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Abstract: To assess the impact of the online car-hailing services on the environment in China, in this
paper, we develop a model to evaluate greenhouse gas (GHG) emissions and emission reduction
during the production and use of car-hailing, as a result of increased online bookings. Since energy
use differs according to type of vehicle, this paper also contains different scenarios that depict degrees
in the regulation stringency according to the Chinese Preliminary Rules on the Management of Online
Car-Hailing, regional differences, and development of electric vehicles. The results show that, under
the three different scenarios, the online car-hailing service would have the highest GHG emissions of
325, 413, or 160 MtCO2 and the highest reduction in emissions of 19.46, 25.1, or 9.48 MtCO2 by 2030.
The government needs to encourage the development of online car-hailing to reduce the purchase of
private cars, avoid compulsory actions to shut down online car-hailing platforms, and mandate that
only electric vehicles (EVs) can be used for online car-hailing.

Keywords: online car-hailing services; GHG emissions assessment; emission reduction; regulation
stringency; production and use stages; sustainable transportation

1. Introduction

Climate change, caused by anthropogenic greenhouse gas (GHG) emissions, will
continue to pose a threat to human society and natural ecosystems. China, as the world’s
largest energy consumer and carbon emitter, with an energy consumption that is projected
to grow much more rapidly than in many countries in the Organization for Economic
Cooperation and Development (OECD), will play a significant role in dealing with global
climate change [1]. According to the World Bank database, CO2 emissions from China’s
transport sector from 2005 to 2014 increased from 262.54 to 885.01 million tons in 2014,
with an average annual increase of 14.46% [2]. Determining the economic feasibility of
low-carbon transformations and developing the emission reduction of business traffic
activities, such as online car-hailing, is crucial.

Recently, numerous procedures to reduce vehicle emissions have been discussed, in-
cluding the proper use of road congestion information for traffic forecasting [3], optimizing
traffic structure, improving energy efficiency, improving infrastructure [4], implementing
the systemic thinking philosophy into practice [5], enhancing bus and rail systems, trans-
forming taxi systems [6], optimizing routing and scheduling operations [7], and introducing
a charging and subsidy mechanism [8].
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The rapid development of online car-hailing platforms has led to an efficient way
to mitigate GHG emissions [9]. According to some studies (e.g., [10–12]), these business
models can be considered a type of sharing-based product service system (PSS) that pro-
vides environmental benefits [4,13,14]. Online car-hailing reduces vehicle vacancy rates by
matching demand and idle supply [15], thereby reducing demand for private vehicles by
providing a cheap and fast service [16], especially for low-income families [17], resulting
in a reduction in traffic flow, fuel consumption, and emissions. The literature has mainly
focused on how the emergence of online car-hailing has affected personal travel [18,19], the
sales of new cars [20], taxi operations [21], and social security governance [22]. There is a
lack of knowledge, though, on the specific energy-saving emission reduction capacity of
online car-hailing. In addition, carbon monoxide (CO), hydrocarbons (HC), and nitric oxide
(NOx) from the incomplete combustion of gasoline also have a significant environmental
impact. Current research on the reduction of environmental pollution from fuels has fo-
cused on the use of biodiesel and gasoline blends [23] and exhaust gas catalysts [24–26].
In our study, we analyzed the impact of net-vehicles on reducing the emissions of various
pollutants from a macroscopic perspective.

In China, the Preliminary Rules on the Management of Online Car-Hailing (PRMOCH)
regulates the online booking of taxi-operating services and ensures the operational safety
and the legitimate rights and interests of passengers. Government departments promul-
gated PRMOCH on 28 July 2016, so as to regulate contract cars with regard to wheelbase,
displacement, and the driver’s age, their education level, the quantity of vehicles, and the
number of drivers. The PRMOCH will also influence the emission reduction contribution
of online car-hailing services [27]. First of all, PRMOCH vehicle age indicators affect the
supply of vehicles [28]. Second, the PRMOCH vehicle displacement and wheelbase in-
dicators affect the type of online car-hailing, which further affects the supply of vehicles.
Finally, a driver’s driving record, age, and household registration allow the PRMOCH
to affect the supply of car-hailing drivers. A large body of literature has explored the
influence of the PRMOCH on safety, service quality [29,30], and the use of electric vehicles
(EVs) [31], though there is still a significant gap surrounding its effect on energy-saving
and emission reduction.

In addition, choosing between the PRMOCH, or the region, as a research object was
not considered for this research, because the degree and implementation of the PRMOCH
varies from region to region, as does the stock of vehicles [32–34]. At present, many regions
strictly introduced the PRMOCH, which will limit the number of network cars to less than
1% [35]. The PRMOCH, in many local areas, has still not been implemented. For example,
one of the indicators requires all online cab platforms to have a local business license.
However, as of July 2018, the number of operating licenses for major online cab platforms,
such as China Tricycle, Shenzhou Taxi, Shou Taxi, and E-Car, was far from adequate. This
reflects the inadequate implementation of local government policies. The current situation
stipulates that even though 99% of the drivers or platforms do not meet the PRMOCH
standards, they continue to operate. This shows that the local governments’ efforts to
implement the PRMOCH are not working. Many regions, such as Guangzhou and Foshan
(Government, 2016), explicitly require car-hailing vehicles to be BVEs, which directly affects
the type of car allowed. Therefore, it is necessary to show the regional impact of different
PRMOCH standards on the emission reduction contribution of online car-hailing services.

Based on the analysis of the PRMOCH in 249 local areas, as well as market supply and
GHG emissions, a comprehensive analysis model was designed to answer the following
questions: (1) How are the GHG emissions of online car-hailing services to be quantified
under the evaluation policy? (2) Considering the energy and material consumption in
vehicle production, what are the long-term GHG emissions and emission reductions of
online car-hailing services, and how do the PRMOCH standards affect them? (3) How does
the COVID-19 epidemic affect greenhouse gas emissions and emission reductions from
online car-hailing services?
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The main contributions of this research are as follows: (1) This paper constructs a
GHG emissions assessment model of online car-hailing services under an evaluation policy,
(2) it considers the energy and material consumption in the production stage of online
car-hailing when estimating GHG emissions, and (3) it analyzes the long-term development
and the market penetration of online car-hailing, based on different scenarios, including
different degrees of PRMOCH stringency, regional differences, and future developments
of EVs.

The remainder of the paper is organized as follows: Section 2 introduces the model
and policy scenarios. Section 3 presents the data. Section 4 provides the calculation results.
Section 5 presents conclusions and makes policy recommendations.

2. Module and Scenario Design

Based on the GHG emissions assessment model, we estimate, in this paper, how
regulatory stringency and policy implementations affect the market supply of online
car-hailing, GHG emissions, and the reduction of online car-hailing services mandated
by the PRMOCH. The comprehensive analysis model includes three parts: A restricted
index selection module, a vehicle inventory calculation module, and a carbon emission
calculation module (see Figure 1). In the restricted index selection module, we evaluated
the use of EC and vehicle emission levels by policy and environmental factors. Finally,
in the carbon emission calculation module, we evaluated carbon emissions and vehicle
emission reductions.

The purpose of the restricted index selection module was to calculate the selection
probability of car-hailing types, by 2030, in three scenarios. The vehicle inventory cal-
culation module was used to calculate the market penetration and inventory of online
car-hailing by 2030, and the carbon emission calculation module calculated the carbon
emission and emission reductions.

The variables used in the equations are shown in Table 1, including parameters,
symbols, parameter values, and variable explanations.

Table 1. Variable description.

Parameter (Unit) Symbol Value Explanation and References

Selection probability (%) P / Retrieved from multivariate logit (mlogit) selection model
Multivariate logit regression V / From our calculation

Sales of vehicles (unit) Sales / Reference [36]

Stock of vehicles (unit) stock / Retrieved from CEIC database and different
PRMOCH requirements

Private vehicle survival rate (%) Sr / The coefficients were derived from research by Han et al. (2011)
Well-to-tank stage (L) WTT / Reference [37]

Tank-to-wheel stage (L) TTW / Reference [37]
Replacement coefficient of online

car-hailing Pre 0.06 Retrieved from the research report of China International
Capital Corporation Limited (CICC)

Average annual mileage (km) VKT 18,000 Reference (China’s Technical Guidelines for the Preparation of
Air Pollutant Emission Inventory for Road Vehicles)

GHG emission reduction ER / From our calculation
GHG emissions of online car-hailing EC / From our calculation

2.1. Restricted Index Selection Module

The restricted index selection module used the multivariate logit (mlogit) selection
model to calculate the probability of selecting alternatives. The module extracted two
explained variables from the PRMOCH: the fuel vehicle displacement type (1–1.6 L, 1.6–2 L,
or >2 L) and whether or not to use EVs (dummy = 1 if it is an EV; otherwise, dummy = 0).
The explanatory variable for this paper included policy factors and control variables.
Using stepwise regression, we extracted the following seven key policy indicators from
31 PRMOCH standards, as shown in Appendix A. The 249 local PRMOCHs reflected differ-
ent levels of regulation stringency. This paper invited 25 policy review experts, including
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five staff members of DiDi, who work in cooperation with government departments, and
20 online car-hailing drivers, to evaluate the directionality of the strictness of the seven
indicators. Then, the PRMOCH standards of 249 cities were compared in order to find
the stringency levels of each indicator. The more favorable the policy was for reducing
the number of online vehicles, the more stringent the regulation was. For instance, some
city policies required vehicles with a wheelbase of 2700 mm to register, which greatly
reduced the market supply of online cars. This kind of policy is stricter than a policy of
specifying a wheelbase of 2200 mm. The policy factors included driver requirements (health
conditions) and vehicle requirements (wheelbase, EV wheelbase, price, term of transport
license, seating capacity, and body length). The control variables were the urban areas, the
unemployed urban populations, the number of taxis, prices of 95- and 92-octane (95# and
92#) gasoline, and the number of charging piles.

P(yi=j) =
eVij

∑n
j=1 eVij

(1)

The probability P(j) is the selection probability and refers to the probability that the
consumer selects the j displacement type of vehicle. The probability P(j) was calculated by a
binomial distribution, with the assumptions that the probability term in the discrete choice
model obeys a mean of 0 and that the variance is σ2

1 , as shown in Equation (1) [38–40].
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Figure 1. Framework of the GHG emissions assessment model of an online car-hailing service.

The calculation formula of Vij is shown in Equation (2). βi refers to the weight of
explanatory variables j.

Vij = a + β1·Wheelbase + β2·Wheelbasebc + β3·Vehicleprice + β4
· Transportlicense + β5·Seatcapacity + β6·Bodyworklength
+β7·Health + β8·Populationunemployed + β9·Taxinumber
+β10·95#gasolineprice + β11·92#gasolineprice + β12
· Chargingpiles

(2)

2.2. Vehicle Inventory Calculation Module

The vehicle inventory calculation module uses the vehicle survival formula to calculate
the annual stock of vehicles of different ages and displacements according to the annual
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production and import volume of each displacement type. Then, combined with the market
supply of drivers and the selection probability, the market penetration of online car-hailing
is calculated. It is worth noting that policy has restricted the age of the online cars to one
year, three years, and six years. Finally, this module calculates the inventory of the online
car-hailing market for each year. The supply probability of drivers was estimated by the
ratio of car-hailing drivers to city drivers, the data for which were provided by the research
report and the companies’ annual reports.

The annual stock of cars was influenced by the survival and purchase rates of cars,
which gave dynamic stock functions for two different cars:{

Stockj,z = Salesj,z + Stockj,z−1Sr(t)
StockBEV,z = SalesBEV,z + StockBEV,z−1Sr(t)

(3)

Stock j,z represents the stock of fuel vehicles with a level j displacement in year z,
and StockBEV,z represents the stock of pure electric vehicles in year z. The private vehicle

survival rate is calculated by Sr(t) = e−(t/T)k
, where t represents the vehicle age. The

vehicle age is an important indicator regarding application constraints. According to
the PRMOCH standards, the online car-hailing market has a classification of one year
(the policy share of a one-year-old vehicle is 12%), two years (6.5%), three years (34%),
six years (27%), and eight years (1.7%) for the vehicle age. Based on the perspective of the
regulatory stringency of the policy, the policy requiring the vehicle age of one year is the
most stringent, which means that only new cars can be used as online car-hailing vehicles;
the policy requiring a vehicle age of eight years is the least stringent. Therefore, in this
paper, we chose three categories with a large number of policies: strict (vehicle age is one
year), moderate (vehicle age is three year), and less strict (vehicle age is six years. T and k
represent the characteristic parameters, and the coefficients were derived from research by
Han et al. (2011) for the Chinese market [41]. If Sz represents the share of online car-hailing
in year z, then the number of call orders for all types of cars is:

Sz =
3

∑
j=1

(
Stockj,z·P(yi=j)

)
+ StockBEV,z·PBEV (4)

2.3. Carbon Emission Impact Module

This module calculates the carbon emissions of online car-hailing services by estimat-
ing the market penetration of EVs under the influence of the PRMOCH.

ECθ,z,t = S(new)z,t·WTTθ,z + Sz·VKT·TTWθ,z

S(new)z,t =
Salesz ·Sz,t

Stockz,t

(5)

In measuring the amount of annual energy consumption, the well-to-wheel method is
used to study fuel consumption in the production phase, as well as the driving phase of
the vehicle. Well-to-wheel (WTW) studies review the life cycles of energy carriers (gas or
electricity) and the WTW life cycle can be subdivided into two stages: well-to-tank (WTT),
which focuses on the fuel supply chain, and tank-to-wheel (TTW), which covers the vehicle
operation [37].

ECθ,z,t is the amount of annual energy consumption due to online car-hailing in year y,
and θ refers to the type of vehicle (gas or EV). S(new)z,t denotes the number of new online
car-hailing vehicles across t years in year z. Salesz denotes the sales of new cars in year
z. Stockz,t denotes the number of minibuses used across t years in year z. Sz,t denotes the
number of online car-hailing vehicles used across t years in year z. WTTθ,z denotes the
GHG emissions in the production links of vehicles of type θ. TTWθ,z denotes the GHG
emissions in the production links of vehicles of type θ in year z. VKT represents the average
annual mileage due to online car-hailing, which is the same as the amount for taxis. China’s
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Technical Guidelines for the Preparation of Air Pollutant Emission Inventory for Road
Vehicles show that the annual average mileage of a taxi is 18,000 km.

2.4. Equivalent Computing

Online car-hailing platforms will increasingly reduce the number of low-income
families who plan to purchase cars [42] as it offers an alternative that can reduce the car
purchase demand by shifting that demand to sharing [43]. According to the report of the
China International Capital Corporation Limited (CICC), 6% of non-vehicle owners agreed
that online car-hailing replaced private cars, but among vehicle owners, the percentage was
30%. In this paper, which only concerns non-vehicle owners, the non-purchase of private
cars was due to the appearance of online car-hailing. We define the conversion rate of the
car as:

Sre =

3

∑
j=1

Sj,zPre (6)

where Sre indicates the number of online cars that have been reduced due to the replace-
ment effect, Pre indicates the replacement coefficient of online car-hailing, and Pre = 0.06.
Therefore, we obtained the GHG emission reduction of the ERz and GHG emissions of
online car-hailing ECz:

ERz = VKT
3

∑
j=1

Sj,zPre

(
Pf uel ·TTW f uel,z − PBEV ·TTWBEV,z

)

ECz =
Salesz ·Sz,t

Stockz,t
·WTTθ,z +

StockBEV,z +
3

∑
j=1

Sj,zPre

·PBEV ·VKT·TTWBEV,z

+

Stock f uel,z −
3

∑
j=1

Sj,zPre

·Pf uel ·VKT·TTW f uel,z

(7)

3. Data
3.1. Explanatory Variables

The strictness of the seven policy indicators is shown in Table 2. The forecast for
policy indicators, up to 2030, follows these principles: the later the policy is promulgated,
the stricter it is usually applied; some corrected PRMOCH standards were also stricter
than the original policies. Accordingly, the trend of regulation stringency is expected to
increase over the years. For example, the PRMOCH standards of Wuhan and Changsha
were released on 31 October 2016, and 11 April 2017, respectively. The PRMOCH of Wuhan
does not require car insurance, but the PRMOCH of Changsha requires car insurance that
costs over CNY 1,000,000. The average strictness of policies issued before June 2017 was
48.12. After June 2017, the average was 36.15).

3.2. Control Variables
3.2.1. Urban Registered Unemployment

The new economic model of online car-hailing has slowed the urban unemployment
rate, which ultimately affects the PRMOCH. The higher the rate, the less likely the govern-
ment is to enforce supervision [28] because online car-hailing has created a large number of
new jobs. According to data provided by [44], Uber creates about 50,000 new jobs every
month. Considering the amount of registered urban unemployed from 2014 to 2017 in
249 cities (see Table 3, third row), the average annual growth rate is 1.7%, and the registered
urban unemployed are estimated to reach an average of 21,090 people per city by 2030.
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Table 2. Policy requirement under different levels of regulatory stringency.

Index Attribute Unit 2016 2018 2020 2025 2030

EVs wheelbase Strict Cm 2600 2600 2610 2650 2700
Moderate 2500 2550 2550 2600 2600
Less Strict 2200 2400 2450 2450 2500

Vehicle price (CNY) Strict Thousand 100 100 140 140 140
Moderate 60 60 100 100 100
Less Strict 60 60 60 60 60

Term of driving license Strict Year 1 1 1 1 1
Moderate 3 3 3 3 3
Less Strict 6 6 6 6 6

Transport license term Strict Year 3 3 3 4 4
Moderate 5 5 5 6 6
Less Strict 7 7 8 8 8

Seating capacity of the vehicle Strict NA\Yes Yes Yes Yes Yes Yes
Moderate Yes Yes Yes Yes Yes
Less Strict NA NA NA NA NA

Health condition of the driver Strict NA\Yes Yes Yes Yes Yes Yes
Moderate NA Yes Yes Yes Yes
Less Strict NA NA NA NA NA

Body length requirements Strict NA\Yes Yes Yes Yes Yes Yes
Moderate NA NA NA NA NA

EV wheelbase Less Strict NA NA NA NA NA

Notes: N/A: There are no requirements for this indicator. Yes: There are requirements for this indicator.

Table 3. Main driving factors of the market environment.

Main Driving Factors Unit 2016 2018 2020 2025 2030

Urban unemployed population Thousand (CNY) 16.617 17.126 17.79 19.45 21.109
Number of taxis Thousand (CNY) 3.495 3.634 3.76 4.075 4.39

Price of 95# gasoline RMB/L 7.4 7.6 7.8 8.3 8.8
Price of 92# gasoline RMB/L 6.9 7.1 7.3 7.8 8.3

Charging piles Thousand (CNY) 0.068 0.086 0.189 0.538 0.888

3.2.2. Number of Taxis

As a natural competitor, taxis play a vital role in the development of the online car-
hailing market. Even though this market was legalized over the objections of taxi drivers,
they continue to pressure the government through strikes, which results in stricter policies
affecting online car-hailing [28]. Strict policy regulation requires various indicators, such
as vehicle displacement, to control the number of net car restrictions. By the end of 2014,
8428 taxi enterprises were in operation nationwide with 126,292 self-employed taxi drivers
and 2.6 million employees. Although the number of private cars is increasing, insufficient
parking spaces and license plate rationing make taxis an urban necessity. Considering the
number of taxis in the 249 cities (see Table 3, third row), the average annual growth rate
was between 3 and 4%. We estimate that in 2030, 4390 taxis per city will be in operation.

3.2.3. Gasoline Price

The gasoline price is an important factor affecting the decision to purchase cars [45,46],
and vehicle displacement is related to vehicle fuel consumption, where the larger the
displacement, the more fuel is consumed, and the higher the carbon dioxide emissions. We
estimate that the price of oil in China will climb steadily higher, which will do the same to
the price of gasoline [47]. After analyzing the trend from 2015 to 2018, we determined that
the 95- and 92-octane gasoline price growth rate was 1.01%, which suggests that prices will
be CNY 8.8/L for 95 and CNY 8.3L for 92 in 2030 [48].
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3.2.4. Numbers of Charging Piles

The charging power and battery size of EVs determines their development [49], which
further affects the stock of online cars and policy requirements. Fast charging may be-
come economically viable very quickly, and according to data from the Star Charge app,
the 249 cities had a total of 18,540 charging piles, with an average of 86 per city, as of
August 2018. Furthermore, the China Electric Vehicle Charging Infrastructure Promotion
Alliance reported that from July 2017 to June 2018, the number of charging piles increased
by 58.4% [50]. However, the charging infrastructure is far behind EV sales. The ratio of BCs
to charging piles is about 10:1, which is far from meeting demand. Therefore, central and
local governments have formulated policies to encourage the construction of charging pile
infrastructure. Based on the environment, we estimated a 12% annual growth rate, and by
2030, these 249 Chinese cities should each have an average of 888 charging piles.

3.3. Predetermination Factors
3.3.1. Automobile Stock

Most online car-hailing services are registered and operated by private car owners,
the stock of which directly affects market penetration. By 2030, China’s car sales and
stock will have grown rapidly. Auto sales are divided into two types: new purchases and
replacements [51]. A greater share of replacements increases the maturity of the automotive
market. In the United States, where the market is mature, more than 99% of car sales
are replacements. China’s auto market is still dominated by new purchases, but more
replacement consumption is expected. Wu et al. (2014) used the Gompertz function of GDP
per capita and vehicle stock to forecast vehicle ownership through to 2030, and the results
showed that China’s vehicle stock will be 5.13 times what it was in 2012 [52]. By sorting the
sales data of private cars from 2009 to 2015, we estimated that the survival time of each car
is six years and that, by 2030, China’s vehicle stock will be 246,563,120.

3.3.2. Market Supply of Drivers

The probability of driver availability in the online car-hailing market was measured
by the ratio of the number of active online car drivers to the total number of community
drivers per year from 2014 to 2017, when online car-hailing was already popular. During
this period, most PRMOCH standards had not been fully enacted, so there was no need
to consider their impact, and, thus, using the abovementioned ratio was reasonable. As a
popular peer-to-peer platform with strong network externality, DiDi has attracted many
users through the Internet’s fast feedback mechanism [53]. According to [20], more people
will join the platform to become network drivers and loyal passengers. Some even buy
cars specifically to become drivers [54]. In 2016 and 2018, the number in China was
310 million [55] and 328 million [56], respectively. The numbers of drivers registered with
the online services were 21.08 million [57] and 30.66 million [57,58], respectively, accounting
for 4.84 and 9.35% of all drivers.

However, the registered drivers for online car-hailing are not active enough, and
their mileage does not reach the average annual mileage of taxi drivers. Beijing had
1.1 million registered drivers and 200,000 active drivers for DiDi in 2017 [59]. In addition,
frequent deaths, because of hitchhiking, caused the number of drivers to decrease (e.g.,
the Zhengzhou and Wenzhou murders) [60]. However, we estimated that the total market
supply of DiDi drivers will increase from 4.8% in 2018 to 8% in 2030, and the total supply
of online car-hailing drivers should increase by 6.4% per year.

3.3.3. EV Sales

The government vigorously advocates for the popularization of EVs, but some local
governments only allow EVs to register as online vehicles. Therefore, the development of
EVs directly affects the stock of vehicles and the market penetration of online car-hailing.

Because of government subsidies, business model innovations, and trends in global
energy conservation and emission reduction, the development of EVs in China is expected
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to grow significantly [61], and EV sales are expected to reach 2 million by 2020 [53] (see
Table 4). Huge subsidies from central and local governments, and non-monetary incentives
(e.g., restrictions on vehicle ownership in Beijing and elsewhere), are major reasons for the
rapid leap. Meanwhile, business innovations and vastly expanding supplies have helped
accelerate EV sales and infrastructure. Since EVs are cheaper to run than gasoline vehicles,
the global EV stock will reach 30 million by 2030, and China will lead this transformation.
By 2030, its auto sales should account for nearly 50% of the global EV market, which is
currently 15 million [62].

Table 4. Data regarding the predetermined factors.

Major Estimates Unit 2016 2018 2020 2025 2030

Market shares of online car-hailing % 4.0 5.0 5.8 7.3 8.0
EV sales Thousand 408 887 2000 7201 15,000

3.3.4. GHG Emissions

In this paper, GHG emissions were mainly taken from [37,63–67]. It was assumed that
the life cycle of a vehicle was 14.1 years, with an annual driving distance of 14,865 km [37].
Combined with the above data, it was concluded that in the WTT stage, the amount of
carbon dioxide emitted by EVs and gasoline vehicles were, respectively, 8.38 and 10.48 t.
The emissions of EVs in the TTW stage differed based on different modes of electric power
production. Emissions generated by coal, liquefied natural gas, wind, and diesel were 175,
104, 2, and 145 g/km, respectively. In the TTW stage, emissions of gasoline vehicles were
139.6 g/km, based on the European emission standards for passenger cars.

4. Results
4.1. Calculating the Selection Probability of the Displacement Type of Vehicle

In this study, we used a multivariate logistic regression model to analyze the choice of
behavior of the displacement type of vehicles based on the PRMOCH of online car-hailing,
and we calculated the selection probability. Table 5 lists the regression results that used
Level 1 (1–1.6 L), Level 2 (1.7–2 L), and Level 3 (>2 L) as control groups. The IIA results
show that each λ2 was non-negative, and the model passed the Hausman test; thus, the use
of a multivariate logistic regression model was appropriate. Because of the large sample
size of Level 1, we used it as a reference item and focused on analyzing the first set of
regression results. The sensitivity analysis of multivariate logit regression is shown in
Table A2 (see Appendix B).

The estimation results showed that strict PRMOCH standards increases the probability
of market selection for large displacement vehicles. For example, PRMOCH standards that
require drivers to be healthy directly increase the buying probability for large displace-
ment vehicles. More specifically, policies that require drivers to have health certificates
increase the probability of selection by 77% for Level 2 and by 76% for Level 3 vehicles at a
significance of 10%. With an increase of CNY 10,000 in price, the selection probabilities of
Level 2 and Level 3 vehicles would fall by 75.34 and 21.17%, respectively. In addition, an
increase in the number of unemployed people and taxis can promote the choice of small
displacement vehicles in the market. For each additional unemployed population or taxi,
the probability of choosing a Level 1 vehicle increases by 0.017% and 0.020%, respectively.
Because stricter PRMOCH standards and regulations promote large displacement vehicles,
they affect GHG emissions.

4.2. Market Penetration and Changes under Different Policy Implementations

In Scenario 1, local PRMOCH convergence was assumed to be uniform. Although
local PRMOCH standards differ somewhat, they essentially converge with the country’s
PRMOCH. For example, the national PRMOCH requires seven seats or fewer, and 217 local
governments apply the same standards. However, 23 local governments set the policy at
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five to seven seats; nine local governments have not yet come up with detailed policies;
and 87.14% of cities have the same policies as the PRMOCH. Although 9.23% of the policy
texts seem different, they all refer to common, small, private vehicles.

Table 5. The result of the selection of displacement type of vehicles by PRMOCH.

Base Level 1 (1–1.6 L) Level 2 (1.7–2 L) Level 3 (2 L or More)

Displacement Type Level 2
(1.7–2 L)

Level 3
(2 L or More)

Level 1
(1–1.6 L)

Level 3
(2 L or More)

Level 1
(1–1.6 L)

Level 2
(1.7–2 L)

Driving license term −0.127 0.315 * 0.127 0.442 ** −0.315 * −0.442 **
(−1.01) (−2.18) (−1.01) (−2.7) (−2.18) (−2.76)

Vehicle prices −1.400 *** −0.238 1.400 *** 1.162 *** 0.238 −1.162 ***
(−4.95) (−0.81) (−4.95) (−3.31) (−0.81) (−3.31)

Number of seats
1.674 * 2.129 ** −1.674 * 0.455 −2.129 ** −0.455
(−2.43) (−2.61) (-2.43) (−0.63) (−2.61) (−0.63)

Health 1.232 *** 1.175 * −1.232 *** −0.0565 −1.175 * 0.0565
(−3.31) (−2.05) (−3.31) (−0.09) (−2.05) (−0.09)

Bodywork length 0.213 1.849 * −0.213 1.635 * −1.849 * −1.635 *
(−0.35) (−2.46) (−0.35) (−2.11) (−2.46) (−2.11)

Transport license term 0.0227 −0.187 −0.0227 −0.209 0.187 0.209
(−0.29) (−1.41) (−0.29) (−1.54) (−1.41) (−1.54)

BC wheelbase 0.188 ** 0.247 ** −0.188 ** 0.0592 −0.247 ** −0.0592
(−3.25) (−2.77) (−3.25) (−0.64) (−2.77) (−0.64)

Fuel 95 10.14 *** 2.343 −10.14 *** −7.801 −2.343 7.801
(−3.34) (−0.53) (−3.34) (−1.67) (−0.53) −1.67

Fuel 92 −8.446 * −3.271 8.446 * 5.175 3.271 −5.175
(−2.47) (−0.63) (−2.47) (−0.95) (−0.63) (−0.95)

Unemployed people
× 10−4

0.564 ** −0.0312 −0.564 ** −0.595 ** 0.0312 0.595 **
(−2.86) (−0.18) (−2.86) (−2.63) (−0.18) (−2.63)

Number of taxis −0.000230 * 0.000122 0.000230 * 0.000352 * −0.000122 −0.000352 *
(−2.01) (−1.04) (−2.01) (−2.47) (−1.04) (−2.47)

Charging pile −0.00335 −0.000476 0.00335 0.00287 0.000476 −0.00287
(−1.38) (−0.16) (−1.38) (−0.88) (−0.16) (−0.88)

Constant −17.11 −1.696 17.11 15.41 1.696 −15.41
(−1.72) (−0.10) (−1.72) (−0.83) (−0.1) (−0.83)

N 234 234 234 234 234 234

t statistics in parentheses, * p < 0.05, ** p < 0.01, *** p < 0.001.

In Scenario 2, we introduced the condition in which the PRMOCH for first- and
second-tier cities was stricter than for those of the third, fourth, and fifth tiers. We dis-
tinguished three different levels of regulatory stringencies in first- and second-tier cities,
(strict, moderate, and less-strict). For the third- and fourth-tier cities, only one level of
regulatory stringency (moderate) was adopted. Among the 249 cities, 48 were first- and
second-tier, and 201 were third-, fourth-, and fifth-tier. According to the distribution of the
certified drivers announced on the Wheel Violation website for 2016, drivers in the first two
tiers accounted for 57% nationwide, and those in the other three tiers accounted for 43%.

In Scenario 3, first- and second-tier cities gradually adopted the EV replacement policy,
which meant that only EVs could be used. A city that encouraged or advocated the use of
EVs in the PRMOCH was regarded as a city that chose EVs as its form of online car. It is
expected that, by 2030, these 49 first- and second-tier cities will operate online car-hailing
businesses with EVs.

4.2.1. Market Penetration of Online Car-Hailing

Based on the annual online car-hailing stock and displacement selection probability, a
vehicle inventory calculation module was used to calculate the market penetration from
2014 to 2030, as shown in Figure 2, which depicts the market penetration of online car-
hailing in different scenarios. Regulatory stringencies had the greatest impact on the market.
Since Uber entered the Chinese market in 2014, when no policy regulations existed, their
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market penetration increased by 6.4% annually (the top line of each image in Figure 2).
In Scenario 1, under the strict policy, market penetration was close to 0. In this case, the
average number of online car-hailing units in each city was below 10,000 (see Figure 2a,b)
because fewer vehicles were compliant, resulting in lower market penetration. Moreover,
most car owners quit because of the high cost of violations.
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A comparison of Figure 2a,c shows that the difference in market penetration among
the three regulatory categories in Scenario 2 was less than for Scenario 1. The reason is
that people in the first- and second-tier cities were more inclined to choose a vehicle with a
displacement greater than 3L under the strict policy regulation, while the vehicle’s share of
stock at this emission level in China is 0.1%. On the other hand, in Scenario 2, implementing
strict policies in the first- and second-tier cities moderately affected the energy consumption
of online car-hailing across the country.

In Scenario 3, under the less-strict policy, the online car-hailing penetration rate
gradually increased by 2020 and then progressively decreased from 2020 to 2030 (see
Figure 2e). Under the strict EV replacement policy, people had to choose EVs for online
car-hailing. Furthermore, under the other EV subsidy policies, the increasing number of
EVs provided protection for the public’s choice. However, the strict EV replacement policy
had positive external incentives to increase the number of EVs and charging piles. On the
other hand, under the less-strict policy, inconvenient charging and low subsidy levels led
to a rise in EV purchase costs, which led to drivers rejecting EVs for online car-hailing.
Therefore, the market penetration rate of the online car-hailing market gradually decreased.

4.2.2. Changes in Market Penetration under Different Policies

As shown in Figure 3, we considered policy alignment across the nation and compared
three levels of regulatory stringencies containing three types of policy implementations,
such as the 15 ppm policy (implementing one policy indicator: driver health requirement),
the 55 ppm policy (implementing four policy indicators: driver health, vehicle seating
capacity, driving license term, and the new energy vehicle wheelbase), and the 95 ppm
policy (implementing all six policy indicators, with the addition of vehicle price and body
length to the 55 ppm policy).

When more policy indicators are implemented, the market penetration of online car-
hailing gradually decreased. This phenomenon was more obvious under the moderate-
and strict-policy conditions (see Figure 3b,c). This change could be as much as 1.1% of
market penetration.

Different policy implementations have obvious effects on the management and control
of the number of online car-hailing units, but these are less evident than those from
regulatory stringencies, as depicted in Figure 3. If the policy enforcement rises from 15 ppm
to 95 ppm, then the maximum market penetration rate will decrease by 0.5 percentage
points, 1.1 percentage points, and 0.5 percentage points in the strict, moderate, and less-
strict markets, respectively. However, on the whole, the strict market policy is more effective
for reducing the market penetration of online car-hailing.

4.3. GHG Emissions from Online Car-Hailing

Based on the market penetration of small passenger vehicles, the energy impact
module was used to calculate the GHG emissions during 2014–2030, as shown in Figure 4.
From 2014 to 2017, local PRMOCH standards were not implemented, so online car-hailing
services appeared and became popular, resulting in annual GHG emissions of 63.17, 81.84,
110.25, and 140.42 MtCO2, respectively.

Based on the figures, we found that overall GHG emissions from online vehicles will
increase, year by year, from 2020 to 2030. The total GHG emissions in the three scenarios
of strict policies are about 50 MtCO2, 225 MtCO2, and 70 MtCO2 in 2030. In the less-strict
policy, the GHG emissions increase significantly, and the total GHG emissions in the three
scenarios will be about 325 MtCO2, 413 MtCO2, and 160 MtCO2 in 2030.

A comparison between Figure 4a,b shows that total energy consumption in Scenario 2
was greater than in Scenario 1 under the moderate- and strict-policy situations. The main
reason was that, compared to Scenario 1, the first- and second-tier cities were not controlled
sufficiently to affect the national online car-hailing market in Scenario 2.
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Energy consumption in Scenario 3 exhibited an upward trend during 2018–2019 (see
Figure 4c) mainly because the EV replacement policy started in 2018 and was complete by
2019 in certain cities, leading to less energy consumption.
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4.4. Emissions Reduction for Online Car-Hailing

The literature shows that mobile transportation platforms have a role in energy-saving
and emissions reductions, and that, the more online cars there are, the more obvious the
energy-saving and emission reduction effects are. However, the introduction of PRMOCHs
controlled the amount of online car-hailing, to a certain extent, and weakened the energy-
saving and emission reduction effects of online vehicles.

The energy savings and emission reductions of car-hailing vary under different levels
of regulatory stringencies and policy implementation. As shown in Figure 5, by 2030, under
the less-strict policy, online ride-hailing services will reduce emissions by 19.46, 25.10, and
9.48 MtCO2 in Scenario 1, Scenario 2, and Scenario 3, respectively. However, under the strict
policy, for online ride-hailing services, the reductions would be 2.13, 13.57, and 2.53 MtCO2
in Scenario 1, Scenario 2, and Scenario 3, respectively. We found a huge impact on the total
amount of online taxi emission reductions under different policies. The more lenient the
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policy, the better the carbon emission reduction. Therefore, the government needs to find a
trade-off between protecting passengers’ rights and reducing carbon emissions.
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4.5. Assessment of the Reduction Effect on Other Pollutant Gases

In this section, we investigate the effect of the implementation of different policies
on other pollutant gases, which refers to the emission reduction effect of CO, NOx, and
HC gases.

Combined with the findings of the Borucka study, the gas emissions generated during
car driving were as follows: CO2 235 g/km, CO 6.8 g/km, NOx 1.23 g/km, and HC
1.03 g/km, on average, from road tests record [68].

We obtained the reduction effects of CO, NOx, and HC gases, as shown in Figure 6,
Figure 7, and Figure 8, respectively.

4.6. Assessment of the COVID-19 Epidemic Impact

In this section, to better understand the current reality in China, we considered the
impact of the COVID-19 epidemic on transportation in China from December 2019, when
the first case of COVID-19 was reported in China. By 2020, the epidemic spread further and
several regions in China adopted lockdown policies to limit the spread of the COVID-19
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epidemic, which, in turn, led to a significant decrease in people’s travel. Zhang and Tong
(2021) set five phases to simulate the impact of traffic consumption, namely the outbreak
of COVID-19 (January), the rapid responses to COVID-19 (February), the preliminary
containment of the spread of COVID-19 (March), the gradually strengthened COVID-19
pandemic prevention and control, and the regular COVID-19 pandemic prevention and
control (From May to October), respectively [69]. Following the settings of five phases, we
evaluated the demand for passenger transportation in the five phases (−11.90%, −88.70%,
−73.10%, −58.80%, and −41.50%, respectively), and we suggest that the overall decrease
in energy consumption for road transport in 2020, due to COVID-19, is about 45%. The
revised emission reduction results are shown in Figure 9.

Next, we compared the predicted data from 2018–2020 with the actual data from
2018–2020 in Figure 10, where Figure 10 a–c represent the comparison results in 2018, 2019,
and 2020, respectively.

We found that the actual results were all somewhat larger than our estimates, which,
we believe, is mainly due to the promotion of online car-hailing and the increased awareness
of residents to the regulation of their driving, which makes the market penetration of online
cars higher than our simulated values and, ultimately, makes the emission reduction effect
more significant.
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5. Discussions

Based on the above research, we have three policy recommendations: (1) The gov-
ernment should avoid compulsory actions in shutting down online car-hailing platforms
because different stringency levels and policy implementations are sufficient to deter po-
tential safety risks and reduce energy consumption. (2) It is better to implement strict
policies throughout the country to achieve safety control. It is obvious that the government
is not succeeding at controlling the safety of online car-hailing services by controlling their
numbers. Controlling just the first-tier and second-tier cities has little effect nationwide.
(3) From the perspective of energy consumption and policy efficiency, the government
should increase the stringency and implementation of EV replacement policies in the first-
and second-tier cities, which can greatly reduce energy consumption. Strict and moderate
policies are conducive to the development of new energy-efficient online car-hailing ser-
vices, which can be seen in Scenario 3: the number of EVs under the strict and moderate
policies was 2.3-fold more that of the less-strict policy.

In this paper, we attempted to estimate the greenhouse gas emission reductions from
the online car-hailing service based on different regulation scenarios, but there were lim-
itations. First, in the absence of data, a more carefully developed model, incorporating
key factors, would likely not have been able to provide direct quantitative predictions, but
may have had the ability to identify the conditions under which car-hailing services could
reduce greenhouse gas emissions. Second, although taxi penetration is mentioned as a pos-
sible factor in influencing the adoption of online car-hailing, other forms of micromobilities,
such as bike or scooter sharing, were not mentioned. Third, the implications of increasing
emissions because of those shifting from public transit to online car-hailing vehicles were
not discussed or considered. These users actually increase GHG emissions, but we did
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not consider this particular group. Fourth, since we only studied the impact of online
car-hailing on emission reduction in China, we did not take into account the situation in
other countries. In China, there is a difference between net cars and cabs. That is, cabs can
only take orders from cabs, and net cars can only take orders from net cars. This feature is
also an important factor in conducting our study.

In the future, we will improve the model to take into account some ride-sourcing
groups, for example, the passengers who shift from public transit to ride-sourcing vehicles,
which may affect car use and GHG emissions. In addition, we will consider how the
potential growth or evolution of micro-mobility options in China could affect online car-
hailing emissions. Furthermore, many studies have shown that a portion of online car-
hailing users would have used lower emission-intensive modes, such as walking, biking,
or public transit (e.g., [70,71]). Therefore, we will consider such individual-level data along
with the emissions-reducing effects of private vehicle selling and suppression.

6. Conclusions

By establishing a GHG emissions assessment model, three scenarios, reflecting possible
trajectories of online car-hailing in China through to 2030, were developed.

Considering the energy and material consumptions in the vehicle production and
operation stages, GHG emissions from online car-hailing services will be at maximums
of 325, 413, or 160 MtCO2 and emissions will be reduced by a maximum of 19.46, 25.1, or
9.48 MtCO2 by 2030.

With the expansion of the online car-hailing platform and the further improvement of
safety and convenience, the number of services will increase, accompanied by more GHG
emissions. However, the substitution of online car-hailing for new car purchases is raising
the level of the emission reductions.

Second, although online car-hailing services save energy and reduce emissions, strict
PRMOCH standards weaken this effect by decreasing the number of network cars. We
found that the more stringent the PRMOCH, the more it reduces the number of car-hailing
vehicles. A strict PRMOCH limits the number of network cars to less than 1%, which
seriously curbs the development of online car-hailing services based on an increasing
probability of a market preference for large displacement vehicles. In addition, the number
of vehicles in the network is also diminished because of the small inventory of large
displacement vehicles. If the government wishes to ensure the safety of the network by
regulating the number of online car-hailing vehicles, it need only control the strictness and
execution of some indicators.

Third, implementing the EV replacement policy will help reduce the direct GHG
emissions of network cars and promote EV sales. The results showed that in Situation 3,
the ratio of EVs to total network vehicles was 49.55% under a strict PRMOCH, while the
ratio of online EVs to total vehicles was 4.6% under a less-strict PRMOCH. This means that
EV replacement policies help to promote EVs in the market, and strict PRMOCH standards
particularly amplify this effect.

Fourth, we found that the actual results were all somewhat larger than our estimates,
which we believe is mainly due to the promotion of the online car-hailing and the increased
awareness of residents to regulate their driving, which makes the market penetration of
net cars higher than our simulated values and, ultimately, makes the emission reduction
effect better.

In addition, it is better to implement strict policies throughout the country than in
just the first- and second-tier cities to implement the government’s goal of the safety
and quantity control of online car-hailing. Therefore, if the government’s goal is to reg-
ulate the number of online vehicles across the country, it needs to implement a stricter
national PRMOCH.
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Appendix A

Table A1. Descriptive statistics of 31 key indicators in the PRMOCH standards of 249 local governments.

Variable Unit N Mean Sd Min Max

Wheelbase mm 249 2549.98 173.81 2350 3000
Wheelbase of hybrid car 249 2418.47 61.24 2400 2700

Wheelbase for new energy vehicle
EV cruising range

249 2310.4 305.63 2000 2700
km 249 147.19 76.19 80 260

Vehicle insurance maximum compensation Ten thousand (CNY) 249 26.99 32.91 10 100
Vehicle price 249 8.06 2.58 6 16

Term of transport license Year 249 6.36 2.29 3 8
Age of vehicle 249 2.67 1.09 1 6

Term of driving license
Driving qualification certificate revocation record

249 0.81 1.61 1 8
249 0.69 1.12 1 3

Emissions L 249 1.25 0.32 1 2
Criminal record NA(0) Yes(1) regulations 249 1 0 1 1

Dangerous driving record 249 0.98 0.15 0 1
Drug abuse record 249 0.98 0.15 0 1

Drunk record 249 0.98 0.15 0 1
Violence 249 0.97 0.17 0 1

Seating capacity of the vehicle 249 0.97 0.17 0 1
Illegal behavior 249 0.96 0.19 0 1
Car registration 249 0.94 0.23 0 1

Driving experience 249 0.94 0.25 0 1
Whether they passed the integrity assessment 249 0.93 0.25 0 1

Vehicle driving period 249 0.89 0.31 0 1
Driver registration 249 0.82 0.38 0 1

Punishment regulation 249 0.75 0.43 0 1
Driver age requirement 249 0.69 0.46 0 1

Driver health requirement 249 0.53 0.5 0 1
Traffic crime record 249 0.33 0.47 0 1

Passenger requirements 249 0.31 0.46 0 1
Requirements for establishing a bad record list

system 249 0.18 0.38 0 1

Body length requirements 249 0.1 0.3 0 1
Driver education requirements 249 0.08 0.28 0 1
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Appendix B

Table A2. Sensitivity analysis.

Model 1 Model 2 Model 3 Model 4 Model 5

(1) (2) (1) (2) (1) (2) (1) (2) (1) (2)
driving_licence_term −0.0414 0.375 ** −0.0414 0.375 ** −0.0455 0.399 ** −0.0474 0.398 ** −0.11 0.27

(−0.33) (−2.74) (−0.33) (−2.74) (−0.37) (−2.97) (−0.38) (−2.89) (−0.87) (−1.77)
vehicle_prices −1.257 *** −0.126 −1.257 *** −0.126 −1.237 *** −0.0822 −1.221 *** −0.0959 −1.371 *** −0.02

(−4.83) (−0.48) (−4.83) (−0.48) (−4.81) (−0.31) (−4.78) (−0.36) (−4.81) (−0.07)
number_of_seats 1.824 ** 2.615 ** 1.824 ** 2.615 ** 1.846 ** 2.384 ** 1.876 ** 2.561 ** 1.477 * 1.418

(−2.63) (−3.25) (−2.63) (−3.25) (−2.66) (−3.05) (−2.74) (−3.17) (−2.04) (−1.57)
health 1.088 ** 1.218 * 1.088 ** 1.218 * 1.075 ** 1.319 * 1.133 ** 0.995 1.182 ** 1.029

(−2.94) (−2.09) (−2.94) (−2.09) (−2.92) (−2.28) (−3.11) (−1.75) (−3.1) (−1.69)
endurance_mileage 0.0332 0.0614 0.0332 0.0614 0.0315 0.0463

(−0.42) (−0.53) (−0.42) (−0.53) (−0.4) (−0.41)
if_traffic_

Violation_record −0.0543 0.7 −0.0543 0.7 −0.0307 0.642

(−0.14) (−1.27) (−0.14) (−1.27) (−0.08) (−1.16)
if_criminal_record 0.934 −1.926 0.934 −1.926 0.832 −1.978

(−0.89) (−1.51) (−0.89) (−1.51) (−0.79) (−1.56)
driving_time_limit 0.265 0.198 0.363 0.785

(−0.41) (−0.23) (−0.55) (−0.82)
bodywork_length −0.0608 1.781 * 0.149 1.720 *

(−0.10) (−2.44) (−0.24) (−2.24)
vehicle_wheelbase 0.42 1.027 **

(−1.18) (−2.7)
transport_license_term 0.0322 −0.191

(−0.4) (−1.41)
BC wheelbase 0.174 ** 0.13

(−2.76) (−1.33)
cityye −0.858 −0.0205 −0.858 −0.0205 −0.815 −0.136 −0.76 0.266 −1.144 0.294

(−1.18) (−0.02) (−1.18) (−0.02) (−1.11) (−0.15) (−1.04) (−0.3) (−1.52) (−0.31)
fuel95 10.55 *** 3.27 10.55 *** 3.27 10.38 *** 3.574 10.27 *** 1.304 10.50 *** 2.041

(−3.59) (−0.78) (−3.59) (−0.78) (−3.53) (−0.88) (−3.53) (−0.3) (−3.4) (−0.43)
fuel92 −8.135 * −4.414 −8.135 * −4.414 −7.866 * −5.106 −8.259 * −2.349 −8.530 * −2.449

(−2.46) (−0.92) (−2.46) (−0.92) (−2.36) (−1.09) (−2.47) (−0.48) (−2.46) (−0.45)
Unemployed

_persons 0.0000492 ** 0.00000356 0.0000492 ** 0.00000356 0.0000487 ** 0.0000035 0.0000516 ** −0.00000579 0.0000557 ** −0.00000627

(−2.64) (−0.22) (−2.64) (−0.22) (−2.59) (−0.22) (−2.68) (−0.35) (−2.71) (−0.36)
numbe_of_taxis −0.00014 0.000153 −0.00014 0.000153 −0.00014 0.000161 −0.000146 0.000136 −0.000174 0.000144

(−1.21) (−1.27) (−1.21) (−1.27) (−1.20) (−1.37) (−1.25) (−1.17) (−1.40) (−1.14)
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Table A2. Cont.

Model 1 Model 2 Model 3 Model 4 Model 5

cdz −0.00199 −0.000621 −0.00199 −0.000621 −0.00201 −0.000814 −0.00222 0.000558 −0.00291 −0.00000262
(−0.86) (−0.25) (−0.86) (−0.25) (−0.87) (−0.33) (−0.93) (−0.22) (−1.12) (−0.00)

_cons −22.11 * 0.631 −22.11 * 0.631 −22.81 * 3.112 −19.11 −1.602 −18.73 −4.067
(−2.06) (−0.04) (−2.06) (−0.04) (−2.13) (−0.19) (−1.89) (−0.10) (−1.83) (−0.22)

234 234 234 234 234

t statistics in parentheses, * p < 0.05, ** p < 0.01, *** p < 0.001.
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