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Abstract: This paper designs the integrated charging station of PV and hydrogen storage based on
the charging station. The energy storage system includes hydrogen energy storage for hydrogen
production, and the charging station can provide services for electric vehicles and hydrogen vehicles
at the same time. To improve the independent energy supply capacity of the hybrid charging station
and reduce the cost, the components are reasonably configured. To minimize the configuration
cost of the integrated charging station and the proportion of power purchase to the demand of the
charging station, the energy flow strategy of the integrated charging station is designed, and the
optimal configuration model of optical storage capacity is constructed. The NSGA-II algorithm
optimizes the non-inferior Pareto solution set, and a fuzzy comprehensive evaluation evaluates the
optimal configuration.

Keywords: integrated charging station; hydrogen storage; optimized configuration; NSGA-II

1. Introduction

China is an enormous energy-consuming country, and most fossil fuels such as oil
depend on imports [1]. The general use of fossil fuels has caused increasing air pollution
and an energy crisis [2,3]. Therefore, renewable energy is quickly developed, especially
photovoltaic power generation, wind power, storage hydrogen, and fuel cell [4–6], and
used in related scenarios. Although renewable energy provides us with convenience, they
also have some shortcomings. They are challenging to take advantage of due to the ran-
domness of the effort [7]. A new application direction is to provide power for new energy
vehicles [8,9]. New energy vehicles have become a vital travel tool because of their low
dependence on traditional energy and green emission-free environmental protection [10].
With the rapid development of electric vehicles, charging facilities providing services
have also been paid attention to. As the power grid purchase of charging stations also
indirectly causes high carbon emissions, charging stations that consider the combination
of distributed renewable energy have a bright future. The 14th five-year plan proposes
to plan the future industry prospectively: organize and implement the future industry
incubation and acceleration plan in frontier fields such as hydrogen energy and energy
storage. Under the dual carbon goal, hydrogen energy as a clean energy future has been
written into the development plan of 30 provinces.

Cheng et al. [11] proposed a double objective mathematical model that comprehen-
sively minimizes charging station cost and the highest photovoltaic utilization rate, con-
strained by the range of decision variables, power balance, and energy storage variables.
NSGA-II multi-objective genetic algorithm is used to optimize the configuration of the
charging station. Zhang et al. [12] takes the load demand of electric vehicles as the premise,
combined with the advantages of quasi energy storage performance of electric vehicle
power station switching mode. It considers the multi-objective of minimum construction
cost and minimum power shortage loss cost. The differential evolution algorithm solves
the optimal configuration results of solar energy storage and charger capacity. Lu et al. [13]
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construct a hybrid copula function to describe the correlation between photovoltaic power
generation and electric vehicle demand. Under the constraints of volatility and confidence,
an improved invasive weed optimization algorithm based on differential evolution strategy
is used to optimize the energy storage configuration. Sun and Li [14,15] considers the
optimized cycle life of the battery in the optimal configuration to reduce the total cost and
improve the utilization rate. Li et al. [16] proposed an optimization strategy of energy
storage capacity of optical storage and charging station considering orderly charging of
electric vehicles.

At present, the research on the optimal configuration of charging stations primarily
focuses on the coordination and optimization between wind power generation, diesel
generator, and battery energy storage and rarely takes hydrogen energy into account.
Hydrogen has many advantages, such as clean and pollution-free, high combustion calorific
value, and energy storage. If it can be used reasonably, it will have a high utilization value.
This paper integrates hydrogen energy storage into charging stations, establishes two forms
of energy flow, and establishes comprehensive charging stations that can serve EV and HV
new energy vehicles. Firstly, the structure of the optical storage integrated charging station
and the operation mode of each component is introduced. Secondly, the capacity flow
strategy of the charging station is designed. Finally, according to the charging demand of
electric vehicles and hydrogen fuel electric vehicles, the optimal optical storage capacity
allocation model is constructed to minimize the integrated charging station’s operation cost
and power purchase proportion. The NSGA-II algorithm optimizes the non-inferior Pareto
solution set, and the component configuration is determined by fuzzy comprehensive
evaluation.

The remainder of the paper is organized as follows. Section 2 introduces the structure
of the integrated charging station and the operation mode of each component. Section 3
designs the capacity flow strategy and the optimization model. Section 4 describes the
optimization model solution. Section 5 describes the cases. Finally, Section 6 concludes.

2. Structure and Component Mathematical Model of Integrated Charging Station
2.1. Structure of Integrated Charging Station

Structure of integrated charging station the system structure of the optical storage
integrated charging station studied in this paper is shown in Figure 1. It mainly includes
photovoltaic, battery, electrolytic cell, hydrogen tank, fuel cell, converter, etc.
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2.2. Component Mathematical Model

Module mathematical model photovoltaic output power is related to many factors,
mainly light intensity and ambient temperature. The output power formula is given as:

Ppv = Ppv−STC
GT(t)
GSTC

(1 + (TC − TSTC)) (1)

where GT and TC each represent the sunlight intensity and the environmental temperature.
Under standard conditions, the light intensity and temperature are 1 kilowatt per square
meter and 25 centigrade, respectively. Ppv−STC is the rated power of the photovoltaic board
given by the supplier.

The charge state of the remaining charge and discharge is modeled as:

SOC(t) = SOC(t − 1) +
ηPB∆t

EB
(2)

where EB is the rated energy storage capacity, PB is the charging and discharging power of
energy storage, η is the operating electrical efficiency of energy storage, and the time step
is one hour.

The hydrogen energy storage system has two functions: on the one hand, it is the
same as the battery, and on the other hand, it provides hydrogen load for hydrogen-fueled
electric vehicles.

Hydrogen is produced by electrolyzing water with electric energy consumed for
photovoltaic power generation. The hydrogen production formula is modeled as:

Hwe = Pweηwe/HHV (3)

where Hwe is the output power of photovoltaic power generation for hydrogen production,
ηwe is the working efficiency of the electrolytic cell, and it takes 86%.

The hydrogen tank stores hydrogen at every moment. The use of electrolytic cells
and the fuel cell is independent of each other. It can charge and discharge hydrogen
simultaneously and conduct comprehensive modeling in combination with HV demand,
unlike the battery. The time interval is one hour, and its hydrogen storage capacity is
modeled as:

H(t) = H(t − 1) + Hwe(t − 1)− Hl(t − 1)− H f c(t − 1) (4)

H(t) = H0, t = 0 (5)

where H is the hydrogen content of the hydrogen storage tank, Hl and H f c are the hydro-
gens provided to hydrogen fuel vehicles and fuel cells, respectively. The capacity of the
hydrogen storage tank at the initial time is not equal to zero.

Fuel cells use hydrogen and oxygen as fuel to convert chemical energy into electrical
energy for storage. The output power can be expressed as:

Pf c = H f cη f c HHV (6)

where Pf c is the output power of electricity generated by burning hydrogen, and η f c is the
working efficiency of the fuel cell, and it takes 60%.

3. Optimized Configuration Model
3.1. Energy Flow Strategy

The energy flow strategy of the integrated station affects the output between various
components. The energy flow control strategy proposed in this paper is shown in Figure 2.
For the difference between EV and HV demand of service, four operation strategies are
specified to determine the operation of battery and hydrogen energy storage system:
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a: If the requirements of EV and HV are met., the remaining power of photovoltaic power
generation will charge the battery in turn, the electrolytic cell will store hydrogen,
and finally, the remaining power will be connected to the grid.

b: If the requirements of EV are met, the requirements of HV are not met. The remaining
power of photovoltaic power generation is first used for electrolytic hydrogen storage
in the electrolytic cell. When used for battery charging, HV is still in shortage and is
supplemented with purchased standby hydrogen.

c: If the requirements of HV are met, the requirements of EV are not met. The primary
discharge of battery and fuel cells provides the demand for EV, finally supplemented
by the power grid.

d: There is a shortage in EV and HV demand. The EV demand is discharged by the
battery first, and the power grid will supplement the power shortage. HV needs to
purchase a standby hydrogen supplement.

Energies 2021, 14, x FOR PEER REVIEW 4 of 13 
 

 

a: If the requirements of EV and HV are met., the remaining power of photovoltaic 

power generation will charge the battery in turn, the electrolytic cell will store hy-

drogen, and finally, the remaining power will be connected to the grid. 

b: If the requirements of EV are met, the requirements of HV are not met. The remaining 

power of photovoltaic power generation is first used for electrolytic hydrogen stor-

age in the electrolytic cell. When used for battery charging, HV is still in shortage and 

is supplemented with purchased standby hydrogen. 

c: If the requirements of HV are met, the requirements of EV are not met. The primary 

discharge of battery and fuel cells provides the demand for EV, finally supplemented 

by the power grid. 

d: There is a shortage in EV and HV demand. The EV demand is discharged by the 

battery first, and the power grid will supplement the power shortage. HV needs to 

purchase a standby hydrogen supplement. 

Start

Read the meteorological data to obtain 

the photovoltaic output power Pv

t=0

Pv-Pl>0

H-Hl>0 H-Hl>0

t=t+1

a

b

c

d

t>T

End

Y

N

Y N

Y

N

Y

N

 

Figure 2. Energy flow strategy of the integrated charging station. 

3.2. Optimization Model 

This paper mainly studies the configuration of each component of the charging sta-

tion. The optimization variables are the capacity of each component of the integrated 

charging station, photovoltaic, battery, and hydrogen energy storage system. The objec-

tive of optimized configuration mainly considers the economy and autonomous operation 

ability of the component configuration of the integrated charging station. 

The first goal is that the system has the smallest operating cost, which includes the 

investment cost, maintenance costs, replacement costs, purchasing electricity costs, and 

sales of electricity consumption. 

1 1 2 3 4min F C C CRF C C   （ ）  (7) 

1C  and 2C  each represent the investment cost and maintenance cost of the configu-

ration components, 3C  represents the operation cost of the total station, 4C  represents 

the income from selling electricity to the power grid, CRF represents the component an-

nualized coefficient. 

Figure 2. Energy flow strategy of the integrated charging station.

3.2. Optimization Model

This paper mainly studies the configuration of each component of the charging station.
The optimization variables are the capacity of each component of the integrated charging
station, photovoltaic, battery, and hydrogen energy storage system. The objective of
optimized configuration mainly considers the economy and autonomous operation ability
of the component configuration of the integrated charging station.

The first goal is that the system has the smallest operating cost, which includes the
investment cost, maintenance costs, replacement costs, purchasing electricity costs, and
sales of electricity consumption.

minF1 = (C1 + C2)CRF + C3 − C4 (7)



Energies 2021, 14, 7087 5 of 12

C1 and C2 each represent the investment cost and maintenance cost of the configuration
components, C3 represents the operation cost of the total station, C4 represents the income
from selling electricity to the power grid, CRF represents the component annualized
coefficient.

The investment cost is expressed as:

C1 = Ppvepv + Pbaeba + Pweewe + Pf ce f c + HeH (8)

where Ppv, Pba, Pwe, Pf c are the installed capacity of the photovoltaic, battery, electrolytic
cell, and fuel cell, respectively; H is the capacity of hydrogen tank; epv, eba, ewe, and e f c are
the unit prices of corresponding components respectively.

Maintenance cost is expressed as:

C2 = C1K (9)

Represents the annual maintenance coefficient of the component, with a value of 0.1.
Running cost is expressed as:

C3 = 365(
24

∑
t=1

eHiHG(t) +
24

∑
t=1

eGiPGi(t)) (10)

The prices of electricity purchase and standby hydrogen purchase of eHi and eGi power
grid. HG and PGi are the standby hydrogen and power purchased by the power grid in
each period.

Income from surplus power on the grid is expressed as:

C4 = 365
24

∑
t=1

eGoPGo(t) (11)

where PGo and eGo are on grid power and on grid electricity price respectively.
The expression for annualized coefficient is:

CRF =
r(1 + r)y

(1 + r)y − 1
(12)

where r is the actual annual interest rate, taken as 4% in this paper [17], and y is the active
life of the component.

Another goal is self-operative operation. Mainly, the purchase of electricity and
hydrogen consumption in the mixed charging station accounts for the least customer
demand.

minF2 =

T
∑

n=1
PGi(t)

T
∑

n=1
Pl(t)

(13)

minF3 =

T
∑

n=1
HGi(t)

T
∑

n=1
Hl(t)

(14)

Electric power balance constraint and hydrogen balance constraint are given as:

Pl = Ppv + Pwe + Pba + Pf c + PG (15)

Hl = H + HG + Hwe − H f c (16)
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Grid supply constraint is given as:

PG ≤ PGmax (17)

where PGmax is the ultimate output power of the grid.
Energy storage state of charge constraint is given as:

SOCmin ≤ SOC(t) ≤ SOCmax (18)

where SOCmax, SOCmin are the maximum and minimum state of charge of battery energy
storage.

4. Optimization Model Solution
4.1. Optimize Process

In this paper, the optimization objective is to minimize the configuration investment
and operation and maintenance cost of the integrated charging station and the energy
purchase proportion. NSGA-II is one of the main algorithms [18]. NSGA-II algorithm is
used to optimize each component’s configuration gradually, and a set of Pareto optimal
solutions is obtained. The specific optimization process is as follows: initial parameter
value setting, population initialization, fast non dominated sorting, calculation of virtual
fitness, selection, crossover and mutation, elite strategy, and repeated sudden cycle to the
end of the iteration. The specific process is shown in Figure 3.
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4.2. Fuzzy Comprehensive Evaluation

After the Pareto optimal frontier is finally obtained through the optimization process,
it is necessary to screen the optimized multi-group configuration schemes. In this paper,
the fuzzy comprehensive evaluation method is used to select the optimal configuration
scheme. The fuzzy membership function is used to calculate the membership of each
Pareto solution. The optimization scheme with the highest membership is the optimal
compromise Scheme [19].

Firstly, the membership function of a single target is determined. As the more negligi-
ble the optimization target, the better the smaller trapezoidal distribution is selected. The
membership degree of each function value is solved to obtain the fuzzy comprehensive
evaluation matrix. Secondly, the weight of each evaluation index is calculated by the
entropy weight method. Finally, the evaluation results are obtained by the weight set and
fuzzy comprehensive evaluation matrix, and the optimal solution corresponding to the
value with the highest membership degree is selected.

um
n =



1Fm
n < Fmin

n

Fmax
n −Fm

n
Fmax

n −Fmin
n

Fmin
n ≤ Fm

n ≤ Fmax
n

0Fm
n > Fmax

n

(19)

where Fm
n and um

n are the function value and membership of the m non-inferior solution of
the n objective function, respectively.

5. Example Analysis
5.1. Scene and Parameters

The capacity of a charging station built and operated in a particular place is configured
to establish a comprehensive charging station for light and hydrogen storage. The light
intensity data and the daily demand of two types of new energy vehicles are selected as the
data. Taking one year of operation of the comprehensive station as the cycle, calculate the
component investment of the comprehensive station, the operation cost, and the proportion
of energy purchasing station demand. The specific illumination intensity and EV and HV
demand parameters are from Reference [20].

For the price of distributed photovoltaic on-grid, refer to the “notice on relevant
matters of photovoltaic on grid price policy in 2020” issued by the national development
and Reform Commission. The real-time power purchase price of the distribution network is
0.7962 yuan per kilowatt [21], and the hydrogen market price is 35 yuan per kilogram [22].
Refer to Table 1 for the parameters of various components of the integrated charging station.

Table 1. Component parameters.

Component Power Price (yuan/kW) Service Life (year)

Photovoltaic 7000 20
Battery 1200 5

Electrolytic cell 14,000 10
Fuel cell 14,000 10

Hydrogen tank 3380 10

5.2. Capacity Optimization Configuration Results

The optimal configuration model of integrated charging station components is simu-
lated and optimized in MATLAB. Parameter design of NSGA-II algorithm: the population
is 100, the number of iterations is 1000, and the mutation and crossover probabilities are 0.1
and 0.9, respectively. The Pareto solution set obtained by simulation is shown in Figure 4.
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It can be seen from Figure 4 that the optimal configuration of the integrated charg-
ing station is distributed on the Pareto front, reflecting the diversity and uniformity of
understanding. Multiple optimization schemes can be provided for optimal configuration.
At the same time, there is a non-dominant relationship between each goal. Suppose the
operation cost of the integrated station is reduced. In that case, the proportion of power
purchase and standby hydrogen purchase from the power grid will be increased, and the
independent operation capacity of the integrated station will be reduced. Therefore, it is
necessary to comprehensively weigh the factors considered by each optimization goal and
make an objective decision.

The optimal configuration and corresponding optimization objectives are obtained by
fuzzy comprehensive evaluation, as shown in Table 2.

Table 2. Optimization results.

Optimization Objective Optimization Result

Photovoltaic (kW) 100
Battery (kW) 362

Electrolytic cell (kW) 734
Fuel cell (kW) 136

Hydrogen tank (kg) 64
Annualized cost (yuan) 3,620,953.085

The proportion of power purchase (%) 0.305
The proportion of standby hydrogen purchase (%) 0.481

5.3. Operation Analysis of Integrated Charging Station

The optimized configuration results select a certain day to analyze each component’s
electric power balance and hydrogen balance in the total charging station and the charging
and discharging trend of battery energy storage and hydrogen energy storage. See the
following figures.

From the operation result diagram of each component, it can be concluded that opti-
mized configuration can make the integrated charging station operate effectively. It can
be seen from Figure 5 that during periods 1 to 6, electric vehicles are mainly powered by
battery energy storage, hydrogen energy storage system, and grid supplementary power
supply. From 7 to 19, the light is sufficient. On the premise of meeting the demand for
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electric vehicles, the photovoltaic output provides power storage and hydrogen production
from electrolytic water. From 18 to 24 h, electric vehicles are mainly powered by batteries
and power grids. It can be seen from Figure 6 that in the early morning and at night, the
demand for hydrogen fuel vehicles is mainly provided by the residual hydrogen in the
hydrogen storage tank and the purchased standby hydrogen. During the daytime, the
photovoltaic output produces hydrogen by electrolysis. After removing the hydrogen
consumed by the fuel cell, the net hydrogen can meet the demand, and the remaining hy-
drogen in the hydrogen storage tank can provide the demand for the night. Figures 7 and 8
show the working state of the storage battery and hydrogen storage tank in one day.
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6. Conclusions

This paper proposes to establish a comprehensive charging station for photohydrogen
storage based on the charging station. It can serve electric vehicles and hydrogen fuel
vehicles simultaneously and has a specific independent energy supply capacity. Firstly,
this paper introduces the structure and operation mode of the integrated charging station,
models the components to be configured in the station, and designs four energy flow
strategies to operate the integrated charging station effectively. Taking the minimum
annual investment and operation cost and the minimum proportion of energy purchase
as the objective function, the optimal allocation model is established and solved by the
NSGA-II algorithm. For the Pareto optimal solution, the optimal compromise scheme of a
fuzzy comprehensive evaluation is adopted. The effectiveness of the optimization results is
proved by analyzing the operation of components in the station. As the two types of vehicle
demand considered are given parameters, the participation and response of customers
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guided by electricity price can be further considered to improve the local consumption of
photovoltaic and reduce the amount of grid access.
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Nomenclature

CRF Capital recovery factor
C1 Investment cost
C2 Maintenance cost
C3 Running cost
C4 Sale of electricity revenue
EV Electric vehicle
epv Unit price of photovoltaic
eba Unit price of battery
ewe Unit price of electrolytic cell
e f c Unit price of fuel cell
eH Unit price of hydrogen tank
eGi Unit price of electricity
eHi Unit price of hydrogen
eGo Unit price of selling electricity
EB Capacity of battery
F1 Operating cost
F2 Purchase electricity proportional to demand
F3 Purchase hydrogen proportional to demand
Fm

n Function value of the m non-inferior solution of the n objective function
GT Sunlight intensity
GSTC Rated sunlight intensity
H Hydrogen content of the hydrogen storage tank
HV Hydrogen vehicle
Hwe Electrolytic cell manufacturing hydrogen
H f c Fuel battery consumption hydrogen gas
Hl Hydrogen vehicle demand
HG Consumption of spare hydrogen
HHV Ratio conversion of hydrogen and electricity
K Maintenance factor
PV Photovoltaic
Ppv Photovoltaic power generation
Ppv−STC Photovoltaic rated power
Pba Battery charge and discharge power
Pwe Electrolytic cell consumption power
Pf c Fuel cell power supply
Pl Electric vehicle demand
PG Grid power
PGi Grid power supply
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PGo Power on grid
r Annual interest rate
SOC State of charge
TC Temperature
TSTC Rated temperature
y Active life
η Efficiency of battery
ηwe Efficiency of electrolytic cell
η f c Efficiency of fuel cell
µm

n Membership of the m non-inferior solution of the n objective function
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