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Abstract: In the last few decades, there has been an increase in second-hand imported vehicles
in developing countries, including Mongolia. However, the extension of vehicle lifespans abroad
promotes circular economy activities. In this study, we investigated the lifespan of second-hand
imported passenger vehicles and their implication for the future sustainability of the transportation
sector in Mongolia. The methodology used in this study comprised three stages. First, we conducted
surveys to investigate the trends in second-hand vehicles in Mongolia. Next, the results from the
survey on passenger vehicles were classified into three major categories based on their mode of
operation, namely fuel, liquefied gas petroleum (gas), and the hybrid engine vehicle (HV) (of which
the Toyota Prius is the most used vehicle in Mongolia). Finally, we estimated the average lifespan of
vehicles using the Weibull distribution to measure before and after the import. The results show that
the total average lifespans of all vehicles range between 17.3 and 20.2 years, respectively. The results
highlight the different shape parameters of each vehicle category (fuel, gas, and HV), providing a
better understanding of each vehicle’s lifespan and providing insights on the future management of
second-hand imported vehicles, lifecycles, and recycling potentials for the successful development of
sustainable transport policies in Mongolia.
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1. Introduction

In recent years, the number of second-hand vehicles imported into Mongolia has grad-
ually increased. As the number of imported second-hand passenger vehicles is forecasted
to grow in Mongolia due to increasing demand, concerns about rising CO2 emission levels
resulting from extended use and end-of-life disposal have become a topic of discussion [1].
According to the United Nations COMTRADE database [2], the percentage of vehicle
imports in Mongolia is around 16% of the total annual imports and is projected to continue
in the foreseeable future. Similarly, numerous discussions and studies aimed at extending
the lifespan of products have become a critical subject of discussion within the circular econ-
omy and sustainable development community [3]. Bocken et al. [4] argued that extending
the lifetime of products is a crucial component in transitioning to a circular economy and
promoting sustainable production and consumption [5,6]. It is assumed that by increasing
the lifespan of products (vehicles), we can successfully reduce the amount of embodied
carbon, which can help in the reduction in greenhouse gas emissions and reduction in
waste generation [7]. In Mongolia, the increase in the demand for second-hand vehicles
can promote sustainable consumption; however, the lifespan of the vehicles is still limited
and they will eventually end up as waste [8]. From the vehicle imports, hybrid vehicles
(HVs) make up more than 24% of all passenger vehicles [9]. Moreover, since Mongolia has
no technological capacity to recycle the waste generated from end-of-life vehicles, they end
up as unwanted hazardous materials. As the demand for second-hand vehicles continues
to rise, it has become essential to investigate the lifespan of these vehicles and how they
impact the environment.
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Several methods have been developed to estimate the lifespan of various prod-
ucts [5,6,10–16]. Some commonly used methods include product testing, user interviews
and surveys, and modeling [11]. However, the previous literature on vehicle and product
lifespans has focused more on electronic appliances and domestically produced vehi-
cles [12]. For example, Tasaki et al. [11] demonstrated the usefulness of modeling the
lifespan of products by utilizing the Weibull distribution to estimate the lifespan of au-
tomobiles and several electronic appliances [5]. The Weibull distribution is a continuous
probability distribution based on lifespan analysis [12]. Therefore, it helps to model various
behavioral changes of a particular function. In Tasaki’s study, with the aid of the Weibull
distribution and logistic regression, they successfully predicted the amount of waste that
can be generated from each product at the end of life [11]. The results further suggest the
applicability of the proposed simplified method to various types of electrical and electronic
equipment in multiple countries.

Similarly, Oguchi and Fuse [5] estimated the vehicle lifespan distribution for 20 coun-
tries using survival rate analysis. It was found that the average lifespan of products and
consumer behaviors tend to differ among different countries. From the results, it was
observed that the lifespan of products between the investigated countries differed between
9 and 23 years and that it is vital to make appropriate assumptions to ensure accuracy
in estimating the end-of-life cycle for various products. However, the study’s limitation
was that it only investigated within a 9-year gap (2000–2009) and concentrated mainly on
developed countries. A similar study by Yano et al. [12] estimated the lifespan of HVs in
Japan by utilizing the Weibull distribution model. The study successfully estimated the
number of HVs in Japan and forecasted the potential growth and potential for recovery
at the end-of-life cycle for HV components between 2010 and 2030 [11]. In the case of
Mongolia, a similar study tried to estimate the lifespan of HVs by utilizing the rate of
vehicle deregistration among all in-use vehicles to measure their durability [1].

The results highlight that as the demand for HVs increases, the number of obsolete
HVs and their battery components will continue to rise, surpassing that of countries with
larger HV markets [14,15]. Held et al. [16] assessed the lifespan of passenger vehicles
in 31 European countries by proposing a new method to estimate vehicle survival rates
for different countries. Here, they highlighted how the average lifespan of vehicles has
been increasing over the years. However, a significant setback in the research was the
inability to collect enough relevant datasets, especially for developing countries [16]. In
this study, we focus on assessing the domestic and extended lifespan of the products
abroad of second-hand passenger vehicles imported to Mongolia. First, we assume that
estimating the extended lifespan of vehicles can provide insights into how to reduce the
amount of waste generated, promote sustainable transport practices, and preserve existing
natural resources [17]. In addition, estimating the lifespan of second-hand vehicles plays a
significant role in material flow and stock analysis [18]. Finally, we can better understand
the material stock of existing and future road development in Mongolia. According to the
National Statistics Office of Mongolia, there has been a steady rise in the number of vehicles.
In 20 years, the number of registered vehicles has risen from 254,486 to 723,218 between 2010
and 2021 [19] and is projected to grow as socioeconomic conditions improve. The average
annual growth rate of passenger vehicles is estimated to be 11%. Moreover, Mongolia does
not manufacture vehicles and mainly imports second-hand passenger vehicles to meet its
growing demand [20]. Furthermore, from the existing passenger vehicles, more than 80%
of Mongolia’s vehicle fleet are older than 10 years old [19], with mainly old and obsolete
parts leading to higher levels of CO2 [21]. These vehicles will soon be discarded, becoming
end-of-life vehicles (ELVs) [21–24].

A significant number of discarded and obsolete vehicles and parts will need to be
recycled appropriately in the future [22]. However, at present, large quantities of discarded
vehicles and materials do not undergo proper recycling and usually end up in landfills [23].
As the current practices are unsustainable long-term, we must consider the management
of old and discarded ELVs, as they lead to increased environmental pollution and harm
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to human society [24]. As such, it is now imperative to estimate the lifespan and correctly
model the replacement dynamics of the vehicle fleets to ensure proper legislation and
policies aimed toward sustainable transport practices and environmental protection [25].
In this study, we present a simplified method to estimate the lifespan of imported vehicles.
We aim to estimate the number of ELVs in the future. Furthermore, the results can assist the
Mongolian government in developing future environmental policies and regulations in the
transportation sector. The study is the first approach to estimating the extended lifespan of
second-hand vehicles abroad in Mongolia. The study is also relevant for obtaining data on the
domestic and extended reuse of passenger vehicles and transport management in Mongolia.

2. Materials and Methods
2.1. A Brief Overview of the Study Area

Mongolia is between Russia (north) and China (south) in North-Central Asia. It has a
total land area of about 1,564,116 km2, meaning it is the largest landlocked country in the
world, consisting of steep mountains to the north and west regions and the Gobi Desert to
the south [20]. Mongolia’s physical characteristics consist of high elevations (mountains)
with vast open areas that are mostly cold and windy. Mongolia’s climate varies between
hot summers and freezing winters. On average, during winter, temperatures can drop to
as low as −30 ◦C. In the capital city Ulaanbaatar (UB), the annual average temperature is
about −1.3 ◦C, which makes it the coldest capital on earth [20].

In the last 15 years, Mongolia has witnessed rapid economic growth. The rapid
economic growth has mainly resulted from the booming mining sector. As a result, exports
and income generated annually grew by approximately 90%. Similarly, between 2000 and
2011, Mongolia’s annual economic growth ranged between 8 and 17% [26]. As a result, its
GDP per capita climbed more than six times, from less than USD 600 to approximately USD
3800 [26]. The rapid economic boom led to a fast change in lifestyle. Many Mongolians
began renouncing the historically nomadic way of life and relocating to the nation’s capital
UB in search of better economic prospects. As a result, the population in UB increased
rapidly, leading to higher vehicle ownership, especially the Toyota Prius (Prius) HV. Due
to their fuel-efficient batteries, most of the passenger vehicles utilized in Mongolia are
second-hand imports, mainly HVs from Japan [19]. As a result, the number of imported
passenger vehicles gradually increased from around 6000 in 2004 to over 32,000 in 2019 [22].
As the demand for imported passenger vehicles continues to rise, another challenge faced
by the Mongolian government is estimating the lifespan of these vehicles and possible ELV
disposal and recycling. Wang et al. [1] explained that with the current trend in the growth
of second-hand vehicles, there will be massive growth in the amount of waste generated
that will require proper recycling and, as of yet, there is no actual legislation concerning
waste and recycling potential for discarded vehicles and their parts.

2.2. Methodology

There were three main steps in estimating the lifespan of imported vehicles in Mongo-
lia, namely, (i) the creation of surveys of vehicle users to obtain relevant information, (ii)
defining the lifespan distribution of all existing vehicles, and (iii) performing a survival
analysis using the Weibull distribution to analyze the lifespan of each vehicle based on
their age. The details of each stage of the research are further explained below.

2.3. Consumer Surveys

In our study, we developed a questionnaire to obtain the required data to estimate
the lifespans of imported second-hand passenger vehicles in Mongolia. Our survey was
performed using two methods: online and face-to-face. The surveys of 1024 respondents
were conducted between July 2020 to January 2021 with the help of the Mongolian Ministry
of Environment and Tourism (MET). A total of 1019 out of 1024 respondents stated that
they own vehicles and the confidence level was 99%, with a confidence interval error of 4%
based on Mongolia’s population of 3.4 million.
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The questionnaire (see Supplementary Materials) contained 35 questions regarding
the vehicle, manufacturer, and engine information, as well as the year of production and
import. We also included supplementary data such as end-of-life information for old and
newly acquired vehicles, such as the reason for discarding and the characteristics of the
respondents (age, sex, address, occupation, and income). Data collection and compilation
are well-managed and straightforward in many developed countries. However, insufficient
registration systems make it hard to find reliable data in developing countries [25]. To test
the validity of the survey information based on the questionnaires distributed, we collected
supplementary data on vehicles from the Ministry of Road and Transport Development
of Mongolia (MRTD), the National Statistical Office of Mongolia (NSO), and the General
Customs Authority of Mongolia (GCAM). In addition, information on newly adapted
Government resolutions and decrees was collected from the MET and MRTD.

2.4. Defining the Lifespan Distribution of Vehicles

Murakami et al. [27] used different terminologies and approaches to estimate product
lifespans. Previous studies mostly used the terminology of domestic service lifespans and
extended service lifespans [27]. The domestic service lifespan is defined as starting after
the production shipment year and lasting until the vehicle is discarded by the final owner
and then exported to another country (in this case, exported to Mongolia). However, the
“extended service lifespan (abroad use)” starts from the point of importation to Mongolia and
lasts through the use of the vehicle by different owners until the final user discards the vehicle.

As reported by the Automobile Inspection and Registration Information Association
of Japan, the average lifespan of a vehicle in Japan is 13 years. However, since 2014, the
government of Japan has started to increase the tax on vehicles older than 13 years [17,21].
As a result, most vehicles within the 13-year mark are shipped overseas to developing
countries such as Mongolia, where the demand for second-hand vehicles is high. In defining
the lifespan distribution in this study, we examine the number of vehicles in use at each life
stage of the vehicle. We then calculate the survival rate using the residual exchange rate
distribution at time t and Rt(y) is the remaining rate (number of vehicles). The information
on the annual stock data is required to calculate the remaining percentage of each vehicle’s
lifespan. We calculated the remaining rate of second-hand passenger vehicles Rt(i) with
lifespan i (years) at time t by dividing the number of in-use vehicles Nt (Equation (1)).

St(i) =
Rt(i)

Nt
(1)

where St(i) is the survival rate in year i of the vehicle at time t, Rt(i) is the remaining
number of vehicles in year i at time t, and Nt : is the total number of vehicles. We collected
age profiles from the questionnaire survey for each year of import and the lifespan of the
vehicles until 2020, which was the year of the survey, and calculated the possession span.
In addition, we identified how long the owners wanted to use the vehicles and added
this as an extension of the lifespan. Next, the “domestic service lifespan” distribution was
obtained from the questionnaire as the average lifespan of the passenger vehicle in the
imported year (Equation (2)).

Yimp = Imported year − Yprod. (2)

where Yimp(t) represents the lifespan of the vehicle in the imported year. The data obtained
from the survey year of import are represented by Imported year and Yprod. is the production
year of the vehicle. “The extended service lifespan abroad in 2020” is the average lifespan
of second-hand imported vehicles in Mongolia, as shown in Equation (3).

Yels2020 = Y2020 − Yimp (3)



Sustainability 2022, 14, 14582 5 of 16

where Yesl2020. refers to the estimated average extended service lifespan of the vehicle in
Mongolia following importation from different countries until 2020. Y2020 denotes the entire
vehicle lifespan in 2020 and Yimp is the vehicle lifespan in the imported year (domestic
service lifespan). The extended service lifespan abroad by reuse is the average age of
imported used vehicles in Mongolia. The extended service lifespan is expressed as follows
(Equation (4)):

Yels = Yels2020 + Yposs + Yf u (4)

where Yposs refers to the year of willingness to possess and extend the lifespan of the vehicle
(by repair) and Yf u is estimated as the possession span of the final user (based on the survey).

2.5. Estimation of Lifespan Distribution

In this study, we utilized the engine mode classification to distinguish the type of
second-hand vehicles. There are diverse types of engines in modern passenger vehicles.
They are divided into three main categories: internal combustion (petrol, diesel, liquefied
petroleum gas), hybrid engine, and electric engine [28]. In this study, we divided the
vehicles into four categories: “fuel” represents petrol and diesel engines, “gas” represents
liquefied petroleum gas engines, “HV” denotes hybrid electric engines, and “Prius” denotes
Toyota Prius model vehicles. We chose the Prius model because the survey identified that
35.72% of the respondents owned this HV. In addition, for HVs and Prius vehicles, we con-
sidered how environmentally friendly these new-generation vehicles are and identified the
differences in the lifespans of passenger vehicles. The Prius model vehicles are categorized
into four generations: first-generation Prius, produced in FY 1997–2002; second-generation
Prius, produced in FY 2003–2008; third-generation Prius, produced in FY 2009–2014; and
onward Prius, produced after 2015.

We calculated the weighted average lifespan of the vehicles in the imported year
and the lifespan in 2020. For the production year, we calculated the survival rate of
a passenger vehicle with an average lifespan in 2020. The lifespan distribution can be
estimated using statistical models such as the Gaussian log-normal, Weibull, and normal
distributions [29]. First, we used the Weibull distribution function to approximate the
survival rate distribution of vehicles for four different types of engines using the average
age profile of in-use vehicles. Then, the maximum likelihood method was used to estimate
the parameters of the Weibull distribution. Finally, the survival rate function was expressed
using the Weibull distribution function as follows:

R(y) = exp

[
−
(

y
y

)β

·
{

Γ
(

1 +
1
β

)}β
]
= 1 − F(y) (5)

where R(y) is the survival rate at age y of vehicles in Mongolia, y is the average lifespan of
the vehicles in Mongolia, β is the shape parameter used to estimate how well the survival
curve matches the accumulated obtained survival rate of the vehicles in different types of
engines, and Γ is the gamma function. F(y) is the cumulative discard rate of vehicles in
Mongolia in the year y.

The Weibull distribution is often used to estimate the lifespan of durable goods, es-
pecially electrical appliances [10,20]. Some studies have used the Weibull distribution to
estimate the lifespan of vehicles in different countries [3,5,20]. The Weibull distribution pro-
vides an excellent approximation of the product lifespan [4]. Using the Weibull distribution
function makes it easier to estimate the lifespan of vehicles without the need for expen-
sive surveys or time-consuming data collection processes [3,10]. To estimate the product
lifespan, two variables are needed, the shape parameter and the average lifespan [3,5,27].
We chose the Weibull distribution to estimate the passenger vehicle lifespan under the
abovementioned conditions.
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3. Results
3.1. Historical Trends in Passenger Vehicles in Mongolia

A historical overview of the number of passenger vehicles in UB and Mongolia is
shown in Figure 1. There has been a steady increase in passenger vehicles since the early
1990s. In the 1990 fiscal year, the number of vehicles in Mongolia was around 40,000.
However, current statistical records show that by 2010, the number had risen to 280,000,
reaching 782,210 in 2021 [9,19]. Passenger vehicles have increased by 2.3 times in the last
10 years, with an average growth rate of 11% per annum. These changes in the demand
for passenger vehicles can be attributed to improvements in socioeconomic conditions.
Mongolia’s per capita GDP has undergone enormous growth from an initial USD 2643
in 2010 to USD 4007 in 2020, thus influencing the demand and ownership of vehicles.
According to Mongolian statistical data, in 2021, about 48% of the population lived in UB
with over 61% of all passenger vehicles [30]. Therefore, the vehicle ownership ratio in
Mongolia is 230 vehicles per 1000 people. From the result, we observed that UB is the main
economic center and home to most of the population. Figure 1 highlights the changes in
passenger vehicles in Mongolia and the capital city UB between 2010 and 2021.
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Figure 1. Number of passenger vehicles in Mongolia between 2010 and 2021. Source: National
Statistical Office of Mongolia (analysis and figure developed by authors).

Figure 2 shows the distribution of passenger vehicles in Mongolia by engine type.
Based on the statistics, the largest fleet of passenger vehicles is in UB (61.3% by 2021),
followed by two other cities, Erdenet city in the Orkhon Uul province and Darkhan city in
the Darkhan Uul province [19]. These three cities have a higher ratio of HVs than the rest
of the provinces [30]. Govisumber has the smallest vehicle fleet, with only 3036 vehicles
(0.39% by 2021). Bulgan, Dundgovi, and Sukhbaatar have fewer than 10,000 passenger
vehicles. Another trend observed from our analysis shows that most passenger vehicles are
first utilized in the capital city, UB, before being sold to consumers in smaller provinces
and then discarded [31,32]. From the analysis in Figure 2, we can observe that the three
most utilized engine vehicles are fuel, hybrid, and gas-powered.

Since the early 2000s, Mongolia has imported second-hand vehicles from Japan.
Figure 3 shows the changes in the number of imported vehicles in Mongolia; the pro-
portion of Japanese vehicles in Mongolia reached 80% in 2006 and more than 90% in
2014 [30]. However, because of global economic crises and the Japanese economy, the
importation of vehicles decreased drastically in 2009 and 2010 [33]. However, in 2019,
Mongolia imported the most considerable number of passenger vehicles (64,000 units),
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mainly due to the economic boom triggered by exports from the mining industry. However,
due to the COVID-19 pandemic and its effect on the supply chain and logistics sector, the
number of imported vehicles has decreased by 20,000 in the last two years.

Figure 2. Distribution of passenger vehicles in Mongolia (2021). Source: National Statistical Office [19]
(figure produced by authors).
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Figure 3. Imported passenger vehicles in Mongolia. Source: National Statistical Office (number of
imported vehicles) [30] and Customs Authority of Mongolia (number of imported vehicles form
Japan) [34] (analysis and figure produced by authors).

3.2. Consumer Survey Analysis

We identified that 1019 of the 1024 respondents owned vehicles. The survey was
performed in the capital city of UB and 91% of respondents were citizens of UB. The
majority of the vehicles in Mongolia are used Japanese vehicles. The survey showed that
49.8% of the vehicles had fuel engines (petrol and diesel), 46.5% were hybrids, and 3.3%
were gas-engine vehicles. From the results, 71.4% of the respondents owned Toyota vehicles
and highlighted a level of satisfaction with their current vehicles due to their reliability.
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Furthermore, a common reason for the high level of satisfaction with the Toyota vehicle
model was the simplicity of repairs and ease of access to required spare parts. Additionally,
of the respondents who owned Toyota passenger vehicles, about half of them, 35.5% of all
respondents, owned the Prius model, the most prevalent vehicle in UB and known for its
fuel efficiency (reduction in CO2 emissions) [35].

The survey showed that 55% of respondents were first-time users of imported vehicles
and 45% were second-hand users after vehicle importation. Another observation from the
survey was that most used vehicles were sold to third-party consumers in other provinces
before final disposal. The reason behind this practice is that, at present, Mongolia does not
have proper legislation and technology for the disposal/recycling of discarded vehicles; as
such, most users sell their vehicles to car dealers or private individuals [20]. The vehicles
are either used to repair other vehicles or if possible resold [22]. Otherwise, they are
dismantled improperly, the usable parts are sold as spare parts, and the remaining parts are
dumped in landfills [36]. From the survey, we could estimate the number of in-use vehicles,
the production year and import year, the year the vehicle was obtained, the possession
period, and the willingness to possess period. The vehicle lifespan (Table 1) of each vehicle
engine classification in different periods was estimated using:

1. The average lifespan of second-hand imported vehicles in the imported year;
2. The average lifespan of the vehicles in the year 2020, i.e., the year in which the survey

was conducted;
3. The average year of possession for the vehicles.

Table 1. The average lifespan of each vehicle in Mongolia by different engine types and Prius model.

Engine Type
Average Domestic Service
Lifespan (Ydsl)
(at the Imported Year)

Average Extended Service
Lifespan in Mongolia in 2020
(Yesl2020)

The Total Average Lifespan
of the Vehicle in 2020
(Ydsl + Yesl2020)

Fuel engine (Fuel) 7.1 4.6 11.8
Liquefied gas engine (Gas) 5.8 3.1 8.9
Hybrid engine (HV) 7.9 3.3 11.2
Toyota Prius (Prius) 8.2 3.5 11.7

The estimated average lifespan was the longest for fuel-engine vehicles at 11.76 years;
next were the Prius vehicles at 11.7 years (Table 1). The HVs and gas vehicles had shorter
average lifespans of 11.2 and 8.9 years, respectively. In terms of the domestic service
lifespan before importation, the Prius vehicles had the most extended lifespan of 8.2 years.
Fuel and HVs were next with lifespans of 7.1–7.9 years and gas vehicles had the shortest
lifespan of 5.8 years, according to the 2020 statistical records. All gas-engine passenger
vehicles were found to have come from South Korea. A study by Oguchi and Fuse [5]
identified that South Korean vehicles have the shortest lifespan, which was validated by
our study result.

3.3. Estimation of the Lifespan Distribution

We estimated the average lifespan of the vehicles in the imported year, as shown in
Table 2. The Prius model vehicles were found to have the most extended performance in
Japan, as their domestic service lifespan was the longest compared to the other types of
vehicles. To estimate the lifespan distribution, we used the maximum likelihood method to
estimate the parameters of the Weibull distribution. Table 2 shows the results of the Weibull
distribution, the shape parameter, and the coefficient of determination for the different
vehicle types.
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Table 2. Estimated values of the vehicles by different engine types.

Engine Type Weibull Estimate of the
Average Lifespan

Coefficient of
Determination, R2 Shape Parameter

Fuel 11.9 0.99 2.2
Gas 9.7 0.97 3.6
HV 11.6 0.97 3.6
Prius 12.3 0.98 3.5

Table 2 shows that the Weibull shape parameters of the approximated survival curve
were the best suited and the coefficient of determination was high (R2 > 0.97) for all
approximations. The shape parameters varied by engine type, ranging from 2.2 to 3.6. The
average lifespan of the vehicles was differentiated by the types of engines (Table 2). The
estimated average lifespan was the longest for Prius and fuel-engine vehicles at 12.3 and
11.9 years, respectively, and the gas-engine vehicles had the shortest estimated average
lifespan at 9.7 years. However, the HV average lifespan was 11.59 years, slightly shorter
than that of the Prius vehicles. This result demonstrates that the shape parameter of the
lifespan distribution can be a fixed number of years. Furthermore, this result shows that
new-generation vehicles have a longer average lifespan than other vehicles. This finding
makes it possible to estimate the average lifespan of vehicles without detailed data on the
vehicles’ age profile by assuming a constant value for the shape parameter depending on
the engine type (see Table 2).

Table 3 estimates the lifespan of Prius vehicles for four generations. If we diversify by
the generations, we can see the differences in the average lifespans of Prius vehicles. First-
generation vehicles are still operating due to their extended service lifespan in Mongolia
of 19.5 years. A previous study by Wang et al. [1] assumed that the lifespan of HVs in
Japan is 15 years. Due to their extended service lifespan abroad, by our estimation, the
oldest first-generation Prius vehicles have 4.5 more years than the values suggested by
other studies. Therefore, new-generation vehicles have a longer average lifespan than
other passenger vehicles. It should be noted that, due to the extreme continental climate in
Mongolia, the repair of vehicles must be carried out regularly. The owners of Prius vehicles
intend to possess their vehicles for an extended period: first generation, 3.9 years; second
generation, 4.1 years; and third- and fourth-generation Prius vehicles, 4.4 years.

Table 3. The average lifespan of Prius vehicles for each generation in Mongolia.

Prius
Generation

Generation
Period

Ydsl (at the
Imported Year) Yels2020

Prius Vehicle
Ydsl + Yesl2020

Prius 1. Gen 1997–2003 12.2 7.3 19.5
Prius 2. Gen 2003–2009 9.7 4.4 14.1
Prius 3. Gen 2009–2015 7 2.5 9.5
Prius 4. Gen 2015– 1.9 1.6 3.5

Finally, the survey identified that the respondents intend to possess vehicles for an
average of 3.8–4.2 years (Table 4). They can extend the lifespan of the vehicles within the
respective period. According to the study, second-hand vehicle owners in the countryside
buy second-hand vehicles from UB owners as the final users. They possess a vehicle for
more than 3.7 years. The estimated average lifespan of the vehicles abroad is expected to be
greater than the domestic service lifespan due to the repair and reuse of the products. In total,
the lifespan of the vehicles can be extended after importation through the possession year of
the vehicle and the estimated use period of final users. The Prius vehicle was estimated to
have the most extended lifespan with 20.2 years, followed by fuel with 19.8 years, HVs with
19.1 years, and gas with 17.3 years (Table 4).



Sustainability 2022, 14, 14582 10 of 16

Table 4. The estimated total lifespan of second-hand vehicles in Mongolia.

1. Estimated
Lifespan in the

Year 2020

2. Average Year of
Willingness to Possess
Span the Vehicle (First

and Second Users)
(Yposs)

3. Estimated
Average Lifespan
of the Final User

(Countryside)
(Yfu)

The Total
Lifespan of the

Vehicle in
Mongolia

(1+2+3)

Fuel 11.9 4.2 3.7 19.8
Gas 9.7 3.9 3.7 17.3
HV 11.6 3.8 3.7 19.1

Prius 12.3 4.2 3.7 20.2

Figure 4 shows the cumulative survival rate curve for the different types of vehicle
engines. The HVs and Prius vehicles were found to have the best performance until the
average lifespan of the vehicle. However, regarding the survival rate curves, the new-
generation vehicles could have longer lifespans than fuel-engine vehicles. The shape
parameters of all vehicle engines are almost identical to those obtained in previous studies.
However, in our study, the fuel-engine vehicles had a shape parameter of 2.2. We estimated
the vehicles by engine type. The estimations will be more accurate in future studies as we
obtain more data samples.
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Source: created by the authors based on the questionnaire used in the survey.

4. Discussion
4.1. Average Lifespan of Passenger Vehicles in Mongolia

Using the data derived from our survey and analysis, we compared the average
lifespan of passenger vehicles in Mongolia based on their initial age at the time of import
and the 2020 survey. From Figure 5, we observe that the fuel vehicles have the most
extended lifespans from the time of import (11.8), followed by the Prius (11.7) and the HVs
(11.2). In contrast, the gas-powered engines have the shortest lifespan post-import into
Mongolia. From the analysis, we can deduce that fuel and HVs have an extended service
lifespan among all engine categories.
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When we compare the average lifespan for all passenger vehicles in Mongolia with the
rest of the world, we witness various distributions. For example, in Mongolia, the average
lifespan of vehicles is estimated at 11.4 years as of 2020. However, in comparison to some of
the developed economies, we observe that in Saudi Arabia, the average lifespan of vehicles
is around 3.8 years, compared to 5.1 for China, 8.7 for Japan, and 11 for the Netherlands,
while Argentina has one of the longest lifespans at 17 years (Figure 6) [37]. There are many
possible factors behind the variations in the lifespan of in-use passenger vehicles, such
as the economic prosperity of such countries compared to others or that many countries,
especially around Europe and Asia, have introduced initiatives that provide incentives for
trading in old vehicles in place of new ones [35]. Most of these initiatives were developed
to help reduce the overall emissions of old-generation vehicle models through recycling
vehicles and their parts [38,39].

4.2. Survival Rates of Each Vehicle Type

According to our results, the domestic service lifespan of the vehicles also differed by
engine type (Figure 7). The estimated average lifespan of the passenger vehicles was the
most extended for the Prius vehicles at 8.2 years and the gas-engine passenger vehicles had
the shortest extension with 5.8 years of use in their respective countries before importation
to Mongolia. On the other hand, fuel and HVs have average lifespans of 7.1 and 7.9 years
in other countries. Regarding the survival rate curve of the estimated distribution shown
in Figure 7, the domestic service lifespan of the four types of vehicles was found to be
less than 10 years. The survival rate of passenger vehicles is impacted by many factors,
such as the vehicle’s durability, emission rate, repair cost, and fuel efficiency [40]. Usually,
in Mongolia, people must service their vehicles twice yearly to change the engine oil. In
addition, due to air pollution, filters must also be changed. The respondents admitted
they had changed their batteries 0.6 times during vehicle possession. Respondents who
previously owned a vehicle stated that they drove their old vehicle for an average of 4.1
years. This means that users usually own a vehicle for four years and then sell it to the
following user. Based on the survey, 55.5% of respondents were the first users of their
imported vehicle in Mongolia and the rest were second or third users. Additionally, 27%
had possessed a vehicle before and then sold it to another user.
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5. Conclusions and Recommendations

This study is a novel approach to estimating the lifespans of passenger vehicles in
Mongolia. In this study, we proposed a comprehensive method to estimate the lifespans
of second-hand imported vehicles in Mongolia to understand their long-term impact on
waste generation and recycling potential. The study results highlighted that the Mongolian
vehicle market is highly dependent on the Japanese market, with more than 90% of the
vehicle fleets imported from Japan. In our analysis, we established that product lifetime
extension promotes circular economy practices by reducing the environmental impact.
However, in Mongolia, there is no adequate legislation and technology to ensure the
proper disposal of ELV parts [41]. As a result, many valuable materials are lost due to
improper dismantling and illegal dumping of vehicle waste (batteries) into the environment
without a proper recycling facility [41,42]. Therefore, we propose that Japan’s Extended
Producer Responsibility (EPR) system should be applied to allow the extraction of materials
containing rare earth elements that should be recycled and reused [42,43]. The analysis
also highlighted that more than 80% of the vehicles are outdated, older than 10 years,
and expected to be discarded soon; the Mongolian government must prepare and set up
regulations and policies for a carbon tax and ELV management [44,45]. New-generation
vehicles, HVs, and Prius vehicles will have longer lifespans than older vehicles. For
example, first-generation Prius vehicles are still in operation in Mongolia, even though they
are 18–23 years old and outdated. Furthermore, since the number of vehicles is increasing
every year, the generation of vehicle waste will continue to increase in Mongolia [46,47].

5.1. Policy Implications for Second-Hand Vehicles in Mongolia

According to a 2021 study by the United Nations Environment Program (UNEP) on
imported second-hand vehicles in Mongolia, there is currently no regulation of the nature of
vehicles allowed into the country [18]. That is, elements such as age limit, engine standards,
and compliance with global environmental safety conditions are absent [18]. The only
existing law that regulates the importation of vehicles in Mongolia is the Law on Excise
Tax [48], which is based on the engine cylinder capacity and lifespan. The higher the engine
capacity, the more significant the tax on the vehicle. Due to the weak policies on importing
second-hand vehicles, there has been a significant increase in environmental pollution
and CO2 emissions [44], causing UB to be one of the world’s most polluted cities [41].
A substantial proportion of UB’s air pollution and smoke is caused by automobile exhaust
fumes and dust from road traffic [46]. An estimated 25% of global air pollution comes from
vehicle emissions; however, in UB, about 10% of air pollution is from vehicle emissions [1].
To cope with the current environmental problems, the Government of Mongolia decided
to reduce the excise tax and the annual air pollution fee on new-generation vehicles, such
as HVs, gas-engine vehicles, and EVs. Following this change, Mongolia has imported
a large number of HVs from Japan due to their fuel efficiency and lower levels of CO2
emissions [49].

5.2. Limitations and Future Research

In this study, we estimated the average lifespans of different vehicle types based on the
ages of importation and lifespan until 2020. Despite the simplicity of the study, there were
a few limitations. First, the survey was performed in UB, with almost 91% of respondents
being citizens of UB. We focused only on UB because it is the most developed city and has
a large vehicle stock compared with the rest of the provinces in the country. Therefore, the
results represent the vehicle survival rate in UB. We assumed that the vehicle fleets in the
countryside and different provinces are older than in the capital city of UB because, based
on experience, people who live in the other provinces (countryside) usually buy vehicles
from UB citizens, thereby extending the lifespan of the vehicle by repairing. In the future,
we hope to obtain more data to estimate the lifespan of other provinces. Another limitation
of the study is that we assumed that the lifespans of the vehicles are constant, but due to
economic conditions this can change in reality. The actual number of deregistered vehicles
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could not be analyzed because of the outdated registration system used by the National
Road Transport Center. Finally, we eliminated the number of exported vehicles from
Mongolia, which is negligible compared with the number of imported vehicles. We also
had to eliminate EVs from our study because the number of respondents was negligible.

The increased import of energy-efficient vehicles (such as HVs and EVs) is highly
promoted as an alternative to the conventional engine types. Another issue the Mongolian
government faces is the ability to recycle or transport the waste generated from vehicles at
their end of life [41]. Due to the geographical location of Mongolia (landlocked), discarded
batteries and HV batteries, which are hazardous waste, are challenging to recycle locally
and cannot be transported across Russia and China’s international borders [50]. Since
China banned the transport of waste through its borders, it is essential to conduct further
research on estimating the number of ELVs for each type in the future in Mongolia. Another
alternative would be to update the registration system for the importation of second-hand
vehicles by tracking and developing a register for discarded vehicles, which can assist in
tracking the lifespan of vehicles, ELVs, and their parts; this is an innovative technique
to prove and guarantee the sustainability of products [51]. Additionally, international
cooperation needs to be established to help manage vehicle waste, thereby promoting the
sustainable development of the transportation sector [52].

This study estimated the lifespan of imported second-hand passenger vehicles in
Mongolia. In addition, the study highlighted the trends in vehicle demand and use in the
capital city of UB and other provinces in Mongolia, the lifespan of each vehicle category, and
their respective survival rates. Based on the information derived, we can better understand
how the demand for vehicles will increase as socioeconomic conditions change and the need
to consider proper legislation for the disposal of ELVs, estimate the number of ELVs, and
limit environmental pollution, which can lead to an environmentally sustainable transport
system in Mongolia.
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