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Abstract: The increase of the number of electric vehicles leads to serious peak valley imbalance in
the power grid. In order to achieve "peak cutting and valley filling", according to the energy storage
characteristics of electric vehicles, this paper proposes an electric vehicle group (EVG) energy
trading method based on smart contract and double auction matching mechanism, and constructs the
electric energy transaction process of the electric vehicle and electric vehicle in the electric vehicle
group under the unbalanced load of the power grid. Through deploying the double auction matching
algorithm to the smart contract, the automatic execution of matching transaction and automatic
clearing of transaction cost are realized, which saves the economic cost of manual matching mode.
In addition, the multi-stage quotation method proposed greatly improves the number of transactions.
The simulation experiment based on Monte Carlo simulation shows that the power transaction
method can not only effectively alleviate the peak valley problem of power grid load, achieve the
effect of "reducing peak and raising Valley", but also can improve the transaction efficiency.

1. Introduction
Electric vehicle (EV), as a kind of low-carbon, environment-friendly and energy-saving
transportation, is becoming more and more popular. According to the statistics of literature [1], by
2020, the number of electric vehicles in China will be close to five million. At that time, the
large-scale EV will charge intensively, which is bound to cause the demand growth of EV charging.
However, the energy storage characteristics of the electric vehicle itself provide the possibility to
relieve the peak and valley load pressure of the power grid. For example, reference [2] propose to
use V2G (vehicle to grid) technology to realize the bidirectional flow of energy between the electric
vehicle and the power grid, so that the electric vehicle can supply power to the grid as a distributed
energy. Literature [3] Based on the scale effect of electric vehicles, encourage electric vehicle users
to participate in peak load regulation, propose V2G peak load regulation system architecture, and
dispatch electric vehicles to participate in peak load reduction and valley filling through the
prediction of power load curve by dispatching center. In reference [4], a variable threshold
optimization algorithm and a charge discharge rate adjustable optimization algorithm are proposed
to improve the imbalance of power supply and demand in microgrid. The demand response
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mechanism is used to manage the power distribution of pure electric vehicles from vehicles to the
grid in reference [5].The charging strategy of hybrid electric vehicles is proposed in reference [6].
However, the enthusiasm of electric vehicle users to participate in peak reduction and valley
improvement is different. Many users of electric vehicles lack the initiative because of considering
the cost of battery loss and other issues. In recent years, with the development of block chain
technology, its application scope is more and more extensive, and gradually develops from the
financial industry to the energy field. For example, the block chain technology is applied to this
distributed power market in reference [7]. Literature [8] combined with the current situation of
block chain development, analyzed the applicability of block chain application in the multi-energy
system, and proposed the method of building heterogeneous block chain multi-energy system. In
addition, competitive auction as an important way of resource allocation, has a certain impact on the
fairness and efficiency of transactions. Literature [9] compares Sequential Auction and
combinatorial auction based on Petri net, which is a bold attempt to apply Petri net to auction.
Through the comprehensive analysis of the characteristics of block chain technology, it is found that
the block chain is transparent and tamper proof, which makes the transaction more transparent and
secure, and the smart contract automates matching transactions.
In summary, this article is based on smart contract and double auction matching mechanism
(DAMM) can solves the problems of high manual cost in the traditional auction matching mode and
serious imbalance between peak and valley, and can ensure that in the case of imbalance between
peak and valley in the grid, the electric vehicle users in EVG can sell the electric energy to the
charged electric vehicle, so as to realize "peak reduction and valley lifting" and benefit the users.
The rest of the paper is as follows. The second part constructs a transaction model based on
smart contract. The third part introduces the matching mechanism of double auction, and the fourth
part introduces the power transaction process based on block chain and double auction matching
mechanism. The fifth part is simulation experiment. The sixth part is the summary of this paper.
2. The model of electric energy trade based on smart contract
Block chain technology is the product of the development of information technology in the
Internet era. It is a distributed network storage structure integrating multiple advantages. It ensures
the safe operation and maintenance of the whole network through the decentralization and
distrusted method, and has the advantages of tamper proof, non-repudiation, and non-forgery. Smart
contract as one of the main features of block chain, it is not only a piece of program code that can
be automatically executed, but also a participant in the network. It can accept the response
information and automatically respond. Finally, through consensus, the transaction is recorded in
the distributed bill of block chain. Through the deployment of smart contracts, the decentralized EV
transaction will be effectively realized, and the Settlement will be automatically carried out after the
transaction is completed. Two smart contracts will be deployed in this paper, and we will deploy a
continuous double auction algorithm on the first smart contract to automatically complete the
matching transaction. The second contract is used to measure the trading power by the smart meter
install on the electric vehicle, and broadcast the power purchase information of the power grid at
peak time, and broadcast the power sale information in valley to remind the electric vehicle users of
the current power transaction information. Its basic structure is shown in Figure 1.
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Figure 1: Transaction model based on smart contract.
3. Double auction matching mechanism
3.1. Pricing strategy of electric energy transaction
During peak hours, the grid load is large and the price of electricity is relatively high. At this
time, the electric vehicle user needs to respond to the power supply request in time. In the process
of DAMM, transaction price and quantity are important indicators of transaction service satisfaction.
This paper set C𝑖𝑖 (𝐶𝐶𝐶𝐶𝑖𝑖 ,𝐶𝐶𝐶𝐶𝑖𝑖 ) is the purchase request of electricity purchaser 𝑖𝑖, where 𝐶𝐶𝐶𝐶𝑖𝑖 is the bid
of electricity purchaser to purchase unit electric energy, and 𝐶𝐶𝐶𝐶𝑖𝑖 is the amount of electricity
purchase required. Let 𝑆𝑆𝑖𝑖 (𝑆𝑆𝑆𝑆𝑗𝑗 ,𝑆𝑆𝑆𝑆𝑗𝑗 ) be the supply request of electric vehicle user j, where 𝑆𝑆𝑆𝑆𝑗𝑗 is the
price required for electric vehicle to provide unit electric energy, and 𝑆𝑆𝑆𝑆𝑗𝑗 is the amount of electric
energy to be provided. In order to ensure the satisfaction of both parties to the transaction results,
the peak time pricing strategy in this paper is as follows.
The profit 𝑝𝑝𝑝𝑝𝑖𝑖 of the purchaser 𝑖𝑖 is equal to the conventional electricity price 𝐶𝐶𝐶𝐶𝑖𝑖 from the
grid purchase unit power minus the bid 𝐶𝐶𝐶𝐶𝑖𝑖 of the unit electric energy purchased from the electric
power supply vehicle, and then multiplied by the amount of electric energy successfully traded. The
profit expression is as follows.
(1)
𝑝𝑝𝑝𝑝𝑖𝑖 = (𝐶𝐶𝐶𝐶𝑖𝑖 − 𝐶𝐶𝐶𝐶𝑖𝑖 )𝐶𝐶𝐶𝐶𝑖𝑖
The income 𝑝𝑝𝑠𝑠𝑗𝑗 of power supply electric vehicle user j is equal to the price 𝑆𝑆𝑆𝑆𝑗𝑗 required to
provide unit electric energy minus the cost 𝑆𝑆𝑆𝑆𝑗𝑗 sell unit electric energy, and then multiplied by the
quantity of Electric energy trading. The profit expression is as follows.
(2)
𝑝𝑝𝑠𝑠𝑗𝑗 = �𝑆𝑆𝑃𝑃𝑗𝑗 − 𝑆𝑆𝑆𝑆𝑗𝑗 �𝑆𝑆𝑆𝑆𝑗𝑗
The cost consists of the cost of charging at valley time and the battery loss, the expression is as
follows.
(3)
𝑆𝑆𝑆𝑆𝑖𝑖 = 𝑝𝑝𝑝𝑝𝑐𝑐𝑐𝑐 × 𝑆𝑆𝑆𝑆𝑗𝑗 + 𝐵𝐵𝑗𝑗
(4)
𝐵𝐵𝑖𝑖 = 𝑏𝑏𝑖𝑖 × 𝑄𝑄𝑖𝑖,𝑗𝑗
Where 𝑝𝑝𝑝𝑝𝑐𝑐𝑐𝑐 is the charging price of the power supply vehicle in valley,𝐵𝐵𝑖𝑖 is the loss cost of the
battery, 𝑏𝑏𝑖𝑖 is the depreciation factor of the battery of EV. The average cost of the power battery is
$227/KWH, about RMB 1500/KWH. Taking BYD E6 as an example, the residual value of the
battery is only 36.7%, and the charging and discharging life of the battery is 10000 times. Therefore,
the depreciation cost per charged battery is: 𝑏𝑏𝑖𝑖 = (1500-1500×36.7%) /10000≈0.1 RMB/KWH.
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3.2. Matching strategy
With the improvement of the concept of energy conservation and emission reduction, the
number of electric vehicles in China will increase exponentially in the next few years, and the
number of electric vehicles participating in peak valley regulation of power grid will also increase
relatively. In order to increase the trading volume, this paper will discuss the rules of DAMM power
auction under different supply and demand conditions.
3.2.1. Supply exceeds demand
The oversupply of this paper refers to the electric energy that the electric vehicle can supply
more than the electric energy required by the purchaser. In the case of oversupply, the seller and the
purchaser will be arranged in descending order according to the reported price, and the arrangement
curve is shown in Figure 2.

Figure 2: Arrangement curve of UCP and DCP existing at the same time.
In this paper, the multi segment quotation rule is proposed. Figure 2 is a quotation graph of a
multi-segment quotation that has deleted an electric car user who is unlikely to successfully trade
(Electric vehicle users whose selling price is higher than all bidding users). Multi segment quotation
refers to that the electric vehicle users can divide the electric energy that they are prepared to
provide into several parts (no more than 3 segments), each of which provides a different price,
while the power purchasers are similar. Through multi-stage quotation, the price range is increased
and the transaction rate is increased. In Figure 2, there are intersections between seller's and buyer's
curves, which can be divided into up crossing point (UCP) and down crossing point (DCP). As
shown in the figure 2, the UCP meets the following requirements:
(5)
𝐶𝐶𝐶𝐶𝐸𝐸 < 𝑆𝑆𝑆𝑆𝐹𝐹 < 𝐶𝐶𝐶𝐶𝐸𝐸+1
𝐸𝐸

𝐹𝐹

𝑖𝑖=1

𝑗𝑗=1

� 𝐶𝐶𝐶𝐶𝑖𝑖 < � 𝑆𝑆𝑆𝑆𝑗𝑗

(6)

UCP states that the price charged by the power supplier is higher than the price offered by the
power purchaser after this point. DCP states that the price of the power buyer will be higher than the
price of the power supplier after this point. DCP at the descent intersection meets the following
requirements:
(7)
𝑆𝑆𝑆𝑆𝐺𝐺 < 𝐶𝐶𝐶𝐶𝐻𝐻 < 𝑆𝑆𝑆𝑆𝐺𝐺+1
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3.2.2. Supply less than demand
The supply less than demand means that the electric energy provided by the electric vehicle
participating in the sale of electricity cannot meet the electric energy demanded by the electric
vehicle for purchase, and in this case, the priority of the successful transaction of the low-priced
electric vehicle is higher. Therefore, the purchaser and the power supplier are arranged in ascending
order according to their quotation. There are still some intersections in the matching process, and
the meaning is similar to the situation of oversupply. The DAMM auction rules are similar, and will
not be described in detail here. The only difference is that the electricity purchaser between the
intersections and the part of the electricity purchasers that are not successfully traded will not be
sacrificed, but will purchase electricity directly from the grid, because the grid itself is for the users,
the electric vehicle The sum of the electricity sold and the electricity available to the grid must be
greater than the electricity demanded by the electric vehicle users. Therefore, there is generally no
situation where supply is less than demand. The only difference is the price at which the user
purchases the electricity price.
4. Power transaction process
1) Power grid broadcast energy load demand.
2) The electric vehicles are encouraged to charge directly from the grid in the valley. In case of
peak, electric vehicles are encouraged to discharge. Users of discharged electric vehicles submit the
maximum saleable energy and electricity price (the electricity price cannot be higher than the peak
electricity price of the grid) through special software. At this time, electric vehicles with power
purchase demand can submit the purchase price and electricity price.
3) After receiving the reported information, the smart contract uses DAMM to match the
electric vehicle transaction.
4) If the match is successful in the transaction cycle, both parties of the transaction sign an
online contract, consult the price of electricity, and measure it in real time.
5) Settle electricity bills after the transaction is completed.
5. Simulation experiment
In this paper, Monte Carlo simulation method is used to simulate the daily charge and
discharge load of electric vehicles. It is set that the number of electric vehicle sales group is 600, the
model is BYD E6, and the rated battery capacity is 57kwh. According to the peak and valley time of
TOU price, EV is set to sell electricity in the peak time of 8:00-12:00 and 17:00-21:00, and
purchase electricity from the grid in the valley time of 0:00-8:00. The charging mode is all medium
charging, the charging power is 13kw, and the charging is once a day, and the ratio coefficient k of
discharge and charging is 60%. The comparison between the daily load of the original grid and the
grid under DAMM mechanism is shown in Figure 3.
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Figure 3: Daily load comparison chart of the original power grid and DAMM Trading.
6. Conclusion
In this paper, the smart contract and double auction matching algorithm are used to establish
the electric vehicle power transaction model, realize the automatic transaction matching, and solve
the problem of traditional manual matching transaction cost. At the same time, the "peak load
cutting and valley filling" of power grid load is realized by using the energy storage characteristics
of electric vehicles. However, although electric vehicle users can obtain benefits, their willingness
to participate in the transaction is not great, therefore, it needs to be further improved in the future.
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