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Abstract
Article Info This article presents an overview of the technology status and market trends of LPG-fueled
Submitted: vehicles through the literature approach to re-evaluate their future. In the review, it is
29/02/2020 discovered that LPG vehicles are globally increasing, though with a concentration in some
Revised: countries. Of the 25 countries included in the World LPG Association (WLPGA) annual report
19/03/2020 2018, Turkey, Poland, India, Ukraine, and Mexico are the countries with the best LPG vehicle
Accepted: trends in average of 23%. Meanwhile, Australia, Japan, South Korea, United Kingdom, the
20/03/2020 Netherlands, France, and Germany with a long history of implementing LPG as an alternative

fuel has experienced a decline in the 2013-2017 period by 17%. This was allegedly due to the
penetration of diesel-fueled vehicles over the last ten years. Moreover, developed countries
experiencing decline have succeeded in developing electric-based vehicles such as Hybrid
Electric Vehicle (HEV), Plug-in hybrid electric vehicle (PHEV), Battery Electric Vehicles (BEV),
and Fuel Cell Electric Vehicles (FCEV) due to stringent demands for emission standards.

Keywords: LPG- fueled vehicles; LPG kits technology; Market trend

Abstrak

Artikel ini menyajikan ulasan tentang status teknologi dan tren pasar kendaraan berbahan bakar LPG
melalui pendekatan literatur untuk mengevaluasi kembali masa depan mereka. Dalam ulasan ini,
ditemukan bahwa kendaraan LPG meningkat secara global, meskipun terkonsentrasi di beberapa negara.
Dari 25 negara yang termasuk dalam laporan tahunan World LPG Association (WLPGA) tahun 2018,
Turki, Polandia, India, Ukraina, dan Meksiko adalah negara-negara dengan tren kendaraan LPG terbaik
dengan rata-rata 23%. Sementara itu, Australia, Jepang, Korea Selatan, Inggris, Belanda, Prancis, dan
Jerman yang memiliki sejarah panjang menerapkan LPG sebagai bahan bakar alternatif telah mengalami
penurunan 17% selama periode 2013-2017. Ini diduga karena penetrasi kendaraan berbahan bakar
diesel selama sepuluh tahun terakhir. Selain itu, negara maju yang mengalami penurunan telah berhasil
mengembangkan kendaraan berbasis listrik seperti Hybrid Electric Vehicle (HEV), Plug-In Hybrid
Electric Vehicle (PHEV), Battery Electric Vehicle (BEV), dan Fuel Cell Electric Vehicle (FCEV) karena
tuntutan ketat pada standar emisi.

Kata-kata kunci: Kendaraan berbahan bakar LPG; Teknologi kit LPG; Tren pasar

1. Introduction due to the rapid development of transportation.
industrial and household  ©ver 60% of the total oil produced is consumed as
a consequence of the growth in global population

In addition to
consumption, world energy demand is increasing
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and urbanization. As a result, the transportation
sector is the fourth most significant contributor of
greenhouse gases (GHG) in the world with about
14% after electricity and heat production with
25%, agricultural, forestry, and land-use sector
with 24%, and industrial sectors with 21% [1].
Moreover, in the United States, it is the highest
contributor with 34%, higher than the industrial,
residential, and commercial sectors with 27%,
21% z and 18%, respectively [2].

Currently, most vehicles are operated by
gasoline and diesel as a primary fuel, and this is
predicted to increase up to at least 2040 despite the
continuous expansion of alternative fuels such as
natural gas [3]. The increase in current fuel
consumption is thought to decrease when electric
vehicles are economically acceptable to the public
with reliable infrastructure. As presented in Figure
1, the use of gasoline and diesel in 2018 reached
more than 80 quadrillions Btu of the total energy
consumption of around 115 quadrillions Btu.
However, fossil fuels are very limited and
unevenly distributed such that some countries
can independently provide the quantity they need
at low prices while most others depend on other
countries due to lack of resources. Moreover,
conventional fuels cause more pollution to the
environment. Over the past decade, energy
security, climate change, and increasing global
energy demand have gradually started to attract
public attention. Energy consumption in the
transportation sector not only raises concerns
about energy security and greenhouse gas (GHG)
but also causes a decrease in air quality, especially

Transportation energy consumption
quadrillion Btu

160

in big cities, with consequent effects on human
health [4].

To reduce dependence on oil and to develop
sustainable transportation, many countries plan to
replace conventional fuels with alternative ones in
the future [5]. Biofuels are one of the considered
options and they are very promising regarding
sustainability due to the possibility of producing
them from plants. However, large-scale
production of biofuels such as bioethanol or
biodiesel from plants and its derivatives conflicts
with the availability of land to provide food [6]-
[8]. Furthermore, the government is required to
prepare reliable policies because biofuel
production and implementation affect not only
energy availability but also socio-economic and
environmental balance. If it is not well guarded,
there may also be deforestation and damage to
living natural resources [9]-[12]. For example, the
production and application of ethanol have been
successfully conducted in Brazil with extensive
land availability [13]. However, South Africa with
sufficient land to produce biofuels-producing
crops without risking food security already has
policies but the development has not yet reached
its potential [14].

1.1. Opportunities and challenges of using LPG
in vehicles
Discussions about peak oil, availability,
reserves, and oil prices are continuous due to their
relevance. It is discovered that oil prices
sometimes change not only because of demand
but also due to regional or global issues such as

economic, political and geopolitical factors [15].
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Figure 1. Projected fuel use for the transportation sector [3]
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However, the rules on emissions and GHG are
increasingly tightened, one of which is
encouraging people to switch from fossil fuels to
renewable fuel. This has led to the introduction of
Electric Vehicles (EVs) and Fuel Cells (FCs) as
promising clean technologies for the future.
Technically, EVs and FCs are commercially
available, but the high price of ownership makes
it difficulty to be applicable in countries with low
income per capita [16]. Despite the good
intentions of the governments, providing
infrastructure for these technologies to operate in
large cities, it is still difficult due to its requirement
of a broader area to interconnect the charging
system [17], [18].

Limited stock, land-use competition, as well as
underdeveloped technology, liquid biofuels, fuel
cells, and hydrogen, are currently only able to
replace fossil fuels to a very limited level when
compared with Liquefied Petroleum Gas (LPG)
[19]-[22]. Therefore, LPG is currently the most
realistic alternative fuel to gasoline and diesel and
for decades to come. Even though 60% of the
global LPG is a refinery product, its lower carbon
content compared to gasoline and diesel makes it
an ideal option as a lower emission fuel. It is
important to point out that this fuel has been used
in vehicles for many years. For example, in the
United States, its application in public transport
started in 1910 in California and was standardized
in 1963 with ASTM D-1835 by the Gas Processors
Association (GPA) to provide uniform quality
LPG [23]. The demand for conversion from
gasoline to LPG increased sharply due to
uncertain supply and high cost of oil because of
the 1973 Arab Oil Embargo. In 1981, the number
of LPG vehicles in the United States were reported
to be nearly 250,000 and increased to almost 4
million over the next decade [24]. Moreover, based
on the World LPG Association (WLPGA) survey,
the number has globally reached more than 27
million in 2017 [25].

Over the years, LPG has become a popular
choice in several countries due to generally lower
pumping prices at fuel stations compared to
gasoline and cheaper cost of supply with
unsophisticated and low-risk infrastructure
compared to Compressed Natural Gas (CNG)
[26]. CNG applications involve more distribution
equipment, including tubes and pipes to
withstand high pressure (more than 200 bar)

while the LPG pressure in the tank is only 10-12
bar [27]-[29]. The fuel stations only need to add
LPG dispensers and tanks placed on the ground
or underground with a special bracket. The
promotion of this fuel as an alternative in some
countries shows there is a serious commitment
from the government with regards to fiscal and
non-fiscal policies as well as research funding
support. Therefore, through the
comprehensive policies and continuous education

use of

to consumers, LPG can be used as a key element
of energy planning in the road transportation
sector to provide good socio-economic and
environmental benefits on the medium term [30]-
[32].

Majority of cars powered by LPG are
converted from gasoline engines while some
original  equipment (OEM)
products can operate with both fuels. For cars
converted from gasoline to LPG, some of these
cars need minor adjustments to engine
components, ignition settings, and electrical
system connectivity. Some others use converter
kits with compatibility depending on the type of
engine based on specifications, volume, and
suction ability. There are few challenges and
problems attached to the use of LPG such as
power loss and emissions [33]-[37]. Most of the
researchers agreed that the power loss is due to
volumetric efficiency [38]-[40]. The large volume
difference between the liquid phase and the gas
phase reduces the flow of fresh air in the Intake
Manifold. However, the weakness in output
power is compensated by the lower exhaust
emissions from LPG vehicles than gasoline
vehicles [30].

Furthermore, in spark ignition (SI) engines,
LPG can be applied in fully-dedicated (mono fuel)
or bi-fuel systems, where it is used alternately
with gasoline fuels with the fuel selector switch
placed on the dashboard for easy navigation by
the drivers. For example, during the winter
season, a driver can easily switch to gasoline due
to the cold start problem associated with LPG
properties and switch back to LPG after the engine
has become stable. This bi-fuel system also makes
it easier to travel in areas where LPG dispensers
are not available than a fully-dedicated system.
However, the weakness of this system includes an
increase in the total weight of the vehicle due to
the presence of an LPG tank as well as the

manufacturer

Automotive Experiences


https://scholar.google.co.id/citations?hl=id&user=Pc2VipUAAAAJ
https://www.scopus.com/authid/detail.uri?authorId=57200271885
https://www.scopus.com/authid/detail.uri?authorId=55428807100
https://scholar.google.co.id/citations?hl=id&user=KzKwK_0AAAAJ
https://scholar.google.co.id/citations?hl=id&authuser=2&user=ID85CesAAAAJ
http://journal.ummgl.ac.id/index.php/AutomotiveExperiences/index

© Thomas Kivevele, Thirunavukkarasu Raja, Vahid Pirouzfar, Budi Waluyo, and Muji Setiyo

requirement for multiple maintenances. In recent
times, progress has been made on research
directed towards solving the problems of high
emissions during cold starts [41]-[43] as well as
the use of lighter but stronger composite tanks to
reduce the total weight [44].

Meanwhile, in diesel engines, LPG can be used
in three ways; by replacing the engine with a
gasoline engine, mixing it with diesel through the
intake manifold to increase efficiency and reduce
emissions, and modifying the engine. It is,
however, important to state that the second
method gets the most attention from researchers
and it is commonly known as dual fuel. Several
LPG mixtures have been tested to get the best
performance and emissions without knocking
symptoms. In the first stage, LPG and air were
mixed and delivered to the cylinder like the Otto
engine but in a lean mixture. At the end of the
compression, a small amount of diesel is sprayed
in a diffusion flame to start simultaneous
combustion of a combination of premixed and
diffusion flames [45]-[51].

Although the second method has the most
attention, the third is the most popular method
implemented due to the high octane number of
LPG which guarantees its application in high
compression pressures to obtain better thermal
efficiency without the risk of knocking [52], [53].
Furthermore, diesel engines are modified to work
like Otto engines, for example, fully-dedicated
Heavy Duty Vehicle (HDV) has been successfully
marketed in the United States and several
European countries. In 2005, MAN company
developed an environmentally friendly HDV
based on LPG with a G 2876 DUHO02 engine and
the emissions produced were almost 50% below
the EU-5 standard and also has the ability to

Website
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Report
18%

Proceeding
9%

reduce fuel consumption and CO: emissions by
14% compared to the previous engine (G 2866
DUHO05). Other machines dedicated to LPG
include the Ford V10 6.8L and Cummins Heavy-
Duty LPG Engine B5.9 [54].

1.2. The reasons to convert vehicles to LPG

Conversion of vehicles from gasoline to LPG or
buying OEM LPG cars is a popular trend in some
countries due to the benefits of the fuel. Based on
the WLPGA survey, there were 17.47 million LPG
vehicles in 2011 and increased to 27.14 million in
2017, an increment of 9.67 million or 55% within
six years. Moreover, Eric Hahn summarized ten
technical, economical and environmental reasons
encouraging people to be interested in converting
their vehicles to LPG [55] that include reduced
running costs, more competitive price, reduced
maintenance costs, environmentally friendly,
better for health, flexibility with dual fuel systems,
no reduction in performance, availability, safety,
and rapid payback.

2. Materials and Method

2.1. Data source

In this article, we review publications on LPG
vehicle research and market trends. LPG vehicle
research trends are obtained from various sources,
but the main sources are publications obtained
from reputable journals, which are complemented
from proceedings, websites, and reports from
authorized institutions, as presented in Figure 2
[25], [33], [41], [56]-[74]. For LPG vehicle market
trends, the annual report on Autogas Incentive
Policies published by WLPGA was reviewed. The
WLPGA Director was also contacted via email to
obtain additional data and references.

Journal
68%

Figure 2. Data source
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2.2, Assessing technology status

LPG fueled vehicles are basically gasoline-
based. Therefore, the development of LPG Kkits
technology with the gasoline fuel system was
compared. Currently, the fuel system of gasoline
engine reaches the Gasoline Direct Injection (GDI)
developed from multi-point and mono-point
injection systems which were preceded by a
carburetor system as the most conventional way
to mix fuel and air. Moreover, the development of
LPG kits compatible with gasoline fuel system
technology was examined and several
publications were discussed to evaluate the
potential and research problems for each of them.
The types of LPG refueling stations and trends in
the development of these vehicles marketed in

several countries were also reviewed.

2.3. Assessing market trend

In this study, the results of the annual survey
presented by WLPGA were used to evaluate the
trend of LPG vehicles. Apparently, there is a
different trend in the number of these vehicles and
consumption for developed and developing
countries. The existing graphs were converted to
numerical data with WebPlotDigitizer [75] and
the data obtained were grouped to differentiate
groups of countries with respect to the growth in
the number of LPG vehicles, decreases, and
stagnation. This was followed by the analysis of
the factors influencing them and their possibilities
in the future.

3. Resuts and Discussion

3.1. Status of LPG kits technology

Up to the present moment, there are 5 types of
kits used as supporting devices for LPG-fueled
vehicles , namely Converter and Mixer (CM),
Continuous Flow Injection (CFI), Vapor Phase
Injection (VPI), The Liquid Phase Injection (LPI),
and Liquid Phase Direct Injection (LPDI).
Meanwhile, the gasoline fuel system developed
from carburetors, mono-point injection systems,
multi-point injection systems, and finally the
gasoline direct injection system. Trends and
comparisons of LPG and gasoline fuel systems on
gasoline internal combustion engines are
presented in Figure 3 [71], [76].

Converter and Mixer (CM) fall under the first
generation and the working principle of CM is
recorded to be the same as a carburetor on a

gasoline engine with the fuel and air mixed in the
mixing chamber. Liquid LPG from the tank enters
the vaporizer due to pressure in the tank without
a fuel pump. The fuel evaporates in the vaporizer
and enters the intake manifold through a mixer
with the quantity based on the vacuum in the
mixer venturi, without electronic control. In CM
LPG Kkits, the engine performance and emissions
are strongly influenced by vaporizer settings and
mixer dimensions, as reported in the previous
study [57]. CM LPG kit is still used on old vehicles
(carburetor based) but it has been abandoned for
a long time in developed countries due to
emissions regulations.

Continuous Flow Injection (CFI) is slightly
more advanced than CM generation and involves
the addition of a microprocessor working based
on signals from the engine management system
sensors to improve the accuracy of LPG supply
and reduce emissions. The working principle of
CFI is almost the same as a mono point injection
system on a gasoline engine which is called the K-
Jetronic fuel system. This system allows
electromechanical adjustments to replace settings
based on engine vacuum and the large power
losses in partial loads using CM can be reduced by
it [58].

Vapor Phase Injection (VPI) is
sophisticated than the previous two generations
and it is the most commonly applied system today
[59]. It uses the evaporator to convert liquid LPG
to vapor which is prevented from flowing back to
the intake manifold and escaping to the exhaust
during the overlapping valve by the electronically
controlled injector. The injector opening time is
controlled by an LPG control unit with the same
working principle as the simultaneous MPFI on
the gasoline engine, except that the fuel passing
through the injector is gas. However, it is possible
to improve the performance and emissions from
the LPG engine but it is difficult to overcome the
problem of volumetric efficiency due to the intake
of air rations by the vapor in the manifold. Several
studies have been conducted on this type of Kkits,
from comparing performance to engineering for
improved performance and emissions. The use of
injection systems could significantly increase
volumetric efficiency and brake power [33].
Another study was conducted by regulating LPG
temperatures in the evaporator to improve
performance and reduce emissions. Some of the

more
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Figure 3. Step by step evolution on gasoline and LPG fuel delivery

engine coolants circulating in the evaporator are
regulated by the PID controller [60]. Meanwhile,
another study was conducted by mixing LPG with
gasoline in certain compositions to get the best
performance on Multi Point Fuel Injection (MPFI)
engines [61]. Because it has been regulated
electronically, LPG flow in the VPI can be further
regulated based on vehicle dynamics, such as
during deceleration and when driving down-way.
LPG flow can be cut off or reduced for fuel savings
under certain conditions [62], [63].

The Liquid Phase Injection (LPI) is more
sophisticated than the VPI and this system allows
the elimination of problems related to volumetric
efficiency by utilizing liquid LPG properties. In
LPI kits, the role of the vaporizer is replaced by
electronically controlled injectors consisting of
electronic switches with measuring devices,
Electronic Control Unit (ECU), and sensors for
engine coolant temperature, as well as LPG
temperature and pressure. All information from
the sensors installed in the kits and engines is
supplied to the ECU to control injection timing.
Sophisticated controls allow the injector on LPI to
work sequentially, and the liquid LPG is pumped
to the fuel rail like in the gasoline engine MPFI.
Moreover, this fuel evaporates after being injected
to cool the air in the intake manifold to increase air
density. In LPI kits, the LPG temperature in the
fuel rail can be precisely controlled to obtain
optimal power and emissions [64]. Up to now, LPI
kits are still being developed by producers based
on the latest research information to achieve better
fuel, power, and emission economy [59], [65], [66].

Finally, the Liquid Phase Direct Injection
(LPDI) is the most sophisticated generation. It
involves the supply of LPG tank directly from the
pump through the use of a high-pressure fuel
pump into the injector installed in the combustion

chamber, like a Gasoline Direct Injection (GDI)
system in a gasoline engine. One of the challenges
in developing LPDI is creating the injector with
the ability to withstand high dynamic
temperatures. Moreover, instantly after being
injected, LPG evaporates to cool the air during the
compression stage and it is also possible to
support the engines working with this system
with a supercharger or turbocharger to increase
thermal efficiency. With high pressure, the
injection duration is generally shorter and more
complex, requiring a reliable and capable
electronic system to control the engine at high
speeds. Several study reports related to LPDI
found challenges of developing and
implementing more complex ones [41],[67]-[70].
However, due to the uniqueness of fuel control
management for each engine, LPDI is not
universally developed like the previous
generation. Therefore, LPG vehicles with LPDI are
usually available as OEM products, not
conversion products.

3.2. Typical LPG filling stations

LPG filling stations are generally integrated
with automotive liquid refuelings such as
gasoline, diesel, biodiesel, and biogasoline.
However, the typical tanks and pumps used are
different because of several construction methods
employed in these stations. Therefore, an LPG
station may be an additional facility integrated
into previous fuel stations and does not require a
compressor chamber as in CNG stations. The
main equipment for LPG filling stations includes
LPG vessels, pump sets, dispensers, valves,
transfer lines for the fuel, and return lines for
liquid LPG and vapor. Currently, there are three
types of LPG filling infrastructure, and they
include; (a) Above-ground tank installation, (b)
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Lifts on underground tank installation, and (c)
Submersible on underground tank installation, as
presented in Figure 4. Among the three types,
above-ground tank installation is a type that can

be applied quickly to an existing fuel station as an
additional facility, without digging the soil to
place the tank.
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Figure 4. Typical LPG installation in refueling site: (a) Above-ground, (b) Lifts on the underground, and (c)

Submersible on underground [71]
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3.3. Recent LPG fueled vehicle

In 2018, WLPGA reported at least 136 new
vehicle types from 45 car manufacturers
producing vehicles with LPG fuel as their OEM
products marketed in Europe, Asia, and the
United States [56]. Of these, the passenger car is
the most produced with 65.4% followed by trucks
and buses with 12.5% and 4.4%, respectively. In
Europe, they are used as Light-Duty Vehicles and
they include passenger cars and vans/wagons
with engine capacities ranging between 0.9 and
2.5 liters. In Asia (South Korea, Japan, and India)
the characteristics are similar to those in Europe
except for Bajaj three-wheelers with 200cc.
Meanwhile, in the United States, they are widely
used as High Duty Vehicles with engine capacities
of 2.5 to 8.8 liters and characterized with large
capacity engines, even for passenger and private
cars operating daily. Furthermore, almost all the
LPG vehicles in Europe are produced to use bi-
fuel systems, while in Asia and the United States,
there are bi-fuel or mono LPG (fully- dedicated)
options. A more sophisticated option is observed
in Asia with Toyota JPN Taxi produced as a
hybrid vehicle. Some statistical data on LPG
vehicles based on WLPGA data are presented in
Figure 5.

3.4. Market trend

Although the total number of LPG vehicles in
the world is reported by WLPGA to be increasing,
in reality, this does not apply to all countries
promoting the use of LPG as an alternative fuel.
The analysis was conducted in 25 countries with
the largest LPG consumption rating based on the
WLPGA survey and 11 countries were found to be
growing consistently over the past 5 years, 9
declined, and the rest tended to stagnate and
fluctuate. However, 5 out of the previously

mentioned 11 countries experienced significant
growth, include Turkey, Poland, India, Ukraine,
and Mexico while the remaining 6 including
Bulgaria, United States, China, Portugal, Canada,
and Spain seemed slow, as shown in Figure 6.

In Turkey, the massive growth of these
vehicles started with a low tax policy for LPG as a
household fuel which later penetrated the
automotive sector [72]. Currently, although the
price of LPG in Turkey is 72% and 82% compared
to gasoline and diesel respectively, the growth of
the vehicles remains high due to the relatively low
conversion costs of around $600 for good quality.
In Poland, LPG consumption reaches 10% of the
total
government policies regarding excise taxes on

need for road transportation and
gasoline and diesel have proven successful in
promoting LPG fuel as an alternative [73].
Therefore, the price of LPG at the refueling site in
2017 was only 45% of gasoline and 47% of diesel.

In India, around 7% of all vehicles including
three-wheelers on the road run with LPG. Major
manufacturers such as Bajaj Auto, Maruti Suzuki,
Tata Motors, General Motors, and Hyundai have
now completed LPG kits as OEMs, making 65% of
new vehicle registrations already equipped with
both fully- dedicated and bi-fuel systems. The
government has an active role in promoting LPG
for vehicles, and the most important thing is
related to tax exemptions. The price of LPG per
liter in India is very competitive, being only 52%
of gasoline and 63% of diesel. Similar conditions
were also observed in Ukraine and Mexico, where
the government's role in LPG taxes is the key to
success in promoting LPG as a cleaner alternative
fuel. In Ukraine, the price per liter is only 52% of
gasoline and 47% of diesel. Meanwhile, in Mexico,
it is 50% and 53% of gasoline and diesel,
respectively [25].
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Figure 5. Statistical data of LPG vehicle: (a) classification based on vehicle type and (b) based on the fuel system
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Figure 6. Trend (growth) of LPG vehicles in the
selected countries

In China, the promotion of LPG for vehicles
started with the concern of the local government
as observed in Hong Kong and Guangzhou on the
issue of air pollution even though the diffusion of
LPG vehicles in the country was initially relatively
low [74]. However, the small growth recorded in
the use of the vehicles is due to the relatively low
price of LPG compared to conventional fuels,
which is 58% of gasoline and 79% of diesel. In the
United States, although in the last 5 years there
has been growth in LPG-fueled vehicles, the rate
is too small when compared to conventional fuel
consumption. This is due to the
competitiveness in LPG prices despite the
conversion incentives provided by the
government.

The contrary was observed in Japan, South
Korea, and Australia, which are countries with a
long history of using LPG for vehicles besides the
Netherlands, the United Kingdom, Germany, and
France. In the last five years, the number of LPG
vehicles in Japan, South Korea, and Australia has
decreased significantly as shown in Figure 7. This
was alleged to be due to the penetration of diesel
vehicles in the last 10 years [25]. Furthermore,
developed countries that have experienced a
decline in the number of LPG vehicles have
succeeded in developing electric-based vehicles,
such as such as Hybrid Electric Vehicle (HEV), Plug-in
hybrid electric vehicle (PHEV), Battery Electric Vehicles
(BEV), and Fuel Cell Electric Vehicles (FCEV) due to
stringent emission standards [77]-[82].

less

—e— Australia France Germany
South Korea  —@—Japan —e— Lithuania
—o—Netherland ~ —@—Serbia ——UK
3000
~ 2500
=)
S
S
i
22000
w)
w
9
£ 1500
3
=
=]
T
g 1000
2 50 3
L ! : .
} « X — e ——4@
0L — — — !
2013 2014 2015 2016 2017
Year

Figure 7. Trend (decline) of LPG vehicles in the
selected countries

4. Conclusion

This review showed the technological trend of
the LPG fuel system to be following the gasoline
fuel system. As observed, there are similarities in
the working systems of the mixer and carburetor,
the vapor phase injection and multi-point
injection on gasoline, and finally, the liquid phase
injection and direct injection system. Currently,
LPI is most widely used to cover weaknesses in
CM and VPI and it is reported to have good
performance for power and emissions.
Meanwhile, LPDI which is equivalent to GDI is
still being developed by producers due to the
challenges of high temperatures in the
combustion chamber and the uniqueness of the
control system.

The total number of LPG vehicles in the world
is increasing and car manufacturers are marketing
their products to several countries as OEM
products, although each  country has
characteristics in the development of LPG
vehicles, as passenger vehicles and as Heavy-
Duty Vehicles (HDV). In Europe, LPG is used for
Light-Duty Vehicles with engine capacities
ranging from 0.9 and 2.5 liters. In Asia, such as
South Korea, Japan, and India, the use of LPG for
vehicles is similar to in Europe, except for three-
wheeled Bajaj with an engine capacity of 200 cc.
Different characteristics occur in the United
States, where LPG is widely used for High Duty
Vehicles with engine capacity of 2.5 to 8.8 liters,
even for passenger and private cars.
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In terms of infrastructure at the gas station,
there are three types of filling stations, include
above-ground systems, lifts on the underground,
and submersible on the underground. Among the
three types, above-ground tank installation is a
type that can be applied quickly to an existing fuel
station as an additional facility, without digging
the soil to place the tank.

In terms of market trends, LPG vehicles were
found to be growing effectively in developing
countries but tend to decline in developed ones. In
some developing countries, as reported by
WLPGA, tax incentives and fuel price controls by
the government are a strong driving factor for
consumers to switch from gasoline to LPG.
Significant price differences between LPG and
gasoline encourage vehicle owners to convert
their vehicles because of the short payback period
and can be estimated to cover conversion costs.
The reverse phenomenon occurs in developed
countries that have long experience implementing
LPG as an alternative to gasoline, such as Japan,
South Korea, Australia, the Netherlands, the
United Kingdom, Germany, and France. They
succeeded in implementing electric based
vehicles, such as HEV, PHEV, BEV and FCEV due
to strict emission standards. As an implication,
LPG vehicles have gradually declined over the
past 5 years.

Authors’ contributions and responsibilities

The authors made substantial contributions to the
conception and design of the study. The authors took
responsibility for data analysis, interpretation and discussion
of results. The authors read and approved the final
manuscript.

Funding
Not applicable.

Availability of data and materials

All data are available from the authors.

Competing interests

The authors declare no competing interest.

Additional information

No additional information is available for this paper.

References

[1] EPA, “Global Greenhouse Gas Emissions
Data,” United States Environmental Protection
Agency. 2014.

[2] C. E.S. Thomas, Stopping Climate Change: the
Case for Hydrogen and Coal, vol. 35. Springer,
2017.

[3] EIA, “Global Transportation Energy
Consumption: Examination of Scenarios to
2040 using ITEDD,” Washington DC, 2017.

[4] R..Colvile, E. . Hutchinson, J. . Mindell, and
R.. Warren, “The transport sector as a source
of air pollution,” Atmospheric Environment,
vol. 35, no. 9, pp. 1537-1565, Mar. 2001.

[5] M. Achtnicht, G. Biihler, and C. Hermeling,
“The impact of fuel availability on demand
for alternative-fuel vehicles,” Transportation
Research Part D: Transport and Environment,
vol. 17, no. 3, pp. 262-269, 2012.

[6] N. H. Ravindranath, C. Sita Lakshmi, R.
Manuvie, and P. Balachandra, “Biofuel
production and implications for land use,
food production and environment in India,”
Energy Policy, vol. 39, no. 10, pp. 5737-5745,
2011.

[7] K. L. Kline et al., “Reconciling food security
and bioenergy: priorities for action,” GCB
Bioenergy, vol. 9, no. 3, pp. 557-576, 2017.

[8] P. B. Thompson, “The agricultural ethics of
biofuels: The food vs. fuel debate,”
Agriculture (Switzerland), vol. 2, no. 4, pp.
339-358, 2012.

[9] G. Joshi, ]J. K. Pandey, S. Rana, and D. S.
Rawat, “Challenges and opportunities for the
application of biofuel,” Renewable and
Sustainable Energy Reviews, vol. 79, no. March,
pp. 850-866, 2017.

[10] M. V. Rodionova et al., “Biofuel production:
Challenges and opportunities,” International
Journal of Hydrogen Energy, vol. 42, no. 12, pp.
8450-8461, 2017.

[11] S. H. Gheewala, B. Damen, and X. Shi,
“Biofuels: Economic, environmental and
social benefits and costs for developing
countries in Asia,” Wiley Interdisciplinary
Reviews: Climate Change, vol. 4, no. 6, pp. 497—
511, 2013.

[12] A. Demirbas, “Biofuels sources, biofuel
policy, biofuel economy and global biofuel
projections,”  Energy  Conversion  and
Management, vol. 49, no. 8, pp. 2106-2116,
2008.

[13] L. Augusto Horta Nogueira and R. Silva
Capaz, “Biofuels in Brazil: Evolution,
achievements and perspectives on food

Automotive Experiences

15


https://scholar.google.co.id/citations?hl=id&user=Pc2VipUAAAAJ
https://www.scopus.com/authid/detail.uri?authorId=57200271885
https://www.scopus.com/authid/detail.uri?authorId=55428807100
https://scholar.google.co.id/citations?hl=id&user=KzKwK_0AAAAJ
https://scholar.google.co.id/citations?hl=id&authuser=2&user=ID85CesAAAAJ
http://journal.ummgl.ac.id/index.php/AutomotiveExperiences/index
https://www.epa.gov/ghgemissions/global-greenhouse-gas-emissions-data
https://www.epa.gov/ghgemissions/global-greenhouse-gas-emissions-data
https://www.epa.gov/ghgemissions/global-greenhouse-gas-emissions-data
https://link.springer.com/book/10.1007%2F978-3-319-31655-0
https://link.springer.com/book/10.1007%2F978-3-319-31655-0
https://link.springer.com/book/10.1007%2F978-3-319-31655-0
https://www.eia.gov/analysis/studies/transportation/scenarios/pdf/globaltransportation.pdf
https://www.eia.gov/analysis/studies/transportation/scenarios/pdf/globaltransportation.pdf
https://www.eia.gov/analysis/studies/transportation/scenarios/pdf/globaltransportation.pdf
https://www.sciencedirect.com/science/article/abs/pii/S1352231000005513
https://www.sciencedirect.com/science/article/abs/pii/S1352231000005513
https://www.sciencedirect.com/science/article/abs/pii/S1352231000005513
https://www.sciencedirect.com/science/article/abs/pii/S1352231000005513
https://www.sciencedirect.com/science/article/pii/S1361920911001672
https://www.sciencedirect.com/science/article/pii/S1361920911001672
https://www.sciencedirect.com/science/article/pii/S1361920911001672
https://www.sciencedirect.com/science/article/pii/S1361920911001672
https://www.sciencedirect.com/science/article/pii/S1361920911001672
https://www.sciencedirect.com/science/article/abs/pii/S0301421510005744
https://www.sciencedirect.com/science/article/abs/pii/S0301421510005744
https://www.sciencedirect.com/science/article/abs/pii/S0301421510005744
https://www.sciencedirect.com/science/article/abs/pii/S0301421510005744
https://www.sciencedirect.com/science/article/abs/pii/S0301421510005744
https://www.sciencedirect.com/science/article/abs/pii/S0301421510005744
https://onlinelibrary.wiley.com/doi/full/10.1111/gcbb.12366
https://onlinelibrary.wiley.com/doi/full/10.1111/gcbb.12366
https://onlinelibrary.wiley.com/doi/full/10.1111/gcbb.12366
https://www.mdpi.com/2077-0472/2/4/339
https://www.mdpi.com/2077-0472/2/4/339
https://www.mdpi.com/2077-0472/2/4/339
https://www.mdpi.com/2077-0472/2/4/339
https://www.sciencedirect.com/science/article/abs/pii/S1364032117308201
https://www.sciencedirect.com/science/article/abs/pii/S1364032117308201
https://www.sciencedirect.com/science/article/abs/pii/S1364032117308201
https://www.sciencedirect.com/science/article/abs/pii/S1364032117308201
https://www.sciencedirect.com/science/article/abs/pii/S1364032117308201
https://www.sciencedirect.com/science/article/abs/pii/S0360319916334139
https://www.sciencedirect.com/science/article/abs/pii/S0360319916334139
https://www.sciencedirect.com/science/article/abs/pii/S0360319916334139
https://www.sciencedirect.com/science/article/abs/pii/S0360319916334139
https://onlinelibrary.wiley.com/doi/abs/10.1002/wcc.241
https://onlinelibrary.wiley.com/doi/abs/10.1002/wcc.241
https://onlinelibrary.wiley.com/doi/abs/10.1002/wcc.241
https://onlinelibrary.wiley.com/doi/abs/10.1002/wcc.241
https://onlinelibrary.wiley.com/doi/abs/10.1002/wcc.241
https://onlinelibrary.wiley.com/doi/abs/10.1002/wcc.241
https://www.sciencedirect.com/science/article/pii/S0196890408000770
https://www.sciencedirect.com/science/article/pii/S0196890408000770
https://www.sciencedirect.com/science/article/pii/S0196890408000770
https://www.sciencedirect.com/science/article/pii/S0196890408000770
https://www.sciencedirect.com/science/article/pii/S0196890408000770
https://www.sciencedirect.com/science/article/abs/pii/S2211912413000151
https://www.sciencedirect.com/science/article/abs/pii/S2211912413000151
https://www.sciencedirect.com/science/article/abs/pii/S2211912413000151

[14]

[15]

[18]

[21]

[22]

© Thomas Kivevele, Thirunavukkarasu Raja, Vahid Pirouzfar, Budi Waluyo, and Muji Setiyo

security,” Global Food Security, vol. 2, no. 2,
pp. 117-125, 2013.

A. Pradhan and C. Mbohwa, “Development
of biofuels in South Africa: Challenges and
opportunities,” Renewable and Sustainable
Energy Reviews, vol. 39, no. 2014, pp. 1089-
1100, 2014.

S. Sorrell, J. Speirs, R. Bentley, A. Brandt, and
R. Miller, “Global Oil Depletion: An
Assessment of the Evidence for a Near-term
Peak in Global Oil Production,” London,
2009.

M. Messagie, K. Lebeau, T. Coosemans, C.
Macharis, and J. Van Mierlo, “Environmental
and financial evaluation of passenger vehicle
technologies in Belgium,” Sustainability
(Switzerland), vol. 5, no. 12, pp. 5020-5033,
2013.

P. Weldon, P. Morrissey, and M. O’Mahony,
“Long-Term Cost of Ownership
Comparative Analysis between Electric
Vehicles and Internal Combustion Engine
Vehicles,” Sustainable Cities and Society, vol.
39, no. October 2017, pp. 578-591, 2018.

A. K. Karmaker, M. R. Ahmed, M. A.
Hossain, and M. M. Sikder, “Feasibility
assessment &amp; design of hybrid
renewable energy based electric vehicle
charging station in Bangladesh,” Sustainable
Cities and Society, vol. 39, no. February, pp.
189-202, 2018.

T. Giil, S. Kypreos, H. Turton, and L. Barreto,
“An energy-economic scenario analysis of
alternative fuels for personal transport using
the Global Multi-regional MARKAL model
(GMM),” Energy, vol. 34, no. 10, pp. 1423-
1437, 2009.

G. Anandarajah, W. McDowall, and P. Ekins,
“Decarbonising  road transport with
hydrogen and electricity: Long term global
technology learning scenarios,” International
Journal of Hydrogen Energy, vol. 38, no. 8, pp.
3419-3432, 2013.

S. D. Supekar and S. J. Skerlos, “Analysis of
Costs and Time Frame for Reducing CO2
Emissions by 70% in the U.S. Auto and
Energy Sectors by 2050,” Environmental
Science & Technology, vol. 51, no. 19, pp.
10932-10942, Oct. 2017.

H. Blanco, W. Nijjs, J. Ruf, and A. Faaij,
“Potential for hydrogen and Power-to-Liquid

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

in a low-carbon EU energy system using cost
optimization,” Applied Energy, vol. 232, pp.
617-639, 2018.

M. R. Werpy, A. Burnham, and K. Bertram,
“Propane Vehicles: Status, Challenges, and
Opportunities,” Argonne, 2010.

Propane Education and Research Council,
Conwerting Vehicles to Propane Autogas Part 1 :

Installing  Fuel Tanks and Fuel Lines.
Washington, D.C, 2011.
WLPGA, “Autogas Incentive Policies,”

Neuilly-sur-Seine, 2018.

H. L. MacLean and L. B. Lave, “Evaluating
automobile fuel/propulsions system
technologies,” Progress in Enerqy and

Combustion Science, vol. 29, no. 1, pp. 1-69,
2003.

M. I. Khan, T. Yasmin, and A. Shakoor,
“Technical overview of compressed natural
gas (CNG) as a transportation fuel”
Renewable and Sustainable Energy Reviews, vol.
51, pp. 785-797, 2015.

G. Bhattacharjee, S. Bhattacharya, S. Neogi,
and S. K. Das, “CNG cylinder burst in a bus
during gas filling - Lesson learned,” Safety
Science, vol. 48, no. 10, pp. 1516-1519, 2010.
R. Tschirschwitz et al., “Hazards from failure
of CNG automotive cylinders in fire,” Journal
of Hazardous Materials, vol. 367, no. July 2018,
pp. 1-7, 2019.

L. Raslavicius, A. Kersys, S. Mockus, N.
Kersiene, and M. Starevicius, “Liquefied
petroleum gas (LPG) as a medium-term
option in the transition to sustainable fuels
and transport,” Renewable and Sustainable
Energy Reviews, vol. 32, 2014.

M. Melikoglu, “Demand forecast for road
transportation fuels including gasoline,
diesel, LPG, bioethanol and biodiesel for
Turkey between 2013 and 2023,” Renewable
Energy, vol. 64, pp. 164-171, 2014.

M. Setiyo, S. Soeparman, N. Hamidi, and S.
Wahyudi, “Techno-economic analysis of
liquid petroleum gas fueled vehicles as
public  transportation in  Indonesia,”
International Journal of Energy Economics and
Policy, vol. 6, no. 3, pp. 495-500, 2016.

B. Erkus, A. Siirmen, and M. 1. Karamangil,
“A comparative study of carburation and
injection fuel supply methods in an LPG-
fuelled SI engine,” Fuel, vol. 107, pp. 511-517,

Automotive Experiences

16


https://scholar.google.co.id/citations?hl=id&user=Pc2VipUAAAAJ
https://www.scopus.com/authid/detail.uri?authorId=57200271885
https://www.scopus.com/authid/detail.uri?authorId=55428807100
https://scholar.google.co.id/citations?hl=id&user=KzKwK_0AAAAJ
https://scholar.google.co.id/citations?hl=id&authuser=2&user=ID85CesAAAAJ
http://journal.ummgl.ac.id/index.php/AutomotiveExperiences/index
https://www.sciencedirect.com/science/article/abs/pii/S2211912413000151
https://www.sciencedirect.com/science/article/abs/pii/S2211912413000151
https://www.sciencedirect.com/science/article/abs/pii/S1364032114005838
https://www.sciencedirect.com/science/article/abs/pii/S1364032114005838
https://www.sciencedirect.com/science/article/abs/pii/S1364032114005838
https://www.sciencedirect.com/science/article/abs/pii/S1364032114005838
https://www.sciencedirect.com/science/article/abs/pii/S1364032114005838
http://www.ukerc.ac.uk/publications/global-oil-depletion-an-assessment-of-the-evidence-for-a-near-term-peak-in-global-oil-production.html
http://www.ukerc.ac.uk/publications/global-oil-depletion-an-assessment-of-the-evidence-for-a-near-term-peak-in-global-oil-production.html
http://www.ukerc.ac.uk/publications/global-oil-depletion-an-assessment-of-the-evidence-for-a-near-term-peak-in-global-oil-production.html
http://www.ukerc.ac.uk/publications/global-oil-depletion-an-assessment-of-the-evidence-for-a-near-term-peak-in-global-oil-production.html
http://www.ukerc.ac.uk/publications/global-oil-depletion-an-assessment-of-the-evidence-for-a-near-term-peak-in-global-oil-production.html
https://www.mdpi.com/2071-1050/5/12/5020
https://www.mdpi.com/2071-1050/5/12/5020
https://www.mdpi.com/2071-1050/5/12/5020
https://www.mdpi.com/2071-1050/5/12/5020
https://www.mdpi.com/2071-1050/5/12/5020
https://www.mdpi.com/2071-1050/5/12/5020
https://www.sciencedirect.com/science/article/abs/pii/S2210670717314403
https://www.sciencedirect.com/science/article/abs/pii/S2210670717314403
https://www.sciencedirect.com/science/article/abs/pii/S2210670717314403
https://www.sciencedirect.com/science/article/abs/pii/S2210670717314403
https://www.sciencedirect.com/science/article/abs/pii/S2210670717314403
https://www.sciencedirect.com/science/article/abs/pii/S2210670717314403
https://www.sciencedirect.com/science/article/abs/pii/S221067071731661X
https://www.sciencedirect.com/science/article/abs/pii/S221067071731661X
https://www.sciencedirect.com/science/article/abs/pii/S221067071731661X
https://www.sciencedirect.com/science/article/abs/pii/S221067071731661X
https://www.sciencedirect.com/science/article/abs/pii/S221067071731661X
https://www.sciencedirect.com/science/article/abs/pii/S221067071731661X
https://www.sciencedirect.com/science/article/abs/pii/S221067071731661X
https://www.sciencedirect.com/science/article/abs/pii/S0360544209001078
https://www.sciencedirect.com/science/article/abs/pii/S0360544209001078
https://www.sciencedirect.com/science/article/abs/pii/S0360544209001078
https://www.sciencedirect.com/science/article/abs/pii/S0360544209001078
https://www.sciencedirect.com/science/article/abs/pii/S0360544209001078
https://www.sciencedirect.com/science/article/abs/pii/S0360544209001078
https://www.sciencedirect.com/science/article/abs/pii/S0360319912028455
https://www.sciencedirect.com/science/article/abs/pii/S0360319912028455
https://www.sciencedirect.com/science/article/abs/pii/S0360319912028455
https://www.sciencedirect.com/science/article/abs/pii/S0360319912028455
https://www.sciencedirect.com/science/article/abs/pii/S0360319912028455
https://www.sciencedirect.com/science/article/abs/pii/S0360319912028455
https://www.ncbi.nlm.nih.gov/pubmed/28910087
https://www.ncbi.nlm.nih.gov/pubmed/28910087
https://www.ncbi.nlm.nih.gov/pubmed/28910087
https://www.ncbi.nlm.nih.gov/pubmed/28910087
https://www.ncbi.nlm.nih.gov/pubmed/28910087
https://www.ncbi.nlm.nih.gov/pubmed/28910087
https://www.sciencedirect.com/science/article/pii/S0306261918315368
https://www.sciencedirect.com/science/article/pii/S0306261918315368
https://www.sciencedirect.com/science/article/pii/S0306261918315368
https://www.sciencedirect.com/science/article/pii/S0306261918315368
https://www.sciencedirect.com/science/article/pii/S0306261918315368
https://publications.anl.gov/anlpubs/2010/06/67243.pdf
https://publications.anl.gov/anlpubs/2010/06/67243.pdf
https://publications.anl.gov/anlpubs/2010/06/67243.pdf
https://www.rrc.state.tx.us/media/8564/autogas_fueltanks_lines.pdf
https://www.rrc.state.tx.us/media/8564/autogas_fueltanks_lines.pdf
https://www.rrc.state.tx.us/media/8564/autogas_fueltanks_lines.pdf
https://www.rrc.state.tx.us/media/8564/autogas_fueltanks_lines.pdf
https://www.wlpga.org/publication/2018-autogas-incentive-policies-report/
https://www.wlpga.org/publication/2018-autogas-incentive-policies-report/
https://www.sciencedirect.com/science/article/pii/S0360128502000321
https://www.sciencedirect.com/science/article/pii/S0360128502000321
https://www.sciencedirect.com/science/article/pii/S0360128502000321
https://www.sciencedirect.com/science/article/pii/S0360128502000321
https://www.sciencedirect.com/science/article/pii/S0360128502000321
https://www.sciencedirect.com/science/article/abs/pii/S1364032115006255
https://www.sciencedirect.com/science/article/abs/pii/S1364032115006255
https://www.sciencedirect.com/science/article/abs/pii/S1364032115006255
https://www.sciencedirect.com/science/article/abs/pii/S1364032115006255
https://www.sciencedirect.com/science/article/abs/pii/S1364032115006255
https://www.sciencedirect.com/science/article/pii/S0925753510001232
https://www.sciencedirect.com/science/article/pii/S0925753510001232
https://www.sciencedirect.com/science/article/pii/S0925753510001232
https://www.sciencedirect.com/science/article/pii/S0925753510001232
https://www.sciencedirect.com/science/article/abs/pii/S030438941831166X
https://www.sciencedirect.com/science/article/abs/pii/S030438941831166X
https://www.sciencedirect.com/science/article/abs/pii/S030438941831166X
https://www.sciencedirect.com/science/article/abs/pii/S030438941831166X
https://www.sciencedirect.com/science/article/abs/pii/S136403211400063X
https://www.sciencedirect.com/science/article/abs/pii/S136403211400063X
https://www.sciencedirect.com/science/article/abs/pii/S136403211400063X
https://www.sciencedirect.com/science/article/abs/pii/S136403211400063X
https://www.sciencedirect.com/science/article/abs/pii/S136403211400063X
https://www.sciencedirect.com/science/article/abs/pii/S136403211400063X
https://www.sciencedirect.com/science/article/abs/pii/S0960148113005879
https://www.sciencedirect.com/science/article/abs/pii/S0960148113005879
https://www.sciencedirect.com/science/article/abs/pii/S0960148113005879
https://www.sciencedirect.com/science/article/abs/pii/S0960148113005879
https://www.sciencedirect.com/science/article/abs/pii/S0960148113005879
https://www.econjournals.com/index.php/ijeep/article/view/2422
https://www.econjournals.com/index.php/ijeep/article/view/2422
https://www.econjournals.com/index.php/ijeep/article/view/2422
https://www.econjournals.com/index.php/ijeep/article/view/2422
https://www.econjournals.com/index.php/ijeep/article/view/2422
https://www.econjournals.com/index.php/ijeep/article/view/2422
https://www.sciencedirect.com/science/article/pii/S001623611201085X
https://www.sciencedirect.com/science/article/pii/S001623611201085X
https://www.sciencedirect.com/science/article/pii/S001623611201085X
https://www.sciencedirect.com/science/article/pii/S001623611201085X

[34]

[35]

[37]

[41]

[42]

© Thomas Kivevele, Thirunavukkarasu Raja, Vahid Pirouzfar, Budi Waluyo, and Muji Setiyo

2013.

B. Erkus, A. Surmen, M. I. Karamangil, R.
Arslan, and C. Kaplan, “The effect of ignition
timing on performance of LPG injected SI
engine,” Enerqy Education Science and
Technology Part a-Enerqy Science and Research,
vol. 28, no. 2, pp. 1199-1206, 2012.

H. Bayraktar and O. Durgun, “Investigating
the effects of LPG on spark ignition engine
combustion and performance,” Energy
Conversion and Management, vol. 46, no. 13—
14, pp. 2317-2333, 2005.

M. Campbell, L. P. Wyszynski, and R. Stone,
“Combustion of LPG in a Spark-Ignition
Engine,” SAE Technical Paper, vol. 2004-01-
09, 2004.

C. H. Laj, C. C. Chang, C. H. Wang, M. Shao,
Y. Zhang, and ]J. L. Wang, “Emissions of
liquefied petroleum gas (LPG) from motor
vehicles,” Atmospheric Environment, vol. 43,
no. 7, pp. 1456-1463, 2009.

A. Irimescu, “Study of Volumetric Efficiency
for Spark Ignition Engines Using Alternative
Fuels,” Analele Universititii “Eftimie Murqu,”
no. 2, pp. 149-154, 2010.

M. Gumus, “Effects of volumetric efficiency
on the performance and emissions
characteristics of a dual fueled (gasoline and
LPG) spark ignition engine,” Fuel Processing
Technology, vol. 92, no. 10, pp. 1862-1867,
2011.

M. Masi and P. Gobbato, “Measure of the
volumetric efficiency and evaporator device
performance for a liquefied petroleum gas
spark ignition engine,” Energy Conversion and
Management, vol. 60, pp. 18-27, 2012.

J. Kim, K. Choi, C. L. Myung, and S. Park,
“Experimental evaluation of engine control
strategy on the time resolved THC and nano-
particle emission characteristics of liquid
phase LPG direct injection (LPG-DI) engine
during the cold start” Fuel Processing
Technology, vol. 106, pp. 166-173, 2013.

G. Li, L. Li, Z. Liu, Z. Li, and D. Qiu, “Real
time NO emissions measurement during cold
start in LPG Sl engine,” Energy Conversion and
Management, vol. 48, no. 9, pp. 2508-2516,
2007.

A. Ugurlu and M. Gumus, “Exergetic
analysis of an LPG evaporator/regulator with
thermal storage,” International Journal of

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

(53]

Hydrogen Energy, vol. 42, no. 28, pp. 17984—
17992, 2017.

V.J. Venkanna, S. J. Singh, A.Vijaykanth, and
K. A. Kumar, “Analysis of Automobile Lpg
Cylinder Using Composite Material,”
International  Journal of Mechanical And
Production Engineering, vol. 2, no. 5, pp. 29-32,
2014.

T. Vinoth, P. Vasanthakumar, J. Krishnaraj, S.
J. Hariharan, and M.
Palanisamy, “Experimental Investigation on
LPG + Diesel Fuelled Engine with DEE
Ignition  Improver,”  Materials  Today:
Proceedings, vol. 4, no. 8, pp. 91269132, 2017.
M. M. Musthafa, “A comparative study on

K. Arunsankar,

coated and wuncoated diesel engine
performance and emissions running on dual
fuel (LPG - biodiesel) with and without
additive,” Industrial Crops and Products, vol.
128, no. x, pp. 194-198, 2019.

B. Ashok, S. Denis Ashok, and C. Ramesh
Kumar, “LPG diesel dual fuel engine - A
critical review,” Alexandria  Engineering
Journal, vol. 54, no. 2, pp. 105-126, 2015.

A. Boretti, study of the
substitutional diesel fuel energy in a dual fuel
diesel-LPG engine with two direct injectors
per cylinder,” Fuel Processing Technology, vol.
161, no. x, pp. 41-51, 2017.

H. S. Tira, J. M. Herreros, A. Tsolakis, and M.
L. Wyszynski, “Influence of the addition of
LPG-reformate and H2on an engine dually
fuelled with LPG-diesel, -RME and -GTL
Fuels,” Fuel, vol. 118, no. X, pp. 73-82, 2014.
E. Anye Ngang and C. V. Ngayihi Abbe,
“Experimental and numerical analysis of the
performance of a diesel engine retrofitted to
use LPG as secondary fuel,” Applied Thermal
Engineering, vol. 136, no. March, pp. 462474,
2018.

A. Rimkus, M. Melaika, and ]J. Matijosius,
“Efficient and Ecological Indicators of CI
Engine Fuelled with Different Diesel and
LPG Mixtures,” Procedia Engineering, vol. 187,
pp. 504-512, 2017.

K. J.Morganti, T. M. Foong, M. J. Brear, G. Da
Silva, Y. Yang, and F. L. Dryer, “The research
and motor octane numbers of Liquefied
Petroleum Gas (LPG),” Fuel, vol. 108, no.
2013, pp. 797-811, 2013.

K. J. Morganti, M. ]. Brear, Y. Yang, and F. L.

“Numerical

Automotive Experiences

17


https://scholar.google.co.id/citations?hl=id&user=Pc2VipUAAAAJ
https://www.scopus.com/authid/detail.uri?authorId=57200271885
https://www.scopus.com/authid/detail.uri?authorId=55428807100
https://scholar.google.co.id/citations?hl=id&user=KzKwK_0AAAAJ
https://scholar.google.co.id/citations?hl=id&authuser=2&user=ID85CesAAAAJ
http://journal.ummgl.ac.id/index.php/AutomotiveExperiences/index
https://www.sciencedirect.com/science/article/pii/S001623611201085X
https://www.researchgate.net/profile/Baris_Erkus/publication/283796327_The_effect_of_ignition_timing_on_performance_of_LPG_injected_SI_engine/links/569bfdf608aeeea985a5a3aa/The-effect-of-ignition-timing-on-performance-of-LPG-injected-SI-engine.pdf
https://www.researchgate.net/profile/Baris_Erkus/publication/283796327_The_effect_of_ignition_timing_on_performance_of_LPG_injected_SI_engine/links/569bfdf608aeeea985a5a3aa/The-effect-of-ignition-timing-on-performance-of-LPG-injected-SI-engine.pdf
https://www.researchgate.net/profile/Baris_Erkus/publication/283796327_The_effect_of_ignition_timing_on_performance_of_LPG_injected_SI_engine/links/569bfdf608aeeea985a5a3aa/The-effect-of-ignition-timing-on-performance-of-LPG-injected-SI-engine.pdf
https://www.researchgate.net/profile/Baris_Erkus/publication/283796327_The_effect_of_ignition_timing_on_performance_of_LPG_injected_SI_engine/links/569bfdf608aeeea985a5a3aa/The-effect-of-ignition-timing-on-performance-of-LPG-injected-SI-engine.pdf
https://www.researchgate.net/profile/Baris_Erkus/publication/283796327_The_effect_of_ignition_timing_on_performance_of_LPG_injected_SI_engine/links/569bfdf608aeeea985a5a3aa/The-effect-of-ignition-timing-on-performance-of-LPG-injected-SI-engine.pdf
https://www.researchgate.net/profile/Baris_Erkus/publication/283796327_The_effect_of_ignition_timing_on_performance_of_LPG_injected_SI_engine/links/569bfdf608aeeea985a5a3aa/The-effect-of-ignition-timing-on-performance-of-LPG-injected-SI-engine.pdf
https://www.sciencedirect.com/science/article/pii/S0196890404002596
https://www.sciencedirect.com/science/article/pii/S0196890404002596
https://www.sciencedirect.com/science/article/pii/S0196890404002596
https://www.sciencedirect.com/science/article/pii/S0196890404002596
https://www.sciencedirect.com/science/article/pii/S0196890404002596
https://www.sae.org/publications/technical-papers/content/2004-01-0974/
https://www.sae.org/publications/technical-papers/content/2004-01-0974/
https://www.sae.org/publications/technical-papers/content/2004-01-0974/
https://www.sae.org/publications/technical-papers/content/2004-01-0974/
https://www.sciencedirect.com/science/article/abs/pii/S1352231008010996
https://www.sciencedirect.com/science/article/abs/pii/S1352231008010996
https://www.sciencedirect.com/science/article/abs/pii/S1352231008010996
https://www.sciencedirect.com/science/article/abs/pii/S1352231008010996
https://www.sciencedirect.com/science/article/abs/pii/S1352231008010996
http://anale-ing.uem.ro/2010/A_22.pdf
http://anale-ing.uem.ro/2010/A_22.pdf
http://anale-ing.uem.ro/2010/A_22.pdf
http://anale-ing.uem.ro/2010/A_22.pdf
https://www.sciencedirect.com/science/article/pii/S0378382011001597
https://www.sciencedirect.com/science/article/pii/S0378382011001597
https://www.sciencedirect.com/science/article/pii/S0378382011001597
https://www.sciencedirect.com/science/article/pii/S0378382011001597
https://www.sciencedirect.com/science/article/pii/S0378382011001597
https://www.sciencedirect.com/science/article/pii/S0378382011001597
https://www.sciencedirect.com/science/article/pii/S0196890412000556
https://www.sciencedirect.com/science/article/pii/S0196890412000556
https://www.sciencedirect.com/science/article/pii/S0196890412000556
https://www.sciencedirect.com/science/article/pii/S0196890412000556
https://www.sciencedirect.com/science/article/pii/S0196890412000556
https://www.sciencedirect.com/science/article/pii/S0378382012002809
https://www.sciencedirect.com/science/article/pii/S0378382012002809
https://www.sciencedirect.com/science/article/pii/S0378382012002809
https://www.sciencedirect.com/science/article/pii/S0378382012002809
https://www.sciencedirect.com/science/article/pii/S0378382012002809
https://www.sciencedirect.com/science/article/pii/S0378382012002809
https://www.sciencedirect.com/science/article/pii/S0378382012002809
https://www.sciencedirect.com/science/article/pii/S0196890407001057
https://www.sciencedirect.com/science/article/pii/S0196890407001057
https://www.sciencedirect.com/science/article/pii/S0196890407001057
https://www.sciencedirect.com/science/article/pii/S0196890407001057
https://www.sciencedirect.com/science/article/pii/S0196890407001057
https://www.sciencedirect.com/science/article/abs/pii/S0360319917308492
https://www.sciencedirect.com/science/article/abs/pii/S0360319917308492
https://www.sciencedirect.com/science/article/abs/pii/S0360319917308492
https://www.sciencedirect.com/science/article/abs/pii/S0360319917308492
https://www.sciencedirect.com/science/article/abs/pii/S0360319917308492
http://iraj.in/journal/IJMPE/paper_detail.php?paper_id=754&name=Analysis_Of_Automobile_Lpg_Cylinder_Using_Composite_Material
http://iraj.in/journal/IJMPE/paper_detail.php?paper_id=754&name=Analysis_Of_Automobile_Lpg_Cylinder_Using_Composite_Material
http://iraj.in/journal/IJMPE/paper_detail.php?paper_id=754&name=Analysis_Of_Automobile_Lpg_Cylinder_Using_Composite_Material
http://iraj.in/journal/IJMPE/paper_detail.php?paper_id=754&name=Analysis_Of_Automobile_Lpg_Cylinder_Using_Composite_Material
http://iraj.in/journal/IJMPE/paper_detail.php?paper_id=754&name=Analysis_Of_Automobile_Lpg_Cylinder_Using_Composite_Material
http://iraj.in/journal/IJMPE/paper_detail.php?paper_id=754&name=Analysis_Of_Automobile_Lpg_Cylinder_Using_Composite_Material
https://www.sciencedirect.com/science/article/pii/S2214785317315651
https://www.sciencedirect.com/science/article/pii/S2214785317315651
https://www.sciencedirect.com/science/article/pii/S2214785317315651
https://www.sciencedirect.com/science/article/pii/S2214785317315651
https://www.sciencedirect.com/science/article/pii/S2214785317315651
https://www.sciencedirect.com/science/article/pii/S2214785317315651
https://www.sciencedirect.com/science/article/abs/pii/S0926669018309798
https://www.sciencedirect.com/science/article/abs/pii/S0926669018309798
https://www.sciencedirect.com/science/article/abs/pii/S0926669018309798
https://www.sciencedirect.com/science/article/abs/pii/S0926669018309798
https://www.sciencedirect.com/science/article/abs/pii/S0926669018309798
https://www.sciencedirect.com/science/article/abs/pii/S0926669018309798
https://www.sciencedirect.com/science/article/pii/S1110016815000162
https://www.sciencedirect.com/science/article/pii/S1110016815000162
https://www.sciencedirect.com/science/article/pii/S1110016815000162
https://www.sciencedirect.com/science/article/pii/S1110016815000162
https://www.sciencedirect.com/science/article/pii/S0378382016312231
https://www.sciencedirect.com/science/article/pii/S0378382016312231
https://www.sciencedirect.com/science/article/pii/S0378382016312231
https://www.sciencedirect.com/science/article/pii/S0378382016312231
https://www.sciencedirect.com/science/article/pii/S0378382016312231
https://www.sciencedirect.com/science/article/pii/S0016236113010065
https://www.sciencedirect.com/science/article/pii/S0016236113010065
https://www.sciencedirect.com/science/article/pii/S0016236113010065
https://www.sciencedirect.com/science/article/pii/S0016236113010065
https://www.sciencedirect.com/science/article/pii/S0016236113010065
https://www.sciencedirect.com/science/article/abs/pii/S1359431117350615
https://www.sciencedirect.com/science/article/abs/pii/S1359431117350615
https://www.sciencedirect.com/science/article/abs/pii/S1359431117350615
https://www.sciencedirect.com/science/article/abs/pii/S1359431117350615
https://www.sciencedirect.com/science/article/abs/pii/S1359431117350615
https://www.sciencedirect.com/science/article/abs/pii/S1359431117350615
https://www.sciencedirect.com/science/article/pii/S1877705817319379
https://www.sciencedirect.com/science/article/pii/S1877705817319379
https://www.sciencedirect.com/science/article/pii/S1877705817319379
https://www.sciencedirect.com/science/article/pii/S1877705817319379
https://www.sciencedirect.com/science/article/pii/S1877705817319379
https://www.sciencedirect.com/science/article/pii/S0016236113000811
https://www.sciencedirect.com/science/article/pii/S0016236113000811
https://www.sciencedirect.com/science/article/pii/S0016236113000811
https://www.sciencedirect.com/science/article/pii/S0016236113000811
https://www.sciencedirect.com/science/article/pii/S0016236113000811
https://www.sciencedirect.com/science/article/pii/S1540748914002284

© Thomas Kivevele, Thirunavukkarasu Raja, Vahid Pirouzfar, Budi Waluyo, and Muji Setiyo

Dryer, “The autoignition of Liquefied
Petroleum Gas ( LPG ) in spark-ignition
engines,” Proceedings Of The Combustion
Institute, 2014.

[54] WLPGA, LPG for Heavy Duty Engines Buses ,
Trucks , Marine and and Other Applications.
Neuilly-sur-Seine: WLPGA, 2017.

[55] E. Hahn, “Top 10 Reasons to Convert Your
Car to LPG _ Unigas LPG Autogas,” Unigas,
2016. [Online]. [Accessed: 12-Dec-2018].

[56] WLPGA, Autogas Vehicles Catalogue 2018.
Neuilly-sur-Seine: WLPGA, 2018.

[57] M. Setiyo, B. Waluyo, M. Husni, and D. W.
Karmiadji, “Characteristics of 1500 CC LPG
fueled engine at various of mixer venturi area
applied on Tesla A-100 LPG vaporizer,”
Jurnal Teknologi, vol. 78, no. 10, 2016.

[58] CRD Performance, “Explaining the Different
Type of Conversions,” LPG Technical
Information, 2012. [Online]. [Accessed: 12-
Dec-2018].

[59] X. Q. Lj L. K. Yang, M. Pang, and X. J. Liang,
“Effect of LPG Injection Methods on Engine
Performance,” Advanced Materials Research,
vol. 97-101, no. May, pp. 2279-2282, 2010.

[60] M. A. Ceviz and A. Kaleli, “Pressure
Regulator Optimization in LPG Fuel Injection
Systems,” in International Conference on
Sustainable  Energy Environmental
Engineering, 2015, no. Seee, pp. 62-64.

[61] V. Nayak, G. S. Rashmi, P. Chitragar, and P.
Mohanan, “Combustion Characteristics and
Cyclic Variation of a LPG Fuelled MPFI Four
Cylinder Gasoline Engine,” Energy Procedia,
vol. 90, no. December 2015, pp. 470-480, 2015.

[62] M. Setiyo and S. Munahar, “AFR and fuel
cut-off modeling of LPG-fueled engine based
on engine, transmission, and brake system
using fuzzy logic controller (FLC),” Journal of
Mechatronics, Electrical Power, and Vehicular
Technology, vol. 8, pp. 50-59, 2017.

[63] S. Munahar, B. C. Purnomo, M. Setiyo, A.
Triwiyatno, and J. D. Setiawan, “Design and
application of air to fuel ratio controller for
LPG fueled vehicles at typical down-way,”
SN Applied Sciences, vol. 2, no. 1, p. 37, 2019.

[64] M. A. Ceviz, A. Kaleli and E. Giiner,
“Controlling LPG temperature for SI engine
applications,” Applied Thermal Engineering,
vol. 82, pp. 298-305, 2015.

[65] C. L. Myung, J. Kim, K. Choi, I. G. Hwang,

and

and S. Park, “Comparative study of engine
control strategies for particulate emissions
from direct injection light-duty vehicle fueled
with gasoline and liquid phase liquefied
petroleum gas (LPG),” Fuel, vol. 94, pp. 348-
355, 2012.

[66] T. Y. Kim, Y. Lee, C. Kim, and M. Shin,
“Effects of shape and surface roughness on
icing and condensation characteristics of an
injector in a liquid phase LPG injection
system,” Fuel, vol. 132, pp. 82-92, Sep. 2014.

[67] K. Kim, J. Kim, S. Oh, C. Kim, and Y. Lee,
“Lower particulate matter emissions with a
stoichiometric LPG direct injection engine,”
Fuel, vol. 187, pp. 197-210, 2017.

[68] C. L. Myung et al., “Mobile source air toxic
emissions from direct injection spark ignition
gasoline and LPG passenger car under
various in-use vehicle driving modes in
Korea,” Fuel Processing Technology, vol. 119,
pp- 19-31, 2014.

[69] T. Y. Kim, C. Park, S. Oh, and G. Cho, “The
effects of stratified lean combustion and
exhaust gas recirculation on combustion and
emission characteristics of an LPG direct
injection engine,” Energy, vol. 115, no. x, pp.
386-396, 2016.

[70] K. Kim, J. Kim, S. Oh, C. Kim, and Y. Lee,
“Evaluation of injection and ignition schemes
for the ultra-lean combustion direct-injection
LPG engine to control particulate emissions,”
Applied Energy, vol. 194, pp. 123-135, 2017.

[71] WLPGA, Guide to new autogas markets: A step-
by-step approach to introducing LPG use for
transport based on lessons learned from successful
markets. Neuilly-sur-Seine: WLPGA, 2018.

[72] M. L. Karamangil, “Development of the auto
gas and LPG-powered vehicle sector in
Turkey: A statistical case study of the sector
for Bursa,” Energy Policy, vol. 35, no. 1, pp.
640-649, 2007.

[73] European LPG Association, Autogas in Europe
, The Sustainable Alternative: An LPG Industry
Roadmap. Brussels: AEGPL, 2013.

[74] V. Leung, “Slow diffusion of LPG vehicles in
China-Lessons from Shanghai, Guangzhou
and Hong Kong,” Energy Policy, vol. 39, no. 6,
pp. 3720-3731, 2011.

[75] A. Rohatgi, WebPlotDigitizer User Manual
Version 3.4. Texas, 2015.

[76] M. B. Celik and B. Ozdalyan, “Gasoline

Automotive Experiences

18


https://scholar.google.co.id/citations?hl=id&user=Pc2VipUAAAAJ
https://www.scopus.com/authid/detail.uri?authorId=57200271885
https://www.scopus.com/authid/detail.uri?authorId=55428807100
https://scholar.google.co.id/citations?hl=id&user=KzKwK_0AAAAJ
https://scholar.google.co.id/citations?hl=id&authuser=2&user=ID85CesAAAAJ
http://journal.ummgl.ac.id/index.php/AutomotiveExperiences/index
https://www.sciencedirect.com/science/article/pii/S1540748914002284
https://www.sciencedirect.com/science/article/pii/S1540748914002284
https://www.sciencedirect.com/science/article/pii/S1540748914002284
https://www.sciencedirect.com/science/article/pii/S1540748914002284
https://www.wlpga.org/wp-content/uploads/2017/11/LPG-for-Heavy-Duty-Engines-2017.pdf
https://www.wlpga.org/wp-content/uploads/2017/11/LPG-for-Heavy-Duty-Engines-2017.pdf
https://www.wlpga.org/wp-content/uploads/2017/11/LPG-for-Heavy-Duty-Engines-2017.pdf
http://www.unigas.com.au/top-10-reasons-to-convert-your-car-to-lpg/
http://www.unigas.com.au/top-10-reasons-to-convert-your-car-to-lpg/
http://www.unigas.com.au/top-10-reasons-to-convert-your-car-to-lpg/
http://www.unigas.com.au/top-10-reasons-to-convert-your-car-to-lpg/
https://www.wlpga.org/publication/lpg-electric-hybrid-taxis-best-of-both-worlds-2/
https://www.wlpga.org/publication/lpg-electric-hybrid-taxis-best-of-both-worlds-2/
https://jurnalteknologi.utm.my/index.php/jurnalteknologi/article/view/7661/0
https://jurnalteknologi.utm.my/index.php/jurnalteknologi/article/view/7661/0
https://jurnalteknologi.utm.my/index.php/jurnalteknologi/article/view/7661/0
https://jurnalteknologi.utm.my/index.php/jurnalteknologi/article/view/7661/0
https://jurnalteknologi.utm.my/index.php/jurnalteknologi/article/view/7661/0
https://www.crdperformance.com/lpg/lpg-conversions/lpg-technical-information/
https://www.crdperformance.com/lpg/lpg-conversions/lpg-technical-information/
https://www.crdperformance.com/lpg/lpg-conversions/lpg-technical-information/
https://www.crdperformance.com/lpg/lpg-conversions/lpg-technical-information/
https://www.scientific.net/AMR.97-101.2279
https://www.scientific.net/AMR.97-101.2279
https://www.scientific.net/AMR.97-101.2279
https://www.scientific.net/AMR.97-101.2279
https://www.atlantis-press.com/proceedings/seee-15/25841472
https://www.atlantis-press.com/proceedings/seee-15/25841472
https://www.atlantis-press.com/proceedings/seee-15/25841472
https://www.atlantis-press.com/proceedings/seee-15/25841472
https://www.atlantis-press.com/proceedings/seee-15/25841472
https://www.sciencedirect.com/science/article/pii/S1876610216314242
https://www.sciencedirect.com/science/article/pii/S1876610216314242
https://www.sciencedirect.com/science/article/pii/S1876610216314242
https://www.sciencedirect.com/science/article/pii/S1876610216314242
https://www.sciencedirect.com/science/article/pii/S1876610216314242
http://www.mevjournal.com/index.php/mev/article/view/374/afr-and-fuel-cut-off-modeling-of-lpg-fueled-engine-based-on-engine--transmission--and-brake-system-using-fuzzy-logic-controller--flc-
http://www.mevjournal.com/index.php/mev/article/view/374/afr-and-fuel-cut-off-modeling-of-lpg-fueled-engine-based-on-engine--transmission--and-brake-system-using-fuzzy-logic-controller--flc-
http://www.mevjournal.com/index.php/mev/article/view/374/afr-and-fuel-cut-off-modeling-of-lpg-fueled-engine-based-on-engine--transmission--and-brake-system-using-fuzzy-logic-controller--flc-
http://www.mevjournal.com/index.php/mev/article/view/374/afr-and-fuel-cut-off-modeling-of-lpg-fueled-engine-based-on-engine--transmission--and-brake-system-using-fuzzy-logic-controller--flc-
http://www.mevjournal.com/index.php/mev/article/view/374/afr-and-fuel-cut-off-modeling-of-lpg-fueled-engine-based-on-engine--transmission--and-brake-system-using-fuzzy-logic-controller--flc-
http://www.mevjournal.com/index.php/mev/article/view/374/afr-and-fuel-cut-off-modeling-of-lpg-fueled-engine-based-on-engine--transmission--and-brake-system-using-fuzzy-logic-controller--flc-
https://link.springer.com/article/10.1007/s42452-019-1839-8
https://link.springer.com/article/10.1007/s42452-019-1839-8
https://link.springer.com/article/10.1007/s42452-019-1839-8
https://link.springer.com/article/10.1007/s42452-019-1839-8
https://link.springer.com/article/10.1007/s42452-019-1839-8
https://www.sciencedirect.com/science/article/abs/pii/S1359431115001908
https://www.sciencedirect.com/science/article/abs/pii/S1359431115001908
https://www.sciencedirect.com/science/article/abs/pii/S1359431115001908
https://www.sciencedirect.com/science/article/abs/pii/S1359431115001908
https://www.sciencedirect.com/science/article/pii/S0016236111006594
https://www.sciencedirect.com/science/article/pii/S0016236111006594
https://www.sciencedirect.com/science/article/pii/S0016236111006594
https://www.sciencedirect.com/science/article/pii/S0016236111006594
https://www.sciencedirect.com/science/article/pii/S0016236111006594
https://www.sciencedirect.com/science/article/pii/S0016236111006594
https://www.sciencedirect.com/science/article/pii/S0016236111006594
https://www.sciencedirect.com/science/article/pii/S0016236114003317
https://www.sciencedirect.com/science/article/pii/S0016236114003317
https://www.sciencedirect.com/science/article/pii/S0016236114003317
https://www.sciencedirect.com/science/article/pii/S0016236114003317
https://www.sciencedirect.com/science/article/pii/S0016236114003317
https://www.sciencedirect.com/science/article/pii/S0016236116309152
https://www.sciencedirect.com/science/article/pii/S0016236116309152
https://www.sciencedirect.com/science/article/pii/S0016236116309152
https://www.sciencedirect.com/science/article/pii/S0016236116309152
https://www.sciencedirect.com/science/article/pii/S0378382013003275
https://www.sciencedirect.com/science/article/pii/S0378382013003275
https://www.sciencedirect.com/science/article/pii/S0378382013003275
https://www.sciencedirect.com/science/article/pii/S0378382013003275
https://www.sciencedirect.com/science/article/pii/S0378382013003275
https://www.sciencedirect.com/science/article/pii/S0378382013003275
https://www.sciencedirect.com/science/article/abs/pii/S036054421631266X
https://www.sciencedirect.com/science/article/abs/pii/S036054421631266X
https://www.sciencedirect.com/science/article/abs/pii/S036054421631266X
https://www.sciencedirect.com/science/article/abs/pii/S036054421631266X
https://www.sciencedirect.com/science/article/abs/pii/S036054421631266X
https://www.sciencedirect.com/science/article/abs/pii/S036054421631266X
https://www.sciencedirect.com/science/article/abs/pii/S0306261917302271
https://www.sciencedirect.com/science/article/abs/pii/S0306261917302271
https://www.sciencedirect.com/science/article/abs/pii/S0306261917302271
https://www.sciencedirect.com/science/article/abs/pii/S0306261917302271
https://www.sciencedirect.com/science/article/abs/pii/S0306261917302271
https://auto-gas.net/library/guide-to-new-autogas-markets/
https://auto-gas.net/library/guide-to-new-autogas-markets/
https://auto-gas.net/library/guide-to-new-autogas-markets/
https://auto-gas.net/library/guide-to-new-autogas-markets/
https://www.sciencedirect.com/science/article/abs/pii/S0301421506000334
https://www.sciencedirect.com/science/article/abs/pii/S0301421506000334
https://www.sciencedirect.com/science/article/abs/pii/S0301421506000334
https://www.sciencedirect.com/science/article/abs/pii/S0301421506000334
https://www.sciencedirect.com/science/article/abs/pii/S0301421506000334
https://www.aegpl.eu/images/publications/autogas-roadmap-2013-final-2mb.pdf
https://www.aegpl.eu/images/publications/autogas-roadmap-2013-final-2mb.pdf
https://www.aegpl.eu/images/publications/autogas-roadmap-2013-final-2mb.pdf
https://www.sciencedirect.com/science/article/abs/pii/S0301421511002783
https://www.sciencedirect.com/science/article/abs/pii/S0301421511002783
https://www.sciencedirect.com/science/article/abs/pii/S0301421511002783
https://www.sciencedirect.com/science/article/abs/pii/S0301421511002783
https://automeris.io/WebPlotDigitizer/userManual.pdf
https://automeris.io/WebPlotDigitizer/userManual.pdf
https://www.intechopen.com/books/fuel-injection/gasoline-direct-injection

[77]

[78]

[79]

© Thomas Kivevele, Thirunavukkarasu Raja, Vahid Pirouzfar, Budi Waluyo, and Muji Setiyo

Direct Injection,” in Fuel Injection, D. Siano,
Ed. London: InTech Open, 2010, pp. 1-17.

L. Phillips, “Top 18 Electric Car Countries in
2019,” AvtoWow, 2019. [Online]. [Accessed:
10-Aug-2019].

G. H. Broadbent, D. Drozdzewski, and G.
Metternicht, “Electric vehicle adoption: An
analysis of best practice and pitfalls for policy
making from experiences of Europe and the
US,” Geography Compass, vol. 12, no. 2, pp. 1-
45, 2018.

J. Du and M. Ouyang, “Review of electric
vehicle  technologies  progress  and
development prospect in China,” World
Electric Vehicle Journal, vol. 6, no. 4, pp. 1086—

[80]

[81]

[82]

1093, 2013.

G. H. Broadbent, G. Metternicht, and D.
Drozdzewski, “An analysis of consumer
incentives in support of electric vehicle
uptake: An Australian case study,” World
Electric Vehicle Journal, vol. 10, no. 1, pp. 1-15,
2019.

S. Vergis, T. S. Turrentine, L. Fulton, and E.
Fulton, “Plug-In Electric Vehicles: A Case
Study of Seven Markets,” California, 2014.

I. C. Setiawan, “Policy Simulation of
Electricity-Based = Vehicle Utilization in
Indonesia (Electrified Vehicle - HEV, PHEYV,
BEV and FCEV),” Automotive Experiences, vol.
2, no. 1, pp. 1-8, 2019.

Automotive Experiences

19


https://scholar.google.co.id/citations?hl=id&user=Pc2VipUAAAAJ
https://www.scopus.com/authid/detail.uri?authorId=57200271885
https://www.scopus.com/authid/detail.uri?authorId=55428807100
https://scholar.google.co.id/citations?hl=id&user=KzKwK_0AAAAJ
https://scholar.google.co.id/citations?hl=id&authuser=2&user=ID85CesAAAAJ
http://journal.ummgl.ac.id/index.php/AutomotiveExperiences/index
https://www.intechopen.com/books/fuel-injection/gasoline-direct-injection
https://www.intechopen.com/books/fuel-injection/gasoline-direct-injection
https://avtowow.com/countries-by-electric-car-use
https://avtowow.com/countries-by-electric-car-use
https://avtowow.com/countries-by-electric-car-use
https://onlinelibrary.wiley.com/doi/abs/10.1111/gec3.12358
https://onlinelibrary.wiley.com/doi/abs/10.1111/gec3.12358
https://onlinelibrary.wiley.com/doi/abs/10.1111/gec3.12358
https://onlinelibrary.wiley.com/doi/abs/10.1111/gec3.12358
https://onlinelibrary.wiley.com/doi/abs/10.1111/gec3.12358
https://onlinelibrary.wiley.com/doi/abs/10.1111/gec3.12358
https://www.mdpi.com/2032-6653/6/4/1086
https://www.mdpi.com/2032-6653/6/4/1086
https://www.mdpi.com/2032-6653/6/4/1086
https://www.mdpi.com/2032-6653/6/4/1086
https://www.mdpi.com/2032-6653/6/4/1086
https://www.mdpi.com/2032-6653/10/1/11
https://www.mdpi.com/2032-6653/10/1/11
https://www.mdpi.com/2032-6653/10/1/11
https://www.mdpi.com/2032-6653/10/1/11
https://www.mdpi.com/2032-6653/10/1/11
https://www.mdpi.com/2032-6653/10/1/11
https://escholarship.org/uc/item/5ps3z0f5
https://escholarship.org/uc/item/5ps3z0f5
https://escholarship.org/uc/item/5ps3z0f5
http://journal.ummgl.ac.id/index.php/AutomotiveExperiences/article/view/2020
http://journal.ummgl.ac.id/index.php/AutomotiveExperiences/article/view/2020
http://journal.ummgl.ac.id/index.php/AutomotiveExperiences/article/view/2020
http://journal.ummgl.ac.id/index.php/AutomotiveExperiences/article/view/2020
http://journal.ummgl.ac.id/index.php/AutomotiveExperiences/article/view/2020

	1. Introduction
	1.1. Opportunities and challenges of using LPG in vehicles
	1.2. The reasons to convert vehicles to LPG

	2. Materials and Method
	2.1. Data source
	2.2. Assessing technology status
	2.3. Assessing market trend

	3. Resuts and Discussion
	3.1. Status of LPG kits technology
	3.2. Typical LPG filling stations
	3.3. Recent LPG fueled vehicle
	3.4. Market trend

	4. Conclusion
	Authors’ contributions and responsibilities
	Funding
	Availability of data and materials
	Competing interests
	Additional information
	References

