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Abstract— Power systems undergoes a massive change in 

power delivery and consumer-side production, e.g., penetration of 

renewable energy resources (RES) and reshaping of consumers to 

form prosumers, in which the Peer-to-Peer (P2P) energy trading 

markets are among the most promising solutions for handling 

these changes. In this paper, a fully decentralized smart contract-

based P2P energy token trading market for active retailers and 

prosumers is presented. Active retailers in this market play as a 

connection between the local P2P market and upstream markets, 

which enables the participation of small-scale prosumers in the 

energy and ancillary markets. They can optimize their decision-

making strategy to gain the most profit from energy markets. This 

model can first encourage retailers to participate in the local P2P 

energy token market, and consequently, the utilization of 

renewable energy resources in the power systems is facilitated. 

The simulation results showed the importance of the demand 

response program and the effectiveness of the DR program on the 

independence of the local P2P energy token trading market.  

Keywords—P2P energy trading, demurrage mechanism, smart 

contracts 

I. INTRODUCTION  

Energy systems are among the most contributing sectors in 
the production of pollutant emissions [1]. It is mainly because of 
fossil fuels used for energy production in the conventional 
power plants. As air pollutants are one of the main concerns of 
human beings, lot of efforts have been done for reducing the 
consumption of fossil fuels. One option for doing this is the 
utilization of renewable distributed energy resources owned by 
consumers. These changes convert local consumers into 
prosumers [2], consumers with the ability of energy production 
and controllability on their hourly demand. Prosumers are end-
consumers who possess their own distributed energy resources 
(DER) [3], enabling them to generate, control, regulate, and 
store electricity, effectively functioning as local energy 
producers. However, managing and operating numerous 
prosumers poses a considerable computational burden on the 
distribution system operator (DSO). Additionally, prosumers are 
profit-oriented agents with their own priorities when it comes to 
decision-making processes [4]. Moreover, they place 
importance on safeguarding their privacy, a factor often 
overlooked in conventional centralized operational frameworks. 

Hence, decentralized markets are proposed to get the full 
potential out of prosumers and motivate them to participate in 
the local energy markets. P2P energy trading is one solution for 
decentralizing markets, in which market players can trade in the 
light of their preferences and priorities [5]. In these markets, 
residential and small-scale prosumers can take advantage of 
their DERs and flexible loads to gain revenue [6]. Also, in this 

type of market, each player has control of its decisions. 
Therefore, their privacy is fully preserved [7]. Different models 
for P2P energy trading markets have been developed in the 
literature. In [8], a bilateral P2P energy trading between local 
sellers and buyers is developed, where the market is cleared for 
a certain time without any expansion to other hours. The authors 
of [9] developed this model to clear a day-ahead market for 24 
hours using the fast alternating direction method of multipliers 
(FADMM) optimization method. A non-cooperative game 
theory has been developed in [10] to clear the P2P energy 
trading market for a community microgrid considering the 
effects of the ownership complexity of DERs. 

Smart contracts [11] can be utilized for developing a safe and 
automated P2P energy token market. Smart contracts refer to 
programs that are stored on a blockchain and are designed to 
execute when specific conditions are fulfilled. Their main 
purpose is to automate the implementation of an agreement, 
allowing all parties involved to instantly confirm the outcome 
without the need for intermediaries or delays. A review of 
applications of smart contracts to the P2P markets is provided in 
[12]. The authors of [13] have developed a smart contract-based 
energy trading framework for a microgrid. In [14], a 
decentralized energy token trading market is developed for 
small-scale prosumers using the primal-dual sub-gradient 
method. In this reference, a demurrage mechanism is deployed 
in the transactions between local prosumers to enhance the 
competitiveness of the market by preventing the happening of 
energy token accumulations. 

While the studied works have introduced different models 
for the P2P energy trading market, they do not consider the 
active participation of retailers in the local energy trading 
markets. References [9], [10], and [14-15] have used 
decentralized optimization methods to implement a 
decentralized local energy trading market. However, the 
connection of these markets with upstream markets using active 
retailers who can manage their decision-making strategy is not 
considered. They have just considered the retail market as a 
secondary option for prosumers to trade energy with it. The 
participation of active retailers in the P2P energy trading market 
is developed in [16], however, first the market is not a day-ahead 
market, second the market structure and payment platform are 
not studied. 

In this paper, a smart contract-based local P2P energy token 
trading for small-scale prosumers and active retailers is 
presented using the ADMM method. The behavior of retailers in 
the proposed market is modeled using the mathematical 
formulation, which takes the priorities and profit of the retailers 



into account. The paying method and the safety of the deals are 
guaranteed by using smart contract and energy tokens. Also, the 
demurrage mechanism is developed for the transactions between 
small-scale prosumers and active retailers in the local P2P 
energy token trading market. Furthermore, the effects of the 
decentralized demand response program on the independency of 
the local market on the upstream markets are discussed and 
studied. 

The rest of the paper is organized as follows: In section 2, 
the market modelling and clearing approach is explained. The 
simulation of the developed model and the discussion about the 
obtained results is provided in section 3. Finally, section 4 
concludes the paper. 

II. PROBLEM FORMULATION 

A. Market structure 

In the developed P2P energy token trading market, each of 
the active prosumers and retailers select their peers by 
considering the retail market price and the price offered by other 
players in the P2P market. The developed market is fully 
decentralized, and players can directly negotiate with other 
players without the intervention of any third party and agree on 
the price and amount of the traded token. Negotiations and 
agreements are carried out by smart contracts that guarantee 
transparency, security, and execution of transactions in the 
blockchain structure. In this market, it is assumed that each 
energy token is equivalent to one kilowatt hour of electrical 
energy. In other words, in the proposed market, each consumer 
consumes one energy token for each kilowatt-hour of electric 
energy, and on the other hand, each producer gets one energy 
token for each kilowatt-hour of electric energy produced.  

In a dynamic market, the price is defined based on the 
amount of hourly demand and generation. However, as market 
players are greedy agents, they search for the best opportunities 
to maximize their profit. It can result in the occurrence of 
collusion between market players, and also can cause the 
accumulation of energy tokens. In a fully-free energy token 
trading market, sellers can sell their energy token whenever they 
want. They try to sell these tokens when the energy price is high 
to increase their profit. Therefore, they can shift the produced 
tokens from generation hour to more expensive hours to increase 
their profit. This means that in hours when the energy generation 
is more than other hours, the energy price will not be affected 
with this difference, and the market will not be completely 
dynamic. For this, the demurrage mechanism is considered in 
the market structure. In demurrage mechanism, the value of 
energy token decreases over time if they do not consume or sell 
to other players . This can be implemented on the sellers and 
buyers model using a matrix comprised of demurrage 
coefficients as follows [14]: 

𝐺𝑡,𝜏𝑏
𝐵𝑢𝑦𝑖𝑛𝑔

= {1 −
𝜏𝑏 − 𝑡

𝐺𝑡𝑖𝑚𝑒
       0 ≤ 𝜏𝑏 − 𝑡 ≤ 𝐺

𝑡𝑖𝑚𝑒     

0                         𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒                   
 (1) 

𝐺𝜏𝑠,𝑡
𝑆𝑒𝑙𝑙𝑖𝑛𝑔

= 𝐺𝑡,𝜏𝑏
𝐵𝑢𝑦𝑖𝑛𝑔

 (2) 

Where, 𝑡 , 𝜏𝑏 , 𝜏𝑠  are time index, 𝐺𝑡𝑖𝑚𝑒  is the maximum time 

limit for selling or consuming the tokens, 𝐺𝑡,𝜏𝑏
𝐵𝑢𝑦𝑖𝑛𝑔

 is the value 

of demurrage coefficient for buyers when buying tokens at 𝑡 and 

consuming it at 𝜏𝑏, and 𝐺𝑡,𝜏𝑠
𝑆𝑒𝑙𝑙𝑖𝑛𝑔

is the demurrage coefficient for 

sellers when produce energy at 𝜏𝑠 and sell it at 𝑡. 

B. Sellers model 

Prosumers that are capable of producing electrical energy, 
called sellers in the developed market, can sell their generated 
energy in the local P2P energy token trading market. The seller’s 
main goal is to maximize their revenue, which is stated by (3). 
The welfare function of sellers includes the revenue related to 
selling energy token to local sellers, the revenue related to the 
selling energy tokens to retailers, cost of the energy generation, 
and the cost of using the blockchain structure. Equation (4) 
states the cost function of sellers, which is a function of the 
produced energy tokens. Equations (5) and (6) state the total 
energy production and maximum value of energy token 
generation by sellers, respectively. 

𝑊𝑠
𝑠𝑒𝑙𝑙𝑒𝑟

=∑(∑∑(𝐺𝜏𝑠,𝑡
𝑆𝑒𝑙𝑙𝑖𝑛𝑔

× 𝜆𝑠,𝑏,𝑡
𝑆𝐵 × 𝑇𝑆𝐵𝑠,𝑏,𝜏𝑠,𝑡)

𝑁𝑏

𝑏=1

24

𝜏𝑠=1

24

𝑡=1

+ ∑∑(𝐺𝜏𝑠,𝑡
𝑆𝑒𝑙𝑙𝑖𝑛𝑔

× 𝜆𝑠,𝑟,𝑡
𝑆𝑅 × 𝑇𝑆𝑅𝑠,𝑟,𝜏𝑠,𝑡)

𝑁𝑟

𝑟=1

24

𝜏𝑠=1

− 𝐶𝑠,𝑡
𝑠𝑒𝑙𝑙𝑒𝑟

− 𝐵𝐶𝑡∑∑𝐺𝜏𝑠,𝑡
𝑆𝑒𝑙𝑙𝑖𝑛𝑔

× 𝑇𝑆𝑅𝑠,𝑟,𝜏𝑠,𝑡

𝑁𝑟

𝑟=1

24

𝜏𝑠

)∀ 𝑠 

(3) 

𝐶𝑠,𝜏𝑠
𝑠𝑒𝑙𝑙𝑒𝑟 = 𝛼𝑠 × (∑𝑇𝑆𝑠,𝜏𝑠,𝑡

24

𝑡=1

)

2

+ 𝛽𝑠 × (∑𝑇𝑆𝑠,𝜏𝑠,𝑡

24

𝑡=1

)  ∀ 𝑠, 𝜏𝑠 (4) 

𝑇𝑆𝑠,𝜏𝑠,𝑡 = ∑𝑇𝑆𝐵𝑠,𝑏,𝜏𝑠,𝑡

𝑁𝑏

𝑏=1

+∑𝑇𝑆𝑅𝑠,𝑟,𝜏𝑠,𝑡

𝑁𝑟

𝑟=1

                    ∀ 𝑠, 𝑡, 𝜏𝑠 (5) 

∑𝑇𝑆𝑠,𝜏𝑠,𝑡

24

𝑡=1

≤ 𝑇𝑆𝑠,𝜏𝑠
𝑚𝑎𝑥                             ∀ 𝑠, 𝜏𝑠 (6) 

In these equations, 𝑊𝑠
𝑠𝑒𝑙𝑙𝑒𝑟 is the welfare function of seller 𝑠, 

𝜆𝑠,𝑏,𝑡
𝑆𝐵  is the trade price defined by smart contract between seller 

𝑠 and buyer 𝑏, 𝑇𝑆𝐵𝑠,𝑏,𝜏𝑠,𝑡 is the energy token sold to buyer 𝑏 by 

seller  𝑠  in time 𝑡  that was produced in 𝜏𝑠 , 𝑇𝑆𝑅𝑠,𝑟,𝜏𝑠,𝑡  is the 

energy token sold to retailer 𝑟  by seller  𝑠  in time 𝑡  that was 

produced in 𝜏𝑠 , 𝜆𝑠,𝑟,𝑡
𝑆𝑅  is the trade price between seller 𝑠  and 

retailer 𝑟, 𝐶𝑠,𝜏𝑠
𝑠𝑒𝑙𝑙𝑒𝑟  is the generation cost of sellers, 𝛼𝑠and 𝛽𝑠 are 

the parameters of sellers cost function, 𝐵𝐶𝑡 is the blockchain usage 

cost rate, and the 𝑇𝑆𝑠,𝜏𝑠
𝑚𝑎𝑥  is the production capacity of local 

sellers. 

C. Buyers model 

The prosumers that are dealing with energy deficits are 
called buyers in this market. They have to fulfill their energy 
needs by buying energy from local sellers. The buyer’s profit is 
to provide their required demand, while searching for the most 
affordable prices. Equation (7) states the welfare of local buyers 
in the local energy token trading market. This welfare function 
is comprised of the buyer’s utility function, the cost of buying 
energy from local sellers, the cost of buying energy from 
retailers, and the cost of using the blockchain structure. The 
utility function should be an increasing function that have a 



decreasing first order derivative. One utility function that satisfy 
these conditions is stated by (8) [15]. Equations (9)-(11) 
introduce the hourly energy tokens bought by buyers and the 
constraint related to demand response program. 

 

𝑊𝑏
𝑏𝑢𝑦𝑒𝑟

=∑(𝑈𝑏,𝑡 − ∑ ∑(𝜆𝑠,𝑏,𝑡
𝑆𝐵 × 𝑇𝐵𝑆𝑏,𝑠,𝑡,𝜏𝑏)

𝑁𝑠

𝑠=1

24

𝜏𝑏=1

24

𝑡=1

− ∑ ∑(𝜆𝑏,𝑟,𝑡
𝐵𝑅 × 𝑇𝐵𝑅𝑏,𝑟,𝑡,𝜏𝑏)

𝑁𝑟

𝑟=1

24

𝜏𝑏=1

− 𝐵𝐶𝑡 ×∑∑𝑇𝐵𝑅𝑏,𝑟,𝑡,𝜏𝑏

𝑁𝑟

𝑟=1

24

𝜏𝑏

) 

(7) 

𝑈𝑏,𝜏𝑏 =

{
 

 𝜔𝑏𝑇𝐵𝑏,𝜏𝑏 − 𝛿𝑏𝑇𝐵𝑏,𝜏𝑏
2,   𝑇𝐵𝑏,𝜏𝑏 <

𝜔𝑏
2𝛿𝑏

 

𝜔𝑏
2

2𝛿𝑏
,                    𝑇𝐵𝑏,𝜏𝑏 ≥

𝜔𝑏
2𝛿𝑏

      ∀𝑏, 𝜏𝑏  (8) 

𝑇𝐵𝑏,𝜏𝑏 = 𝐿𝑏,𝜏𝑏 + 𝐷𝑅𝑃𝑏,𝜏𝑏

=∑∑𝐺𝑡,𝜏𝑏
𝐵𝑢𝑦𝑖𝑛𝑔

× 𝑇𝐵𝑆𝑏,𝑠,𝑡,𝜏𝑏

24

𝑡=1

𝑁𝑠

𝑠=1

+∑∑𝐺𝑡,𝜏𝑏
𝐵𝑢𝑦𝑖𝑛𝑔

× 𝑇𝐵𝑅𝑏,𝑟,𝑡,𝜏𝑏

24

𝑡=1

𝑁𝑟

𝑟=1

 ∀𝑏, 𝜏𝑏  

(9) 

−𝐷𝑅𝑚𝑎𝑥 × 𝐿𝑏,𝜏𝑏 ≤ 𝐷𝑅𝑃𝑏,𝜏𝑏 ≤ 𝐷𝑅𝑚𝑎𝑥 × 𝐿𝑏,𝜏𝑏 (10) 

∑𝐷𝑅𝑃𝑏,𝑡 = 0                                          ∀𝑏

24

𝑡=1

 (11) 

In these equations, 𝑊𝑏𝑢𝑦𝑒𝑟
𝑠  is the welfare function of 

buyers, 𝑇𝐵𝑆𝑏,𝑠,t,𝜏𝑏  is the energy token bought by buyer 𝑏 from 

seller 𝑠 in time 𝑡 that will be consumed in 𝜏𝑏, 𝑇𝐵𝑅𝑏,𝑟,𝑡,𝜏𝑏 is the 

energy token bought from retailer 𝑟 by buyer 𝑏 in time 𝑡 will be 
consumed in 𝜏𝑏, 𝑈𝑏,𝜏𝑏 is the utility function, , 𝜔𝑏 and 𝛿𝑏 are the 

parameters of buyers utility function, 𝐿𝑏,𝜏𝑏 is the buyers expected 

demand, 𝐷𝑅𝑃𝑏,𝜏𝑏 is the amount of hourly shifted load, and is the 

maximum amount of buyers shiftable load. 

D. Retailers model 

Retailers in this market can buy energy from local sellers 
and sell it to local buyers or sell it in the upstream energy 
markets. It is considered that they own some DERs, which 
make them able to produce energy and sell it in the local or 
upper markets. The welfare of retailers is to maximize their 
daily profit. Equation (12) states the welfare function of 
retailers, which is made of revenue of selling energy to local 
buyers, revenue of selling energy in the energy markets, cost of 
buying energy from local sellers, and the cost of producing 
energy by their own DERs. The energy token balance of 
retailers can be stated by (14), which ensures that the sum of 
hourly bought and produced energy tokens is equal to the 
hourly sold energy tokens. The production capacity of DERs of 
retailers can be written as (15). 

𝑊𝑟
𝑟𝑒𝑡𝑎𝑖𝑙𝑒𝑟

=∑(∑ ∑(𝐺𝜏𝑠,𝑡
𝑆𝑒𝑙𝑙𝑖𝑛𝑔

× 𝜆𝑏,𝑟,𝑡
𝐵𝑅 × 𝑇𝑅𝐵𝑟,𝑏,𝜏𝑠,𝑡)

𝑁𝑏

𝑏=1

24

𝜏𝑠=1

24

𝑡=1

− ∑ ∑(𝜆𝑟,𝑠,𝑡
𝑆𝑅 × 𝑇𝑅𝑆𝑟,𝑠,𝑡,𝜏𝑏)

𝑁𝑠

𝑠=1

24

𝜏𝑏=1

− 𝐶𝑠,𝑡
𝑟𝑒𝑡𝑎𝑖𝑙𝑒𝑟

+ (∑ 𝐺𝜏𝑠,𝑡
𝑆𝑒𝑙𝑙𝑖𝑛𝑔

× 𝜆𝑡
𝑅𝑀 × 𝑇𝑅𝑟,𝜏𝑠,𝑡

𝑀𝑆

24

𝜏𝑠=1

)

− (∑ 𝜆𝑡
𝑅𝑀 × 𝑇𝑅𝑟,𝑡,𝜏𝑏

𝑀𝐵

24

𝜏𝑏=1

)) 

 

(12) 

𝐶𝑟,𝜏𝑠
𝑟𝑒𝑡𝑎𝑖𝑙𝑒𝑟

= 𝛼𝑟 × (∑𝑇𝑅𝑟,𝜏𝑠,𝑡

24

𝑡=1

)

2

+ 𝛽𝑟 × (∑𝑇𝑅𝑟,𝜏𝑠,𝑡

24

𝑡=1

)      ∀ 𝑟, 𝜏𝑠 (13) 

∑ 𝐺𝜏𝑠,𝑡
𝑆𝑒𝑙𝑙𝑖𝑛𝑔

× 𝑇𝑅𝑟,𝜏𝑠,𝑡

24

𝜏𝑠=1

+ ∑ ∑(𝐺𝑡,𝜏𝑏
𝐵𝑢𝑦𝑖𝑛𝑔

× 𝑇𝑅𝑆𝑟,𝑠,𝑡,𝜏𝑏)

𝑁𝑠

𝑠=1

24

𝜏𝑏=1

+ ∑(𝐺𝑡,𝜏𝑏
𝐵𝑢𝑦𝑖𝑛𝑔

× 𝑇𝑅𝑟,𝜏𝑏,𝑡
𝑀𝐵 )

24

𝜏𝑏=1

= ∑∑(𝑇𝑅𝐵𝑟,𝑏,𝑡,𝜏𝑠)

𝑁𝑏

𝑏=1

24

𝜏𝑠=1

+ (∑ 𝑇𝑅𝑟,𝜏𝑠,𝑡
𝑀𝑆

24

𝜏𝑠=1

)        ∀ 𝑟, 𝑡     

(14) 

∑𝑇𝑅𝑟,𝜏𝑠,𝑡

24

𝑡=1

≤ 𝑇𝑅𝑟,𝑡
𝑀𝑎𝑥                ∀ 𝑟, 𝑡 (15) 

In these equations, 𝑊𝑟𝑒𝑡𝑎𝑖𝑙𝑒𝑟
𝑠  is the objective function of 

retailers, 𝑇𝑅𝑆𝑟,𝑠,𝑡,𝜏𝑏  and 𝑇𝑅𝑟,𝑡,𝜏𝑏
𝑀𝐵 are the energy token bought by 

retailer 𝑟 from seller 𝑠 and upper market at time t which is sold 

at 𝜏𝑏 , 𝑇𝑅𝐵𝑟,𝑏,𝑡,𝜏𝑠  and 𝑇𝑅𝑟,𝜏𝑠,𝑡
𝑀𝑆  are the sold energy token by 

retailers to buyers and upper market, 𝜆𝑡
𝑅𝑀 is the energy price in 

the upstream market,𝑇𝑅𝑟,𝜏𝑠,𝑡 is the self-production of retailers, 

and 𝐶𝑟,𝜏𝑠
𝑟𝑒𝑡𝑎𝑖𝑙𝑒𝑟 is the self-production cost of retailers. 

E. Market clearing approach 

The total welfare of the market can be considered as the 

summation of the welfare of local buyers, local sellers, and 

active retailers. Therefore, the central optimization problem of 

the developed P2P market can be written as follows: 

max(∑𝑊𝑏
𝑏𝑢𝑦𝑒𝑟

𝑁𝑏

𝑏=1

+∑𝑊𝑠
𝑠𝑒𝑙𝑙𝑒𝑟

𝑁𝑠

𝑠=1

+∑𝑊𝑟
𝑟𝑒𝑡𝑎𝑖𝑙𝑒𝑟

𝑁𝑟

𝑟=1

) (16) 

s.t. 

∑ 𝑇𝐵𝑆𝑏,𝑠,𝑡,𝜏𝑏

24

𝜏𝑏=1

= ∑ 𝐺𝜏𝑠,𝑡
𝑆𝑒𝑙𝑙𝑖𝑛𝑔

× 𝑇𝑆𝐵𝑠,𝑏,𝜏𝑠,𝑡

24

𝜏𝑠=1

 (17) 

∑ 𝑇𝑅𝑆𝑟,𝑠,𝑡,𝜏𝑏

24

𝜏𝑏=1

= ∑ 𝐺𝜏𝑠,𝑡
𝑆𝑒𝑙𝑙𝑖𝑛𝑔

× 𝑇𝑆𝑅𝑠,𝑟,𝜏𝑠,𝑡

24

𝜏𝑠=1

 (18) 

∑ 𝑇𝐵𝑅𝑏,𝑟,𝑡,𝜏𝑏

24

𝜏𝑏=1

= ∑ 𝐺𝜏𝑠,𝑡
𝑆𝑒𝑙𝑙𝑖𝑛𝑔

× 𝑇𝑅𝐵𝑟,𝑏,𝜏𝑠,𝑡

24

𝜏𝑠=1

 (19) 



and (4)-(15). 

However, in this model, the preferences of the prosumers 
and retailers and their privacy is neglected by forcing them to 
act aligned with the preferences of social welfare. To address 
this, in this paper, a FADMM approach is utilized to 
decentralize the model of the proposed market and solve it in a 
decentralized fashion. The ADMM approach uses the 
augmented Lagrangian form of the optimization problem by 
relaxing the coupling constraints as follows: 

max(∑𝑊𝑏
𝑏𝑢𝑦𝑒𝑟

𝑁𝑏

𝑏=1

+∑𝑊𝑠
𝑠𝑒𝑙𝑙𝑒𝑟

𝑁𝑠

𝑠=1

+∑𝑊𝑟
𝑟𝑒𝑡𝑎𝑖𝑙𝑒𝑟

𝑁𝑟

𝑟=1

)

+∑[−∑∑(𝜆𝑏,𝑠,𝑡
𝑆𝐵 (∑ 𝑇𝐵𝑆𝑏,𝑠,𝑡,𝜏𝑏

24

𝜏𝑏=1

𝑁𝑠

𝑠=1

𝑁𝑏

𝑏=1

24

𝑡=1

− ∑ 𝐺𝜏𝑠,𝑡
𝑆𝑒𝑙𝑙𝑖𝑛𝑔

× 𝑇𝑆𝐵𝑠,𝑏,𝜏𝑠,𝑡

24

𝜏𝑠=1

)

+
𝜌

2
‖∑ 𝑇𝐵𝑆𝑏,𝑠,𝑡,𝜏𝑏

24

𝜏𝑏=1

− ∑ 𝐺𝜏𝑠,𝑡
𝑆𝑒𝑙𝑙𝑖𝑛𝑔

× 𝑇𝑆𝐵𝑠,𝑏,𝜏𝑠,𝑡

24

𝜏𝑠=1

‖

2

2

)

−∑∑(𝜆𝑏,𝑟,𝑡
𝐵𝑅 (∑ 𝑇𝐵𝑅𝑏,𝑟,𝑡,𝜏𝑏

24

𝜏𝑏=1

− ∑ 𝐺𝜏𝑠,𝑡
𝑆𝑒𝑙𝑙𝑖𝑛𝑔

× 𝑇𝑅𝐵𝑟,𝑏,𝜏𝑠,𝑡

24

𝜏𝑠=1

)

𝑁𝑟

𝑟=1

𝑁𝑏

𝑏=1

+
𝜌

2
‖∑ 𝑇𝐵𝑅𝑏,𝑟,𝑡,𝜏𝑏

24

𝜏𝑏=1

− ∑ 𝐺𝜏𝑠,𝑡
𝑆𝑒𝑙𝑙𝑖𝑛𝑔

× 𝑇𝑅𝐵𝑟,𝑏,𝜏𝑠,𝑡

24

𝜏𝑠=1

‖

2

2

)

−∑∑(𝜆𝑠,𝑟,𝑡
𝑆𝑅 (∑ 𝑇𝑅𝑆𝑟,𝑠,𝑡,𝜏𝑏

24

𝜏𝑏=1

− ∑ 𝐺𝜏𝑠,𝑡
𝑆𝑒𝑙𝑙𝑖𝑛𝑔

× 𝑇𝑆𝑅𝑠,𝑟,𝜏𝑠,𝑡

24

𝜏𝑠=1

)

𝑁𝑠

𝑟=1

𝑁𝑏

𝑠=1

+
𝜌

2
‖∑ 𝑇𝑅𝑆𝑟,𝑠,𝑡,𝜏𝑏

24

𝜏𝑏=1

− ∑ 𝐺𝜏𝑠,𝑡
𝑆𝑒𝑙𝑙𝑖𝑛𝑔

× 𝑇𝑆𝑅𝑠,𝑟,𝜏𝑠,𝑡

24

𝜏𝑠=1

‖

2

2

)] 

(20) 

Where, 𝜌  is the step size for updating the price in each 

iteration. As mentioned before, the smart contracts determine 

and update the energy price in blockchain structure. In ADMM 

approach, the energy price, which is considered as the dual 

variable of the dual optimization problem, is updated as 

follows: 

𝜆𝑏,𝑟,𝑡
𝐵𝑅 𝑘+1

= 𝜆𝑏,𝑟,𝑡
𝐵𝑅 𝑘

− 𝜌( ∑ 𝑇𝐵𝑅𝑏,𝑟,𝑡,𝜏𝑏

24

𝜏𝑏=1

− ∑ 𝐺𝜏𝑠,𝑡
𝑆𝑒𝑙𝑙𝑖𝑛𝑔 ×𝑇𝑅𝐵

𝑟,𝑏,𝜏𝑠,𝑡

24

𝜏𝑠=1

) (21) 

This equation can be rewritten for the transactions between 
retailers and sellers, and between buyers and sellers. First, 
according to the initial price of the smart contract, the local 
problem of each player is solved, and a bid or offer for any 
possible peer is reported via the smart contract. Then, based on 
the reported values the price of transactions is updated based on 
the difference between the bids and offers, which can be carried 
out using (21). 

A novel version of ADMM method, which is called 

FADMM is used in this paper to increase the pace of 

convergency. In FADMM approach, the dual variables can be 

updated in each iteration using the following equations [9]: 

𝜆𝑏,𝑟,𝑡
𝐵𝑅̅̅ ̅̅ ̅̅ 𝑘

= 𝜆𝑏,𝑟,𝑡
𝐵𝑅 𝑘

− 𝜌( ∑ 𝑇𝐵𝑅𝑏,𝑟,𝑡,𝜏𝑏

24

𝜏𝑏=1

− ∑ 𝐺𝜏𝑠,𝑡
𝑆𝑒𝑙𝑙𝑖𝑛𝑔

× 𝑇𝑅𝐵𝑟,𝑏,𝜏𝑠,𝑡

24

𝜏𝑠=1

) 
(22) 

𝜇𝑘+1 =
1 + √1 + (4𝜇𝑘)2

2
 (23) 

𝛼𝑘+1 =
𝜇𝑘 − 1

𝜇𝑘+1
 (24) 

𝜆𝑏,𝑟,𝑡
𝐵𝑅 𝑘+1

= 𝜆𝑏,𝑟,𝑡
𝐵𝑅̅̅ ̅̅ ̅̅ 𝑘 − 𝛼𝑘+1 ( 𝜆𝑏,𝑟,𝑡

𝐵𝑅 𝑘
− 𝜆𝑏,𝑟,𝑡

𝐵𝑅 𝑘−1
) (25) 

These equations can be extended for 𝜆𝑏,𝑠,𝑡
𝑆𝐵

 and 𝜆𝑠,𝑟,𝑡
𝑆𝑅  in a 

same way. 

III. NUMERICAL STUDY 

In this part, the developed local market model is simulated 
in order to evaluate its efficiency and performance, and the 
obtained results are analyzed. For this purpose, the CPLEX 
solver is used in the GAMS environment and a computer 
system consisting of an Intel Core i7 6.3 GHz processor and 16 
GB RAM is used. 

A. 3.1. Case study definition 

A local market consisting of 10 local buyers, 10 local sellers 
and 2 retailers is simulated to validate the developed model. 
The average consumption load of local buyers and the average 
production capacity of local sellers are given in Fig. 1. The 
parameters of the buyers' utility function are obtained by 
generating 10 random numbers in the ranges [10.5,14] and 
[0.045,0.09], and the parameters of the sellers' cost function are 
obtained by generating 10 random numbers in the ranges 
[0.045,0.09] and [4,9]. Data related to retailers is given in Table 
1. The cost of using blockchain depends on the amount of 
power that can be produced per hour by local sellers, so that this 
cost is not imposed on buyers during the hours when there is no 
local production [14]. 

TABLE I.  VALUES OF PARAMETERS RELATED TO THE RETAILERS MODEL 

Retailer #1 Retailer #2 

Parameter Value Parameter Value 

𝑇𝑅𝑟,𝑡
𝑀𝑎𝑥 6.7684 𝑇𝑅𝑟,𝑡

𝑀𝑎𝑥 9.9729 

𝛼𝑟 0.0916 𝛼𝑟 0.0979 
𝛽𝑟 14.3936 𝛽𝑟 12.4265 

 

Fig. 1. Average demand and capacity of buyers and sellers 



B. Simulation results 

The modeled market is simulated by considering an initial 
value of 1 for μ, which has a significant effect on the number of 
iterations required for the problem to converge. Due to the 
retailer's participation in both the local market and the upstream 
market, the market price will have a direct impact on the local 
transactions. The simulation of the problem is done with the 
assumption that the price is fixed in the upstream market and 
the effect of different prices on the transactions is investigated. 
It is also assumed that by participating in the load response 
program, local buyers can transfer 20% of their hourly load to 
other hours. 

Each player, by exchanging its bid or offer with other 
players, makes a decision regarding the amount of exchange 
power with each peer with the aim of maximizing his own 
objective function. By updating the trade price in each iteration, 
the amount of power offered by the players converges towards 
each other and stays steady in the dealt value. To prove the 
convergence of the problem, as an example, the amount of 
traded energy token between several local players in each 
iteration is shown in Fig. 1. It can be seen that the transactions 
are done in about 50 iterations and the amount of exchange 
token is determined. Due to the different behavior of players 
and coefficients of different objective functions, the amount of 
exchange power between players is different, and each player 
determines its exchange power with each peer by considering 
its priorities. 

 
Fig. 1. Convergence of proposed model 

The effect of the demurrage mechanism is indicated by the 
average price of the transactions carried out per hour in Fig. 2. 
If the demurrage mechanism is applied to energy token 
transactions, the average transaction price in the middle of the 
day will decrease due to the increase in the local production 
compared to other hours. By ignoring the demurrage 
mechanism, sellers will have the freedom to sell the energy 
token produced in each hour in the following hours and avoid 
the price drop during hours with the high local production. On 
the other hand, buyers will also tend to buy the energy tokens 
they need in hours with the high local production and consume 
them in the following hours. As a result, the price will increase 
in the middle hours and decrease in the beginning and late 
hours. This case will cause a loss for the retailers in the hours 
when local production is low, such as  hours 8-10 and 17-21. 
During these hours, due to the competition between the retailers 
and the local buyers to buy from the local sellers, the average 
transaction price increases. It can be seen that not considering 
demurrage coefficient destroys the dynamics of the market 
during the hours when the amount of supply and demand can 
have a significant effect on the average price. In this figure, the 
effect of the load demand program on the average price is also 

shown. By transferring part of their load to the hours when local 
production is high, local buyers reduce part of their cost in 
hours with a higher average price, according to Fig. 3. This will 
increase the price in the middle hours and decrease the price in 
the hours when the price has reached its peak. 

 
Fig. 2. effects of demurrage mechanism and DRP on the average price 

 
Fig. 3. Participation of buyers in the DRP 

Energy token transactions between local buyers and their 
peers with and without participation in the demand response 
program are shown in Fig. 4. In the beginning and late hours of 
the day, when there is no local production, all energy needed by 
local buyers is provided through the retailers. With the entry of 
local producers and due to the blockchain cost imposed on 
buyers on trading energy with retailers, buyers will try to 
provide most of their energy token needs from local sellers. 
These exchanges are affected by the implementation of the 
demand response program. By shifting part of their load to the 
hours with increased local production, local consumers try to 
supply more power through local sellers, and the result of this 
will be the reduction in the exchange of power with retailers. 
Since retailers are the bridge between local players and the 
upstream market, it can be concluded that the demand response 
program can increase the independence of the local market 
from the upstream markets. This is shown in Fig. 5. 

 
Fig. 4. Energy token purchase by buyers from each peer 

 



Fig. 5. Retailers energy token transactions with upstream market 

Retailers, as profit-oriented entities, adjust their buying and 
selling behavior by considering the upstream market price. The 
amount of traded energy token with the upstream network is 
shown in figure Fig. 6. In the beginning and late hours of the 
day when local production is zero, retailers provide the power 
needed by local buyers through their own production and the 
upstream market. with the increase in the price of the upstream 
market, the amount of purchase from the upstream network has 
decreased so that with a price of 16 cents in the early hours of 
the day, retailers have offered part of their production capacity 
in the upstream market. In the middle of the day and due to the 
increase in local production, retailers try to maximize their 
profits by buying energy tokens from local sellers and selling 
these tokens in the upstream market. It can be seen that with the 
increase in the upstream market price, the amount of energy 
tokens purchased from local sellers has increased. 

 
Fig. 6. Energy tokens transactions between retailers and upstream markets 

As mentioned, local players and retailers seek to maximize 
their objective function regardless of the level of their peer’s 
satisfaction. The demurrage mechanism and demand response 
program can affect the welfare of each player. The freedom of 
action of players in buying/selling and producing/consuming 
energy tokens in the case without considering the demurrage 
coefficients is more than in the case where the demurrage 
mechanism is applied to energy token transactions; As a result, 
they will have more prosperity in this state. 

IV. CONCLUSION 

In this paper, a novel P2P energy token trading market is 
developed, which creates a free, fully competitive, and dynamic 
trading platform for active retailers and small-scale prosumers. 
The active retailers are involved in the local energy token 
trading market for the first time in this paper considering their 
own objective function and priorities. An environment with 
mentioned features can motivate and push prosumers to enter 
their owned RES to the power generation cycle in the power 
systems, which leads to a notable reduction in the emissions 
released by energy systems. On the other hand, retailers can 
connect these prosumers to the upstream markets to make their 
energy and ancillary service usable for the entire network. It can 
be significant in areas with plenty of DERs, especially the 

renewable ones, to take benefit of demand-side generation. The 
model of retailers is introduced in a way to make them able to 
act as independent agents seeking for the maximum profit. This 
model can address the operation and supervision of local 
markets, which is one of the most important challenges of these 
markets. 
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