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1 Find literature on blockchain and electric vehicle transactions.

2 Establishing the objective function to improve the stability of the power grid.

3 Complete the thesis.

With the global energy transition and sustainable development, the electric vehicle market

is expanding rapidly. Charging many EVs poses challenges to grid stability, such as load

surges. EV prosumers, acting as both energy producers and consumers, can optimize

energy usage, trade surplus electricity, and enhance grid stability. Blockchain technology

provides support for energy transactions for electric vehicle producers, solving

optimization problems and minimizing the peak power of the power grid by establishing

the objective function to improve the stability of the power grid. The energy trading system

for electric vehicles based on blockchain ensures the transparency and security of energy

transactions. The proposed system paves the way for a sustainable and efficient energy

ecosystem tailored to the growing demands of EV integration.
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1 Introduction

With increasing global attention to sustainability, electric vehicles are becoming popular as
a clean energy vehicle which also have a rapidly growing market. With the theme of
Blockchain-based energy trading for EV prosumers, this thesis focuses on the application
of blockchain technology in the energy transaction of electric vehicles. Through
blockchain technology, the challenges posed by large-scale electric vehicle charging to
grid stability can be solved more efficiently, achieving optimal energy distribution (Al-Saif

etal., 2021).

The importance of this thesis in two aspects. First, with more and more electric vehicles
being used, charging demand surges. This sudden increase in electricity consumption,
especially during peak charging hours, can lead to a surge in grid load, posing a major
threat to grid stability. Second, optimizing energy trading for electric vehicle prosumers
helps build a more sustainable and efficient energy ecosystem. By enabling electric
vehicles to trade in surplus electricity, it can not only enhance the stability of the grid, but
also promote the integration of renewable energy (Pranjal et al., 2023). This aligns with

global goals to reduce carbon emissions and achieve a more sustainable energy future.

Previous thesis have explored various aspects related to electric vehicles and the grid
(Barreto et al., 2022). Uncoordinated charging of electric vehicles can exacerbate peak
load problems and increase stress on generation and distribution systems (Sohail et al.,
2022). Other thesis have also delved into the use of smart charging strategies to manage the
charging of EVs and reduce their impact on the grid. These strategies include adjusting the

charging rate according to the grid conditions and user preferences (Hussain et al., 2024).

The application potential of blockchain technology in electric vehicle energy trading has
not been fully utilized, and its market application is still in its early stages. At the same
time, the thesis of the interaction between blockchain and power grid stability is not
comprehensive, ignoring the complexity of the real world. Therefore, this thesis aims to
deeply explore the electric vehicle energy trading model based on blockchain technology,
and achieve accurate power grid peak load control by constructing an optimization
algorithm. The thesis collects electric vehicle data and power grid user electricity

consumption data in the Finnish market, and uses mixed integer programming methods to



construct an optimization model. The thesis found that optimizing the charging and
discharging power of electric vehicles based on blockchain technology can effectively
reduce the peak load of the power grid, improve the stability and efficiency of power grid
operation, and is of great significance to improving energy utilization efficiency. Based on
these, the thesis will start from the principles and characteristics of blockchain technology,
deeply explore its specific application in electric vehicle energy trading, construct a power
grid peak optimization algorithm, and conduct a detailed analysis and verification, in order

to provide valuable reference for the innovative development of the energy trading field.



2 The blockchain technology

Blockchain is a distributed database or ledger that is shared among the nodes of a computer
network. This idea was initially proposed as the underlying technology for Bitcoin
(Nakamoto, 2008) but now it has diverse applications such as supply chain management,
health care, internet of things (IoT), energy market etc. Blockchain is best known for
playing a key role in the cryptocurrency system, maintaining secure and decentralized
transaction records, but the use of blockchain is not limited to cryptocurrencies.
Blockchain can be used to make data in any industry tamper-free. Blockchain working
principle includes a unique chain structure and a consensus mechanism. Consensus
mechanism includes proof of workload, proof of equity and proof of authorization, each of
which has advantages and disadvantages. It is also used to solve the consensus problem of

data status between nodes in distributed systems.

2.1 Blockchain development

The concept of blockchain can be traced back to the 1990s. W. Scott Stornetta and Stuart
Haber, known as the "fathers of blockchain", proposed the core concept of blockchain.
They envisioned building a network so that all electronic records can be transmitted to
every user when they are created to ensure that the records cannot be tampered with. They
then proposed the idea of timestamps and Merkle trees (Haber et al., 1991). In 2008,
guided by this core concept, Satoshi Nakamoto published "Bitcoin: A Peer-to-Peer
Electronic Cash System" and developed Bitcoin, which was the first application practice in
the history of blockchain and marked the official birth of blockchain technology
(Nakamoto, 2008). As the first large-scale successful application of blockchain, Bitcoin,
with its decentralized and globally payable electronic cryptocurrency characteristics, laid

the foundation for the development of blockchain technology.

Since the birth of Bitcoin, blockchain technology has gone through multiple stages of

development, each with its own unique characteristics and representative applications.

In the blockchain 1.0 stage, which is the programmable currency stage, focused on digital

currencies, with Bitcoin enabling decentralized payments and challenging traditional



finance. This stage emphasized secure, trust less digital currency transactions (Nakamoto,

2008).

With the advancement of technology, Ethereum and smart contracts have become the focus,
and blockchain has entered the 2.0 stage, the "programmable finance" period. In this stage,
blockchain applications have expanded from digital currency to financial fields such as
stocks and clearing, aiming to improve the efficiency of financial transactions through

automation and intelligence and promote industry changes (Mukherjee et al., 2021).

In recent years, blockchain technology has entered the 3.0 stage, the "programmable
society" period, has seen blockchain applied beyond finance to areas like supply chain

management and IoT, enhancing transparency, traceability, and security (Chirag, 2025).

Currently, blockchain 4.0 technology is bringing innovative solutions to various industries,
supporting the automation, integration framework and enterprise resource planning
optimization of Industry 4.0, and promoting the modern industrial revolution by enhancing

privacy protection and security (Anwar et al., 2022).

In the evolution from 1.0 to 4.0, blockchain has gained great momentum in the market in
some form, and the technology continues to be more widely used around the world. Figure

1 clearly shows the development process of blockchain.
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Figure 1. Flow chart of blockchain development



2.2 The characteristics of blockchain
2.2.1 Decentralized

The decentralized architecture of blockchain is one of its core features, fundamentally
changing the traditional centralized management model. It enables the operation of the
system through a distributed network of nodes, where each node holds equal status and
rights. When a transaction occurs on the blockchain, it is not processed or verified by a
central node, but rather through a consensus mechanism among the distributed nodes
(Gochhayat et al., 2020). This approach ensures that even if some nodes fail or are attacked
maliciously, the system can continue to operate steadily as long as most nodes in the
network function properly. The decentralized architecture eliminates the need to trust a
single center, makes transactions more fair and transparent, and reduces the risks
associated with the misconduct of a central authority. Figure 2 illustrates the centralized
architecture, where all nodes are controlled by the central node, while figure 3 shows how

the distributed nodes operate.
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Figure 2. Centralized architecture
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Figure 3. Decentralized architecture

2.2.2  Immutable

The distributed ledger of blockchain is the key technical support to realize its tamper-proof
feature. Each block contains multiple transactions over a certain period of time, and the
hash value of the previous block. The hash value is a string of fixed-length numbers and
letters calculated by the block content through a specific hash algorithm, with uniqueness
and irreversibility. Once any change in the transaction information in the block, even if
only a character changes, the corresponding hash value will change dramatically. The hash
value of each block is closely linked to the hash value of the previous block, forming an
interlocking chain. This means that if you want to tamper with the transaction information
in a block, you have to tamper with the hash of all blocks after that block, which is almost
impossible in practice. Because there are many nodes in the blockchain network, each node
keeps a copy of the ledger. When a node tries to tamper with the data, other nodes can find
abnormalities by comparing their own saved ledger data, and refuse to accept the tampered
block (Maoning et al., 2018). Imaltered ledger data can also help regulators effectively
regulate the energy trading market and ensure the fair, just and orderly operation of the
market. Figure 4 shows the display of the hash tree. The top of the hash tree is the top hash,
also called the root hash or the master hash. Hash 0-0 and Hash 0-1 are the hash values for
data blocks L1 and L2, respectively. Hash 0 Is the hash value obtained after connecting
Hash 0-0 and Hash 0-1. If the data block changes, then the main hash will also change.
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Figure 4. Flow chart of hash tree

2.2.3  Anonymity

In blockchain transactions, the user's identity information is protected by encryption
technology. The user uses the public key and the private key to conduct transaction
signature and authentication. The public key is equivalent to the user's address and is used
to receive transaction information, while the private key is kept by the user himself and
used to sign the transaction. Although the transaction records are public, the outside world
cannot directly obtain the user's real identity information through the transaction records

(Lin et al., 2022).

2.3 How the blockchain works

The consensus mechanism is the core component of the blockchain. It is an algorithm for
reaching consensus between nodes in the blockchain network. It is used to solve the
problem of how multiple nodes in a distributed system can reach a consensus on the state
of data. In a blockchain network, since each node is independent of each other and there is
no centralized control agency, a consensus mechanism is needed to ensure that all nodes
reach a consensus on the generation of new blocks and the transactions recorded on the
blocks, thereby ensuring the consistency and reliability of the blockchain. Different
blockchain systems use different consensus mechanisms. Common consensus mechanisms

include Proof of Work (PoW), Proof of Stake (PoS), and Delegated Proof of Stake (DPoS).
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Proof of Work is a consensus mechanism adopted by blockchain in the early days. It
competes for the right to record by solving mathematical problems. In the Bitcoin network,
miners try different random numbers to perform hash operations until they find a hash
value that meets the conditions. This process consumes a lot of computing resources and
time because the result is random. The miner who successfully finds the hash value obtains
the right to record, adds a new block to the chain, and receives a Bitcoin reward. After
other nodes verify the legitimacy of the new block, they add it to their own copy of the
blockchain to achieve consensus across the entire network. However, its disadvantages
include high energy consumption and slow transaction processing speed, because miners
need to consume a lot of computing resources and energy, and block generation takes a

long time (Ferdous et al., 2022).

Proof of Stake is a relatively energy-efficient consensus mechanism. Its core idea is to
determine the right to record transactions based on the amount of cryptocurrency a node
holds and the length of time it holds it. In the Proof of Stake mechanism, nodes do not need
to perform a large amount of computation like in Proof of Work. Instead, they use a certain
amount of cryptocurrency as proof of stake. The more cryptocurrency a node holds and the
longer it holds it, the greater the probability that it will obtain the right to record
transactions. When a node obtains the right to record transactions, it generates a new block
and broadcasts it to the entire network. After receiving the new block, other nodes will
verify the legitimacy of the block. If the verification is successful, other nodes will add the
block to their own copies of the blockchain, thereby achieving consensus on the new block
among all nodes in the network (Islam et al., 2023). The advantages of the Proof of Stake
mechanism are low energy consumption and fast transaction processing speed, because it
does not require a large amount of computation, and the generation time of the block can
be dynamically adjusted according to the network load. This mechanism saves energy and
has a fast processing speed, but it may lead to the rich getting richer and there is a risk of

malicious behavior.

Delegated proof of stake improves the proof of stake mechanism by introducing proxy
nodes. Nodes vote to elect representative nodes, who are responsible for generating new
blocks and verifying transactions. The election of representative nodes is based on the
reputation and activity of the nodes, ensuring that the representative nodes are reliable and

fair. After the representative node records the new block, it broadcasts it. Other nodes
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verify the legitimacy and add it to the blockchain copy to achieve consensus across the
entire network. This mechanism improves transaction processing speed and efficiency,
reduces consensus time and cost, and enhances the scalability and stability of the system.
However, there may be a risk of collusion among representative nodes, which may affect

the operation of the blockchain and the interests of nodes (Pitale et al., 2024).

Among the other consensus algorithms, Proof of Capacity, Proof of Burn, Proof of Elapsed

Time, Practical Byzantine Fault Tolerance, etc., can be mentioned.

2.4 The potential of blockchain in the energy sector

With its unique advantages, blockchain technology has shown great application potential in
the energy field, bringing new opportunities and changes to the development of the energy

industry.

Firstly, blockchain optimizes the energy management process. It can monitor and manage
energy production, transmission, storage and consumption in real time, to achieve accurate
scheduling and optimal configuration (Zhu et al., 2019). In the production link, record the
operation data of equipment to help adjust the strategy and improve efficiency; in the
transmission link, monitor the line status, predict faults and ensure safety; in the storage
link, optimize the charging and discharge strategy to improve efficiency; in the
consumption link, and allocate energy intelligently according to user needs to reduce waste

(Zhou et al., 2022).

Secondly, blockchain supports smart contracts and automatic billing. Through smart
contracts, energy transactions can be executed and settled automatically, reducing costs
and improving efficiency (Nazari et al., 2021). Smart contracts define transaction terms in
the form of code, are deployed on the blockchain, and are executed automatically when the

conditions are met without human intervention.

In addition, blockchain improves transaction transparency and security. In the traditional
mode, transaction information is stored centrally, lack of transparency, and easy to produce
fraud. Blockchain data is open and transparent, anyone can query it, and encryption

algorithms ensure data security (Li et al., 2021).
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Finally, blockchain promotes competition and innovation in the energy markets. It
improves internal processes, customer service and costs for energy companies and utilities,
supports the development of distributed trading platforms and subverts traditional markets

operate, such as wholesale market management, commodity trading and risk management.

2.5 Blockchain application in electric vehicle trading

Electric vehicle owners can use smart devices to transfer excess electricity to the grid
through a blockchain energy trading network and become energy producers. The charging
and discharge equipment is connected to the blockchain node, and the discharge
information is recorded in the blockchain ledger in real time to ensure the authenticity of
the data. When the vehicle needs to be charged, the owner sets the charging conditions
through the mobile phone application, and the blockchain smart contract automatically
matches the qualified energy suppliers and performs the transaction (Liu et al., 2025).
Blockchain encryption technology ensures transaction privacy and security, and the
distributed architecture enhances system stability to avoid transaction interruption. This
model stimulates the energy vitality of electric vehicle energy trading market and promotes
the application and development of sustainable energy. Figure 5 is schematic diagram of

electric vehicle V2G mode.
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Figure 5. V2G mode of electric vehicle
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2.5.1 Advantages and disadvantages of Blockchain for EV prosumers

The application of blockchain in energy trading for EV prosumers has brought benefits to
power grid stability. By optimizing EVs charge and discharge scheduling, blockchain
technology can effectively reduce grid power fluctuations. The AdBEV solution
transforms the problem into an optimization problem with the goal of minimizing power
fluctuations by modeling EV charging requirements and combining power, voltage and
other constraints, thus significantly reducing the power fluctuation level of the power grid
(Liu et al., 2018). In addition, blockchain improves the dynamic regulation capacity of the
power grid by using a peer-to-peer energy transaction model that integrates electric
vehicles and intermittent green energy. Blockchain can effectively manage access to
renewable energy and electric vehicles during days and in real-time energy transactions,

reducing the impact of uncertainty on the grid (Hussain et al., 2024).

However, blockchain technology faces many challenges in the application of EV energy
trading, such as immutability becoming a problem in some scenarios requiring frequent
data modification, and the lack of sound regulations and standards affects its application in
EV energy trading. In addition, the complexity and potential security vulnerabilities of

smart contracts also limit its widespread application (Al-Saif et al., 2021).
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3 Grid peak optimization algorithm for electric vehicle producers

3.1 Data collection

The present work selected the 10 most popular electric vehicles being used in Finland in
2024 (Go-e, 2024), namely Tesla Model Y (EV Database, 2025; Tesla, 2025), Skoda
Enyaq (EV Database 2020; Skoda Suomi, 2025), Volkswagen ID.4 (EV Database, 2023;
Volkswagen Suomi, 2024), Volvo XC40 (Volvo, 2025; EV Database, 2022), BMW i4 (EV
Database, 2024; BMW, 2021), Peugeot 2008 (EV Database, 2021; Peugeot, 2025), Audi
Q4 (EV Database, 2024; Audi Finland, 2025), Volvo C40 (EV Database, 2024; Volvo,
2025), Tesla Model 3 (EV Database, 2023; Tesla, 2025) and Polestar 2 (EV Database,
2023; Polestar, 2025). After that, the data was collected from the official websites of the
electric vehicles, which is listed in Table 1 and Appendix 1. Appendix 1 covers all the
specific key parameters of the standard capacity, SOC range, and the maximum charging
power of the EVs. Table 1 presents only the data required for subsequent use in the
MATLAB. To ensure the accuracy and reliability of the data, this thesis also refers to the
information of the third-party data platform to cross-verify and correct the collected data.
Through the collection and analysis of these data, it hope to provide a solid foundation for

subsequent objective function building and optimization methods.

In subsequent steps, specific data on the maximum discharge power, charging efficiency
and discharge efficiency of the EVs need to be used. To obtain these data, it adopted the

following computational approach.

First, the maximum discharge power is estimated based on the peak power data provided
by the manufacturer, while taking into account the possible losses in the actual use. In this
thesis, the maximum EVs discharge power is calculated by (1). Where

represents the maximum power of the tram discharge, n is the efficiency of the inverter,
and is the total power of the tram. Specific data on the total power of each

vehicle type can be obtained in Appendix 1.

= x (1)
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Secondly, the charging efficiency of the EVs is the ratio of the energy actually stored into
the battery to the energy input from the grid. The actual energy stored into the battery is the
energy consumed by the EVs while driving. Charging efficiency is calculated according to
(2). Among them, represents the charging efficiency of the tram,  aygconsumption
represents the average energy consumption of the tram, that is, the energy consumed per
kilometer, represents the range of the EVs in the full charge state,
means the time it takes to charge from a certain quantity to the full charge, and
is the charging power of the tram. Specific data values for various models are
detailed in Appendix 1.

Eavg consumption *Lrange
N¢ arge = - p = x 100% 2)
Te arge time>Pc arge power

The discharge efficiency is the efficiency of converting chemical energy into electricity in
the discharge process, which also needs to be determined by referring to the manufacturer's
data. In this thesis, because the actual discharge energy and rated discharge energy data are
difficult to find, we used the energy consumption ratio as an index of discharge efficiency.
The energy consumption ratio reflects the overall energy efficiency and performance of the
EVs in the actual drive, including the battery discharge efficiency, motor efficiency and
transmission system efficiency. Although the energy consumption ratio does not directly
measure the discharge efficiency, it indirectly reflects the change of the battery discharge
efficiency by comparing the actual energy consumption with the rated energy consumption.
The specific values for each vehicle can be found in Appendix 1.

_ Evehicle consumption
Ndisc arge =7 % 100% 3)

Erated consumption

In practical applications, the discharge efficiency of electric vehicles discharging to the
grid should theoretically include the energy conversion efficiency of the entire system from
the battery to the grid port. When I was modeling, I mainly referred to the energy
consumption ratio of electric vehicles in actual driving as an estimation indicator of
discharge efficiency. There are two reasons why I chose to do this: First, car companies
have not yet disclosed the actual discharge efficiency data in the V2G scenario, especially
in the comparison of multiple models. It is difficult to unify the standards. Second,
although the energy consumption efficiency during driving is different from discharging to

the grid, it also reflects the energy loss of the battery discharge process and has a certain
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reference significance. In order to complete the modeling work under limited conditions, I

adopted this approximate substitution method. Of course, this treatment also brings

limitations to the accuracy of the model. In future research, if V2G test data can be

obtained, I will further revise the discharge efficiency parameters to improve the accuracy

and practicality of the model.

Table 1. Electric Vehicle Partial Data

Nominal | Maximum | Maximum | SOC Charge Discharge

BV Capacity | charging | discharge | Range efficiency | efficiency
power power
Tesla Model Y | 60 kWh | 170kW 213.4kW | 10%-80% | 83.499, 80.25%
Skoda Enyaq 82 kWh 135kW 203.7kW 10%-80% 84.79%, 91.89%
Volkswagen 82kWh 175kW 10%-80%
203.7kW 84.83% 88.05%

ID.4
Volvo XC40 69kWh 136kW 164.9kW | 10%-80% | 84.00% 86.34%
BMW i4 83.9kWh | 207kW 242.5kW | 10%-80% | 84.01% 85.09%
Peugeot 2008 | 50kWh 101kW 97kW 10%-80% | 83.39% 80.92%
Audi Q4 82kWh 143kW 145.5kW | 10%-80% | 84.35% 84.39%
Volvo C40 82kWh | 205kW 291kW 10%-80% | 84.71% 82.76%
Tesla Model 3 | 60kWh 170kW 201.76kW | 10%-80% | 83.69% 78.79%
Polestar 2 78kWh 149kW 291kW 10%-80% | 82.51% 79.38%

In the process of studying the characteristics of the Finnish power system, the thesis is

based on the resources provided by the Finnish power transmission system operator

Fingrid. Through the systematic data retrieval and mining process, the power consumption

data based on user classification in the Finnish distribution network was successfully
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obtained, in which the BE 12 category represents the electricity consumption of EVs
charging points (Fingrid, 2023). All of the data can be found in Appendix 2. In the thesis,
January 1,2024 was selected as the analysis object, and the data results can accurately
reflect the daily load characteristics and power demand distribution in the actual operation

of the Finnish power grid.

3.2 Objective function

The objective function is the core component of the optimization problem and defines
mathematical expressions that need to be maximized or minimized. And objective function
is usually expressed in J. In solving the optimization problem, the goal is to find the value
of one or more variables so that the objective function reaches the optimal solution. This
optimal solution can be a maximum value, a minimum value, or a certain value that
satisfies a certain condition. By defining objective functions, we can use mathematical
methods and tools to solve the optimization problem and thus find the best decision

scheme (Du et al., 2008).

In this thesis, an intelligent optimization model of power grid’s peak load for electric
vehicle producers is constructed to support power grid stability. Large-scale EV access to
the grid will significantly increase the total load of the grid, especially during peak
charging periods, which may cause burden on the stability of the grid. And the charging
demand for electric vehicles is highly volatile. Therefore, to construct an objective function,
minimizing the peak load of the grid is first considered, so as to achieve the effective
control and optimization of the peak load of the grid. Let T be the scheduling period, and
the day is divided into T periods, t = 1,2,..., T (generally 24 hours). N is the number of

electric vehicles involved in the transaction. () is the base power grid load in the t

period. The () is the charging power of the vehicle i in the t period. )
is the discharge power of the vehicle i in the period t. The sum item sums the charge
and discharge power difference of N devices to indicate the net impact of all devices on the
grid load. Minimizing the grid peak load is as follows in (4). The maximum value
represents the highest total power demand for all time periods. It calculates the peak load
of the grid, taking into account the base load of the grid, and the power of the electric

vehicle to charge and discharge. The minimum value indicates that the optimization is
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designed to minimize this peak load and ensure a more stable and balanced power demand
over time. In general, the objective function J aims to improve the stability and efficiency
of the power grid by minimizing the maximum load of the power grid at a certain point in

time.

)= min (r{‘@rx |Loria® + L, (P = P ())]) X
3.3 Constraints

3.3.1 Charge and discharge power limitation

In this thesis, the charge and discharge behavior of the EVs should be regulated by the
following constraints to ensure that its power operation is within a safe range and meets the
requirements of the power grid dispatching. In addition to the variables mentioned in 3.2 of
this thesis, it is also necessary to introduce a new binary variable, representing the charge

and discharge state of the EVs. The constraints are explained below.

Charging power constraint is given in (5), where P ™ s the maximum charging
power of the i-th electric vehicle. This constraint indicates that the charging power should
be non-negative and should not exceed its upper limit, and the charging power can be

greater than zero only if () =1.

0< P::harge(t) < Picharge, max Ui(t) (5)

discharge, max

, , max is the maximum

The charge power constraint given in (6), where P
discharge power of the ith electric vehicle. This constraint requires that the discharge
power be non-negative and does not exceed its upper limit, and that the discharge power

can be greater than zero only if () =0.
0< Pidischarge(t) < I:,;ﬁscharge, max (1 —Ui(t)) (6)

Charge and discharge are mutually exclusive, and the binary variable () ensures that the
EVs can only be in a mode of either charging or discharging at any time, avoiding the
simultaneous charge and discharge operation. When u;(t) =1, the electric vehicle is in

charge mode. When u;(t) = 0, the electric vehicle is in discharge mode.
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By limiting the range and state mutual exclusivity of charge and discharge power, the
energy management behavior of the EVs conforms to the equipment safety requirements
and the power grid dispatching logic. The charging power constraint prevents the battery
damage by overload charging, while the discharge power constraint avoids the reverse feed
beyond the carrying capacity of the grid, while the binary variables further improve the
stability of the system through state isolation.

3.3.2 SOC limitation

In order to optimize the charging and discharge behavior of electric vehicles and ensure
their coordinated operation with the power grid, this study establishes key constraints

covering the state of charge, including:

Dynamic energy balance, the SOC of the EVs with time is determined by the charge and

discharge power and efficiency. The dynamic equilibrium equation is provided as (8):

charge I:>:1ischarge ®
SOC;(t) = SOCi(t = 1) + 1N argeP; O (DAt ———At (8)

Ndisc arge

In (8), in addition to the variables mentioned above, ( —1) represents the SOC at
the previous time, and At is the time step. Equation (8) shows that the current SOC is
calculated from the previous level of SOC super-positioning charging energy and

deducting the discharge energy both by considering the efficiency loss.

Under the energy storage capacity constraint, the SOC of the electric vehicle should always
be within the upper and lower limits of the safe operation of the battery to prevent the
damage to the battery life caused by excessive charge and discharge. For the i-th electric

vehicle, the SOC constraint can be expressed as (9):
SOCMM < SOC;(t) < Socm )

() is the state of charge of the i-th electric vehicle at time t. and
are the minimum and maximum SOC thresholds, respectively, usually determined by the
discharge depth and manufacturer specifications. All data on SOC in this article are

available at the manufacturer.
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Travel demand constraints, in order to ensure that the electric vehicle has sufficient power
in the user's planned period T, it is necessary to force its SOC to be no less than the

minimum demand value as in (10).
SOC;(T) = soc;eaire (10)

SOC constraints interact with the power grid, support electric vehicles to participate in the
power grid load regulation, balance supply and demand, and improve the stability of the
power grid. Clear SOC boundary conditions and dynamic equilibrium mechanisms provide
a feasible operational framework for the charging optimization model, ensuring that the
optimization results are operable in practical applications. SOC constraint is crucial in
battery health management, user demand guarantee and power grid optimization, and is an

important part of the optimization model.
3.3.3 Power grid load value limitation

Among the constraints for the interaction between electric vehicle charging and the power

grid, grid load balance is a key constraint. Where () represents the total load of the

power grid at time t.

Pgrid(t) = Lgrid () + :\Izl (Picharge(t) - P?ischarge(t)) (11)

The physical meaning of this constraint is that the total load of the power grid is
determined by the base load and the charging and discharging behavior of the vehicle.

When the EV is charging, its charging power P{™%(t) increases the load on the grid;

discharge
i

when the EV is discharging, its discharging power P (t) reduces the load on the grid.
Therefore, the charging and discharging behavior of the EVs can be used as a flexible load

regulation method to balance the supply and demand relationship of the power grid.
3.4 Optimization method

This thesis uses the mixed integer programming (MILP) method to solve the power grid
peak optimization problem. MILP is a mathematical programming method suitable for

optimization problems that contain both continuous variables and integer variables. It can



22

effectively handle complex constraints and find the global optimal solution (Wu, 2023). In
this problem, the charging and discharging power of the EVs is a continuous variable,
while the charging and discharging status is a binary variable, so MILP is an ideal choice.
The MILP method accurately captures the core characteristics of the EVs charging
optimization problem while ensuring the solvability of the problem by modeling the
problem as a combination of a linear objective function and linear constraints, and

introducing integer variables to characterize discrete decisions.

The solution of the MILP problem is implemented by the ‘intlinprog™ function of
MATLAB, which supports the definition of linear objective functions, linear constraints,
and integer variables. The parameters of the solver are set to a maximum solution time of
600 seconds and a relative tolerance of 1% to ensure that a high-quality optimization
solution is obtained within a reasonable time. The optimization results include the charging
and discharging power, charging and discharging status, and peak load of each electric
vehicle. By analyzing the optimization variable values, the SOC change of each electric
vehicle and the optimized grid load are calculated. The optimization results are analyzed
by MATLAB's visualization tools, including drawing grid load comparison charts and
SOC change charts. These graphics intuitively show the optimization effect and verify the
effectiveness of the model. MATLAB played an important role in this study, providing
powerful mathematical modeling tools, efficient solvers, and intuitive visualization
functions to achieve the modeling, solution, and result analysis of the electric vehicle
charging and discharging optimization problem. Figure 6 is a flowchart of this thesis using

MATLAB optimization, which clearly shows how to optimize the function.

Start

:

G Building an : Solving Extract results
Initialization Lo Setting . s there a feasible
—> optimization [ ; | optimization solution? and
Parameters Constraints :
model problems draw figures
)
Check

constraints

Figure 6. Optimization algorithm flow chart
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3.5 Results and discussion

3.5.1 Power grid analysis

This thesis aims to optimize the charge and discharge powers of electric vehicles based on
blockchain technology, so as to reduce the peak load of the power grid and improve the
stability and efficiency of the power grid operation. Figure 7 shows the comparison of the
original grid load curve and the optimized grid load curve. Original load refers to the grid
load of the Finnish distribution network for electric vehicle charging points. And
Optimizing load represents the grid load at the electric vehicle charging point after
optimizing the charging and discharging of electric vehicles. From the overall trend, the
original grid load curve and the optimized grid load curve show obvious differences.
Within 24 hours a day, the original grid load curve shows a large fluctuation range. From
early morning to morning, the load shows a slow upward trend. At around 15: 00, the load
reaches a significant peak. In the afternoon, the load begins to gradually decrease, but there
is another secondary peak at around 17: 00. In contrast, the overall fluctuation range of the
optimized grid load curve is significantly reduced, and the curve is smoother. The
optimization strategy effectively reduces the peak part of the original curve, which
significantly reduces the peak at noon and in the evening. In the valley period, the

optimized load curve does not appear too low, but increases some load.

»10% Grid load ison (kW)

= Original load |
= = *Optimizing load

25
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Figure 7. Grid load comparison
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The comparison curve shows that the peak load of the power grid decreases from 25,065
kW to 23,016.3kW. Especially at the original load peak period of around 15:00, the
optimized load curve shows an obvious peak cutting effect, which is crucial to prevent the
instantaneous overload of the power grid. However in 10-13 period during the peak,
optimization curve and the original curve almost overlap, because the time grid load is
higher, and electric vehicles limited by battery SOC lower limit and maximum discharge
power, which cannot completely offset the grid demand. And charge and discharge
efficiency loss, lead to optimization effect in this interval to saturation state. In addition, in
order to meet the final SOC requirements for electric vehicles, the system must be

recharged, which also slightly increases the optimized load in some periods.

This shows that based on the current optimization algorithm, by reasonably allocating the
charging and discharging behavior of adjustable loads such as electric vehicles. The
electricity demand originally concentrated in the peak period is dispersed to the valley
period, avoiding overload of the grid load at peak times, and also improving the utilization
rate of electricity in the valley period, thereby improving the stability and efficiency of the

entire grid operation.

3.5.2 Electric vehicles state analysis

Figure 8 shows the charging and discharging power of 10 electric vehicles at different time
periods. Figure 9 is the SOC status of 10 electric vehicle batteries. Then, both sets of figure

8 and figure 9 were analyzed.

From the overall curve, the charging power of each vehicle shows obvious changes in
different periods. Although the charging efficiency fluctuates between 83% and 85%,
small differences may still affect the charging time and power performance. The charging
power of multiple vehicles peaks at the same time, indicating that the vehicles are centrally
charging during these periods. The peak size of the charging power varies between
different vehicles, which is related to the parameters of the vehicle itself on the one hand,
and is also affected by the charging efficiency on the other hand. Vehicles with relatively
high charging efficiency, such as the EV 8§, are able to obtain a higher charging power in

the same charging time, thus showing a higher peak on the figure 8. In addition, all
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vehicles avoid charging during peak hours, so there are significant differences in charging
arrangements, and the distribution of the charging process on the timeline is relatively

scattered.

Figure 8 shows that the discharge power presents a pulsed distribution, and it is mainly
concentrated in the time period of time 13-18. Usually, 13-18 hours is the peak time of the
power grid. In order to maintain the stability of the power grid, EVs may discharge in
response to the demand side management strategy, and feedback the power to the power
grid, playing the role of "peak shaving". The difference in peak discharge power of
different EVs is determined by battery capacity, discharge power limits, and grid
dispatching priorities. The EVs with high discharge efficiency prefers to discharge during
the periods of higher electricity price, in order to obtain higher economic benefits. The EVs
with low discharge efficiency may reduce the discharge to avoid energy loss, and the lower

SOC limit limits the discharge time.

EV Charging Power Over Time

&
|

8
T

g
\

g

Charglng Power (kW)

g

Time (h)

EV Discharging Power Over Time

M

0 5 10 15
Time (h)

ey

g
T

Dlscharging Powsr (kW)
8
I

8
T

[
-
-

Figure 8. EVs charging and discharging power

In figure 9, the curves of different colors correspond to the trajectory of the charge states of
different vehicles over time. It can be observed that the SOC of each vehicle showed a
significant upward and downward trend in different periods. SOC rises rapidly when the

vehicle is charged, and SOC decreases when the vehicle is discharged state. Similar
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trajectories of SOC change exists in some vehicles, which is mainly due to the fact that
these vehicles follow the same constraints during charge and discharge. The SOC change
trajectories of some EVs overlap because the charging and discharging efficiencies of
some EVs are the same, resulting in the same SOC curves. And the initial SOC status of

EV is the same, and all its SOC curves have the same slope.

All EV SOC Trajectories
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Figure 9. All EVs SOC results

Through the charging and discharging figures, this thesis can intuitively observe the
change of EV charging power with time, and understand the charging load size of electric
vehicles in different periods. Combined with the change of the vehicle charge state in the
SOC state figure of all EVs, the subsequent charging demand of the vehicle can be inferred.
According to this information, the power grid dispatching personnel can adjust the power
generation plan and power grid operation mode in advance, reasonably arrange the power
resources, avoid the power grid overload caused by the sudden increase of charging load of

electric vehicles, and improve the stability of the power grid operation.

For the EVs discharging figures, when it is observed that electric vehicles discharge
regularly during the peak load period of the grid, and the discharge power matches the load
demand of the grid, it indicates that the discharge of electric vehicles can be used to relieve

the peak load pressure of the grid. By analyzing these figures, the power grid dispatching
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department can optimize the demand side response strategy, encourage more electric
vehicles to participate in the discharge at the appropriate time, realize peak load shifting
and valley filling, smooth the power grid load curve to improve the stability of the power

grid.

When electric vehicles discharge to the power grid as a distributed power source, analyzing
their charging and discharging figures and SOC status figures helps the power grid to
accurately grasp the output characteristics of these distributed power sources. If a large
number of electric vehicles are both in a high SOC state and have the discharge capacity,
the grid can regard them as a distributed power source and flexibly call them to discharge
when the grid needs them to supplement the power supply of the grid. At the same time,
according to the distribution of the state of charge of each vehicle in the SOC state figure,
the discharge order and discharge amount of different vehicles are reasonably arranged to
avoid battery damage caused by excessive discharge of individual vehicles, which affects
their subsequent use and ability to participate in grid interaction. This ensures the
effectiveness of distributed power management of the grid and the stable operation of the

grid.
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4 Conclusions

With the help of blockchain technology, this thesis deeply explores the energy trading
mode of EV manufacturers, and constructs the electric vehicle energy trading system based
on blockchain, aiming to realize the peak load optimization of the power grid, and improve

the stability of the power grid.

In the process of the thesis, the data of 10 popular electric vehicles in Finland in 2024 and
the classified electricity consumption data of Finnish power grid users were collected. On
this basis, an optimization model aiming to minimize the peak load is constructed, and the
peak load optimization problem is transformed into a mathematical expression. At the
same time, constraints such as charging and discharge power limitation, SOC limitation,
power grid load value limitation are set, so as to ensure the safety and rationality of
charging and discharge behavior of electric vehicles and make them meet the requirements
of power grid dispatching. The mixed integer programming (MILP) method is used to
solve the optimization problem, and the modeling, solution and result analysis are realized

with MATLAB.

From the results, the peak load of the power grid is reduced after the optimization based on
blockchain technology for the charging and discharge power of electric vehicles. The
fluctuation range of the optimized power grid load curve is significantly reduced, and the
curve is smoother. This effectively reduces the overload risk of the power grid in the peak
hours, improves the power utilization rate during the trough periods, and improves the
stability and efficiency of the overall operation of the power grid. From the analysis of EV
status, the charging power of each vehicle changes significantly in different periods and
avoids centralized charging during peak hours, the discharge power is pulse distributed
during peak hours and plays the role of "peak shifting". By analyzing the charging and
discharge data of electric vehicles and SOC status, the power grid dispatcher can adjust the
power generation plan and power grid operation mode in advance, reasonably arrange the

power resources, and ensure the stable operation of the power grid.

Nevertheless, the application of blockchain in electric vehicle energy transactions faces
challenges in order to maintain the stability of the power grid. A sample size of 10 electric

vehicle models may be too limited to fully reflect the true diversity of battery performance
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or user behavior. The optimization model assumes ideal conditions, but ignores actual
conditions such as battery degradation, the real travel needs of electric vehicle users, and
the availability of V2G infrastructure. The differences in grid characteristics in different
regions are not taken into account. Future research should incorporate larger, real-world
datasets to test the efficiency of a hybrid blockchain architecture and explore multi-
objective optimization to balance grid stability. Pilot implementation is needed to verify
the economic and technical feasibility of the system. In the future, further research is
needed to solve these problems, promote the wide application of blockchain-based electric
vehicle energy trading system, promote the deep integration of electric vehicles and the
power grid, promote the innovative development of the energy market, effectively reduce
the overload risk of the power grid, and improve the stability and reliability of the power

grid.
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Appendix 1. Key parameters for electric vehicles

This appendix lists in detail the key parameters of the 10 electric vehicles involved in the
study, including standard capacity, SOC range, maximum charging power, maximum
discharging power, charging efficiency, and discharging efficiency. These parameters are
derived from the official websites of various electric vehicles and cross-validated with
third-party data platforms to ensure the accuracy and reliability of the data. They are an
important basis for constructing the objective function and constraints in the peak load
optimization algorithm of the power grid, and provide basic data support for subsequent

model solving and result analysis.

e Vehicle Rated Discharge Maximum Average Range  CharEe Charging Charge Total R Max
Consumption Consumption Efficiency Charging Power Consumption Time Power Efficiency Power Discharging Power

Tesla Model Y 126 157 0.802547771 170 0.164 350 6.25 1 0.834909091 220 0.97 213.4
Skoda Enyaq 136 148 0.918918919 135 0.171 450 8.25 11 0.847933884 210 0.97 203.7
Volkswagen ID.4 140 159 0.880303145 175 0.173 445 8.25 11 0.848319559 210 0.97 203.7
Volvo XC40 158 183 0.863387978 136 0.203 330 7.25 1 0.84 170 0.97 164.9
BMW i4 137 161 0.850931677 207 0.157 515 8.75 1 0.840051948 250 0.97 242.5
Peugeot 2008 140 173 0.809248555 101 0.178 260 7.5 7.4 0.833873874 100 0.97 o7

Audi Q4 146 173 0.843930636 143 0.189 405 8.25 11 0.843471074 150 0.97 145.5
Volvo C40 144 174 0.827586207 205 0.198 400 8.5 11 0.847058824 300 0.97 201

Tesla Model 3 104 132 0.787878788 170 0.137 420 6.25 1 0.836945455 208 0.97 201.76
Polestar 2 154 194 0.793814433 149 0.192 390 8.25 11 0.825123967 300 0.97 201



Appendix 2. Electricity consumption by user group in Finnish distribution networks

This appendix presents power consumption data categorized by user in Finland's
distribution network, where the BE 12 category represents electricity usage at electric
vehicle charging points. The data is sourced from Fingrid, the Finnish transmission system
operator, and analyzed using January 1, 2024, data to accurately reflect the daily load
characteristics and power demand distribution in Finland's grid during actual operation.
These data are used in research to analyze the impact of electric vehicle charging behavior
on grid load, serving as a crucial reference for evaluating the effectiveness of optimization

algorithms.

startTine endTime Electricity consumption byadditionalJson

2023-12-31723:00:00. 0002 2024-01-01700:00:00. 000Z {"TimeSeriesType”
01-01T00: 00: 00. 0 2024-01-01T01:00:00. 0002 {*TimeSeriesType
01-01T01:00: 00. O 2024-01-01702:00:00. 0002 53 (“TimeSeriesT;
01-01T02: 00: 00. 0 2024-01-01T03:00:00. 0002 {*TimeSeriesType
01-01T03:00:00. 000Z 2024-01-01T04:00:00. 0002 4817.432 {"TimeSeriesType’
01-01T04: 00: 00. 000! 2024-01-01T05: 00:00. 0002 5098.09 {“TimeSeriesType
01-01T05:00: 00. 000! 2024-01-01T06: 00: 00. 0002 4 {"TimeSeriesType”: "
01-01T06::00: 00. 000 2024-01-01T07:00:00. 000Z 5047.463 {"TimeSeriesType
01-01T07:00: 00. 000! 2024-01-01T08:00:00. 000Z 5632.855 {"TimeSeriesType
01-01T08: 00: 00. 000 2024-01-01T09: 00: 00. 0002 7035.793 {"TimeSeriesTy
01-01T09: 00: 00. 000! 2024-01-01T10:00:00. 0002 11665.36 {"TimeSeriesType
01-01T10: 00: 00. 000! 2024-01-01T11:00:00. 000Z 17000. 821 {“TimeSeriesType’
01-01T11: 00: 00. 000! 2024-01-01T12:00:00. 0002 21434.665 {"TimeSeriesType
01-01T12: 00: 00. 000! 2024-01-01T13:00:00. 000Z 23631.523 {"TimeSeriesType
01-01T13:00: 00. 000! 2024-01-01T14:00:00. 0002 25065. 033 {"TimeSeriesType
01-01T14:00: 00. 000! 2024-01-01T15:00:00. 000Z 23324. 717 {"TimeSeriesType
01-01T15: 00: 00. 000! 2024-01-01T16:00:00. 0002 23687.639 {"TimeSeriesType
01-01T16:00: 00. 000: 2024-01-01T17:00:00. 000Z 20311.556 {“TimeSeriesType
01-01T17:00: 00. 000! 2024-01-01T18:00:00. 0002 17407. 439 {"TimeSeriesType’
01-01T18:00: 0. 000: 2024-01-01T19:00:00. 000Z 14734.516 {"TimeSeriesType
01-01T19: 00: 00. 000! 2024-01-01T20:00:00. 0002 11552. 583 {"TimeSeriesType’
01-01T20: 00: 00. 000! 2024-01-01T21:00:00. 0002 9343.033 {"TimeSeriesType”:"CTT_SUM_CONS_ACP_USERGROUI
01-01T21: 00: 00. 000! 2024-01-01T22:00:00. 0002 8348.666 {"TimeSeriesType”:"CTT_SUM_CONS_ACP_USERGROUP”, °
01-01T22:00:00. 000Z 00.0002 6881.344 {"TimeSeriesType”:"CTT_SUM_CONS_ACP_USERGROUP”, "

“CTT_SUM_CONS_ACP_USERGROUP", *

024-01-01T01:00: 00:
4-01-01702:00: 00;
4-01-01703:00: 00;
4-01-01T04:00: 00;
2024-01-01T05:00: 00!
4-01-01T06:00: 00;
2 "2024-01-01T07: 00: 00!
4-01-01T08:00: 00;
2 "2024-01-01T09: 00: 00!

‘CTT_SUM_CONS_ACP_USERGROUP”, ]
“CTT_SUM_CONS_ACP_USERGROUP”, "
'T_SUM_CONS_ACP_USERGROUP”, *
“CTT_SUM_CONS_ACP_USERGROUP”, "
“CTT_SUM_CONS_ACP_USERGROUP", *
“CTT_SUM_CONS_ACP_USERGROUP”, "
“CTT_SUM_CONS_ACP_USERGROUP", *
“CTT_SUM_CONS_ACP_USERGROUP”, "
“CTT_SUM_CONS_ACP_USERGROUP", *
“CTT_SUM_CONS_ACP_USERGROUP”, "
“CTT_SUM_CONS_ACP_USERGROUP", *
'T_SUM_CONS_ACP_USERGROUP”, "
“CTT_SUM_CONS_ACP_USERGROUP", *
‘CTT_SUM_CONS_ACP_USERGROUP”, ]

“ReadlS”
“ReadTS”
, “ReadTs”

2024-01-01T18:00: 00!

4-01-01T21:00: 00;
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