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Abstract — As distributed transactions become more and
more mature, such as peer-to-peer (P2P), the widespread
application of distributed transactions not only requires fair
and open transaction process, but also has as little impact on
the main network as possible. This paper considers an energy
matching model, which includes two parts. The first part is a
kind of new auction, in which participants can clearly aware
of competitive pressures because of current or historical data
in blockchain. The second part is an interaction between
charging station operator and unmatched participants in the
first part. Cases have been studied to demonstrate the
effectiveness of this distributed transaction.

Index Terms—Blockchain, Energy matching model,
Electricity market, Electric vehicles

NOMENCLATURE

Variables and Functions:

e, f Rank expectation of buyer
Vf Evaluation price of buyer i
b, Bidding price of buyer i

Wib Bidding quantity of buyer i

P Probability function
¢ Bidding strategy function

Pri[,)t Possibility of EV buyers working with CSO
Pri, Possibility of EV sellers working with CSO
P, Pzd The charge and discharge amount of CSO
energy storage system at time ¢
E? Mathematical expectation of the transaction
volume when participants are partially matched
in double auction
F The objective function of CSO
C The cost function of CSO
1) The social welfare function of CSO
W}[’;CSO The transaction amount that CSO trade with the
’ buyers
Ws,tCSO The transaction amount that CSO trade with the
- sellers
uu; Auxiliary variable

Constants and Sets:

o Breakpoint in double auction mechanism
0 The value of the breakpoint @ on the x axis
pese Price of CSO for trading with buyers
550 Price of CSO for trading with sellers
20 Cost of purchasing electricity from the grid for
the CSO

Num _B Number of buyers
Num _S Number of sellers
Num _T Number of time slot
Joss® Loss cost of energy storage system in charge
loss® Loss cost of energy storage system in discharge
w Weight value in objective function
o Responsibility allocation coefficient
Load Demand in distribution system
Load®” Average demand in distribution system
I.  INTRODUCTION
With the continuous development of distributed

transactions, the issue of energy transactions has also
received more and more attention. This is because when
the use of distributed energy reaches a certain level, their
electricity consumption behavior will have a non-
negligible impact on the grid [1]-[2]. Generally speaking,
there is a great uncertainty in the energy transactions of
electric vehicles (EVs). If EVs can be dispatched
effectively, these energy of EVs will be met and even have
a positive impact on the grid. According to many
researches, the peak-cut [3]-[5], uncertainty palliation [6]-
[8] and other advantages can be obtained through
reasonable dispatch. Although these studies have brought
good results to the power grid, these studies are based on
centralized management and lack detailed modeling of
individuals.

Peer-to-peer (P2P) may be a new method to solve the
above problem. P2P can promote transactions among
fragmented individuals. In the P2P transaction mechanism,
auction is an excellent choice for EVs, because N buyers
correspond to M sellers in P2P transaction. Auction
generally reflects the participants’ valuation, electricity
and other factors. References [9]-[12] introduce different
styles of auctions, which are applied in transactions
between EVs. Reference [9] proposes an incentivized
auction to decrease the cost and encourage the
participation of EVs. Reference [10] solves demand
response by an online double auction, which is also
effective in protecting participants' privacy. Reference [11]
proposes a double auction combined with Blockchain.
Reference [12] promotes the transactions between
uncertain photovoltaic and EVs in the form of auctions.
Reference [13] proposes a strategy to regulate the trading
behavior among microgrids belonging to different owners,
which is designed based on dynamic non-cooperative
game theory.

Although these researches have proved their feasibility
and superiority through their own experiments, there is
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still a lack of consideration in the tradeoff between full use
of energy and social benefits. To solve this problem, the
energy matching model proposed in this paper is mainly
divided into two stages. In the first stage, EVs obtain more
current or historical data, and make bidding for double
auction. In the second phase, CSO will propose a fixed
price superior to that of real-time market for some
mismatched EVs, maximizing self-interest and social
welfare.

The remainder of this paper is organized as follows.
Double auction and smart match of energy matching
models are proposed in Sections II and model linearization
is introduced in Sections III. In Section IV, we will
analyze numerically the effectiveness of the energy
matching model. Conclusion and future work are
summarized in Section V.

II. PROBLEM FORMULATION

In the previous auction research, the energy reuse of
participants who fail in auction was often neglected. In
this section, double auction and smart match, which form
the energy matching model, will be described in detail.

A. Double auction

In this stage, some EVs enter the energy matching system
under the trend of demand or interest. These participants
act as buyer or seller. They need to bid for their own
demand/supply, which is an incomplete information game.
Thanks to blockchain technology, transaction data is in
public. Therefore, participants can receive more current or
historical information from the blockchain, which is
helpful for participants to make decision for more revenue.
It will be reflected in the following model.

The mechanism of double auction is shown in Fig. 1.
Buyers make bidding based on demand and valuation,
arranged from highest to lowest. Sellers make bidding
based on supply and valuation, arranged from lowest to
highest, as shown in Fig. 1 below:
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Auction price($/kWh)

|
| y
|

\4

\ 4

Electricity sorting (kWh)

Fig.1: Schematic diagram of double auction

Buyer i generally has its own valuation vl.b , which is

generally affected by power quality, demand urgency and
so on. The buyer's rank in an auction is related to his
valuation. Generally speaking, the higher the valuation,
the more likely it will be ranked high. The relationship

between rank and valuation is shown below:
Num B
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Set O as the auction breakpoint and 0 as the projection
of O onto x-axis. By comparing the values €, f and 0,

1
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participants can determine their auction status (success or
failure). Blockchain can present more historical data for
participants to predict and judge the above values.
Therefore, we can get the best bidding strategy of buyer i
by maximizing his revenue expectations.

b =argmax {PLf(+]) < 0]- W () =b)
(3)
+ Ple(v)) <o < fOD]-EP (7)) WP -(] =)

The best bidding strategy of seller j can be obtained in a
similar way. Each participant will submit own best
bidding, depending on the role they play.

B. Smart match

Consider that the transaction will stop after point a, as
shown in Fig. 1. At this moment, CSO only needs to
propose a price slightly better than the real-market
clearing price, and EVs that do not successfully match will
be willing to trade with CSO. After the transaction, CSO
could either store the excess electricity or sell it to the grid
or use the energy storage to meet the EV’'s demand for
benefit.

First, we need to screen the EVs participating in the
second stage and their willingness. Take the buyers as an
example, we believe that if his valuation is lower than the
real-market clearing price, he will not be able to
participate in the second stage due to the inability to seek
benefit. For other participants, they will have benefit to
seek at this stage, and the benefit that can be sought will
determine their willingness to participate. The willingness
will be expressed in terms of the probability that it is
willing to trade with CSO. It is expressed as follows:

vibt _bcso

b CSO
e (k) <b
Pl =4 A0 = () )

1 o)) 2 b

After screening EVs who participant in the second stage,
we can build a mathematical model from the perspective
of CSO. The objective function of CSO can contain two
parts, that is, cost and social welfare.

min F=C+w-6 (5)
The cost is mainly divided into two parts, the purchase

cost and the charge/discharge cost, which can be shown as
follows:
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Social welfare is mainly reflected in the peak cut of load
curve. Considering that a CSO has limited influence on
the grid, a responsibility allocation coefficient « is
proposed to divide peak cut tasks equally into CSOs.
Therefore, CSO only needs to consider peak cut for aD .
Hence,

Num T Num_B

0= z a-Load, — Z wheSO prb.
t=1 i=1 7
Num _S ( )
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The corresponding constraints are briefly described below:
e Limits of battery capacity, charge and discharge
behavior.
Limits of transaction amount traded with EVs.
Limits on the transaction amount between the CSO

and the grid.
o Relationship on the transaction amount and
participant willing.

After introducing the objective function and constraints of
CSO, the linearization of the above model will be
performed in Section II1.

III. MODEL LINEARIZATION

In the scheduling scheme introduced in Section II, the
nonlinear term becomes a factor that weakens the
computational efficiency. Moreover, this nonlinear term
only exists in the absolute value part of Equation (9), so
the main problem to be solved in Section III is to simplify
the programming problem, namely, to linearize the
absolute value part. In some cases, the absolute value term
can be converted into a linear form, as shown in [14].
Equation (9) is expressed as the sum of multiple absolute
values. Because (9) is nonlinear, it causes great
inconvenience to the solution process. For the
convenience of the solution process, the nonlinear part in
(7) can be equivalent to the following form.

Num T
min F=C+w- Z (u +u;)
=1

s.t.
Num_B Num_S§
b,CSO b 5,CSO
a-Load,~ Y WLSO P+ > w0, (8)
i=1 Jj=1
—P° +P? — Load™ =u, —u;
uu; >0

Other constraints

This equivalent method is from [14] and is applicable to
the minimization of the absolute value part. The minimum
function can effectively ensure that one of the auxiliary

variables u,",u, must be 0, so as to avoid the appearance

of uf -u; .
IV. CASE STUDIES

In order to show the advantages of the energy matching
mechanism proposed in this paper, we set up the following
case to prove it.

In the case design, we mainly compared some indexes
before and after the application of the energy matching
mechanism, mainly including the impact on the power
grid, the participants utility, and the variation of energy
storage. The validity of the energy matching model is
proved by utilizing the EV behavior data from [15]. 150
EV buyers and 100 EV sellers are chosen to take part in
energy matching mechanism. Fig. 2 shows the load curve
that CSO needs to balance.
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Fig. 2: Load curve that a CSO needs to balance

A. The impact on the power grid

In this part, the influence of the energy matching
mechanism on the power grid will be highlighted. Fig. 3
compares the load curve in the grid before and after the
application of the energy matching mechanism.



This article has been accepted for publication in a future issue of this conference proceedings, but has not been fully edited. Content may change

prior to final publication. Citation information: DOI10.1109/PESA50370.2020.9344037, 2020 8th International Conference on Power Electronics
Systems and Applications (PESA)

.
@
=]

—— Load without energy matching mechanism
[ |—+— Load with energy matching mechanism

.
o
=]

s
=
o

Load before and after the application
of the energy matching mechanism (kW)

15
Time
Fig. 3: Load curves before and after performing the energy
matching mechanism
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It is obvious that the load curve in the power grid will be
improved to some extent after adding the energy matching
mechanism. After smart match, the standard deviation of
load curve is 30.16, compared to the original 40.61.

B. The utility of participants

This compares the transaction difference
before/after EVs participation in the energy match. Table I

shows the cost/revenue of buyers/sellers when they choose
to participate or not.

section

Table 1: Cost (Revenue) of buyers (sellers) before and after
implementing the energy matching mechanism

Participant Buyer Seller
Total cost/revenue in
double auction ($) 86.52 86.52
Total cost/revenue in
smart match (§) 19.64 681
Total cost/revenue in 284,01 168.39
energy match process ($)
Total cost/revenue
without energy match 297.02 153.34

process ($)

As can be seen from Table 1, both the buyer's cost and the
seller's revenue have been improved after participating in
the energy matching mechanism. After the addition of the
energy matching mechanism, the average cost of EV
buyers decreased from $1.98 to $1.89, and the average
income of EV sellers increased from $1.53 to $1.68. This
proves that participants can benefit from this energy

matching mechanism, which encourages more EVs to
participate in this mechanism.

C. The energy storage of CSO
Under the energy matching mechanism, we can see the

details of CSO's energy storage system, as shown in Fig. 4
below:
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Fig. 4: The variation of CSO energy storage
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From Fig. 4, it can be seen that the energy storage strategy
of CSO will be related to the load curve to some extent.
CSO discharges at the low point of the curve and charges

at the peak of the curve. It is keeping with tendency of
CSO behavior.

V. CONCLUSION

This paper presents a novel energy matching mechanism
for CSO and EVs, mainly including double auction and
smart match. Firstly, a new incomplete information game
is proposed in the double auction. It is used in situations
where current or historical information is more transparent,
such as the blockchain. In a more transparent trading
environment, participants can get more self-interested
decisions to participate in the auction, which is reflected in
the decrease of buyer average cost from $1.98 to $1.89,
and the increase of seller average income from $1.53 to
$1.68. Different from the traditional auction mechanism,
smart match is added after the double auction, which is
used for absorbing energy of EVs and cutting peak
demand. Moreover, the standard deviation of the load
curve is reduced from 40.61 to 30.16. On the whole, the
effectiveness mechanism has been proved. It not only
encourages participants to pursue higher interests by
introducing a transparent environment, but also facilitates
energy consumption and peak cut.
In the future work, it will be a good choice to combine the
power flow and voltage in the power system. For example,
considering how transaction between EVs affects the

stability of the grid, and a considerate planning would
improve the operation.
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