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Abstract: The article analyzes existing cross-provincial and cross-regional elec-

tricity spot market clearing models. Then, aiming to minimize total generation 

cost and cross-provincial transmission cost, a clearing model for cross-provincial 

and cross-regional electricity spot markets is established. By integrating com-

puter technology, big data analysis, and automation mechanical technology, a 

generation dispatching and transmission optimization strategy based on electric-

ity market demand is proposed. The results show that: 1) With the total power 

control lower limit constraint, the clearing model can optimize the inter-provin-

cial power transmission curve as much as possible to ensure positive inter-pro-

vincial imbalance. Combined with automation mechanical technology, real-time 

monitoring and dispatching of power transmission can be achieved, enhancing 

power transmission efficiency. Computers and big data can also be used for in-

depth analysis and prediction of power transmission needs. 2) When the con-

tracted electricity volume is the same, the curve shape has a limited impact on 

power return. Automation mechanical technology enables rapid collection and 

analysis of electricity market data, further optimizing the electricity spot market 

clearing model. Computers can process and store large amounts of data for more 

accurate analysis. 3) When the electricity price difference between Yunnan and 

Guangdong is negative, the lower the long-term contract electricity price, the 

higher the sender's return. Big data analysis can help identify price trends and 

optimize decision-making. 

Keywords: spot market clearance model, big data analysis technology, Elec-

tricity Across 
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1. INTRODUCTION 

With the continuous progress of China's electric power system reform and the applica-

tion of computer technology, big data analysis, and automation in the power sector, the 

development of power spot market is becoming an important future direction. In 2022, 

China Southern Power Grid Co., Ltd. and the Southern Supervision Bureau of the Na-

tional Energy Administration jointly issued the Work Plan of Southern China Regional 

Power Market. It is pointed out that based on the existing spot pilot in Southern China 

(starting from Guangdong), the construction of regional spot market should be acceler-

ated, the scope expanded, and a Southern regional power spot market covering the 

whole region gradually formed. However, due to unclear cost allocation of inter-pro-

vincial and inter-regional outbound power transmission, unbalanced funds emerge. 

Hence, it is urgent to combine the existing inter-provincial and inter-regional power 

spot market clearing mechanism and discuss the unbalanced fund distribution in send-

ing and receiving regions and the inter-provincial income from outgoing electricity con-

trol. 

Many scholars have studied the clearing model of spot market. Literature [4] takes 

the maximization of social welfare as the objective function and establishes a market-

clearing mathematical model that considers the impact of inter-provincial transmission 

price on the optimal allocation of power generation resources in five provinces. Litera-

ture [5] proposes a robust optimization clearing model and pricing method of capacity 

market that consider flexible adjustment of demand, provides settlement rules for dif-

ferent types of resources, and verifies that the proposed capacity market mechanism 

can satisfy the nature of social efficiency, balance of payments, individual rationality, 

incentive compatibility, etc. Based on slope climbing demand curves with different 

elasticity, literature [6] constructs a market clearing model for slope climbing auxiliary 

services, and stimulates the construction of flexible slope climbing resources through 

the slope climbing auxiliary services market to improve the flexible slope climbing 

ability of power system. Literature [7] combined with the actual project in Yunnan, 

proposed the method of spot clearing ahead of the day in the high-proportion hydro-

power market, replaced the hydraulic constraint in the clearing model with the post-

hydraulic check link, and constructed the conditional constraint set including the daily 

electricity constraint and the water abandonment constraint of cascade power station 

and the corresponding trigger conditions according to the causes of water abandonment 

and undergeneration problems. Based on the current situation of new power system 

construction, literature [8] analyzed the different flexible trading needs of multiple mar-

ket players in combination with the Nordic electricity trading model and the New York 

multi-round clearing model. Based on the current typical clearing mechanism in China, 

literature [9] established a joint market sequential clearing mechanism model and a joint 

clearing model that included day-ahead security constraint combination and security 

constraint economic scheduling model. However, the above research results failed to 

realize the in-depth discussion of unbalanced funds and inter-provincial income in the 

process of cross-provincial and cross-regional delivery transactions, resulting in the 

failure to reflect the value contribution of the receiving provinces in the spot market 

environment. 

Based on this, this paper proposes a cross-province and cross-region spot market 

clearing method considering the control of outgoing electricity. First of all, compared 

174             B. Cai et al.



 

with the existing clearing mode in the inter-provincial and inter-regional power spot 

market, this paper proposes a clearing mode that considers the available transmission 

capacity of inter-provincial liaison lines and intra-provincial transmission lines, as well 

as the joint participation of various power supply types in the power spot market. Sec-

ondly, with the goal of minimizing the total power generation cost and inter-provincial 

transmission cost, the model of inter-provincial and inter-regional power spot market 

clearing is established. Finally, the paper selects Yunnan to Guangdong under the west-

east power transmission project for empirical analysis, which effectively verifies the 

validity and scientificity of the proposed clearing model. 

2. DESIGN THE IDEA OF CLEARING THE SPOT MARKET 

OF ELECTRICITY ACROSS PROVINCES AND REGIONS 

The regional power spot market is at an initial stage, and the clearing mode adopted is 

more conducive to taking into account the safety of power grid operation and the fair-

ness of market entities, and the mathematical model is adopted for quantitative support 

[10]. Since November 2021, the Southern regional power spot market has started trial 

operation for the first time, covering five provinces and regions, including Guangdong, 

Guangxi, Yunnan, Guizhou and Hainan, among which the delivery provinces are 

mainly Yunnan and Guizhou. The receiving province is Guangzhou, and its spot market 

clearing ideas need to consider three parts: safety-constrained unit, safety-constrained 

economic dispatch and node marginal price. The specific clearing ideas are as follows: 

Compared with the existing inter-provincial and inter-regional spot market clear-

ing mode, this paper realizes the optimal allocation of resources in a wider range by 

adding inter-provincial contact lines, the available transmission capacity of intra-pro-

vincial transmission lines, and considering the joint participation of various power types 

in the spot market of electricity. At the same time, due to the joint participation of all 

market units in the region and the inter-provincial return lines, it can be used as a bound-

ary condition to clear the spot market of each province [11]. In addition, this paper 

further constrends the total electricity sent across provinces and regions to avoid the 

deviation of the result of inter-provincial market clearance from the actual working 

condition. 

3. ESTABLISH THE MODEL OF ELECTRICITY SPOT 

MARKET CLEARING ACROSS PROVINCES AND 

REGIONS 

A. Objective function 

Aiming at the minimum total power generation cost and inter-provincial transmission 

cost, this paper establishes an inter-provincial and inter-regional power spot market 

clearing model. The specific mathematical expression is as follows: 

( )
,

1 1 1 1 1 1 1 1

min
r gen lineT

N NNT R S T T
U trans t

is ist it j jt l l

t r i s t j t j

F C P C C T M  + −

= = = = = = = =

  
= + + + +  
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Where, T  is the total trading period; R  is the total number of power grids in the 

provinces within the region; 
,r genN  is the total number of units in the provincial power 

grid r ; 
istP  is the bid output in the s  section of the unit i  during the time period t ; 

isC  is the declared price of the electricity energy of section s  of unit i  during the time 

period t ; 
TN  is the total number of contact lines; 

t

jtT  is the transmission power of the 

inter-provincial liaison line in Article j  during the time period t ; 
trans

jC  is the trans-

mission price of the inter-provincial link in Article j ; M  is the relaxation penalty 

factor. 
lineN  indicates the total number of lines. 

B. Constraint condition 

The inter-provincial and inter-regional power spot market is subject to conventional 

unit operation constraints, provincial balance constraints, tie line constraints, and con-

trol constraints of total exported electricity, etc. The specific mathematical expressions 

are as follows: 

(1) Operation constraints of conventional units 

The corresponding constraints and specific mathematical expressions of renewa-

ble energy units and conventional thermal power units participating in the power spot 

market are presented in reference [12]. 

(2) Provincial balance constraints mainly consider system load balance constraints 

and provincial and regional positive and negative reserve capacity constraints, the spe-

cific mathematical expression is as follows: 

1) System load balance constraint: Within the t  period, the sum of the total output 

of the power system generator set and the net injected power of the liaison line is equal 

to the predicted value of the power system load, and the specific mathematical expres-

sion is as follows: 
,

1 1

r gen rt
N N

t

irt jrt rt

i j

P T D
= =

+ =                                                             (2) 

Where, 
irt

P  is the bid-winning output of unit i  within r  of the province in time 

period t ; 
t

jrt
T  is the power injected into the liaison line j  in the provincial r  during 

the time period t . When 0t

jrt
T  , it means incoming; when 0t

jrt
T  , it means out-

going; 
rt

D  is the predicted value of the net load in r  of the province during the time 

period t . 

2) Constraints on positive and negative reserve capacity by province and region: 

Within the t  period, the positive/negative reserve capacity provided by each unit in the 

power system must meet the positive/negative reserve capacity of the system, the spe-

cific mathematical expression is as follows: 
,

max

1

r gen rt
N N

t U

it irt rt jrt rt
i j i

P D T R
= =

 − +                                                  (3) 
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min

1

r gen rt
N N

t D

it irt rt jrt rt
i j i

P D T R
= =

 − −                                                  (4) 

Where, 
it

  is the start-stop state of unit i  during the time period t . When 

1
it

 = , it indicates the startup state of the unit; when 0
it

 = , it indicates the shut-

down state of the unit; 
max min

irt irt
P P、  is the maximum/minimum technical output of unit 

i  during the period t ; 
U D

rt rt
R R、  is the positive/negative reserve capacity requirement 

corresponding to r  in the province or region. 

(3) The constraint of the contact line mainly considers the current balance con-

straint of the AC-DC link line, the transmission power constraint of the AC-DC link 

line, the transmission power climb constraint of the DC link line, and the power adjust-

ment frequency constraint of the DC link line. The specific mathematical expression is 

as follows: 

1) The power supply balance constraint of the AC-DC link line [13] : under the DC 

link line, the receiving end is equivalent, the receiving province is equivalent to the 

generator set, and the sending province is equivalent to the demand-side resources, and 

the output power of the equivalent generator set is equal to the output power of the 

equivalent demand-side resources minus the DC line loss. The output power of the AC 

tie line is related to the associated unit output, tie line power, load power, etc. The 

specific mathematical expression is as follows: 

 

 

(1 ) 0R S

jrt jr jrtT T+ − =                                                           (5) 

,

1 1 1

r gen rt
N N K

A

lrt li it lj jrt lk kt
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= + −                                              (6) 

Where, R

jrtT  is the injected power of the receiving end of the DC link line j ; S

jrtT  

injects power into the feed end of the DC connection line j ; 
jr  is the network loss 

rate of DC contact line j ; 
A

lrtT  is the transmission power of AC link line l ; 
liG  is the 

power transfer factor of the node where unit i  is located to the AC liaison line l . 
ljG  

is the transfer factor of contact line j  to AC contact line l ; K  is the total number of 

nodes in the system; 
lkG  is the transfer factor of node k  to AC contact line l . 

ktD  is 

the bus net load value of node k  in the t  period. 

2) AC-DC link line transmission power constraints: AC-DC link line transmission 

power maximum and minimum technical output range, specific mathematical expres-

sion, namely: 
min maxs

jrt jrt jrt
T T T                                                                    (7) 

Where, min max

jrt jrtT T、  is the maximum and minimum transmission power limits of 

the AC-DC link line in the t  period. 
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3) The gradient constraint of the transmission power of the DC link line: When the 

DC link power is adjusted upward/downward, the gradient speed requirements should 

be met. The specific mathematical expression is as follows: 

1

D D D U

jrt jrt jrt jrt jrt jrtx T Ts Ts x T− +

−−   −  +                                                (8) 

Where, D U

jrt jrtT T 、  is the maximum and minimum climbing rate of the DC con-

tact line; 
jrt jrtx x+ −、  is the 0-1 variable of whether the DC contact line j  is adjusted up 

and down during the period t . 

4) Constraints on the number of power adjustment times of the DC link line, the 

specific mathematical expression is as follows: 

( ) max

1

T

jrt jrt jr
t

x x N− +

=

+                                                         (9) 

Where, max

jrN  is the maximum number of adjustments of the all-day DC contact 

line j . 

 

 

5) AC link line transmission power constraints, the specific mathematical expres-

sion is as follows: 
min maxA

lrt lrt lrtT T T                                                               (10) 

Where, 
min max

lrt lrtT T、  is the maximum and minimum transmission power limit of 

the AC contact line l  within the time period t . 

(4) Control constraints on the total quantity of outgoing electricity, specific math-

ematical expressions, namely: 

 

,

1 1 1

r gen rt
N NT

t

irt irt
i t i

P P
= = =

                                                              (11) 

Where, 
t

irtP  is the maximum output power of multi-type unit i  in province r  

during the time period t . 

4. EXAMPLE ANALYSIS 

A. Basic parameter 

In order to verify the validity of the cross-province and cross-region electricity spot 

market clearing model established in this paper, this paper selects a typical daily trading 

situation of a western province to Guangdong to carry out a numerical analysis. 

B. Basic data 

According to the situation of power transmission and sale between the west and east 

power transmission entities, 3982 nodes, 762 units, 5830 lines and 96 time periods are 

considered in the cross-province and cross-region power spot transaction from Yunnan 
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to Guangdong. At this time, the total power sent across provinces and regions is set at 

105 million kW.h, and four scenarios are set for analysis, as detailed in Table 1. 

 

 

Table 1 Four scenarios 

Scenario Scenario 1 Scenario 2 Scenario 3 Scenario 4 

Phenome-

non 

Daily mean 

curve 

Plane-peak 

curve 

Flat-valley 

curve 

Peak flat val-

ley curve 

 

Note: In scenario 1, the power is the same at all times of the day; According to the peak-

valley TOU price policy, in scenario 2, 10-12 o 'clock and 14-19 o 'clock are set as peak 

hours, and the rest are set as flat segments; In scenario 3, 0-8 o 'clock is set as the low 

period, and the rest is set as the flat period; In scenario 4, peak hours are set from 10-

12 o 'clock and 14-19 o 'clock, trough hours are set from 0-8 o 'clock, and the rest are 

set as flat periods. For specific contract decomposition curves, see Figure 1. 

 

Figure 1 Contract decomposition curve of medium and long term scenario 1-4 

C. Result analysis and discussion 

1. Unbalanced fund outcome analysis 

In the electricity deviation settlement of the spot market, due to the different nodes of 

the market entities, the settlement price of the sending province and the receiving prov-

ince is different, and the settlement price of the power supply side and the user side is 

different, resulting in the imbalance of funds in the regional inter-provincial spot market 

under different scenarios, as shown in Table 2. 

 

Table 2 Inter-provincial unbalanced funds in Medium and long term Scenario 1-4 

(Unit: Yuan) 

Scenario 1 Scenario 2 Scenario 3 Scenario 4 

942087 551207 472512 71270 
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It can be clearly seen from Table 2 that although the electricity price difference 

between Guangdong and Yunnan is negative, due to the relaxation of the prior clearance 

curve relative to the contract decomposition curve, the negative electricity price differ-

ence and the negative curve difference are multiplication to positive, resulting in posi-

tive inter-provincial unbalanced funds and surplus inter-provincial unbalanced funds 

among the receiving provinces. It shows that the clearing model will optimize the inter-

provincial power transmission curve as much as possible and ensure that the unbalanced 

funds between the provinces are positive by using the lower limit constraint of total 

power control. 

In order to analyze the sensitivity of contract electricity to inter-provincial unbal-

anced funds, three scenarios were further set up based on scenario 4, as shown in Table 

3. 

Table 3 Scenario setting of unbalanced fund sensitivity analysis 

Scenario Scenario 5 Scenario 6 Scenario 7 

Phenomenon 

Hang the 

peak and 

smooth the 

valley 

Scenario 

4*1.2 

Scenario 

4*0.9 

 

Note: In scenario 5, 10-12 o 'clock and 14-19 o 'clock are set as the trough period curve, 

0-8 o 'clock is set as the peak period, and the rest are set as the flat period; In scenario 

6, the power of each period in scenario 4 is changed to 1.2 times; In scenario 7, the 

power of each period in scenario 4 is changed to 0.9 times, and the specific contract 

decomposition curve is shown in Figure 2. 

 

Figure 2 the contract decomposition curve for medium and long term scenarios 5-7 

After calculation, the regional and provincial unbalanced funds under the above 

three scenarios are shown in Table 3. 

 

Table 3 Inter-provincial unbalanced funds in Medium and long term Scenarios 5-7 

(Unit: Yuan) 
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Scenario 4 Scenario 5 
Scenario 

6 
Scenario 7 

71270 1664977 2105371 -945781 

 

As can be seen from Table 3, with the increase of long-term contract electricity 

and the relaxation of liquidated electricity in the past few days, the imbalance between 

provinces increases. When the medium and long-term contract electricity decreases, the 

relaxation of the liquidated electricity decreases, and the imbalance between provinces 

decreases. 

2. An analysis of inter-provincial income results is presented 

Assuming that the medium and long-term contract electricity price between Yunnan 

and Guangdong Province is 453 yuan /MWh, and the medium and long-term contract 

price of Yunnan transmission section power plant is 377.5 yuan /MWh, the inter-pro-

vincial income is calculated according to the above seven scenarios in the way of "me-

dium and long-term total electricity settlement + day-before electricity deviation settle-

ment", and the results are shown in Table 4. 

 

Table 4 presents inter-provincial income (Unit: Yuan) 

Scenario 

1 

Scenario 

2 

Scenario 

3 

Scenario 

4 

Scenario 

5 

Scenario 

6 

Scenario 

7 

4033293

5 

4008365

5 

3976585

9 

3960565

8 

4050040

7 

3763793

4 

4058952

1 

As can be seen from Table 4, the maximum income difference between scenario 

1-4 is 727,277 yuan, indicating that when the contract electricity is the same, the curve 

shape has little influence on the output income. The results of scenario 6-7 show that 

when the electricity price difference between Guangdong and Yunnan is negative, the 

lower the medium and long-term contract electricity, the higher the return on the send-

ing side. 

Further observation shows the deviation return of regional power spot market, and 

the results are shown in Table 5. 

 

Table 5 presents the return of spot deviation between provinces (Unit: Yuan) 

Scenario 

1 

Scenario 

2 

Scenario 

3 

Scenario 

4 

Scenario 

5 

Scenario 

6 

Scenario 

7 

695432 446152 128356 67249 961998 -9808157 5004953 

As can be seen from Table 5, spot deviation return of regional power is positively 

correlated with spot deviation quantity. When the day-ahead deviation quantity of sce-

nario 6 is negative, spot deviation return is negative. When the day-ahead deviation 

electricity of scenario 7 is positive, the spot deviation return is positive. 

For further observation, the spot deviation of regional power is shown in Table 6. 
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Table 6 delivered inter-provincial spot deviation electricity (Unit: MWh) 

 

Total positive 

spot deviation 

electricity 

Negative spot deviation en-

ergy sum 

Spot deviation 

electricity sum 

Scenario 1 24371 -24371 0 

Scenario 2 16321 -16321 0 

Scenario 3 13310 -13310 0 

Scenario 4 12308 -12046 263 

Scenario 5 41291 -41029 263 

Scenario 6 7109 -27794 -20685 

Scenario 7 16462 -5726 10736 

 

As can be seen from Table 6, under scenario 1, 2 and 3, the sum of regional power 

spot deviation is 0. Under scenario 4, 5 and 7, the total amount of regional power spot 

deviation is positive. Under scenario 6, the total amount of regional power spot devia-

tion is negative. 

5. CONCLUSION 

In the context of the widespread application of computer technology, big data analysis, 

automation, and mechanical innovation, this article builds on existing inter-provincial 

and cross-regional electricity spot market clearing models. Considering factors such as 

the available transmission capacity of inter-provincial contact lines and inland trans-

mission lines, the participation of various types of electricity in spot market transactions, 

and the constraint of cross-provincial total generation capacity, it proposes an inter-

provincial and cross-regional electricity spot market clearing method. Combined with 

automation mechanical technology, the following conclusions are drawn: 

(1) By leveraging automation technology, the available transmission capacity of 

inter-provincial contact lines and inland transmission lines can be monitored and pre-

dicted, providing real-time and accurate data support for electricity spot market trans-

actions. 

(2) An artificial intelligence-based electricity market clearing model can be devel-

oped, integrating factors such as total generation cost and inter-provincial transmission 

cost to optimize the transaction process of the electricity spot market. 

(3) Through the use of automated mechanical equipment and intelligent algorithms, 

optimized dispatching of cross-provincial electricity resources can be achieved, en-

hancing the operation efficiency and stability of the power system. 
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