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Abstract: Over the past decade, the alternative fuel vehicle industry in the world has sprung up
with huge speed. For example, the annual output has increased from less than 2000 vehicles to now
3,500,000 vehicles in China. It enjoys more than 50% of the market share worldwide in the global
market. A spurt of progress in the alternative fuel vehicle industry has built a foundation for car-
bon peaking and carbon neutrality goals. Financial leasing has unique advantages which not only can
provide guarantees for this industry in many aspects concerning related equipment, systems and infras-
tructures but also offer financial support for green projects. Nevertheless, financial leasing firms are
encountering a string of problems to solve, such as selecting optimal green projects and cooperative
businesses, designing transaction structures, and controlling project risks. This study contains several
main sections: connecting the incremental alternative fuel vehicle investment and purchase project of
a leading regional enterprise; building the structure of the financial leasing project; and analyzing the
project leasing property using a fuzzy logic model, the financial structure and the repayment capacity
of the project main company so as to comprehensively evaluate the feasibility of the project. This paper
aims to provide a reference for future financing of alternative fuel vehicle operation enterprises with
a real case study. The case study results show that our introduced fuzzy logic method can obtain the
satisfying performance and traffic allocation.
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1. Introduction

With the proposal of achieving a carbon peak and carbon neutrality, practicing green finance and
promoting green and low-carbon transformation have become significant directions for the develop-
ment of the financial industry. As financial leasing has the dual properties of “financing + leasing
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assets”, leasing companies can not only directly give financial support for green projects but also pro-
vide necessary guarantees for related equipment and infrastructure, which has unique advantages in
guiding capital to flow to green industries. Moreover, financial leasing (FL) has become a common
solution to financing problems encountered by firms [1]. At present, energy conservation and envi-
ronmental protection, new energy, and other national strategic emerging industries have become the
main focus of financing leasing companies. For that matter, alternative fuel vehicles operation has also
become a major industry field.

1.1. Development status of alternative fuel vehicles industry

To overcome the burden on fossil fuels, more attention has been drawn to fossil fuel substitution [2].
Due to a lack of resources and environmental constraints, there is a global consensus that alternative
fuel vehicles will eventually replace traditional fuel vehicles. It is predicted that Chinese electric
vehicles will reach 48% of the market share worldwide in the passenger vehicles market. Based on the
prediction, by 2025, the total units sold will hit 15 million; this number will continue to grow to 30
million by 2030 (Figure 1). It is safe to predict that, shortly, from 2021 to 2025, the compound annual
growth rate (CAGR) of the industry will be 36.37%; from 2026 to 2030, CAGR will be at a lower level,
at 14.87% [3].

Figure 1. Status of alternative fuel vehicles industry in the world: Based on the prediction,
by 2025, the total units sold will hit 15 million; this number will continue to grow to 30
million by 2030.

It is further predicted that the share of oil as a primary transportation power source in global travel
fleets will fall from 94% today [4] to approximately 85% by 2040 under the Evolving Transition Sce-
nario [5] or approximately 40% by 2050 under the Sustainable Development Scenario [6]. In terms
of the quantity of AFVs in global travel fleets, it is estimated that the present global automobile count
will approach 2–2.5 billion by 2050, with AFVs accounting for less than half of the total amount in
2050, and oil will continue to be utilized in the near future [7]. With the use of zero-emission AFVs
in the transport industry [8], it will be unnecessary to spend such expenditures on the installation and
upkeep of emission catalytic converters [9], and they can also mitigate the drawbacks of emission cat-
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alytic converters [10]. By 2025, it is anticipated that the market for fast and slow charging kinds of EV
charging infrastructure for residential and commercial applications in the main EV-using nations will
be less than USD 20 billion, with a compound annual growth rate of around 32% [11].

Never before has the alternative fuel vehicle industry been so booming; however, many new brands
and players flooded into the market, causing product qualities to differ drastically. The market is
transitioning from a policy-driven-type market to a market-driven-type one [12].

1.2. Development status of financial leasing industry

In the past decade, the financial leasing industry achieved continuous growth, and China has become
the second largest financial leasing market in the world. The industry growth slowed down due to
COVID-19; nevertheless, the total scale of the industry keeps rising. By 2030, the global market size
of the financial leasing market will reach approximately 2.54 trillion USD. Based on public statistics,
181 entities conducted financial leasing business in 2021, and these entities include listed companies
and subsidiaries. Fifty-three new market participants entered the industry in 2021. A total of 340
business transactions occurred throughout the year, a year-on-year increase of 41%; the total contract
value was 96.8 billion CNY, a year-on-year increase of 76%.

By the end of 2021, there were 2 financial leasing firms and 6 commercial leasing firms honored
with green certification. Statistics from Deutsche Bank Research illustrate that the market scale of the
green finance industry will likely reach 100 trillion CNY by 2060. Assuming that the market saturation
rate is 10%, the green financial leasing market scale would exceed 10 trillion CNY in 2060.

1.3. Alternative fuel vehicle leasing—official use

Clients who rent alternative fuel vehicles for official use mainly are enterprises and governments.
Firms provide personalized programs of automobiles to clients, which covers integrated services of
car rental, including vehicle configuration planning, routing algorithms, periodic maintenance, regular
maintenance, reporting guidance and so on.

The rental income of official vehicles is charged according to the vehicle models and rental time,
and it is directly recorded into the revenue in accounting. The leasing of official vehicles can be divided
into temporary and long-term leasing. Contracts are signed to confirm the income, and the rental shall
be paid annually or quarterly as agreed in contracts. Temporary rental charges a daily rate after each
usage on the basis of vehicle models [13, 14].

Costs primarily consist of vehicle purchasing fees, vehicle insurance, and maintenance fees. Outlay
of temporary leasing also includes the cost of recharging.

1.4. Alternative fuel vehicle leasing— car-hailing

Car-hailing licenses need to be acquired before new energy vehicle service providers can apply for
car-hailing operation permissions governed by the local Management of Transportation Authority. The
Company employs innovative Internet thinking to construct a full-scene online car-hailing platform,
combining the platform + taxi with platform + driving services, and getting new resource automobiles
to market operation.

Models of online car-hailing businesses can be divided into two groups, namely, pure rental mode
and rental + commission mode. Monthly fees for individual drivers and quarterly fees for B-side
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rental companies, as follows in Figure 2; in the leasing + commission mode, vehicles affiliated with
the enterprise’s APP will charge a higher commission according to the fare paid by passengers, while
vehicles attached to other cooperation platforms will charge a lower commission. Income of ride-
hailing shall be directly recognized in the operating income in terms of accounting [15] .

Figure 2. The commercial online car-hailing business Models: Models of online car-hailing
business can be divided into two groups, namely, pure rental mode and rental + commission
mode.

The rental cost of new energy online car-hailing mainly covers vehicle purchasing fees, as well as
insurance, and the driver bears the cost of vehicle maintenance and charging. In terms of the composi-
tion of online car-hailing revenue, the commission of the business platform is relatively small, and the
main source of income remains vehicle rental [16, 17].

1.5. Charging piles and supporting facilities projects

As an effective supplement to the business, new resource car operation enterprises usually layout
the construction of charging piles. Charging pile products include floor type and wall-mounted type, to
adapt to different application scenarios, and DC and AC models, for different specifications of equip-
ment, with features of convenience, rapidity, security, environmental protection, etc. They are widely
applied in residential areas, underground garages, expressway service areas, high-speed railway sta-
tions and other places [18]. Users recharge and pay through the APP, depending on the time and degree
of using the charging pile.

The construction cost of the charging service basically consists of civil engineering, electric power
installation and equipment procurement costs invested in the early stage of station construction. Op-
erating costs primarily include electricity charges, site rent of the charging station, and charge pile
maintenance costs and so on.

This paper proposes a case study for alternative fuel vehicle investment and purchasing method
and extending its application. We propose a fuzzy logic control method to manage the economic
model. This study contains several main sections: connecting the incremental alternative fuel vehicle
investment and purchase project of a leading regional enterprise; building the structure of the financial
leasing project; and analyzing the project leasing property using a fuzzy logic model, the financial
structure and repayment capacity of the project main company so as to comprehensively evaluate the
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feasibility of the project. This paper aims to provide a reference for future financing of alternative fuel
vehicle operation enterprises with a real case study. The case study results show that our introduced
fuzzy logic method can obtain a satisfying performance.

The structure of this paper is as follows: First, the case study of a sale-leaseback project by a
leading regional alternative fuel operating enterprise using fuzzy logic is presented in Section 2. The
detailed implementation for the 3D simulation and bioinspired incremental teleoperation are described
in Section 3. The application demonstration is illustrated in Section 4. In Section 5, discussion and
conclusions are given.

2. Case study of sale-leaseback project by a leading regional alternative fuel operating
enterprise using fuzzy logic

2.1. Project description

Company Z is subordinate to Y Province Energy Investment Group Co., Ltd. It closely follows
the green energy policies of Y Province and builds an integrated alternative fuel vehicles industry
chain with alternative fuel vehicles as its core, involving official car leasing and alternative fuel vehicle
operation, charging infrastructure construction and a network platform (Figure 3).

Figure 3. Company Z has 2 wholly owned subsidiaries and 1 holding subsidiary: Company
Z is subordinate to Y Province Energy Investment Group Co., Ltd. It closely follows the
green energy policies of Y Province and builds an integrated alternative fuel vehicles industry
chain with alternative fuel vehicles as its core, involving official car leasing and alternative
fuel vehicle operation, charging infrastructure construction and network platform.

Based on its budget, Company Z will invest in 200 petrol-driven vehicles, 1300 alternative fuel ve-
hicles and the construction of supporting electric charging facilities in 2022, with an annual investment
budget of CNY 25.2702 million. Due to incremental vehicle investment procurement and electric
charging infrastructure construction in 2022, Company Z plans to employ the financing lease sale-
leaseback mode to finance, taking the subordinate charging stations and piles, and supporting power
equipment as leasing items [19].
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2.2. Feasibility analysis

Based on the characteristics of the lessee, the lessor and the finance leasing industry of the project,
the project team carried out systematic due diligence on the status and compliance of the leasehold and
the operating and financial conditions of the lessee. Due diligence includes reviewing a large number of
original documents, data and materials provided by the company; visiting the project site; interviewing
related personnel; and discussing with the project team.

2.3. Corporate governance

Company Z is a state-owned mixed-ownership enterprise with the characteristics of cross-regional,
information, and intelligence, which integrates the business operations of “vehicles, piles, and nets” for
alternative fuel vehicles. According to the list of the top 200 securities holders of Z Company (stock
code: 872164) issued by China Securities Depository and Clearing Co, Ltd. The charter of the lessee’s
equity structure is as follows (Figure 4):

Figure 4. Company Z has 2 wholly owned subsidiaries and 1 holding subsidiary: Company
Z is a state-owned mixed-ownership enterprise with the characteristics of cross-regional,
information, and intelligence, which integrates the business operations of “vehicles, piles,
and nets” for alternative fuel vehicles. According to the list of the top 200 securities holders
of Z Company (stock code: 872164) issued by China Securities Depository and Clearing
Co., Ltd.

2.4. Leased property analysis

According to the requirements of relevant laws and regulations, the leased property must be a non-
public welfare asset with full value, clear ownership and specific classification [20]. The leased items of
this case study are the charging stations and piles and supporting power equipment used by the lessee.
The charging station is invested in and constructed by Company Z. This case study mainly includes
civil construction, electrical installation and design installation. Some charging piles are developed
and produced by the lessee’s subsidiary and sold to the lessee for installation at the charging station.
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It can be proved that the charging stations, charging piles, and supporting power equipment are used
by the lessee according to the construction contracts, engineering invoices, procurement contracts of
charging piles and invoices during the project construction [21]. Through the credit reports, financing
schedules, and official information of the Credit Reference Center, it can be demonstrated that the
leased objects tenure is clear.

2.5. Business mode analysis

As of the end of December 2021, Company Z owns operating vehicle assets of 5807 in total, in-
cluding 1000 motorcycles, 4021 alternative fuel vehicles, 766 fuel vehicles, and 20 electric bicycles.
In 2018, 2019, 2020 and January-September 2021, Company Z realized operating incomes of CNY
65.7942 million, CNY 156.7412 million, CNY 105.0139 million, and CNY 107.0172 million, respec-
tively. The composition of the operating income is as follows (Figure 5):

Figure 5. The composition of the operating income: As of the end of December 2021,
Company Z owns operating vehicle assets of 5807 in total, including 1000 motorcycles, 4021
alternative fuel vehicles, 766 fuel vehicles, and 20 electric bicycles. In 2018, 2019, 2020 and
January – September 2021, Company Z realized operating income of CNY 65.7942 million,
CNY 156.7412 million, CNY 105.0139 million and CNY 107.0172 million, respectively.

Car rental business: From 2018 to 2020 and January to September 2021, the lessee’s car rental
business achieved operating incomes of CNY 57.4211 million, CNY 71.3525 million, CNY 73.3309
million and CNY 83.3989 million, respectively, which were the main sources of the lessee’s operating
income. The income scale enlarged year by year, accounting for 87.27, 45.52, 69.83, and 77.93%
of the main business income, respectively. In 2018, 2019, 2020 and January – September 2021, the
operating costs of the lessee’s car rental business were CNY 43.9003 million, CNY 47.1087 million,
CNY 63.6392 million and CNY 67.4944 million, respectively; and the gross profit margins were 23.55,
33.98, 13.22 and 19.07% respectively.

The lessee’s car rental business is divided into official car rental and online car rental. At present,
there are 2857 official vehicles in operation, with an annual income of official vehicle leasing of about
CNY 106.0053 million, under the current scale. Company Z operates a total of 1830 alternative fuel
car-hailing vehicles, with an annual revenue of alternative fuel car-hailing rental of about CNY 73.017
million, under the current scale.
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Transportation business: The Company’s alternative fuel taxi operating income mostly derives from
the transportation business. In 2018, 2019, 2020 and January – September 2021, the transportation
business achieved operating incomes of CNY 0, CNY 1.1278 million, CNY 12.0518 million, and
CNY 11.8219 million, respectively. The income scale increased annually, accounting for 0, 0.72,
11.48 and 11.05% of the main business income. In 2018, 2019, 2020 and January – September 2021,
the operating costs of the lessee’s transportation business were CNY 0, CNY 5.3401 million, CNY
2.5408 million, and CNY 7.5557 million, respectively; and gross profit margins were -373.48, 78.92
and 36.09%, respectively [22].

At present, company Z operates a total of 1100 alternative fuel taxis. The rental income of taxis
varies according to the service life of the vehicles. Under the current scale, the annual income of
alternative fuel taxis is approximately CNY 56.43 million.

Charging service business: As of the end of October 2021, the company has constructed 93 charging
stations across the province, with a total of 1611 charging piles. In 2018, 2019, 2020 and January –
September 2021, the lessee’s charging service business achieved operating incomes of CNY 0.756
million, CNY 0.6328 million, CNY 7.2583 million, and CNY 7.3718 million, respectively, accounting
for 1.15, 0.40, 6.91 and 6.89% of the main business income. From 2018 to 2020 and from January
to September 2021, the operating costs of the lessee’s charging service business were CNY 0.7172
million, CNY 6.6744 million, CNY 14.6376 million and CNY 14.3556 million, respectively; and the
gross profit margins were 5.13, -954.68, -101.67 and -94.74%.

2.6. Financial analysis

Asset structure analysis: In 2018, 2019, 2020 and January – September 2021, Company Z’s total as-
sets were CNY 216.7948 million, CNY 924.7179 million, CNY 865.7715 million and CNY 933.7956
million, respectively. The total current assets were CNY 41.7592 million, CNY 439.2318 million,
CNY 352.4948 million and CNY 386.0767 million, respectively, accounting for 19.26, 47.50, 40.71
and 41.34% of the total assets, respectively. The non-current assets were CNY 175.0356 million, CNY
485.4861 million, CNY 513.2767 million, and CNY 547.7189 million, respectively, accounting for
80.74, 52.50, 59.29 and 58.66% of the total assets respectively.

Liability structure analysis: In 2018, 2019, 2020 and January – September 2021, the total liabili-
ties of Company Z were CNY 181.6052 million, CNY 888.5371 million, CNY 888.5371 million, and
CNY 899.1026 million, respectively (Figure 6). The total current liabilities were CNY 152.4379 mil-
lion, CNY 759.5845 million, CNY 387.4508 million and CNY 490.533 million CNY, accounting for
83.94, 85.49, 46.80, and 54.56% of the total liabilities, respectively. The non-current liabilities were
CNY 29.1673 million, CNY 128.9526 million, CNY 440.3585 million and CNY 408.5696 million,
respectively, accounting for 16.06, 14.51, 53.20, and 45.44% of the total liabilities, respectively [23].
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Figure 6. Liability structure: From the end of 2018 to the end of September 2021, the
total liabilities of Company Z were CNY 181.6052 million, CNY 888.5371 million,
CNY 888.5371 million and CNY 899.1026 million, respectively. The total current lia-
bilities were CNY 152.4379 million, CNY 759.5845 million, CNY 387.4508 million,
and CNY 490.533 million, accounting for 83.94, 85.49, 46.80 and 54.56% of the total
liabilities, respectively.

The lessee has a clear asset-liability structure but a relatively high asset-liability ratio. The reasons
are as follows: First, the lessee’s equity is relatively low, and the registered capital is only CNY 55
million. In March 2022, after multiple rounds of negotiations between state-owned shareholders and
private shareholders, it was determined that the plan for the first phase of capital increase was direc-
tional issuance with the price per share being not less than CNY 1.01. The number of issued shares
shall not exceed 55 million, and the raised amount shall not exceed CNY 55.55 million, which will
be in place in the first half of 2022. After the capital increase, the registered capital of the lessee will
increase to CNY 110.55 million, with the asset-liability ratio decreasing. Second, Company Z con-
ducts its business and financing based on vehicle assets. The lessee’s assets are mainly composed of
monetary funds, fixed assets and construction in progress. The core assets concerning the vehicles and
the charging stations under construction can bring stable income and cash flow to the firm [24]. The
liability side consists of notes payable, long-term liabilities due within one year and long-term payable,
mainly arising from notes to purchase vehicles and existing vehicles for financing.

Analysis of income and profit: From the perspective of operating gross profit, the company’s oper-
ating gross profits were CNY 12.7321 million, CNY 41.2917 million, CNY 12.8770 million and CNY
13.2767 million, respectively in 2018, 2019, 2020 and January – September 2021. The comprehensive
gross profit margins were 19.35, 26.34, 12.26, and 12.41%, respectively. In 2020, the gross profit mar-
gin of Z Company’s car rental business was 13.22%, with the gross profit margin of the transportation
business at 78.92% and the gross profit margin of automobile and accessories sales at 3.94% [25].
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In 2018, 2019, 2020 and January – September 2021, Z Company’s operating profits were CNY
-14.7108 million, CNY 1.6668 million, CNY 0.9007 million and CNY -3.1373, respectively; and the
net profits were CNY -15.1411 million, CNY 1.6148 million, CNY 1.7422 million and CNY -3.5278
million (Figure 7).

Figure 7. Analysis of income and profit: In 2018, 2019, 2020 and January – September
2021, Z Company’s operating profits were CNY -14.7108 million, CNY 1.6668 million,
CNY 0.9007 million and CNY -3.1373, respectively; and the net profits were CNY -15.1411
million, CNY 1.6148 million, CNY 1.7422 million and CNY -3.5278 million.

Analysis of cash flow: In 2018, 2019, 2020 and January – September 2021, the lessee’s net cash
flows from operating activities were CNY 38.0633 million, CNY 63.1995 million, CNY 95.2224 mil-
lion and CNY 88.0061 million, respectively. The lessee’s net cash flows from operating activities
are all positive, and there are still many remaining operating cash inflows after meeting operating ex-
penses, which can be used to repay debts. In 2018, 2019, 2020 and January – September 2021, the
net cash flows from the lessee’s investment activities were CNY -47.9309 million, CNY -356.4511
million, CNY-138.789 million and CNY -118.9426 million, respectively. The lessee’s cash outflow
from investing activities is mainly due to the purchase of vehicles and investment in the construction
of charging stations. In 2018, 2019, 2020 and January – September 2021, the net cash flows from
the lessee’s financing activities were CNY -25.092 million, CNY 322.8549 million, CNY 155.7473
million and CNY -32.6331 million, respectively. This year, the lessee’s projects under construction,
investment projects, and business development require a large investment, and financing methods such
as borrowing can effectively support the lessee’s development [26] in (Figures 8 and 9).

Key financial indicators: In terms of operational status, in 2018, 2019, 2020 and January – Septem-
ber 2021, the company’s accounts receivable collection efficiency was relatively high within one year
of the account period. The overall inventory turnover ratio was at a healthy level. The company has
a relatively mature and stable operating project team with assets in good use, funds running normally,
and strong operational capabilities. In terms of solvency, in 2018, 2019, 2020 and January – Septem-
ber 2021, the company’s asset-liability ratio was relatively high, but its liquidity was a little low. Since
the company is currently in the stage of rapid investment and construction, the proportion of capital
investment is also high.
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Figure 8. Analysis of cash flow (a): In 2018, 2019, 2020 and January – September 2021,
the net cash flows from the lessee’s investment activities were CNY -47.9309 million, CNY
-356.4511 million, CNY-138.789 million and CNY -118.9426 million, respectively.

2.7. Project repayment ability analysis

The funds invested in this case study mainly flow into the official vehicles and alternative fuel online
car-hailing sectors. According to the analysis mentioned above of the incremental fuel vehicle rental
projects and alternative fuel vehicle promotion projects in 2022, and the additional 200 fuel rental
vehicles will bring CNY 13.608 million. The newly added 500 alternative fuel official vehicles will
generate CNY 24.696 million in operating income [27]. Due to the relatively stable gross profit per unit
from official vehicle leasing, the project can bring fairly stable income and profit growth. In terms of
online car-hailing, according to the company’s alternative fuel vehicle promotion project in 2022, the
newly launched 800 alternative fuel online-hailing cars will bring an operating income of CNY 31.92
million. The charging service business will also bring in an operating income of CNY 15 million per
year. After the project is put into operation, it will play a crucial role in improving the operation of the
lessee and also become an essential source of repayment for the project. We predicted the cash flow
of the lessee based on operating activities, investment activities, and financing activities in (Figure
10).
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Figure 9. Analysis of cash flow (b): In 2018, 2019, 2020 and January – September 2021,
the net cash flows from the lessee’s financing activities were CNY -25.092 million, CNY
322.8549 million, CNY 155.7473 million and CNY -32.6331 million, respectively.

The cash flow forecast shows that as long as the company retains the current operating capacity and
maintains a low level of working capital financing, it can firmly support the operating activities of the
company in the future. At the same time, as the main operating member of alternative fuel vehicles
and charging piles, Company Z is strongly supported by relevant policies with a promising market
prospect. In 2022, the cash flow will be greatly improved with the continuous investment in the main
business.

2.8. Risks analysis

Financial risks: Company Z’s asset-liability ratio continues to rise, along with the average prof-
itability and the company’s uncertain future development.

Policy risk: As an industry encouraged by national policies, the rapid development and future
potentials of the car rental industry have indispensable support from national policies. If there are
any major adverse changes in the above policies, it will bring uncertainty to the sustainable and stable
development of the company.

Market risk: Along with continuous growth of the national economy and income per capita, the im-
provement of urbanization and road infrastructure, the car rental industry is ushering in unprecedented
development opportunities, with huge market space. The industry has attracted many domestic and
foreign car rental companies and the involvement of venture capital funds. With the support of venture
capital and the innovation of the Internet-based business model [28], competition has intensified in the
car rental industry, with the risk of increasingly fierce market competition [29].
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Figure 10. Key financial indicators: The cash flow forecast shows that as long as the com-
pany retains the current operating capacity and maintains a low level of working capital
financing, it can firmly support the operating activities of the company in the future. At the
same time, as the main operating member of alternative fuel vehicles and charging piles,
Company Z is strongly supported by relevant policies with a promising market prospect. In
2022, the cash flow will be greatly improved with the continuous investment in the main
business.

2.9. Fuzzy logic

The fuzzification idea of dummy variables has been acquired from the non-linear part of economet-
ric regime-switching models. In these models, the concept of transfer functions is like the notion of
fuzzy membership functions, but no principle or linguistic sentence has been used for inputs [30–32].
Since 1965, the FLC algorithm proposed Sattar et al. [33–36] has been widely used in various fields
of economic management. Especially in the field of the economy, the flow chart of FLC execution
is shown in Figure 11. It can be divided into four parts: fuzzification, rule base, fuzzy inference and
defuzzification.

Fuzzification is to convert several input parameter values into fuzzy logic [37], and these parameter
values will correspond to the membership function to derive the corresponding output membership
degree. The rule library is to store all the possible rules of the input terminal, and it is established based
on the experience of experts or training from samples. Fuzzy inference is when the input parameter
value may have one or more applicable rules to make an appropriate output. Defuzzification is to
restore the result of fuzzy inference to the value needed for the actual problem.
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Figure 11. Flow chart of fuzzy logic control.

Generally speaking, the method of the defuzzification calculation is divided into the maximum
average method and the center of gravity method. For example, suppose there is an input terminal
that is fuzzified to obtain an output membership degree, and then the output membership degree is
determined from the rule library and fuzzy inference to find the output selection that meets the problem.
Finally, the actual output value required by the problem is obtained through defuzzification; the flow
chart of fuzzy logic control is shown in in Figure 12.

Figure 12. Block diagram of the method for economy model control process.

In the paper [35], a generalized fuzzy logic controller (FLC) was used to optimize fuel economy and
reduce the emissions of hybrid vehicles with parallel configurations. Using the driver input, the energy
storage’s state of charge (SOC) was been developed in a fuzzy controller to effectively determine the
power split between the electric machine and the internal combustion engine (ICE). In addition, a
power train of the fuel cell vehicles includes the battery as a secondary power source to improve the
vehicle’s performance, and two EMSs (Energy Management Systems) are introduced to control the
energy in the fuel cell hybrid vehicle (FCHV) in the paper [38].

This section describes how the FLC model can be used to adjust the output transmission rate correla-
tion of the aggregation node. However, the weight parameter is fixed in the algorithm. If the change in
the transmitted data is too large, the error will be very large, and the performance of the entire network
would not be optimized. Therefore, this method algorithm uses FLC to adjust the weight parameter λ
of the WPRC algorithm according to the change in the transmitted data, which enables the sink node
to obtain the optimal system output. In addition, this method uses the priority of each child node to
adjust the transmission rate. Its membership funcition can be found in Figure 13.
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Figure 13. Membership function graph for the fuzzy set.

2.10. Project implementation and analysis

Company Z has a relatively high asset-liability ratio with certain repayment risks. If its state-
owned shareholders raise CNY 55.55 million through directional issuance of shares, the asset-liability
ratio will decline. We adopted the FLC model to adjust the output transmission rate correlation of the
aggregation node. The funds invested in this project are used for the purchase of incremental alternative
fuel vehicles and the construction of charging facilities, which will play a vital role in improving the
lessee’s operation. At the same time, the lessee’s charging pile business has promising prospects with
sufficient project repayment sources. The charging piles of the leasing object are a standard separable
property lease, in line with the concepts of new energy, environmental protection and carbon neutrality.
Meanwhile, it is beneficial to the company’s refinancing through ABS, ABN and bank credit [39].

As this project belongs to the green energy industry, the lessee’s main business is supported by
policies, with strong sustainability and relatively manageable project risks.

3. Discussion and conclusions

With the accompanying policies of national and local government, China’s alternative fuel vehicle
operation industry has flourished with a great leap in industrialization and scale [40]. As is so often
the case, the model of the alternative fuel vehicle operation enterprise can be classified into three cat-
egories: official vehicle rental, online car-hailing rental and charging piles and supporting facilities
construction, with different incomes and costs. This case study analyzed the sale-leaseback project of
Z Company, a leading regional enterprise affiliated with Y Province Energy Investment Group Co., Ltd.
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Leased assets include charging stations and piles, supporting power equipment, etc. As a new energy
operation enterprise, Company Z integrates “vehicles, piles and nets” for alternative fuel vehicles in
business operations, demonstrating strong trade representativeness. Ownership of leased assets can be
proven through contracts and invoices. Car leasing is the main source of income for alternative fuel
automobile operating companies, and its gross margin is around 20%. From the perspective of finan-
cial analysis, the assets of new energy operating enterprises are chiefly composed of currency funds,
fixed assets, and projects under construction. Its overall profit is not considerable, but the asset-liability
ratio is high in general, and cash flow from operating activities remains healthy [41]. In the aspect of
reimbursement capacity, the gross profit of the official vehicle rental is relatively constant, which can
bring stable growth of income and profit. Normally, the rapid development and future potential of alter-
native fuel vehicle operating enterprises cannot live without the support of national policies. Although
these companies are supported by venture capital and the internet-based model, they will be inevitably
confronted with policy and market risks. This study contains several main sections: connecting the
incremental alternative fuel vehicle investment and purchase project of a leading regional enterprise;
building the structure of the financial leasing project; and analyzing the project leasing property using
a fuzzy logic model, the financial structure and repayment capacity of the project main company so
as to comprehensively evaluate the feasibility of the project. This paper aims to provide a reference
for future financing of alternative fuel vehicle operation enterprises with a real case study. The case
study results show that our introduced fuzzy logic method can obtain satisfying performance and traffic
allocation. The multi-dimensional evaluation in this paper will provide a reference for the financing of
alternative fuel vehicle operation enterprises or green energy leasing projects in the future.
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