤ Si       (2) 

            0 ≤ si(0) + si(1) – gi(1) + si(2) – gi(2) ≤ Si      (3) 

Note, that charging and discharging ESS in the same 

period does not make sense. Suppose a consumer wants 

to get profit from the charge and the subsequent 

discharge from the ESS. Since energy buying/selling in 

this period will occur at the same price, the player will 

not gain anything from this operation in total. Moreover, 

taking unavoidable energy losses in ESS into account 

makes it completely unprofitable. Therefore, we don’t 

consider the case gi(t) si(t) > 0. 

The goal function of the energy company should, in 

addition to accounting for an income from sales of 

energy on microgrids, consider the reduction in 

consumption during the peak period, since even a small 

peak-consumption reduction in each microgrid will have 

a significant cumulative effect, which is not captured by 

the energy company goal function from [4], for example. 

3 Examples 

Let us consider the example in figure 1. 

 

Fig. 1. Example with 3 consumers 

In general, since consumption and prices are higher 

in the second period, then the market price in the second 

period is higher. The values of the goal functions of 

consumers 1 and 2 are equal to -23.5 and -18.5 

respectively (without considering fixed costs for the 

ESS). 

Suppose that consumers 1 and 2 bought the ESS and 

became prosumers. They charge them in period 1 

because of the low price of the supplier M, and in period 

2 they use it to reduce their demand or to sell a part of 

the ESS energy in the market as a generator. It seems 

reasonable that it is profitable for a prosumer to first 

fully meet his demand in period 2 and to give an ESS 

surplus to the market. Consider an example d1(2) = 3.5, 

S1 = 5.5, d2(2) = 2.5, S2 = 3.5, d3(2) = 2.5. Suppose that 

prosumers 1 and 2 fully cover their demand in period 2, 

and they sell the excess as producers: g1(2) = 2 and g2(2) 

= 1 in the market at a price of 3.5. Then the market price 

in the second period will be P(2) = 3.5. This situation is 

shown in figure 2a. 

 

Fig. 2. Situation change due to ESS in period 2 

In this situation, the goal functions of the prosumers 

are -15.5 and -14.75 taking into account the increased 
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consumption in period 1 for charging the ESS (but 

excluding fixed costs). From a game-theoretic point of 

view, this situation is unstable: prosumers can increase 

the value of the goal functions by raising the market 

price up to 5 by raising the price for their generation gi. 

In this case, it is more profitable for prosumer 2 to set a 

price lower than prosumer 1 - then he will be able to sell 

the entire volume g2(2). For example, the Nash 

equilibrium (one of) will be the situation shown in figure 

2b. In this situation, prosumer 2 sells the entire available 

volume of energy, while prosumer 1 does not. In order to 

sell it, the price for g1(2) must be lower than 3.5, which 

will not bring him an increase in the goal function. 

At the same time, we see that the market price has 

not become lower, but the goal functions of prosumers 

have improved, and overall demand has decreased, 

which is good for the energy company and the social 

welfare increases. Moreover, in the second peak period, 

this market does not need additional external energy at 

all since the total generation of the ESS exceeds the total 

demand. 

Let us consider situation when a prosumer can 

increase the market price through decreasing its capacity 

– so called "power withdrawal". Prosumer 2 in figure 3c 

decreases its capacity from 2 kW to 1 kW in figure 3d. 

As a result, the market price increased from 3.5 to 5. 

 

Fig. 3. Start situation (c) and power withdrawal (d) 

4 Conclusions 

We are constructing a basic model of a microgrid 

market to investigate game-theoretic behaviour of 

prosumers. There are many possibilities to expand the 

model for real-life cases: 

• to consider more periods, prosumers, 

• to take into account ESS physic: e.g., 3*charging speed 

≈ discharging speed, 

• to choose a subsidy model and other pricing 

mechanisms see [6, Section 3.3]. 

In each case, we should describe prosumers’ 

behaviour and equilibrium; therefore, understanding of 

the utility and goal function of active participants is 

crucial. 

For example, an increase in consumption cannot 

reduce the price in the market, and an increase in 

generation cannot increase the price. So, when we 

consider the model with several prosumers, only because 

of their number, a situation may arise when prices in the 

off-peak and peak periods converge so much that the use 

of storage would be economically impractical. Then 

perhaps a game-theoretic situation such as a game of 

entering the market [8] will arise, where prosumers will 

have to coordinate. 
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