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Abstract. This study aims to provide a scientific method for private investors to 

invest in the construction of hydrogen refueling stations with the support of 

government subsidies. Firstly, the Gradient Boosting Decision Tree (GBDT) 

model was used to predict the future sales of hydrogen fuel vehicles in different 

areas of the city, and accordingly, the high-sales areas were identified as the 

priority candidate locations for the construction of hydrogen refueling stations. 

On the basis of the above, a site selection model for hydrogen refueling stations 

with the best economic benefits was further established. The model comprehen-

sively considers the impact of geographical constraints, spatial constraints and 

the cost of hydrogen production on economic benefits. The study shows that 

this strategy not only helps private investors maximize their investment returns, 

but also helps to promote the rational layout and rapid development of hydro-

gen energy infrastructure, thereby supporting the growth of the hydrogen fuel 

vehicle industry. 
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economic benefits, hydrogen production methods 

1 INTRODUCTION 

With the gradual maturity of the hydrogen energy vehicle market and the government's 

strong support for green energy, the construction of hydrogen refueling stations has 

become a key part of promoting the development of the hydrogen energy economy. 

Proper location of hydrogen refueling stations can not only improve the supply effi-

ciency of hydrogen fuel, but also significantly affect the popularity of hydrogen energy 

vehicles and the economic benefits of private investors. 

In the process of selecting candidate hydrogen refueling stations, it is necessary to 

comprehensively consider a variety of economic indicators, which together form the 

framework of hydrogen refueling station site selection and provide a basis for the 

subsequent model establishment. In terms of economic indicators for hydrogen refu-

eling stations, Krishna Reddi et al[1]. used a hydrogen delivery scenario analysis model 

to estimate the impact of different factors on the cost of refueling for different refueling 
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costs in the future compared to the current cost of refueling in the United States. Jon-
athan X. Weinert et al[2]. estimated the near-term cost of a hydrogen fueling station or
various types of hydrogen fueling stations, using a hydrogen fueling station cost and
transportation cost model developed by the University of California, Davis, and Tongji
University. Based on the life cycle of hydrogen, HeC[3] proposes a hydrogen refueling
station siting model, and analyzes the impact of hydrogen refueling station location on
the life cycle cost of hydrogen. Lin R[4] applied a variety of data sources, such as geo-
graphic information system (GIS) data, population data, and regional economic data, to
the P-median site selection model, and selected hydrogen refueling stations in the
Beijing area. Considering the interdependence between gas station siting and fuel
transportation, IiL[5] proposes a hydrogen refueling siting model with multi-objective
capacity constraints.

In terms of hydrogen refueling station planning and site selection, an ensemble op-
timization model composed of Generalized Bass Diffusion Model (GBDM) and Flow
Capture Localization Model (FCLM) is proposed to address the interaction between the
sales volume of hydrogen fuel cell vehicles (HFCV) and the number of refueling sta-
tions[6]. In the literature[7], a hydrogen refueling station location model considering
vehicle scheduling and path decision-making is proposed. M. Fuse et al[8]. considered
the needs of fuel cell passenger vehicles and fuel cell trucks and buses in site selection
planning. In order to meet the HFCV load, a hydrogen refueling station and renewable
energy planning model with the goal of minimizing investment cost is constructed[9].
Based on the literature[10], coupled with the transportation network, based on the
Dijkstra algorithm, the shortest hydrogen refueling path is provided for HFCV users,
and the distribution model of hydrogen refueling stations is constructed to fully meet
the needs of users, and the robustness between HFCV users and the distribution net-
work is strengthened, but the model ignores other components of hydrogen refueling
station interests.

Previous studies have often considered market demand forecasts or economic ben-
efits of hydrogen refueling stations in isolation, lacking a systematic analytical
framework to synthesize these key elements. In addition, few existing studies utilize
advanced machine learning techniques to predict the market demand for hydro-
gen-fueled vehicles, which may lead to limited accuracy of prediction results. At the
same time, the choice of hydrogen production method often does not fully take into
account the close connection with market demand forecasts, which may affect the
economic and environmental benefits of hydrogen refueling stations.

In order to fill this research gap, this paper proposes a site selection model with the
best economic benefits, which combines the hydrogen production method and the
hydrogen production site to select the location with the best economic benefits as the
optimal hydrogen refueling station, so as to provide a scientific decision-making tool
for government decision-makers, urban planners and related enterprises, and promote
the market penetration and sustainable development of hydrogen fuel vehicles.
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2 PROBLEM DESCRIPTION

In view of the relationship between isolated market demand prediction and the eco-
nomic benefits of hydrogen refueling stations, the lack of advanced algorithms to
predict the sales volume of hydrogen fuel vehicles, and the lack of linking the cost of
hydrogen production with economic benefits, this paper proposes a comprehensive
analytical framework. spatial constraints, etc.), establish a site selection model for
hydrogen refueling stations with the best economic benefits, and select the location
with the best economic benefits as the optimal hydrogen refueling station by combining
the hydrogen production method and the hydrogen production site.

This article is based on the following assumptions:
1) Market stability assumption: During the forecast period, the market development

trend and policy environment of hydrogen fuel vehicles remain relatively stable, and
there are no major fluctuations or unforeseen events affecting market demand.

2) The assumption of technological development stationarity: the development rate
of related technologies for hydrogen-fueled vehicles and hydrogen refueling stations
remains stable over the time planned by the model, regardless of the cost reduction or
service capacity improvement that may result from rapid technological progress.

3) Government policy assumptions: The subsidies and support policies provided by
the government remain unchanged during the forecast period, and the government
budget constraints are known and fixed.

4) Demand forecasting assumptions: The GBDT method can accurately predict fu-
ture market demand, and the historical data used is accurate and representative of future
market trends.

5) Costing assumptions: The calculation of construction and operating costs is based
on existing technology and market prices, without taking into account possible cost
fluctuations in the future.

6) Traffic flow assumptions: The distribution of traffic flow and hydrogen-fueled
vehicles will remain stable during the forecast period, with no large-scale regional
changes.

7) Behavioral consistency assumption: Consumers' purchasing behavior and hy-
drogen refueling habits for hydrogen fuel vehicles will be consistent in the future, that
is, existing purchase and refueling patterns can reflect future consumer behavior.

8) Competitive environment assumption: The market is a static competitive envi-
ronment without considering the impact of other competitors' market behavior on sales
volume and service demand.

9) Environmental and safety assumptions: The construction and operation of hy-
drogen refueling stations comply with all environmental and safety standards and will
not incur additional costs due to non-compliance.

3 MODEL BUILDING AND ANALYSIS

The objective function in this document is the maximum net present value, which is
expressed as follows:
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maxNPV = ∑ (
ୖିେ౦౨,ାୗ

(ଵାୢ)౪
− Cୱୣ୲୳୮,୧)୬

୧ୀଵ

S.t.d୫୧୬ ≤ d୧ ≤ d୫ୟ୶, ∀i ∈ {1,2, . . . , n} (1)

∑ ω୧୨ ≥ ω୧୨∈ (2)

∑ ω୧୨୲ = ω୧୨୲∈ (3)

∑ ω୧୨ ≤ U୨୧∈୍ (4)

∑ x୧୨ ∗ D୧୩ ∗ V୧ ≤ R,∀j
୧ୀଵ (5)

1 ≤ ∑ x୧ ≤ N୬
୧ୀଵ , x୧ ∈ {0,1},∀i ∈ {1,2, . . . , n} (6)

S୧ < B (7)

Constraint (1) represents the safety distance of hydrogen refueling stations, con-
straint (2) indicates that the hydrogen provided by hydrogen must meet the demand of
hydrogen refueling stations, constraint (3) represents the constraint of hydrogen
transportation volume, constraint (4) is the constraint of hydrogen source capacity,
constraint (5) is the constraint of maximum service coverage for customers, constraint
(6) is the limitation of the number of hydrogen refueling stations, and constraint (7) is
the constraint of government investment.

R୧ represents the expected annual income;Cୱୣ୲୳୮,୧ represents the initial construction
cost;C୭୮ୣ୰,୧ is the operating cost;S୧ is the annual subsidy amount of the government;d
is the discount rate, and T is the time span of the project. These parameters are known in
a given optimization problem and do not change with the decision variable xi.

4 CASE ANALYSIS

4.1 Algorithm Design

Step 1: Data collection and pre-processing collect relevant data, and carry out data
cleaning and pre-processing, so as to facilitate the subsequent GBDT model analysis
and the construction of hydrogen refueling station site selection model.

Step 2: Use the GBDT model to forecast sales
Step 3: Preliminary site selection. According to the prediction results of the GBDT

model, the areas with high sales volume are preliminarily selected as candidate loca-
tions for hydrogen refueling stations. This model can handle nonlinear relationships
and take into account the interaction between multiple variables.

Step 4: Establish a site selection model Combined with the constraints, a site selec-
tion model with the best economic benefits for hydrogen refueling stations is estab-
lished.

Step 5: Combined with the energy supply and cost of the candidate site, the most
suitable hydrogen production method and location are selected.
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Step 6: The final decision is based on model analysis and site visits to determine the
final hydrogen refueling station location.

4.2 Parameter Settings

In projects where private investment in hydrogen refueling stations is made, the in-
formation contained in the original and auxiliary datasets supports GBDT model pre-
diction and site selection decisions. The following three tables are the components of
the original dataset and the secondary dataset:

Table 1. Raw dataset for the sale of hydrogen-fueled vehicles

Re-
gion_ID Sales Geograph-

ical_Constraints
Spati-

cal_Constraints
Hydro-

gen_Production_Method
Hydro-

gen_Location

1 1000 Near major road Large area Electrical water Low energy cost

2 800 Far from existing
stations Small area Natural gas reforming Medium energy

cost

3 1200 Near major road Medium area Steam reforming High energy
cost

4 900 Far from existing
stations Large area Electrical water Low energy cost

6 1100 Near major road Small area Natural gas reforming Medium energy
cost

Table 2. partially assists with dataset parameter settings

Re-
gion_ID

Land_Co
st

Construc-
tion_Cost

Opera-
tion_Cost

Hydro-
gen_Production_Cost

Govern-
ment_Subsidy

1 500000 2000000 100000 3.00 500000
2 600000 2500000 120000 3.50 400000
3 400000 1800000 90000 2.50 600000
4 700000 2200000 110000 3.25 450000
6 800000 2400000 130000 3.75 350000

Table 3. Optimal parameter value combinations

Parameter Name The value is specified
n_estimators 200
learning_rate 0.20

subsample 0.9
max_depth 5

The government encourages companies to build hydrogen refueling stations by
providing financial support or tax incentives, including subsidies for construction costs,
incentives for providing land or buildings, etc. In this paper, for the 35Mpa hydrogen
refueling station with a daily hydrogen refueling capacity of 500kg/d, the subsidy is
30% of the equipment investment of the hydrogen refueling station, with a maximum of
3 million yuan, and for the 70Mpa hydrogen refueling station with a hydrogen refueling
capacity of 500kg/d or 35Mpa with a hydrogen refueling capacity of 500kg/d, the
subsidy is 30% of the equipment investment of the hydrogen refueling station, with a
maximum of 5 million yuan.
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4.3 GBDT Model Prediction Results

A certain area of Midoriya City is randomly selected to forecast the sales of hydrogen
fuel vehicles, and the forecast and actual sales of hydrogen fuel vehicles in this area are
shown in the figure below.

Fig. 1. Comparison of forecasts and actual sales of hydrogen-fueled vehicles

4.4 Optimal Hydrogen Refueling Station Decisions

According to the fuzzy comprehensive judgment method and calculation results, two
types of hydrogen production sites were set up for comparison, namely off-site hy-
drogen source and on-site hydrogen production, and the impact of current transporta-
tion costs on the development of HFCV was analyzed. Specifically, it includes coal
hydrogen production, natural gas hydrogen production, methanol hydrogen production
in off-site hydrogen production, and natural gas hydrogen production, methanol hy-
drogen production, and water electrolysis hydrogen production in on-site hydrogen
production, and the final scores obtained are shown in Table 4.

Table 4. Final score of fuzzy comprehensive evaluation method under different hydrogen pro-
duction methods

Hydrogen source Hydrogen production method Final score

Off-site hydrogen production
Hydrogen production from coal 70.4424

Hydrogen production from natural gas 77.9036
Methanol to hydrogen 76.0909

Hydrogen production in the
station

Hydrogen production from coal 75.1401
Hydrogen production from natural gas 76.6203

Methanol to hydrogen 74.5079
Therefore, this paper selects a high-evaluation natural gas hydrogen production

method to optimize the layout of off-site hydrogen production.
Through the economic benefit optimization model, we identified the optimal loca-

tions for the establishment of three hydrogen refueling stations in the city center and
key suburbs as numbered [5,13,17].Table 5 shows the parameters related to the net
profit of the optimal hydrogen refueling station in the first year
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Table 5. Parameters related to the net profit of the optimal hydrogen refueling station in the
first year

Position 5 Position 13 Position 17

Construction cost/RMB 1,000,000 1,200,000 1,500,000

Annual income/RMB 1,800,000 2,250,000 2,700,000

Operating costs/RMB 200,000 250,000 300,000

Cost of hydrogen production/kg 15 15 15

Government subsidy/RMB 20000 25000 22000

Customer service volume/kg 60000 75000 90000

Hydrogenation capacity/kg 200 300 500

Number of days of operation per year/day 300 300 300

Total cost/RMB 3,650,000 4,455,875 5,658,75

Hydrogen refueling service pricing/RMB 30 30 30

Net profit/RMB -1,850,000 -2,205,875 -2,958,75

The analysis shows that although the annual service volume of sites 5, 13 and 17 is
60,000kg, 75,000kg and 90,000kg respectively, the net profit of these stations is
-1,850,000 yuan, -2,205,875 yuan and -2,958,75 yuan respectively due to the difference
in hydrogen production costs and operating costs. This result shows that even with the
support of government subsidies, the profitability of hydrogen refueling stations still
faces challenges, especially when the current hydrogen fuel vehicle market is not yet
mature.

5 CONCLUSION

1. The GBDT model provides an effective method for predicting hydrogen vehicle
sales and can help investors identify areas with high demand for hydrogen refueling
stations.

2. Combined with the choice of hydrogen production method and location, our
model is able to provide a comprehensive perspective to ensure that the selected site is
not only in high market demand, but also technically and economically feasible.

3. Government subsidies play a key role in this process, reducing the risk of private
investment, increasing the attractiveness of projects, and potentially accelerating the
construction of hydrogen energy infrastructure.

REFERENCES

1. Reddi, Krishna, et al. "Impact of hydrogen refueling configurations and market parameters
on the refueling cost of hydrogen." International Journal of Hydrogen Energy 42.34 (2017):
21855-21865.

2. Weinert, Jonathan X., et al. "Hydrogen refueling station costs in Shanghai." International
Journal of Hydrogen Energy 32.16 (2007): 4089-4100.

120             Y. Li and L. Li



3. He C,Sun H,Xu Y,et al. Hydrogen refueling station siting of expressway based on the op-
timization of hydrogen life cycle cost [J].International Journal of Hydrogen Ener-
gy,2017,42(26):16313-16324.

4. Lin R,Ye Z,Guo Z,et al. Hydrogen station location optimization based on multiple data
sources [J]. International Journal of Hydrogen Energy,2020,45 (17):10270-10279.

5. Li L,Chami Z A,Manier H,et al. Incorporating fuel delivery in network design for hydrogen
fueling stations:Formulation and two metaheuristic approaches [J].Transportation Research
Part E:Logistics and Transportation Review,2021,152:102384.

6. Li, Yushan, Fengming Cui, and Lefei Li. "An integrated optimization model for the location
of hydrogen refueling stations." International Journal of Hydrogen Energy 43.42 (2018):
19636-19649.

7. Fuel Cell Commercialization Conference of Japan. Future fuel cell vehicle and hydrogen
refueling station scenario, http://fccj.jp/pdf/28_csj.pdf (in Japanese).

8. Fuse, M., H. Noguchi, and H. Seya. "Near-term location planning of hydrogen refueling
stations in Yokohama City." International Journal of Hydrogen Energy 46.23 (2021):
12272-12279.

9. GAN W，YAN  M  Y，YAO W，et.al. Multi-network coordinated hydrogen supply in-
frastructure planning for the integration of hydrogen vehicles and renewable energy[J].
IEEE Transactions on Industry Applications，2022，58（2）：2875-2886.

10. Yuan Tiejiang, Ji Li, Tian Xueqin, et al. Consider fuel cell vehicles plus Cooperative Op-
timal Operation of Electricity-Hydrogen System with Hydrogen Load[J]. The power system
is automatic Chemistry, 2023,47(5):16-25.

Open Access This chapter is licensed under the terms of the Creative Commons Attribution-
NonCommercial 4.0 International License (http://creativecommons.org/licenses/by-nc/4.0/),
which permits any noncommercial use, sharing, adaptation, distribution and reproduction in any
medium or format, as long as you give appropriate credit to the original author(s) and the
source, provide a link to the Creative Commons license and indicate if changes were made.
        The images or other third party material in this chapter are included in the chapter's
Creative Commons license, unless indicated otherwise in a credit line to the material. If material
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