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Abstract


With the popularity of solar Photovoltaic (PV) power generation, the real-time interaction between distributed microgrids and large grids has become a new hotspot of concern. In distributed PV power trading, we aim to achieve a dynamic balance between PV users and the grid. This involves real-time power prediction for users, secure blockchain-based recording and protection of trading data, and efficient matching of microgrid and large-grid trading information, including pricing details. System simulations and experimental data analysis have demonstrated the benefits of this transaction model, including enhanced real-time interaction between microgrid and grid. For the buyer, the cost of purchasing electricity can be reduced by about 6%, and for the seller, the income from selling electricity is 1.5 times that of direct Internet access, which has positive significance in improving the income from selling electricity and reducing the cost of electricity for users.
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1. Introduction


Photovoltaic (PV) power generation, a crucial component of renewable energy, has gained widespread popularity among a majority of electricity consumers in recent years.



In the first half of 2022, China installed 30.88 million kilowatts of new PV power generation, accounting for 63.65% of the total new PV installations [1]. At present, distributed PV power generation mainly adopts the strategy of “self-use, surplus electricity online”, and customers cannot trade electricity directly with each other [2]. As a result, the traditional transaction model encounters the challenge of energy not being utilized in proximity, leading to duplicated energy scheduling and the inefficient use of resources. During microgrid transactions, issues related to equity among users and the protection of data security arise. The integration of blockchain technology into microgrid power transactions offers a novel transaction model for distributed PV microgrids. Blockchain technology possesses the traits of decentralization and tamper resistance, which can lead to cost reduction in the microgrid market, ensuring fairness, transparency, security, real-time capabilities, and programmability in microgrid transactions. This enhances the transparency of the microgrid market’s transaction process [3,4]. It enables dynamic adjustments within PV microgrids [5] and, ultimately, optimizes their power dispatch [6], thereby fostering the sustainable growth and widespread adoption of PV microgrids. With the increasing utilization of distributed PV equipment within microgrids, researchers from around the world have undertaken studies to develop optimization methods for the distribution of distributed energy in microgrid systems. Pei [7] analyzes the current status of the architecture and scenario applications of combining blockchain technology and electricity trading. In terms of information protection and data security of transaction users, the microgrid electric energy transaction method based on blockchain technology proposed in Qin [8] ensures the privacy and security of transactions. Zhang [9] proposes a privacy protection scheme for direct electricity transaction of microgrid based on Consortium blockchain and bilateral auction, which makes the transaction more secure. However, there is a deviation between the electricity consumption scheme and the actual volume of electricity consumption. Xue [10] proposed a user PV multilateral trading platform based on blockchain and combined with the reward mechanism to make the transaction more fair and secure. For the local consumption of distributed PV power generation, Jin [11] promotes the consumption of surplus PV power by time-shiftable load through the design of smart contracts and credit value mechanisms. Chen [12] proposes a control strategy to maximize the local absorption of PV in parks, which can effectively improve the degree of local absorption of distributed PV in parks. On the basis of considering microgrid users, distributed aggregators, grid market income, and other factors. Xu [13] established a microgrid group information interaction model based on blockchain and solved the model with an improved ant colony algorithm. Siqin [14] proposes a distributed energy optimization scheduling model based on cooperative game to ensure the normal operation of multi-community microgrid cooperative consortium.



To sum up, this paper studies how to realize effective nearby consumption of electric energy in distributed PV microgrid. At the same time, in order to realize decentralized transactions and ensure the security of user transaction information and data, this paper builds a PV microgrid transaction model based on consortium chain. The proposed transaction model can improve the flexibility and efficiency of the microgrid transaction process and ensure the security of the transaction, so as to optimize the energy scheduling strategy among microgrid users, avoid the waste of PV energy to the greatest extent, and ensure the reasonable distribution of multi-party interests.




2. Related Work


2.1. Blockchain Technology Selection


According to the application model of blockchain, blockchains can be divided into public, private, and federated chains [15].




	(1)

	
Public Blockchain: Public blockchains rely on append-only data processing, resulting in immutable data storage [16]. Any node can participate in making transactions and is completely decentralized. The number of incoming and outgoing nodes makes it difficult to reach consensus, which affects the speed of transaction data processing;




	(2)

	
Private Blockchain: Private blockchains have shorter consensus times and higher transaction processing rates due to few authorized participants. However, due to the closed nature of this system, it cannot interact with the grid in real time, and fewer network nodes are vulnerable to attacks by others to destroy gain control of the network, which is riskier;




	(3)

	
Consortium Blockchain: Consortium blockchains combine the functionality of private and public blockchains [17]. It is a blockchain technology with authorized nodes that has both the privacy of a private chain and the decentralized features of a public chain [18,19], the transaction diagram is shown in Figure 1.









In summary, because microgrid transactions involve multiple markets and it is difficult for private chains to interact with large grids in real time, private chains are not well adapted to microgrids. Compared with the public blockchain, the consortium blockchain has fewer consensus nodes, more efficient system operation, lower cost, and faster transaction speed, which is more suitable for power trading in microgrids. For a comprehensive comparison, it is more appropriate to choose the consortium blockchain application for microgrid power trading.




2.2. PV Microgrid Power Market


The PV microgrid transaction model based on federated blockchain technology is shown in Figure 2. Each customer is equipped with a PV power generation system and an energy management system with integrated blockchain module, communication module, and customer generation load forecasting module at the distribution transformer. Distributed PV users upload the forecast data to the blockchain system and pricing system. In the pricing system, trade prices, and volumes are set by the proposed pricing strategy based on the trade request. Data collection is facilitated by smart meters, and transactions are executed through transaction rules embedded in smart contracts. Users within the microgrid are connected to the grid through a service provider and transmit power to the buyer through the grid.



The system is able to count the energy trading information of customer load and PV output, predicting the power of PV generation and providing power trading solutions that maximize revenue. Additionally, it encodes trading rules into smart contracts as code, ensuring strong scalability for the automation of PV transactions.




2.3. Application of Blockchain Technology in Microgrid


Blockchain technology can contribute to various facets of the energy sector, including power supply, grid management, and load measurement. In particular, blockchain can be applied in scenarios like certifying carbon emissions [20,21], trading virtual generation rights [22], and managing multi-energy collaboration and information [23]. Among these, employing blockchain technology in power trading stands out as a quintessential application showcasing the characteristics of blockchain technology. The feasibility analysis of applying blockchain technology to electricity trading primarily encompasses the following aspects:




	(1)

	
Decentralization: The decentralized nature of blockchain facilitates flexible transactions in the electricity market. Establishing a decentralized trading platform enhances transaction fairness and transparency, fostering effective benefits for distributed energy use and scheduling [24];




	(2)

	
Safety: Blockchain ensures the security and immutability of electricity transaction information. Each transaction is recorded on the blockchain, preventing tampering or deletion and ensuring traceability for secure transactions [25];




	(3)

	
Real-time: Blockchain enables real-time transaction processing and settlement, ensuring electricity transaction information is timestamped on the blockchain. In contrast to traditional trading models, blockchain-based electricity trading with smart contracts facilitates day-ahead and day-of energy scheduling [26];




	(4)

	
Openness and transparency: Blockchain-based electricity trading is more open and transparent compared to traditional modes. Each transaction is recorded on the blockchain, and the information is publicly accessible, providing users with real-time insights into the market situation [27].









In conclusion, the blockchain power transaction model demonstrates application feasibility and can be applied to distributed microgrid electricity markets, offering a novel trading method with promising research prospects and significance.




2.4. PV Microgrid Blockchain Ledger


Blockchain technology has been developed in recent years and has been widely used in research areas related to microgrids.



Due to the transparency of blockchain ledgers, parties can refine their power strategies independently. PV microgrid users can conduct real-time transactions and adjust strategies through blockchain smart contracts, avoiding direct intervention by aggregators. Additionally, a service provider for the blockchain e-commerce platform charges fees to aggregators and users. Following specific rules, the service fee charging rules can be expressed as follows.


   p s  = η  p t   



(1)




where:    p s    is the blockchain service provider service fee revenue;  η  is the blockchain service fee weight;    p t    is the total transaction amount recorded on the blockchain ledger.



At the same time, blockchain service providers and other trusted nodes act as “miners” to verify all transaction information and add legitimate transaction information to the blockchain by generating new blocks.



Thus, the blockchain-based distributed PV microgrid transaction model can be expressed as a quintet. As shown in Equation (2).


  γ = (  M α  ,  Q α  ,  D c  ,  C u  ,  S α  )  



(2)




where:    M α    is the user information update model, the update information includes user personal identification number, user wallet balance, user credit score, and other information;    Q α    is the user quotation model, the model includes user quotation, user quotation, user declaration time stamp, and other information;    D c    is the smart trading matching contract, the contract includes bilateral auction contract, and peer-to-peer trading contract;    C u    is the user credit evaluation model;    S α    is the trading settlement model, the model includes credit settlement and energy final delivery settlement. The principle of smart contracts is shown in Figure 3:



The specific contracts are listed below.




	(1)

	
User Information Update Contract: This contract enables the blockchain service provider to update users’ essential information, ensuring seamless transactions. It also assesses customer credit, suspending transactions for those with poor credit to maintain a healthy order in the electricity market;




	(2)

	
User offer contract: In this contract, the customer can declare the desired transaction price and electricity and record the above data on the blockchain;




	(3)

	
User matching contracts: In this stage, the smart contract matches user transactions through a two-way auction mechanism with peer-to-peer trading to conclude the deal;




	(4)

	
User Reputation Contract: Leveraging the tamper-evident blockchain, this contract evaluates user behavior to determine reputation. Users engaging in malicious actions may face penalties, including reputation point deductions or temporary bans from subsequent transactions;




	(5)

	
Settle the contract: This contract serves to settle the final transaction behavior of each party in the system, concluding the transfer of electricity rights and related fees. Simultaneously, it addresses the settlement of reputation points, guaranteeing the effective enforcement of the penalty mechanism.











3. Real-Time Trading Model of PV Microgrid Based on Consortium Blockchain


In distributed PV power trading, there is a dynamic balance between buyers and sellers. The use of blockchain technology can achieve the establishment of a decentralized system for buyers and sellers, making electricity market transactions more flexible and efficient. Realize the matching of electricity sellers and consumers according to the current electricity consumption plan and the price of electricity sold in the trading market. The following is a modeling analysis of the microgrid user state model, local consumption real-time interaction benefit model, and constraint conditions established in the transaction model.



3.1. Microgrid User State Model


The load characteristics of different users are naturally different. Using the characteristics of distributed data storage of blockchain technology, the historical electricity consumption and power generation data of different users can be analyzed to reasonably predict the production load, PV power generation power and other information of users in the next phase before trading.



	(1)

	
With  N  PV users, each with a different power generation. Using one hour as a trading session, The power generated by the   i   customer in time interval,     P   i   ( t )  , is expressed as:


        P   i     t   =     P   1     1   ,   P   2     2   , … ,   P     N   p v       t          



(3)











In the formula:     N   P V     presents the user number in the microgrid   i = { 1,2 , … ,   N   P V   }  ,   t = { 1,2 , … , 24 }  .



	(2)

	
For load systems, the power consumed by each user varies, and the load characteristics vary greatly. The electricity load     P   L , i     t     for the   i   customer can be expressed as:


        P   L , i     t   =     P   L , i     1   ,   P   L , i     2   , … ,   P   L , i     t          



(4)











In the formula:   i = { 1,2 , … , N }  



	(3)

	
For user   i  , the net output power     P   n e t , i     t     in a given time   t   is expressed as:


        P   n e t , i     t   =   P   i     t   −   P   L , i     t        



(5)











In the formula:   t = { 1,2 , … , 24 }  



	(4)

	
In a given trading session   t  , the total purchased power     P   T P P      t    , and the total sold power     P   T S P      t     for all customers are shown below.


              P   T P P      t   =    ∑  k = 1     N   B           P   n e t , k      t               P   n e t , k      t   < 0            



(6)






                  P   T S P      t   =    ∑  j = 1     N   S          P   n e t , j      t           P   n e t , j      t   ≥ 0                      



(7)











In the formula: when     P   n e t , k      t   < 0  , user transaction for power purchase status, marked as power purchase user; when     P   n e t , j      t   ≥ 0  ,     N   B     denotes the number in the set of purchased power user groups, and     N   S     denotes the number in the set of electricity sales customer groups.




3.2. Real-Time Interaction Benefit Model for Local Consumption


Considering the imbalance between user load and PV output, the purchasing and selling strategy needs to be adjusted accordingly.



	(1)

	
When     P   T S P      t   >   P   T P P      t    , the total power sold is greater than the total power purchased, when there is an oversupply and a buyer’s market. The PV output of the user is preferentially consumed by its own power, and the remaining power is traded through internal pricing and other users or sold to the large power grid. When setting the internal tariff, the customers will adjust their electricity consumption behavior in order to obtain higher returns. In order to measure the balance between power consumption and power sales of both parties, the user transaction benefit model is introduced, which can be expressed as:


        W   i    =   k   i      ln  ⁡    1 +   P   L , i     t       +   P   s       P   i     t   −   P   L , i     t          



(8)











In the formula:     W   i      indicates the overall benefit of user   i  ;   i ∈   N   S    ;     k   i      indicates the efficiency parameter of the   i   electricity sales customer, which is adjusted at different times according to the changes in customer load and electricity consumption strategy;       P   s        denoted as internal tariff of microgrid,     P   s     should be higher than the purchased electricity price     P   g s     of the large grid and cannot be lower than the sold electricity price     P   g b    , otherwise users will choose to trade directly with the big grid. That is, the microgrid internal electricity price     P   s     satisfies the following relationship.


        p   g s   <   p   1   ⩽   P   s   ⩽   p   h   <   p   g b        



(9)







In the formula:     p   1     indicates the minimum tariff within the microgrid;     p   h     indicates the maximum price of electricity within the microgrid.



	(2)

	
When     P   T S P      t   =   P   T P P      t    , the total power sold is equal to the total power purchased, and the microgrid users trade directly with each other without the need to trade with the grid, the internal transaction price is shown as follows:


        P   s    =     P   g s   +   P   g b     2        



(10)








	(3)

	
When     P   T S P      t   <   P   T P P      t    , the total power sold is less than the total power purchased. At this time the power market is in a state of oversupply, a seller’s market. Customers with insufficient PV capacity need to purchase electricity directly from the grid at price     P   g b    . For buyers, the purchase cost is expected to be the lowest, and the purchase cost of the buyer comes from the power purchase of the microgrid and the grid. Therefore, the buyer’s purchase cost is expressed as follows:


        C   k   t   =   x   k   t     P   s   +     P   L , i     t   −   P   i     t   −   x   k   t       p   g b        



(11)











In the formula:   k ∈   N   B    ;     C   k   t     is denoted as the cost of electricity purchased by the   k   customer at time   t  .



To sum up, buyers and sellers in the microgrid constitute a multi-player game model, as follows:


      G =       N   B   ∪     N   s     ,       E   i       i ∈   N   s     ,       W   i       i ∈   N   s     , P ,   C            



(12)







In the formula:     E   i     indicates the set of electricity consumption strategies for electricity sales customer   i  ;     W   i     indicates the benefits of electricity consumption by electricity sales customers;   P   denotes the set of microgrid internal tariff strategies.   C   denotes the total cost of electricity purchased by the group of electricity purchasers, expressed as:


    C =   ∑  k ∈  N B      C K  = P   ∑  i ∈  N S      [   p i  ( t ) −  p  L , i   ( t )  ]          +  P  g s    [    ∑  k ∈  N B      (   p  L , k   ( t ) −  p k  ( t )  )  −   ∑  i ∈  N S      (   p i  ( t ) −  p  L , i   ( t )  )       ]     



(13)







The requirement is satisfied when   C   is the lowest, at this time, the cost of purchasing electricity for each customer is also at its lowest.




3.3. Constraint Condition


In order to achieve the lowest possible cost of electricity purchase expected by the electricity purchaser, the electricity seller expects the highest revenue from the sale of electricity. The equilibrium of the game model G is the optimal solution to the problem, resulting in the optimal price. Electricity sellers adjust their electricity consumption strategy according to the price.



When   0 ≤   P   T S P      t   <   P   T P P      t    , the electricity needs to be purchased from the large grid, and it is a seller’s market at this time. Considering the highest efficiency of electricity sales and in order to ensure the long-term stable operation of the grid, the fairness of microgrid transactions should be maintained as much as possible, and the total electricity sales should be allocated according to the total demand of electricity purchases. For electricity sales customer   k  , the share of electricity sales is:


   x k  =  P  T P P      P i  −  P  L , i      P  T S P      



(14)







When     P   T S P      t   >   P   T P P      t    , the PV user strategy         P      *   ,     P   s     *       within the blockchain is the game equilibrium point, and the constraints of inequalities (14) and (15) need to be satisfied.


                  W   i       P   *   ,     P   s     *     ≥   W   i       P   L , i   ,   P   L , − i   *   ,     P   s     *           ∀ i ∈   N   s   , ∀   P   L , i   ∈   E   i                          



(15)






              C        P   *   ,     P   s     *     ≤   C        P   *   ,   P   s           ∀   P   s   ∈ P            



(16)







In the formula:     P   *   = [   P   L , 1   ,   P   L , 2   , ⋯ ,   P   L ,   N   s     ]  ;     P   − i   *   = [   P   L , 1   ,   P   L , 2   , ⋯ ,   P   L , i − 1   ,   P   L , i + 1   , ⋯ ,   P   L ,   N   s     ]  .




3.4. Trading Process


	(1)

	
The user predicts the PV output power and user power load for the next phase based on the previous power generation data situation. Presenting supply and demand plans and giving relevant quotations, and matching transactions at eligible users;




	(2)

	
Determining the transaction price and volume through the transaction model based on the successfully matched users;




	(3)

	
According to the net output power of the user, it is divided into buyer’s market and seller’s market. For power sales users, excess power is sold to the purchasing user after there is surplus PV, sold to the grid. For power purchasers, if there is a shortage of power users, priority is given to internal tariff purchases from power purchasers, followed by power purchases from the grid;




	(4)

	
Finally, transaction contracts are established via the blockchain, The trading mechanism of trading power and trading tariff is recorded into the system at the moment of real-time trading, which is accessible and cannot be tampered with. The specific transaction process is shown in Figure 4.









4. Example Analysis


4.1. Scenario Simulation


The distributed PV selected for this paper consists of four users, each with a PV system and a smart meter. PV systems and smart meters have the same parameters and different customer installed capacities. Smart meters are used to record the amount of electricity sold and purchased by customers. The initial load and PV power real-time status of each user in a township microgrid in Shanxi are shown in Figure 5 and Figure 6. Considering the fluctuation of PV power and customer load, 1 hour is chosen as a time period for calculation. The 1 h interval is used in microgrid transactions because it is suitable for capturing electricity market price fluctuations, renewable generation forecasts, operational efficiency, and matches the electricity market settlement cycle. This time interval allows the microgrid to better cope with price and energy fluctuations in real-time transactions. The price for local PV users is 0.77 RMB and the grid price is 0.85 RMB.



As shown in Figure 7, the PV output power of MG1 and MG2 is much greater than the customer load and the net PV power is greater than 0. Therefore, MG1 and MG2 are sellers. The PV output power of MG3 and MG4 is less than the load and the net PV is less than 0. Therefore, MG3 and MG4 are the purchasers. All sellers are classified as seller user groups and all buyers are classified as buyer user groups. The traded power varies in each time period, and the total power purchased by the buyer customer group, and the total power sold by the seller customer group are shown in Table 1.



From Table 1, it can be seen periods 5 and 17 represent trading periods when     P   T S P      t   =   P   T P P      t    , indicating when customers need to purchase electricity directly from the grid at price     P   g b    ; time periods 6, 7, 8, and 16 are trading periods where     P   T S P      t   <   P   T P P      t    , when the PV power sold by the seller is less than the power purchased by the buyer, the buyer first purchases part of the power from the seller at the internal tariff, and the remaining load needs to purchase power directly from the grid at price     P   g b    ; and the     P   T S P      t   >   P   T P P      t     trading session is from Session 9 to 15. At this time, the PV power surplus, the buyer user to the internal lowest price     p   1     from the power sales user to buy power, the purchase of power users can not consume the remaining PV power at the price     p   g s     sold to the grid.




4.2. Analysis of Data


The optimal internal tariff and the electricity traded by customers for each time period for residents in the region are shown in Table 2. The analysis is divided into three cases according to the different transactions of total electricity consumption and total electricity sales in different time periods. The table below shows that during periods of electricity demand, the price of electricity increases accordingly. In order to generate more revenue, sellers adjust their electrical loads accordingly.



In the trading period     P   T S P      t   <   P   T P P      t    , when the electricity seller sells PV power to the electricity purchaser. Since the total amount of electricity sold by customers is less than the total amount of electricity purchased, the supply exceeds the demand, so customers who purchase electricity also need to purchase the missing electricity from the grid.



From Table 3, it can be seen that the internal electricity price is greater than 0.77 CNY/(kw·h) in the trading period of     P   T S P      t   >   P   T P P      t     for both the electricity selling and purchasing customers. At this point, the total power sold is greater than the total power purchased, and the power purchasers in the microgrid purchase power from the power sellers at the internal tariff. The excess PV power needs to be sold to the grid at a “residual feed-in” tariff. Since the internal tariff of microgrid is between the “surplus feed-in” price and the grid sales price, the cost of purchasing electricity is reduced and the benefit of selling electricity is increased.




4.3. Comparison and Analysis of Results


The cost of power purchase and benefits of power sales before and after optimization of the proposed trading model and the direct grid trading model are shown below.



From the comparison before and after optimization in Figure 8, the results for the cost of purchased electricity show that the cost of power purchase in the proposed trading model is lower than the cost of direct grid power purchase. The results in Figure 9 show that the benefits of electricity sales obtained through the “direct feed-in” approach are much smaller than those obtained by the model proposed in this paper. The results of comparing our model with microgrid transactions without blockchain are presented in Table 4.



In summary, the simulation results of the model show that the microgrid power trading model based on the federated chain technology saves the profits of intermediaries, thus reducing the cost of power purchase for power purchase customers and increasing the benefits for power sales customers. It can effectively solve the problem of local consumption of distributed power in microgrids, thus also reducing the impact of direct feed-in on the grid.





5. Conclusions


In this study, the real-time trading model of the microgrid market under the consortium blockchain is constructed and the transaction scenario is simulated. The results are analyzed as follows.




	(1)

	
The proposed PV microgrid trading model based on consortium blockchain is more efficient and secure than the grid trading under direct “surplus electricity online” and reduces the cost of electricity purchase for consumers and increases the benefit of electricity sales. For the buyer, the cost of purchasing electricity can be reduced by about 6%, and for the seller, the income from selling electricity is 1.5 times that of directly accessing the Internet. Therefore, in order to attain higher profit, sellers will adjust their power load;




	(2)

	
The problem of local consumption of distributed generation can be solved in the power trading of microgrid market. After adopting the trading model, the local or nearby consumption of PV power has been improved, and the benefit of users has been enhanced. Preference for electricity purchases from electricity sellers in the microgrid. When the output power is insufficient, then the power shortage is purchased from the grid, while the impact of the microgrid on the grid can be reduced.
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Figure 1. Blockchain transaction diagram. 
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Figure 2. PV trading mode based on blockchain. 
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Figure 3. Principle of smart contract. 
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Figure 4. Transaction process. 
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Figure 5. PV output power. 
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Figure 6. Customer electricity load. 
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Figure 7. Net PV power. 
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Figure 8. Comparison of power purchase costs. 
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Figure 9. Comparison of electricity sales benefits. 
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Table 1. Electricity sold and total electricity purchased.
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	Time
	Total Electricity Sold/(kw·h)
	Total Power Purchased/(kw·h)
	Microgrid Net Output/(kw·h)





	5
	0
	−3.14
	−3.14



	6
	0.45
	−6.4
	−5.9



	7
	3.16
	−12
	−9.2



	8
	7.27
	−13
	−5.3



	9
	15.8
	−9.2
	6.54



	10
	27.7
	−3.5
	24.2



	11
	35.5
	−2.4
	33



	12
	32.6
	−3
	29.6



	13
	28.3
	0
	28.3



	14
	19.2
	−3.9
	15.3



	15
	12.9
	−12
	0.52



	16
	3.77
	−15
	−11



	17
	0
	−16
	−16
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Time

	
Internal Electricity Price (CNY)

	
Electricity Selling User

	
Power Purchasing User




	
MG1

	
MG2

	
MG3

	
MG4






	
6

	
0.778

	
0.38

	
0.07

	
−2.2

	
−4.2




	
7

	
0.780

	
1.49

	
1.67

	
−3.6

	
−8.8




	
8

	
0.792

	
1.72

	
5.55

	
−4.1

	
−8.5




	
16

	
0.796

	
1.2

	
2.57

	
−7.7

	
−4.9
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Time

	
Internal Electricity Price (CNY)

	
Electricity Selling User

	
Power Purchasing User




	
MG1

	
MG2

	
MG3

	
MG4






	
9

	
0.799

	
7.71

	
8.05

	
−6.3

	
−2.9




	
10

	
0.781

	
11

	
16.7

	
−3.2

	
−0.3




	
11

	
0.803

	
11.4

	
24.1

	
−1.3

	
−1.2




	
12

	
0.826

	
11.4

	
21.2

	
−0.6

	
−2.4




	
13

	
0.810

	
10.6

	
17.7

	
−2.2

	
−2.3




	
14

	
0.810

	
4.5

	
14.7

	
−5.3

	
0




	
15

	
0.822

	
3.98

	
8.88

	
−7.2

	
−1.5




	
9

	
0.799

	
7.71

	
8.05

	
−6.3

	
−2.9




	
10

	
0.781

	
11

	
16.7

	
−3.2

	
−0.3




	
11

	
0.803

	
11.4

	
24.1

	
−1.3

	
−1.2











 





Table 4. Comparison of Microgrid Transactions with and without Blockchain.
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	Comparative Content
	Without Blockchain
	With Blockchain





	Means of information interaction
	Agency-centered
	Blockchain ledger



	Information reliability
	Agent credit guarantee
	Open and credible



	Average electricity cost (CNY/(kw·h))
	0.68
	0.59



	Aggregate income (CNY)
	24,745.6
	31,067.8



	Degree of new energy utilization
	low
	high
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