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The limited regulation capacity of the power grid, coupled with the imperfect market
mechanism, has squeezed the space for renewable energy consumption in China. This
article proposes a renewable energy consumption mechanism through the monthly
interprovincial transaction market, to balance the revenue of each market participant
and improve the consumption of renewable energy. A new player named “interprovincial
traders” is introduced to serve as the middleman for the renewable generation, users, and
the power grid company. The main function of “interprovincial traders” is to coordinate and
match the user load with the output of renewable energy. In such amarket mechanism, the
social factors, influenced by the revenue of each trading cycle, are considered in the user
responding model from the perspective of consumer psychology. Finally, a two-phase
optimization model is proposed to promote renewable energy consumption coordination
with the monthly interprovincial market. The optimization model is simulated in a provincial
power grid example. The results show that the model can effectively increase the
consumption of renewable energy as well as improve the profit of power grid
companies and users.

Keywords: renewable energy consumption, uncertainty, interprovincial transactions, demand response,
source–load interaction

INTRODUCTION

Serious environmental problems affect sustainable development in China (Yang et al., 2010). To
reduce their impact on the society, vigorous development of renewable energy sources, such as wind
power and photovoltaic (PV), is one of the ambitious goals in China. At present, renewable energy
installed capacity in China ranks the first in the world (Li J. et al., 2019). However, a series of
difficulties, such as irrational energy structure, the mismatched spatial distribution of supply and
demand, limited flexible regulation of power grids, and imperfect market mechanisms, have severely
restricted the elevation of the renewable energy consumption ratio.

Several scholars make efforts to improve the renewable energy consumption through better
generating forecast, joint scheduling, and electricity market. Improving the accuracy of generating
estimation is important for dispatching and optimization in the short-time scale. Several methods are
proposed and implied in renewable energy forecast throughmachine learning algorithm (Quan et al.,
2014; Razavi et al., 2020) and the big data-driven method (Zhou et al., 2017). In terms of joint
scheduling, it is mainly to use energy storage equipment to track and synchronize renewable energy
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generation Shim et al. (2018) and Latifi et al. (2019) to alleviate
the abandonment problem caused by the volatility of renewable
energy. It is also an effective approach to improve renewable
energy consumption through the electricity market transaction in
the long-time scale. By providing ancillary services Melo et al.
(2018) or making renewable portfolio standards Kroposki et al.
(2013), users and the power grid company can be incentivized to
participate in demand response to increase the consumption of
renewable energy. However, these methods do not consider the
impact of social factors on demand response in the long-time scales.

Power grid operation in China is security-oriented; thus, some
different ideas for resolving the conflict between security and
cleanliness are proposed through the demand response Xu et al.
(2020) and interprovincial transactions (Wen et al., 2020). Under
the organization of the national development and reform
commission, the pilot construction work of demand response
has been implemented in Jiangsu, Shanghai, and Beijing in China
(Li B. et al., 2019). But it is difficult to take effect, for users who are
not price-sensitive. The power grid company needs to start from
interprovincial medium and long-term transactions, to achieve
the purpose of renewable energy consumption.

In this article, a framework of increasing the renewable energy
consumption through the interprovincial transactions is
proposed. The transaction process involves day-ahead
scheduling, intraday execution, and transaction settlement. A
new player of “Interprovincial Traders” has been proposed as a
middleman to coordinate and match the user load with the
output of renewable energy. Social factors, such as the
sensitivity to policy publicity and interactions among group
behavior, are considered in the long-time scale, which are used
to describe the impact of the phased revenue in the monthly
interprovincial transaction process on user demand
responsiveness. A two-phase optimization model is proposed
to optimize the revenues of each market participant and to
maximize the consumption of renewable energy.

The remainder of the article is organized as follows. The
framework of interprovincial transactions is proposed in
Renewable Energy Consumption Mechanism in the
Interprovincial Transaction. User Demand Response Model
Considering Social Factors introduces the user demand
response model considering social factors. In Medium- and
Long-Term Source–Load Interactive Optimization Model to
Promote Renewable Energy Consumption, a two-phase
optimization model is introduced in detail. Case studies are
performed in Case Studies, where the results are discussed
thereafter. Finally, the conclusions are presented in Conclusion.

RENEWABLE ENERGY CONSUMPTION
MECHANISM IN THE INTERPROVINCIAL
TRANSACTION

Interprovincial TransactionMechanismwith
Interprovincial Traders
The interprovincial transaction market is one of the main
electricity markets in the Chinese market. China has built the

world’s largest and most complex ultrahigh-voltage AC/DC
power grid Li et al. (2018), which provides the possibility for
the implementation of interprovincial transactions. The main
function of interprovincial transactions is as follows.

Interprovincial transactions mainly use the surplus
transmission capacity of trans-provincial tie-line to organize
power trading, transmitting surplus power from renewable
energy-rich areas to the areas on the demand side, and
realizing the cross-regional consumption of renewable energy.
It mainly adopts the daily clearing and the monthly settlement
trading method.

Considering that most users cannot directly participate in
electricity market transactions, the interprovincial traders (IPTs)
play the role of the middleman for interprovincial transactions.
As it is in the early stage of interprovincial transaction market
construction, the power grid company participates in
interprovincial transactions as IPTs (Guo et al., 2019). The
framework of the interprovincial transaction mechanism is
shown in Figure 1.

In Figure 1, the transaction mechanism is divided into two
phases, short-time scales and long-term scales.

The short-time scale consists of three components: day-ahead
scheduling, intraday execution, and transaction settlement. First,
in the day-ahead scheduling, users report relevant information to
IPTs, including load information, demand responsiveness, and
demand response costs. Renewable generators report output
information to IPTs. Based on the above information, IPTs
determine the scheduling plan of each market participant on
the next day and send the plan to them. Then, in the intraday
execution, each market participant executes the corresponding
day-ahead scheduling plan and reports the day execution to IPTs.
Finally, in the transaction settlement, IPTs conduct trade
settlements, including revenue calculations and cost
allocations, based on the executions reported by each market
player.

The long-term scale is mainly to carry out monthly continuous
interprovincial transactions, based on daily settlement results. In
the process of transaction, it is necessary to report the periodic
revenue results to users, to further motivate users to participate in
demand response and improve user demand responsiveness.
Transactions are at last cleared at the end of the month.

Day-Ahead Scheduling
In the day-ahead scheduling, the information interaction among
users, IPTs, and power company is shown in Figure 1. In
Figure 1, the users need to report individual information of
peak shaving power to IPTs, according to their electricity plan,
including corresponding compensation cost, which reflects the
loss caused by changing their electricity habits to participate in
demand response.

Renewable generators forecast renewable energy output
information for the next day based on historical weather data
and report the output information to IPTs.

IPTs provide the service for users and renewable generators.
They also collect the forecasted renewable energy output and load
information. Based on the information provided by users and
renewable generators, IPTs calculate the matching degree
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between user load and renewable energy output, and determine
whether to activate users to participate in demand response
according to the matching degree. From the relevant
information, IPTs determine the out-purchased electricity
information, the day-ahead scheduling plan, and report the
day-ahead scheduling plan to the market participants.

Intraday Execution
During the intraday execution phase, users are required to
consume electricity according to the scheduling plan, likewise
renewable generators to generate power and power grid
companies to purchase electricity. Errors between the
forecasted and actual output of renewable energy can be
adjusted by the thermal power units.

Transaction Settlement
At the end of the intraday execution, IPTs calculate the revenue of
each market participants on that day, and settle the transactions
according to the following mechanism.

After the user participates in the demand response, renewable
generators receive renewable energy power generation revenue
due to the increasing on-grid electricity. The power grid company
can reduce power purchase expenditures due to the reduction of
out-purchased electricity. The revenue of each market
participants is as follows:

1) Revenues from user participation in demand response
through load shifting

CDRI,t � xt p L
+
t , (1)

FIGURE 1 | Transaction mechanism diagram.
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Lt � L0,t + L+
t − L−

t , (2)

L+
t − L−

t ≤ τmaxL0,t , (3)

where xt is the subsidized price. L0,t and Lt represent the user load
at time t before and after the response, respectively. L+t and L−t are
the load transferred in and out at time t. τmax is the maximum
proportion of load change at a certain moment.

2) Revenues of increased on-grid electricity from renewable
generators

CR,t � (Cf ,t + Cg ,t), (4)

Cf ,t � (Lf
t − Lf

0,t) p p1, (5)

Cg ,t � (Lg
t − Lg

0,t) p p2, (6)

where CR,t is the renewable generators revenue at time t. Cf ,t and
Cg,t represent the newly added revenue of wind power and PV,
respectively. Lf0,t , L

f
t , L

g
0,t , and Lgt represent the consumption of

wind power and PV before and after the transaction,
respectively. p1 and p2 denote the benchmark on-grid price of
wind power and PV.

3) The revenue of power grid company by reducing power
purchase expenditures

CG,t � (LG
0,t − LG

t ) p p3, (7)

where LG0,t and LGt represent the out-purchased electricity before
and after the transaction, respectively. p3 is the contract price of
the out-purchased electricity.

A transaction settlement method is designed based on the
fairness criterion of “who gains, who is responsible” (Zhang and
Zhou, 2018). The power grid company and renewable generators
have profited after users participated in the demand response.
Therefore, both sides have to share the compensation costs of the
users. The sharing ratio is determined according to the
proportion of the reduction in out-purchased power and the
increase in renewable energy consumption. The specific
calculation formula is as follows:

w1 � QG

QG + Qx
, (8)

w2 � Qx

QG + Qx
, (9)

f G � φw1, (10)

f x � φw2, (11)

where w1 and w2 represent the sharing ratio of the power grid
company and the renewable generators, respectively. φ is the user
compensation cost to be paid. QG and Qx represent the reduction
in out-purchased power and the increase of renewable energy
consumption, respectively. fG and fx are the compensation cost to
be shared by the power grid company and the renewable
generators, respectively.

Finally, the daily settlement results are accumulated to
generate the monthly transaction results.

USER DEMAND RESPONSE MODEL
CONSIDERING SOCIAL FACTORS

Effects of Consumer Psychology on
Demand Response
User electricity demand is influenced not only by the price of
electricity but also by social factors. Changes in electricity prices
can cause users to shift their electricity demand from peak period
to valley period, thus increasing the consumption of renewable
energy in the valley period. Due to individual difference to the
incentives of users, social factors such as the sensitivity to policy
publicity and interactions among group behavior, all of them, will
also affect user electricity consumption behavior, so as to affect
the consumption of renewable energy.

Based on consumer psychology (Rogers, 1995; Haws et al.,
2017), this article establishes a response model to express the
influence of social factors on the user’s behavior.

In the early stages of monthly interprovincial transactions,
because of low publicity and ignorance of new policy by users,
there were two ways of participating in demand response. One is
not to participate in demand response. The other is to participate in
demand response but with little willingness to participate. Then, as
the publicity increased, when those nonresponsive users in the
early stage observed the considerable economic benefits of those
participating in the demand response, the demand responsiveness
of both ways increased. Until the end, most of users participated in
the demand response. The demand responsiveness can be
approximated as a piecewise-linear function, as shown in Figure 2.

In Figure 2, the x-axis represents time, the left side of the
y-axis is the demand responsiveness, and the right side of the
y-axis is the user’s revenues.

The demand responsiveness of the above two ways can be
described as follows:

μⅠ �
⎧⎪⎪⎪⎪⎨⎪⎪⎪⎪⎩

μ1 0< t ≤ t1
1 − μ1

t3 − t1
t + t3μ1 − t1

t3 − t1
t1 < t ≤ t3

1 t > t3

, (12)

FIGURE 2 | Piecewise linear function of demand responsiveness.
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μⅡ �
⎧⎪⎪⎪⎪⎨⎪⎪⎪⎪⎩

0 0< t ≤ t2
1

t4 − t2
t − t2

t4 − t2
t2 < t ≤ t4

1 t > t4

, (13)

where μⅠand μⅡrepresent the demand responsiveness of the two
ways, respectively.

The demand response model considers both the social and
economic factors.

At time t, based on Eq. 11 and Eq. 12, the electricity
consumption under user participation response can be
designed as follows:

⎡⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣
L1
L2

. . .
L24

⎤⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦ � ⎡⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣
L0,1

L0,2

. . .
L0,24

⎤⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦ + μi p
⎡⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣
L0,1 0 . . . 0
0 L0,2 . . . 0
« « 1 «
0 0 . . . L0,24

⎤⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦ pE p
⎡⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣
ΔP1/P1

ΔP2/P2

. . .
ΔP24/P24

⎤⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦,
(14)

where L0,t and Lt represent the user load at time t before and after
the response, respectively. E is the price elasticity matrix
(Kirschen et al., 2000). ΔP is the change in the electrovalence.
Pt is the electrovalence at time t. μi is the demand responsiveness,
and i is Ⅰ or Ⅱ.

A MEDIUM- AND LONG-TERM
SOURCE–LOAD INTERACTIVE
OPTIMIZATION MODEL TO PROMOTE THE
RENEWABLE ENERGY CONSUMPTION

Model Framework
The medium- and long-term source–load interactive
optimization model framework to promote the renewable
energy consumption includes two stages: short-time scale and
monthly interprovincial transactions.

On a short-time scale with the day as the trading cycle, the
user demand response model is used to reflect the user
demand response-ability under the consideration of social
environmental factors. Since most of the wind and PV
power is abandoned during the flat and valley periods,
users are guided to shift their load from peak periods to
valley periods by implementing peak-cutting and valley-
filling subsidies. Under such circumstances, the user load
demand and wind/PV generation curves are close to each
other, as well as the possible consumption of renewable
energy.

Based on the short-time scale clearing results, monthly
interprovincial transactions on the medium- and long-term
scale are carried out. A monthly interprovincial transaction
optimization model that promotes the consumption of
renewable energy is established. The model takes the
interests of the power grid company and renewable
generators jointly as the objective function. Then, after the
transaction is cleared, the user subsidy cost is reasonably
allocated according to the settlement rules designed in
Transaction Settlement.

Objective Function
Based on the safe and stable operation of the grid, the business
goal of the power grid company and renewable generators is to
maximize their economic benefits. Therefore, considering the
economics of the power grid company and the capacity of
renewable energy consumption, to promote the consumption
of renewable energy and maximize the benefit of the power grid
company, the objective function of this article is given as follows:

maxQ � max⎛⎝∑T
1

∑24
t�1
(CR,t + CG,t − CDRI,t)⎞⎠, (15)

whereQ is the total revenue. The time period T � 31 in this article.

Constraints
1) Output constraints of thermal power units

P g
i,min <P g

i,t <P g
i,max , (16)

where Pg
i,t is the power output of thermal power unit i at time t.

Pg
i,max and P

g
i,min represent the upper and lower limits of the output

of the thermal power unit, respectively.

2) Uncertainty constraints of wind power and PV output:

Errors affected by natural conditions and other unknown
external factors occur between the results of the existing
forecast methods and the actual output. When wind power
and PV are connected to the grid on a large scale, the forecast
errors cannot be ignored. In this article, the output uncertainty
using the method is expressed as follows: (Yi et al., 2018)

Lre
f ,t − Ler

f ,t < Lf ,t < Lre
f ,t + Ler

f ,t , (17)

Lre
g ,t − Ler

g ,t < Lg ,t < Lre
g ,t + Ler

g ,t , (18)

Ler
f ,t � γ1 p L

re
f ,t , (19)

Ler
g ,t � γ2 p L

re
g ,t , (20)

where Lref ,t , L
re
g,t , Lf ,t , and Lg,t represent the predicted and actual

output of wind power and PV, respectively. Lerf ,t and Lerg,t denote
the forecast error of wind power and PV output, respectively. c1
and c2 denote the forecast error coefficient of wind power and PV
output, respectively.

3) Wind power and PV output limit constraints are denoted as
follows:

Lf
t ≤ Lf ,t , L

g
t ≤ Lg ,t . (21)

4) Operating time constraints of thermal power units are
obtained as follows:

{Ton
i ≥TMR

i

Toff
i ≥TMS

i

, (22)

where Ton
i and Toff

i represent the continuous start-up time and
continuous shutdown time of the unit, respectively. TMR

i and TMS
i

are the minimum start-up time and minimum shutdown time of
the unit, respectively.
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5) Ramp rate constraints of thermal power units are obtained as
follows:

{ Pg
i,t − Pg

i,t−1 ≤ ri,up
Pg
i,t−1 − Pg

i,t ≤ ri,down
, (23)

where ri,up and ri,down represent the upper and lower limits of the
unit ramp rate, respectively.

6) Power balance constraints are obtained as follows:

Lt � Pg ,t + Lf
t + Lg

t + LG
t + Ls

t , (24)

Pg ,t � ∑I
i�1

μi,tP
g
i,t , (25)

where Pg,t is the total output of thermal units. μi,t represents the
operating state of thermal unit i at time t, μi,t � 0 indicates that
the unit is in the shutdown state, and μi,t � 1 indicates that the
unit is in operation. I is the number of thermal power units. Lst is
the output of hydropower units. It is worthwhile to point out this
article attaches great importance to hydropower. Therefore,
hydropower is assumed to be fully consumed before and after
the transaction.

7) Out-purchased electricity power constraints are obtained as
follows:

0≤ LG
t ≤ L

G
t,max, (26)

where LGt,max is the maximum value of the out-purchased
electricity.

The model in this article is a mixed-integer nonlinear
programming problem, which can be optimally solved by
using an improved particle swarm optimization algorithm (Lee
et al., 2016). The particle repair strategy (Lee et al., 2016) is used to
repair the particle encoding matrix that does not meet the
constraints until the conditions are fulfilled. Meanwhile, a
penalty function is added in the iterative solution process, and
a larger threshold is set for particles that do not meet the
constraints, to make the search jump out of the infeasible region.

CASE STUDIES

Simulation Model of Renewable Energy
Consumption Mechanism Considering the
Monthly Interprovincial Transaction
In this section, monthly interprovincial transactions are carried
out with data from the Hunan Province power grid in China, of
which the structure is shown in Figure 3. In this case, due to the
presence of renewable energy abandonment at the beginning of
the month, only the user demand response scenario of way I is
considered. The peak-valley time-of-use (TOU) price and time
period data are shown in table 1. t1 � 10, t3 � 20, and μ1 � 0.3
in the piecewise linear function of demand
responsiveness. τmax � 0.4, p1 � 0.47RMB/(KW.h),
p2 � 0.49RMB/(KW.h), and p3 � 0.31345RMB/(KW.h) in

transaction settlement. The forecast error coefficient c1 of
wind power and the forecast error coefficient c2 of PV are
sampled from [−0.2, 0.2] and [−0.1, 0.1], respectively. The
price elasticity coefficients described in the study by Gao et al.
(2014) are used, the specific data are as follows:

E � ⎡⎢⎢⎢⎢⎢⎣−0.4546 0.2241 0.2305
0.2153 −0.4459 0.2306
0.2151 0.2241 −0.4392

⎤⎥⎥⎥⎥⎥⎦.

Analysis of Monthly Trading Results
Revenue of all Participators in the Monthly
Interprovincial Transaction Market
The revenue results for each market participant are shown in
Figure 4. From day 0 to day 10, as the initial stage of the monthly
transaction, the user’s willingness to participate in the demand
response is not high when the revenue is less. The revenue of
power grid company remains at around 4.5 million RMB during
this period. Due to the volatility of the renewable energy output,
the revenue of the renewable generators shows a fluctuating state,
especially on day 2 and day 8, when the renewable energy output
increases sharply. The revenue of the renewable generators then
increases, leading to a decrease in the power purchased by the
power grid company, and a slight decrease is observed in the
revenue of the power grid company compared to the other time of
the period.

From day 10 to day 20, as users gain revenue, the demand
responsiveness increases. With the rise of the amount of load
shifted by users, user revenue gradually increases, showing a
ladder growth trend. Then the power grid company revenue
continues to increase along with the reduction of out-purchased
electricity demand.

From day 20 to day 30, the user demand response capacity
reaches saturation. Compared with the previous 10 days, the total
load of each day during this period has been reduced. Therefore,
the user revenue is reduced. The grid company revenue also drops
correspondingly.

Analysis of Monthly Trading Results
Table 2 shows the changes of renewable energy consumption and
out-purchased electricity, and the sharing results of each
beneficiary body after monthly interprovincial transaction. By
guiding users to participate in demand response, the monthly
consumption of renewable energy increases from 597,625.5 to
680,910.7 MW h, which is an increase of 13.9%. Monthly out-
purchased electricity decreases from 3621429.1 to
2910808.1 MW h, which is a decrease of 19.6%. In this month,
users need to be compensated with 43.47 million RMB.
According to the settlement mechanism, renewable generators
need to share 4.58 million RMB. The power grid company needs
to share 38.89 million RMB. From the above analysis, the
optimization model proposed in this article can not only
effectively enhance the consumption of renewable energy but
also effectively optimize the demand for out-purchased electricity
and realize the optimal allocation of resources in different
provinces.
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Analysis of Typical Day Results
To further discuss the rationality and validity of the model, a
typical day of the month is used as an example for specific
analysis. The results of the analysis are as follows:

1) Unit scheduling results

By implementing price subsidies, the dispatch results of
each unit are shown in Figure 5 after users are guided to
participate in the demand response. The total output situation
of each unit is consistent with the change in load demand, in
which the output of thermal power units is the largest,
accounting for 40–55% of the user load demand. The
output of hydropower units is relatively stable. At the same
time, the load in the flat-valley period increases with the
decrease of the load in the peak period after users
participated in demand response. The system load peak-
valley difference decreases by 4.6%.

2) Renewable energy consumption results

Figure 6 shows the consumption and output of wind power
and PV before optimization. Wind power is abandoned the most
in the early morning. The cumulative abandoned wind power is
3,668.73 MW h throughout the day, accounting for 11.37% of the
total wind power output. The PV is abandoned the most at noon.
The accumulative abandoned PV is 1,191.68 MW h throughout
the day, accounting for 20.02% of the total PV output. Combined
with Figure 5, it can be seen by guiding users that to participate in
the demand response, their load demand has to be shift and
electricity consumption during the flat-valley period has to be
increased, and the wind power consumption rises by 4.5% and PV
consumption by 9.1%. The problem of wind and PV
abandonment is effectively alleviated.

3) Situation of out-purchased electricity

FIGURE 3 | Structure of monthly interprovincial transactions.

TABLE 1 | Peak-valley TOU price and time period.

Parameter Time period Electrovalence

Peak period 9:00–11:00; 15:00–22:00 0.7647
Flat period 7:00–9:00; 11:00–15:00; 22:00–23:00 0.6147
Valley period 23:00–7:00 0.4147

FIGURE 4 | Revenue results for each market participant.
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According to the actual operation mode, a three-step
segmented operation mode is used for interprovincial power
transmission. Figure 7 shows the transmission power curve of
the trans-provincial tie-line before and after optimization.
Compared with the power transmission curve before
optimization, the optimized out-purchased power is
significantly reduced from 9:00 to 24:00. Since the peak
periods are at this period, by guiding users to participate in
the demand response and shifting a load of peak periods to the
valley periods, the electricity demand of users is significantly

reduced at this time. Therefore, the demand of inner-provincial
out-purchased power drops accordingly.

4) Allocation situation of user compensation cost

The allocation results for each beneficiary body are shown in
table 3. The typical daily renewable energy consumption
increases by 1988.38 MW h, and it is calculated that the
renewable generator new income is 945,300 RMB. Meanwhile,
the out-purchased electricity decreases by 15,316.19 MW h; after
calculating, the cost of the power grid company for out-purchased
electricity decreases by 4,800,900 RMB. According to the cost-
sharing rules, renewable generators need to share 86,200 RMB,
while the reduction of out-purchased power is more reduced, and
the benefits are greater. Therefore, the power grid company needs
to share 663,900 RMB, which bears about 88.5% of user
compensation costs. By reasonably sharing user compensation
costs, while incentivizing the power grid companies to rationally
use demand-side resources to reduce out-purchased electricity, it

TABLE 2 | Allocation results of user compensation costs for each beneficiary body.

Parameter Renewable generators Power grid company

Power before optimization 597,625.5 MW h 3621429.1 MW h
Power after optimization 680,910.7 MW h (+ 13.9%) 2910808.1 MW h (−19.6%)
Income 39.78 million RMB 222.74 million RMB
Cost allocation 4.58 million RMB 38.89 million RMB

FIGURE 5 | Output diagram of various units after optimization.

FIGURE 6 | Renewable energy output.

FIGURE 7 | Transmission power curve of the trans-provincial tie-line.

TABLE 3 | Allocation results of user compensation costs for each
beneficiary body.

Parameter Renewable generators Power grid company

Increase/decrease power 1988.38 MW h 15,316.19 MW h
Income 945,300 RMB 4,800,900 RMB
Cost allocation 86,200 RMB 663,900 RMB
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also provides an effective market settlement method for further
consumption of renewable energy.

CONCLUSION

With the increasing penetration of renewable energy, the problem
of renewable energy consumption is standing out, especially in
China, in which operational reliability is a priority. From the
perspective of existing Chinese interprovincial transactions, this
article proposes a medium- and long-term transaction
mechanism that promotes the consumption of renewable
energy and realizes the interaction among renewable
generators, users, and power grids by setting a new player.
The main contributions are as follows:

1) Through the implementation of price subsidies,
innerprovincial users are guided to change their electricity
consumption habits. Therefore, the closeness between user
load demand and wind power/PV power output curves is
maximized. The renewable energy consumption increases by
13.9%. Purchased power decreases by 27.9%. Common profit
of grid companies, renewable generators, and users are
realized.

2) According to the fairness principle of “who gains, who is
responsible,” the user compensation cost is reasonably shared
among the beneficiaries. The fact provides an effective market
settlement model for further promoting the consumption of
renewable energy.

3) Interprovincial transaction can not only increase the
consumption of inner-provincial renewable energy but also
realize the optimal allocation of resources in different
provinces.

In this article, the impact of user participation in
interprovincial transactions on the consumption of renewable
energy is studied. In the future, considering the different

sensitivity of different industries to electricity prices,
the renewable energy consumption measures under
interprovincial transactions involving different types of users
can be studied.
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