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a b s t r a c t
Alongside a trend in lower private-vehicle ownership and the growing popularity of the shared use economy, car
sharing is emerging as an alternative travel mode. The LCA model of car sharing is proposed, the global warming
potential (GWP) of four car sharing models is determined, and the effect on GWP of urban transportation is explored. This study expanded the LCA of products to the LCA of services, by expanding the functional unit to service. In this study, the time dimension was considered during the functional unit setting. It was found that there
are large GWP differences among different car sharing models. Electric vehicle car sharing models have less GWP
than gasoline vehicle car sharing models. The dispatch distance and the numbers of passengers in one car are two
key factors for GWP of car sharing models. When car sharing replaces ~10% and ~50% of private cars, the GWP
reduction potentials of urban transportation are ~4% and ~20%, respectively. The overall distribution of car sharing should be set by considering the features of different models in different areas, to achieve the largest environment beneﬁt by using car sharing in cities. Therefore, car sharing can be used as a measure for signiﬁcant GWP
reduction for city transportation.
© 2019 Published by Elsevier B.V.
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Alongside a trend in lower private-vehicle ownership and the growing popularity of the shared use economy, car sharing is emerging as an
alternative travel mode (Chen and Kockelman, 2016). It is an innovative
means of transportation that combines private cars and public
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transportation (Hu et al., 2015). Car sharing provides a new option for
urban travel, helping to reduce the need for individuals to buy cars,
the rapid growth of private car ownership, and the congestion of
roads and use of parking resources (Burns, 2013; MHUR and MT, 2017).
Owing to these features, car sharing has begun to spread to many
countries. Car sharing originated in Switzerland and Germany, and has
now spread to 46 countries on 6 continents, accounting for an estimated
15 million members sharing over 157,000 vehicles (Shaheen et al.,
2018). In some countries, the car sharing model is relatively mature,
but is still in the early stages of development in China (Namazu and
Dowlatabadi, 2018; Tong ji University and EVCARD, 2018).
China is facing the problem of having to reduce the ownership of private cars in many cities, especially in Beijing. In 2016, the Report on the
Work of the Government in China ﬁrst proposed the “shared economy.”
Car sharing is considered as a prominent example of the shared economy (Hartl et al., 2018). In August 2017, the Chinese government formally promulgated the “Guiding Opinions on Promoting the Healthy
Development of Small Micro-coach Rental” and openly encouraged
the development of the car sharing model (MHUR and MT, 2017). Cities
such as Beijing, Shanghai, and Wuhan, also issued guidelines to encourage the sharing of new vehicles that run on alternative sources of energy
to promote the sustainable development of car sharing (CDTC, 2017;
SHGO, 2016).
By the end of 2017, Chinese car sharing services spread to more than
60 cities with a total of over 80,000 vehicles and a user base of up to 8
million users. 95% of vehicles in the car sharing market are new energy
vehicles. It is predicted that China's car sharing model will maintain a relatively high growth rate in the next few years, reaching a scale of approximately 550,000 vehicles by 2025 (Tong ji University and EVCARD, 2018).
As a new model of transportation, car sharing services are replacing
private automobile products and these shared cars are becoming an important mode of transportation (Cervero, 2003; Cervero et al., 2018).
However, issues such as the environmental impact of the car sharing
models, environment impacts of change in transportation mode and
the emission reduction effect still need to be resolved. At present, research on the car sharing model mainly focuses on the following aspects.
(1) The impact of the car sharing model on trafﬁc
At present, most research about the impact of the car sharing model
on trafﬁc is based on questionnaire surveys of local participants using
the said model. Although there are differences in the results, they still
reﬂect the impact of the car sharing model on trafﬁc. Such impact includes car owners choosing not to continue owning vehicles, a reduction in car purchases by non-car owners, a reduction in demand for
parking lots, a reduction in the average annual mileage, higher fuel efﬁciency for shared cars compared to private cars, and increased use of
other modes of public transportation (Chen and Kockelman, 2016;
Martin and Shaheen, 2011; Nijland et al., 2015).
Because of the different regions where the surveys were conducted,
the different groups of people surveyed, and the difference in the stage
of development of the car sharing model, the results of the above studies
have similar trends but display speciﬁc differences. Such differences include the following: the number of car owners choosing not to continue
owning vehicles is 15%–36% (Nijland and van Meerkerk, 2017), the reduction in car purchases by non-car owners is 25%–61%, the reduction
in the average annual mileage is 27%–69%, and the increase in the use
of public transportation is 16%–39% (Baptista et al., 2014; Doka and
Ziegler, 2000; Shaheen et al., 2006).
(2) The environmental impact of the car sharing model
Many researchers have determined the environmental impacts of
the car sharing model by considering greenhouse gas (GHG) emissions.
Studies have shown that car sharing reduces private car ownership and
travel distance, eventually reducing GHG emissions (Zeng, 2013). Compared with the use of private cars, the GHG emission reduction of car
sharing is approximately 85–225 kg per vehicle (Firnkorn and Müller,
2011; Zhang et al., 2012). When considering a household, the GHG emission reduction is 0.58–0.84 t per year (Namazu and Dowlatabadi, 2015).

These studies reveal the GHG emissions and GHG emission reduction potential of the car sharing, but there are substantial differences
in the results. The main reason for the difference is that the scope of
the studies is inconsistent, the life cycle stages involved are different,
and the GHG emission reduction factors covered are not the same. Life
cycle assessment (LCA) is always be used during the evaluation of
GHG emissions. The LCA framework reveals the environmental impact
and emission reduction potential of the car sharing model from the perspective of the life cycle of the vehicles (Briceno et al., 2005).
In addition, previous studies do not highlight the differences in the
environmental impact of different car sharing models. The life cycle
analysis of the A-B model (pickup at A and return to B or other sites)
and two-node sharing (only used at two sites) model have shown that
there is a 30% difference in the GHG emissions between these two
models when satisfying the same transportation need (Zeng, 2013). At
present, various car sharing models exist such as the free-ﬂoating
model (pick up and return at any public car park), two-node model,
A-A model (pickup at A and return to A), and A-B model (Cartenì
et al., 2016; Y. Wang et al., 2017). The differences in the GHG emissions
between these models are not clear (Chen and Kockelman, 2016).
(3) The emission reduction potential of the car sharing model for
urban transportation
The assessment of the emission reduction potential of transportation
has always been a research hotspot in this ﬁeld (Wu et al., 2017). At
present, research on GHG emissions from transportation and emission
reduction potential evaluation factors considers factors such as GDP
growth, urbanization rate, transportation economy, and other socioeconomic factors (Wei et al., 2013) along with transportation consumption
structure, fuel changes, fuel economy, and other technical factors (Liu
et al., 2013). Some studies have also considered the increase in the proportion of new energy vehicles (Duan et al., 2016; H. Wang et al., 2017).
As regard the effect of car sharing model, a 35%–65% reduction in GHG
emissions was recorded in Lisbon, Portugal (Baptista et al., 2014). However, it is important to focus on this issue in China, especially Beijing, because vehicle ownership is increasing and there are many measures
have leased to limit vehicle ownership.
LCA is an important method for sustainability assessment and a scientiﬁc method of accounting for environmental impacts that is often applied to products (ISO, 2006a, 2006b). As a service model, car sharing is
quite different from products with regard to the service functions and
service cycles. Therefore, this study extends the traditional LCA method
to consider the characteristics of the car sharing model.
This study will cover the life cycle of the car sharing model and comprehensively evaluate the GHG emissions of different car sharing model
and the GHG emission reduction potential of car sharing for urban
transportation. This paper will study car sharing model from perspectives that differed from those in previous research. Most previous studies calculated the GHG emissions or GHG emissions reduction potential
based on investigated data of reduction in car ownership and driving
distance per year. This study was carried out from the perspective of replacing private cars due to the primary goal of car sharing services, estimating the GHG emissions based on the functional unit of meeting the
drive distance of private cars. In terms of research scope, the study
will focus on four car sharing models, explore their GHG emissions
based on two time dimensions: in one year and at the end of the life
cycle and the associated GHG emission reduction for Beijing's transportation. This study can provide scientiﬁc support for the green development of the car sharing industry and urban transportation.
2. Methods and data
2.1. Scope deﬁnition
As electric and hybrid vehicles are becoming increasingly important
for transportation and car sharing (Yoon et al., 2019), this study focuses
on two categories of shared vehicles, i.e., purely electric vehicles (EVs)
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and gasoline vehicles (GEs). This study includes private cars, and four
types of car sharing models. Car sharing models include the timesharing model and same-time sharing. Time-sharing means a single
car is used by several individuals at different times, including the freeﬂoating model, two-node model, and A-B model in this study. Sametime sharing means a car is used by several individuals at the same
time. Carpooling belongs to this category.
The GHG emission factors mainly include CO2, CH4, and N2O. The
IPCC method (IPCC, 2013) is used to calculate the global warming potential (GWP), i.e., total carbon emissions, in units of CO2 equivalent.
The primary purpose of the car sharing model is to replace travel by
private car (Hu et al., 2018). Therefore, this study takes the travel demand for private cars as a functional unit (FU). Since the car sharing
model is a service rather than a product, the LCA needs to consider the
time factor. Hence, FU are set up in two time dimensions. First, this
study uses the satisfaction of the travel demand of 20,000 km per year
via private cars as a FU, the average number of passengers per trip via
private car is 1.26 persons/trip (Shi et al., 2009), which is a demand of
25,200 km per person per year (short-time FU). Then, the FU is extended to meet the travel needs of a private cars until the end of its
life, according to the standard for scrapping of motor vehicles, is
600,000 km (MC, 2012) (long-time FU).
Based on the life cycle perspective, the GWP analysis of car sharing
services needs to consider not only the quantity of demand for car sharing services in the automobile production stage but also the GWP generated during the driving phase. Therefore, this study analyzes the
characteristics of car sharing services and private car travel from the automobile production stage to usage stage. The system boundary is identiﬁed in this study is shown in Fig. 1.

2.2. Operating parameters of car sharing models
(1) Numbers of passengers in one car
The numbers of passengers in one car in the car sharing model are
based on data obtained in this study and on previously published reports. It was found that free-ﬂoating car sharing, A-B car sharing, and
private car usage all transport the same number of passengers per
trip. Due to the strong link to the destination, two node car sharing
can transport more passengers compared to private cars, and the number of passengers is set to 2. The number of passengers of carpooling is
the highest, reaching 3 persons/trip.
(2) Driving distance
In order to meet the travel demand of 20,000 km per year, there may
be a required dispatch distance for shared cars. Since there is no scheduling problem in travel with private cars, the dispatch distance is set to
0. Since the two-node car sharing model has only two nodes in a round
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trip, the dispatch problem is not considered, that is, the dispatch distance is set to 0.
The free-ﬂoating model achieves dispatch equalization through random use and docking by users, but it is necessary to provide more vehicles in hotspot areas, which result in the dispatch distance. The A-B
model has users returning vehicles to the nearest drop-off point after
usage, it includes two kinds of empty driving routes: one is the dispatch
distance between different returning points and the other is the extra
journey to the returning point instead of the destination.
Although the destination is clear for carpooling, there are still dispatch and empty driving among different riders. Same time car sharing
carpooling is always shared by people who have the same travel demand: similar distance, similar start site and destination. Carpooling
primarily meets the requirement of the vehicle owner, and meets the
others' requirements passingly. The dispatch distance of the carpooling
model is assumed to be 500 km. The data of the dispatch distance are
shown in Table 1.
(3) Replacing number
There is a concept of substitution; that is, a shared car replaces a few
private cars. According to the literature, between 1 and 6.5 personal vehicles is substituted by one shared vehicle (Fleury et al., 2017).
Based on our investigation, the replacing numbers of different types
of car sharing model are shown in Table 1. Carpooling can replace 3 private cars. This means that the time-sharing model meets the annual
travel demand of a private car while also meeting the annual travel demand of other private cars within the substitution quantity.
(4) Parameters for long-time FU
The most important parameter for long-time FU study is the number
of shared vehicles required to replace the life of a private car, that is,
how many shared cars need to travel 600,000 km in total and travel
20,000 km per year (over 30 years). These data will be used as basement
for the long-time FU, although they do not correspond to reality. They
are not amended according to reality in order to show the GWP of car
sharing based on long-time FU more directly. For shared cars, the travel
distance based on FU is “the actual travel distance”, however, considering substitution numbers of private car, the calculation distance should
be deﬁned as “the virtual travel distance”.
Taking the two-node car sharing model as an example, when the annual travel demand of a private car is met, the annual distance traveled
each year is 12,600 km due to the greater number of passengers in one
car. The two-node car sharing model replaces 4 private cars every year;
hence, the virtual travel distance is 12,600 × 4 = 50,400 km. For freeﬂoating car sharing, given the addition of the dispatch distance, the virtual driving distance is 22,000 km. Free-ﬂoating cars can replace 7 private cars; hence, the virtual travel distance is 22,000 × 7 =
154,000 km. However, for the carpooling model, the virtual driving distance is 20,500 km per year, because it is same-time sharing.
Due to the increased usage efﬁciency of shared cars, users can use
them multiple times at different times. Therefore, the shared cars
reach their lifespan mileage earlier than private cars. Then, in order to
meet the driving needs of a private car with a driving lifecycle of
600,000 km, it is necessary to reintroduce a new shared car to meet
the demand. The following formula calculates the number of shared
cars required over the lifetime of a private car.
Y¼

600; 000
CX

ð1Þ

In the above:

Fig. 1. System boundary.

Y is the year in which 600,000 kilometer driving is reached;
C is the number of private cars a car sharing model can replace (twonode car sharing can replace 4 private cars, free-ﬂow car sharing can
replace 7 private cars, A-B car sharing can replace 5 private cars.
However, as carpooling is same-time sharing, C is one in this
formula.);
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Table 1
Operation parameters in this study.
Models
Private car
two-node model
free-ﬂoating model
A-B model
Carpooling

Number of passengers

Replacing number

Dispatch distance: km

Driving distance: km

Total driving distance: km

1.26
2
1.26
1.26
3

1
4
7
5
3

0
0
2000
5000
500

20,000
12,600
20,000
20,000
20,000

20,000
12,600
22,000
25,000
20,500

X is the annual driving distance in one year;
S is the number of shared cars required over the lifetime of a private
car, that is, driving 600,000 km, driving 20,000 km per year
(30 years), which is calculated as

number of shared cars required over the lifetime of a private car.
Gps ¼ Gp  S

ð6Þ

where,
S¼

30
Y

ð2Þ

2.3. Calculation of GWP
2.3.1. Calculation of GWP for short time FU
(1) GWP from production stage
The calculation of GWP in the production phase for the car sharing
models requires an environmental load distribution coefﬁcient. The distribution coefﬁcient is obtained by dividing the travel demand of cars by
the travel demand satisﬁed by the end of the life of a car, as shown in
equation.
a¼

D
L

ð3Þ

Here,
a is the environmental load distribution coefﬁcient of the automobile production phase;
D is the travel distance of a speciﬁed type of car (unit: km);
L is the distance traveled by the car at the end of its life (unit: km).
The GWP of production phase of car sharing can be obtained using
production GWP of vehicle multiply distribution coefﬁcient.

Gps is the carbon emission from the production of vehicles for car
sharing;
Gp is the carbon emission from the production of a single car;
S is the number of shared cars required over the lifetime of a private
car, and calculated by Eq. (2).
2.4. Data source
Accounting for the life cycle GWP of car sharing models requires a
life cycle inventory (LCI) for vehicle production and operation. The process of production includes ore mining, raw material production, parts
manufacturing, and automobile assembly. The operation phase of automobiles involves the consumption of gasoline, including crude oil extraction, gasoline reﬁning, and gasoline combustion; or electricity,
including fuel production, electricity generation, and transportation.
The LCIs needed are taken from the Chinese localization LCA database CAS RCEES 2016, which is based on current Chinese production
technology and continuously updated and improved, thereby
supporting many LCA studies (Ding et al., 2019; Ding et al., 2017; Liu
et al., 2016).
The operation data of different kinds of car sharing were obtained
from an investigation of a car sharing company. The data used for assessment in this study are (1) publicly available data, (2) investigation
data, and (3) the China-localized LCA database. The data sources are detailed in Tables 2 and 3.
2.5. GWP calculation of urban transportation

Gps ¼ Gp  a

ð4Þ

Here,
Gps is the GWP from the production of vehicles for car sharing;
Gp is the GWP for the production of a single car.
(2) GWP from usage stage
The GWP during vehicle usage stage are equal to
Gsu ¼ Gg  P  D

ð5Þ

where
Gsu is the GWP when the vehicle for car sharing is in use;
Gg is the GWP of production, reﬁning, and combustion emission per
liter of gasoline per kWh of electricity;
P is the energy consumption of a car for 100 km;
D is the driving distance.
2.3.2. Calculation of GWP for long time FU
GWP from usage stage for long time FU is the same as short time FU,
which is shown in Eq. (5). The GWP from production stage can be obtained by using the production GWP of one car multiplied by the

Beijing is facing increasing population and trafﬁc. Based on these and
various other pressures, Beijing is actively exploring green development
with regard to urban trafﬁc. It is one of the earliest cities to adopt car
sharing (Yu et al., 2017). Due to the city's vehicle number-limiting policy, there is greater demand for car sharing modes of transport. Therefore, Beijing is used as an example to study the effect of car sharing
modes on GWP from urban transportation.
According to trafﬁc statistics for Beijing (BTI, 2017), the main travel
modes include private cars, buses, subway, taxis, bicycles, and walking.
Private cars account for one-third of all trips, and buses and subways account for 50% of all trips.
This study also establishes a GWP assessment model for the life cycle
of urban trafﬁc that includes public and private transport trips, and
covers the production and use of vehicles. The model includes the trafﬁc
Table 2
Data sources used in this study.
Items

Data sources

Operation data of car sharing
Life cycle inventory
Transport data in Beijing

Investigation
CAS RCEES 2016
Statistic data by Beijing transport institute
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Table 3
Parameters for LCA of car sharing.
Data

Units

GWP of production phase
Energy consumption
GWP of gasoline/electricity

kg
L(kWh)/100 km
kg/MJ(kWh)

Gasoline vehicle

Electric vehicle

6527
7
0.0823

9517
16.5
0.813

volume of various modes and the GWP in the driving per kilometer per
unit of various means of transportation.
A process-based GWP assessment model was established to meet
the annual travel demand of typical cities in China, including the production and use of transportation. The GWP from trafﬁc were calculated
using
GT ¼ M  L  G

ð7Þ

where,
GT represents the GWP from urban trafﬁc;
M is the mode of transportation;
L is the level of trafﬁc consumption;
G is the lifecycle GWP of various travel modes.
The trafﬁc modes include public and private transport. Public transport includes buses, rail transit, and taxis. Private transport includes
cars, electric bicycles, and regular bicycles. The level of trafﬁc consumption refers to the intensity of travel, i.e., the travel structure and distance
traveled of various modes of transport. The lifecycle GWP refers to the
GWP of various vehicles over their lifetime, including stages such as
production, operation, maintenance, and disposal. The data used is
shown in Table 4 (Liu, 2014). In this study, the GWP from the process
of production of the infrastructure for public transport are excluded, because the process involves vehicle production and the construction of
station plates and subway station infrastructure, which are complex
and difﬁcult to obtain effective data for (Verán-Leigh et al., 2019).
3. Results

Fig. 2. The GWPs of GVs car sharing models.

car. The GWP for the usage phase accounts for more than 90% of the
total GWP, signiﬁcantly. This is because the vehicle consumes a large
amount of gasoline when it is driven.
(2) GWP of EVs car sharing models
The life cycle GWPs for the four different car sharing models are
shown in Fig. 3. To meet the short-time FU, the two-node car sharing
model, free-ﬂoating car sharing model, A-B car sharing, and carpooling
models have GWPs of 1816 kg CO2eq., 3300 kg CO2eq., 3750 kg
CO2eq., and 2858 kg CO2eq., respectively, when EVs are used. EVs car
sharing models exhibit the same GWP trend as that of GVs, with the
A-B model having the highest GWP and the two-node model having
the least.
(3) GWP Comparison with private car
In order to satisfy short-time FU, the GWPs for the free-ﬂoating
model and A-B model are higher than that for private car by 10% and
25%, respectively, when GVs are used. The GWPs for the two-node
model and carpooling are lower than that for private car by 38.9% and
2%, respectively.
For EVs car sharing, the two-node model, free-ﬂoating model, and
carpooling, have potential to reduce GWP; which are 48%, 9%, and
21%, respectively. When comparing between GVs and EVs car sharing
models, the GWP of EVs car sharing is lower than EVs by 17.6%.

3.1. GWP of car sharing models
3.1.1. GWP of car sharing models based on short-time FU
(1) GWP of GV car sharing model
The life cycle GWPs of the four car sharing models using GVs are
shown in Fig. 2. To meet the short-time FU, the two-node car sharing
model, free-ﬂoating car sharing model, A-B car sharing model and
carpooling have GWPs of 2242 kg CO2eq., 4003 kg CO2eq., 4549 kg
CO2eq., and 3582 kg CO2eq., respectively. The GWP of the two-node
model is 43%, 50%, and 36% lower than free-ﬂoating, A-B car sharing
model and carpooling, respectively.
Since the GWP of a vehicle during production is distributed to the FU
according to the mileage, the GWP for the production phase accounts
for a small portion of the total GWP. For the four car sharing models,
the ratio of GWP from the production process to the total GWP is 2%–
6%. Among them, carpooling has the lowest ratio of GWP from the production process mainly due to the higher numbers of passengers in one

3.1.2. GWP of car sharing models based on long-time FU
As concern as GWP based on long-time FU, when the vehicles reach
the lifespan of 600,000 km, GVs car sharing models and private car have
same GWP, EVs car sharing models has less GWP during the usage
phase, which is reduced by ~22%. The GWP of production phase depends on the numbers of vehicle needed.
Due to the increased usage efﬁciency of time-shared cars, they will
reach the end of their lifecycle earlier, after which a new shared car
will be required. Taking the free-ﬂoating car sharing model as an example, the replacing number is 7, the virtual travel distance is 22,000 × 7

Table 4
GWP of different travel modes.
Travel modes
Private car
Taxi
Bus
Subway
Shuttle bus
Bicycle

GWP: g per capita mileage
239.7
119.8
11.3
23.8
11.3
7.06

Fig. 3. GWP of EVs car sharing models.
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= 154,000 km annually. The car reaches the end of its lifecycle after
600,000 / 154,000 = 3.89 years. A private car can be in service for
30 years, and within those 30 years, 30 / 3.89 = 7.7 shared cars will
be needed to satisfy the same demand. Therefore, over a period of
30 years, 7.7 shared cars can satisfy the travel demand of 7 private
cars. For every trip using a private car, 7.7 / 7 = 1.1 shared cars are
needed to satisfy the same demand. Therefore, due to the dispatch distance required when using shared cars, more than one shared car is
needed to satisfy the 600,000 km demand of a private car over its driving life. The differences between production GWP of GVs car sharing
model are shown in Fig. 4.
However, a different calculation model is required for same-time
sharing model carpooling. To meet the short time FU, just 1.26 / 3 =
0.42 cars are needed, with driving lifespan of 600,000 / 20500 =
29.27 years. To meet the long time FU, 30 years / 29.27 years = 1.03
cars are needed. Then, 1.03 × 0.42 = 0.34 cars are needed. Therefore,
carpooling has the lowest GWP based on long-time FU.
Based on long-time FU, the two-node and carpooling model have the
potential to reduce GWP compared to private cars. For the GVs car sharing models, the two-node and carpooling model have GWP reduction
potentials of 2% and 4%. For EVs car sharing models, the respective
GWP reduction potentials are 4% and 7%.
3.2. Effect on GWP of urban transportation
3.2.1. GWP of transportation in Beijing
Based on the models and data collected in this study, Beijing's trafﬁc
GWP was calculated to be 1153.98 million t CO2-eq. in 2015, with the
proportions generated by different sectors shown in Fig. 5. Private cars
accounted for 87.12% of the total GWP, followed by subways and taxis,
accounting for 6.83% and 3.69% of the total, respectively.
Private and public transport accounted for 87.4% and 12.6% of the
total GWP, respectively. The GWP from taxi trips, subways trips, and
bus trips accounted for 30%, 55.6%, and 14.4% of the total GWP from
public transport, respectively. It is shown that the subways, buses, and
cars carry 25%, 25%, and 31.9% of the volume of passengers, accounting
for 6.8%, 1.78%, and 87.1% of the GWP, respectively. GWP from urban
public transport is much lower than those from private transport.
3.2.2. Effect of car sharing models on transportation GWP in Beijing
The emergence of car sharing has signiﬁcantly replaced travel via
private cars. In 2015, the proportion of travel via private car in Beijing
was 31.9%. We conducted scenario simulations with varying ratios of
travel via shared cars replacing travel via private car, i.e., 10%, 20%,
30%, 40%, and 50% in urban trafﬁc settings.
Four scenarios were created with varying proportions of each car
sharing model within the simulation. Scenario 1 and Scenario 2 consist
of GV car sharing models and Scenario 3 and Scenario 4 consist of EV car
sharing models. For GVs, Scenario 1 includes four car sharing models,

Fig. 5. GWP of transportation in Beijing.

with each accounting for 25% of the simulation. Scenario 2 includes
two models with GWP reduction potential, i.e., the two-node model
and carpooling model, with each accounting for 50% of the simulation.
For EVs, Scenario 3 includes four car sharing models, with each accounting for 25% of the simulation. Scenario 4 includes three models with
GWP reduction potential, with each accounting for 1/3 of the simulation. The scenarios are shown in Table 5.
The results of the simulation are shown in Fig. 6. For Scenario 1,
when the proportion of replaced private cars reaches 10%, 20%, 30%,
40%, and 50%, the car sharing models have the potential to reduce
GWP of transportation in Beijing by 3.6%, 7.1%, 10.7%, 14.2%, and
17.8%, respectively. For Scenario 2, the GWPs are reduced by 4.5%,
9.0%, 13.6%, 18.1%, and 22.6%, respectively. For Scenario 3, the GWPs
are reduced by 4.5%, 9.1%, 13.6%, 18.1%, and 22.6%, respectively. For Scenario 4, the GWPs are reduced by 4.9%, 9.9%, 14.8%, 19.7%, and 24.6%, respectively (Fig. 6).
Hence, Scenario 4 has the greatest potential for GWP reduction,
followed by Scenario 3, while Scenario 1 has the lowest potential for
GWP reduction. Overall, based on the GWP from transportation in Beijing in 2015, adopting the car sharing model replacing private cars can
result in considerable GWP reductions. When the proportions of replaced private cars are ~10% and ~50%, the GWP reduction potentials
are ~4% and ~20%, respectively.

4. Discussion
4.1. Data quality
The data of this study is mainly from professional databases and investigation. Other data were obtained from published literature, and
these were reviewed by experts. Therefore, the quality of data can
Table 5
The scenarios of car sharing models.

Fig. 4. The GWP of production phase.

Two-node

Free-ﬂoating

A-B model

Carpooling

GVs car sharing
Scenario 1
Scenario 2

1/4
1/2

1/4
–

1/4
–

1/4
1/2

EVs car sharing
Scenario 3
Scenario 4

1/4
1/3

1/4
1/3

1/4

1/4
1/3

-
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4.3. Measures for GWP reduction and policy implication

Fig. 6. GWP reduction potential of transportation.

support the studies of various types of car sharing model and the impact
on GWP of urban transportation.
Two main kinds of data were used in this study: the operation data
for car sharing and the LCA data of vehicles. The operation data were obtained from the investigation and literature. The questionnaire was provided by the car sharing company. The car sharing company provided
ﬁrst-hand operation data. With regard to the key factors numbers in
one car and the replacing number, they are mainly based on the data obtained by investigation, and determined by considering literature data.
Although these data may depend on a period of operation of the investigated company, it is believed that the data reﬂect the characteristics of
different types of car sharing. Therefore, the parameters in our study reﬂect real car sharing situations.
The LCA data were obtained from Chinese localization LCA database,
CAS RCEES 2016. CAS RCEES2016 was created in 1998 by the Chinese
Academy of Sciences, Research Center for Eco-environmental Sciences,
and is updated regularly. It supported some programs and studies related to LCA.
4.2. Characteristics of different kinds of car sharing models
4.2.1. Differences among car sharing models
Based on short time FU, the A-B model has the most signiﬁcant GWP
since it requires the most travel distance to meet the FU. The freeﬂoating car sharing model only has a slight GWP advantage over the
A-B model. Two node car sharing has the least GWP. This is related to
the dispatch distance and number of passengers in one car to meet FU.
Since driving distance is inversely related to the number of passengers,
the more passengers there are, the lower the distance that has to be
traveled to meet the same FU.
Based on long-time FU, the GWP differences among different car
sharing models depend on the production phase. More than one vehicle
is needed when using the free-ﬂoating and A-B models. The GWP of
production phase is determined by the vehicles needed to meet the
600,000 km life of a single private car. This is related to the replacing
number and dispatch distance.
4.2.2. Differences between the time-sharing and same-time sharing model
In the short term, the same-time sharing model has no obvious disadvantages than time-sharing models. Carpooling has 57% more GWP
than the two-node car sharing model, which is mostly determined by
the travel distance to meet FU.
In the long term, same-time sharing model has more GWP reduction
potential than time-sharing model. The key difference is the GWP of the
production phase. This is because same-time sharing meets several requirements simultaneously. It has a long lifespan; therefore, there are
no extra vehicles required. From the perspective of life cycle, it can
save a lot of materials and energy during the production phase.

The goal of this study is to propose GWP reduction measures for car
sharing and urban transportation based on car sharing through a LCA
study. The car sharing model can replace 3–7 private cars, and can signiﬁcantly improve car usage efﬁciency. In the short time FU, the usage
of car sharing services can, to an extent, reduce car ownership and
save resources and energy requirements. It also has 1%–37% GWP reduction potential when replacing private cars. In the long time FU, car
sharing models have less GWP reduction potential (2%–6%) than in
the short time FU. Therefore, car sharing is a pathway for green development of urban transportation and the government should encourage
the development of car sharing in the city.
However, different car sharing models have different GWP and GWP
reduction potential. It is more environmental friendly when choosing
the two-node model rather than the free-ﬂoating model when meeting
the same travel requirement. Therefore, the overall distribution of car
sharing should be set by considering the features of different models
in different areas, to achieve the largest environment beneﬁt by using
car sharing in cities.
EV is the best option for the car sharing industry. Compared with
GVs, EVs have 17%–20% more GWP reduction potential in either the
short or long-time FU. Therefore, encouraging application of EVs is signiﬁcant for car sharing models.
From the perspective of operation parameters, reducing the
dispatched distance, and increasing the number of passengers, can effectively improve the operational efﬁciency of car sharing. Dispatched
distance is a key factor of car sharing services. Decreasing dispatched
distance can reduce the deadhead kilometers, extra energy consumption, and vehicles needed based on long time FU. In the same manner,
increasing the numbers of passengers in one car can improve the
usage efﬁciency of car sharing and reduce the GWP. Therefore, avoiding
excessive dispatch distance and increasing the numbers of passengers
in each car by intelligent measures and big data is an important issue
for car sharing. It is recommended that the government should make
greater investments in research on the key factors inﬂuencing GWP reduction of car sharing.
4.4. Time dimension functional unit in this study
The function of car sharing service was fully considered by using FU
with time dimension. This FU gives a more scientiﬁc basis for comparison between car sharing and private cars. In addition, this FU can be expanded to different time dimensions, by considering the differences
between LCA of products and LCA of services. The GWP reduction potential at different time dimensions can be explored. At last, this FU
can explore the impact on urban transportation of car sharing models
more conveniently. Different scenarios can simulate the share of private
car replaced by a car sharing model.
5. Conclusion
A speciﬁc LCA model of car sharing was established in this study. The
model considered both short and long-time dimensions as functional
units. This was an extended application of the LCA method.
Four kinds of car sharing models and two kinds of vehicles were considered. Differences in GWP among them were observed. Different
types of car sharing models have different travel characteristics and a
signiﬁcant variation in GWP. The main factors affecting the GWP of dispatch distance, number of passengers in one car were determined. This
information can be used to provide more scientiﬁc support for the development of car sharing.
The effect of car sharing models on the GWP of urban transportation
was explored using Beijing as an example. Car sharing can provide a certain potential for GWP reduction for urban transportation, especially car
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sharing with EVs. Therefore, car sharing can be used as a signiﬁcant
measure for GWP reduction for urban transportation.
This study determined the differences in GWP among car sharing
models and the effects on the GWP of urban transportation. This study
can be improved by acquiring big data about more details during operation. Besides, more environment impacts (rather than only GWP) and
more regions (rather than only Beijing) should be considered so as to
provide more support for the development of car sharing models and
the layout of car sharing transportation in urban areas.
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