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Abstract

The rapid urbanisation and economic growth has led to unprecedented increase in CO,emissions, which led to a vital global issue due
partly to the rise in demand from the transport sector. In the years ahead, the transport services demand is likely to increase further,
which lead to intensification in CO, emissions as well. The transportation sector in Malaysia contributes for about 28% of total CO,
emissions, of which 85% of it goes to road transportation mode. This has led to a great interest in how the CO, emissions in this sector
can effectively be reduced. Using a multiple regression model and datasets from 1990 to 2015, this study aimed to examine factors that
influence the CO, emissions in Malaysia. Key factors of CO, emissions, i.e., fuel consumption (FC), distance travel (DT), fuel efficiency
(FE), and fuel price (FP) were investigated for the road transport sector. The findings demonstrated that the impact of factors on CO,
emissions were varies in each technology vehicles. These findings not only contributes to enhancing the current literature, but also pro-

vide insights for policy maker in Malaysia to design policy instruments for road transport sector.

Keywords: CO, emissions, road transport, transport sector.

1. Introduction

With rapid growth of economy and increasing population, Malay-
sia’s transport sector has experienced intense development since
1990. The transportation is an important sector that significantly
contributes to the socio-economic development. Passenger de-
mand in Malaysia has increased by an annual 6.5% from 164
bpkm in 1990 to 793 bpkm in 2015, and freight demand increased
from 36 btkm to 178 btkm, at 6.6% for the same period. Like
many other countries around the world, the total transport demand
is expected to increase in the further in the future [1].

The increasing economic growth, rapid urbanization and rising
incomes had caused tremendous pressures on energy demand and
CO; emissions [2]. In 2015, the share of energy consumption was
recorded at 46.7 million tons of energy, consuming about 37% for
transport sector, of which 85% (19 million tons) largely derived
from road transportation modes [3],[4]. The population of motor
vehicles also increased by 7.3% annually from 1990 to reach 26
million in 2015, with motorcycles and motorcars together contrib-
uting for 91% of total vehicles [5]. The insufficient public trans-
portation system has also abetted the increasing of private vehicles
in the country. In 2015, Malaysia’s public transportation (i.e., bus
and taxi) contributes almost 1% share of the total registered vehi-
cles.

The transport sector remained as the prevalent CO, emitters after
power generation. Over the years, the CO, emissions in the Ma-
laysia’s energy sector has increased. In 2015, a total of 220 mil-
lion tons was emitted from the energy sector [6]. Power genera-
tion, transportation, industries and other sectors contributed 46%,
22%, 19% and 13% of the total CO, emissions with 6.4%, 4.4%,
3.6% and 13.9% annual growth increases, in the respective sec-
tors. The CO, emissions in the transportation sector has supersed-

ed the industries sector in recent years [3]. Currently, road trans-
portation accounts for the largest share with 85.2% of CO, emis-
sions from the total transportation sector, followed by aviation,
maritime, and rail sector. Private vehicles such as motorcars and
motorcycles, represents about 70% of the total road transportation
sector [7]. This sector depends mostly on fossil-fuels, particularly
petrol (66%) and diesel (32%). And natural gas (2%) consist a
marginal share [8]. Its heavy reliance on fossil-fuels is worrisome
because it relates to energy security and environmental issues
[91.[10].

The global CO, emissions have increased about 1.7% annually
from 20.9 billion tons in 1990 to 32.3 billion tons in 2015 [6]. The
world energy consumption in the transportation sector has project-
ed to increase by 43% to reach 3260 million tons of standard
equivalent by 2035 [6]. The climate change problem resulted from
increasing levels of energy and CO, emissions has emerged as the
profound challenges in recent decades. Consequently, at the 21
Conference of Parties in Paris, Malaysia has pledged a voluntary
target of reducing its CO, emissions intensity by 45% (based on
its 2005 levels) by 2030 [11]. The voluntary target has drawn na-
tionwide attention in Malaysia as it become a challenge in moving
towards developed and high-income nation by 2020 [12]. This is
due to the fact that the demand for energy would increases as the
country progresses, which resulted to an increase in CO, emis-
sions. Figure 1 illustrates that between 1990 and 2015, the GDP
and CO, emissions increases at 5.1% and 5.6% annual growth
rate, respectively. This suggests that the CO, emissions in Malay-
sia has increased in line with the growth of GDP. Since the CO,
emissions intensity is measured as CO, emissions over GDP,
hence, the strategy for reduction of the CO, intensity is either by
increasing the GDP adequately while maintaining the total CO,
emissions, or by constraining the increase of absolute CO, emis-
sions.

Copyright © 2018 Authors. This is an open access article distributed under the Creative Commons Attribution License, which permits unrestricted
use, distribution, and reproduction in any medium, provided the original work is properly cited.
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Fig 1: CO, Emissions and GDP Trends in Malaysia (1990 — 2015)
Source: [48], [6].

The combination of rapid economic expansion and continued pop-
ulation growth compels emissions to rise. Previous literature sug-
gested that series of alternative strategies need to be implemented
to achieve this emissions reduction target [13]. To address this
issue, environmental friendly measures for transportation will be
paramount to fulfill the desired aspiration for emission reduction.
Undoubtedly, considering huge incremental increase in vehicle
number and volume for passenger transport demand, the road
transport sector will be a crucial sector that need to be addressed
[14]. Some concerns are raised that the efforts to reduce CO,
emissions would affect the transport demand growth, which would
resulted to negative impact on the growth of economy. However,
efficient vehicle technology seem to support a low-carbon growth
path in reducing the CO, emissions intensity without hampering
the growth of economy [15].

Therefore, this study aimed to investigate the key influencing
factors of CO, emissions in the road transport sector and under-
scores the effective policy measures to achieve the national target.
The remaining sections in this paper are structured as follows:
Section 2 discusses the previous literature related to the study.
Section 3 describes the conceptual framework followed by Section
4 on data sources and methodology. Section 5 provides the results
analysis. The conclusions and policy implications are presented in
Section 6.

2. Literature Review

The current research is extensively concerned with energy and
CO; emissions in the transport sector with different method. A
number of techniques and modeling approaches were applied to
investigate the mitigation strategies and factors that affect the
growth of CO, emissions in various sectors. Among the top three
methods from literature are time series analysis, regression analy-
sis and decomposition analysis. Using time series analysis, [16],
[17] found cointegration of fuel price (FP) and income per capita
on transport fuel consumption (FC). The later research suggest
that fuel price subsidy was economically inefficient and invest-
ment on technology to increase productivity level was found to be
able to reduce CO, emissions in the transport sector. [18] exam-
ined the impact of GDP, population growth and fuel consumption
on the CO, emissions for Malaysia. Their result were consistent
with [19] who suggested that FC and CO, emissions could be
reduced through low-carbon technologies. [20] examined the rela-
tionships among urbanisation, industrial structure, energy, and
CO; emissions intensity of 30 provinces in China. They used data
from 2000 to 2015, their study confirmed that urbanisation and
technology advancement of industrial structures would promote
energy saving and CO, emissions reduction.

Using regression method analysis, [21],[22] investigated the rela-
tionship between urbanization, energy intensity, GDP and income
and suggested that emissions could be reduced by increasing FE

and alternative fuel use to renewables energy. [23] examined the
effects of energy structure, population, GDP, and energy intensity
on CO, emissions for China. They revealed that the CO, emis-
sions were mostly driven by GDP followed by the scale of popula-
tion and changes in energy structure. The study highlighted that
fuel efficient (FE) technology was the most effective way for
emissions reduction. [24] analysed the impact of population, GDP,
transport volume on CO, emissions in the European Union (EU)
transportation sector from 1990 to 2014. They found that popula-
tion and energy intensity were the factors explaining CO, emis-
sions and suggested that alternative mode of transport to the road
would have most significant impact on reducing CO, emissions in
the EU transport activity.

Using decomposition analysis, [25] used data of 1995-2012 period
to investigate factors (i.e., GDP per capita, transportation intensity,
transportation share, energy intensity, emissions coefficient and
population) contributing to CO, emissions in China’s transporta-
tion sector. They found that income was the dominant factor that
results in the increase of emissions, while energy intensity was the
main driving factor to lower CO, emissions. They suggested
stricter energy standard to improve energy efficiency. [26] used
input-output tables for 1992, 1997, 2002, 2007, and 2012 Tables
with 35 sectors to investigate the driving factor of China’s CO,
emissions in China. Their study found that the growth of
emissions was almost entirely driven by expansion of final
demand. Moreover, [27] explored sectoral changes in energy effi-
ciency using an input-output table from 1995 to 2011 and con-
cluded that efficient technology would improve energy use and
growth of CO,emissions.

Though the issue concerning energy and CO, emissions have been
extensively discussed in previous literature, there are 2 gaps. The
first short-comings is that most studies were concentrated on the
key factors such as GDP, Population and fuel consumption. While
there exist other factors such as fuel price, fuel efficiency and
distance travel, empirical results explaining these factors on road
transport CO, emissions are rather limited. The second short-
comings is that most studies focused on the whole transport sector
while the different road transport end-use demand such as diesel
vehicle and petrol vehicles is neglected. Consequently, this study
measured these gaps and investigated the inter-relationship and
impact of fuel consumption (FC), distance travel (DT), fuel effi-
ciency (FE) and fuel price (FP) on the CO, emissions of the road
transport sector by different vehicle technology (i.e., petrol &
diesel) in Malaysia.

3. Conceptual Framework

Based on the aforementioned literature, the conceptual framework
was developed to examine the factors that influence the CO, emis-
sions in the road transportation. The primary interest of dependent
variable in the study was CO, emissions. The variance in the de-
pendent variable can be explained by four independent variables
namely FC, FE, FP, and DT.

In Malaysia, as the economy grew rapidly, the FC, especially pet-
rol and diesel consumption seems to increase more rapidly than in
other sectors [18]. It is therefore assumed that increasing fuel con-
sumption tends to have a positive effect on CO, emissions. This
condition is in accordance with the evidence of many researchers
who found a positive effect between fuel consumption and CO,
emissions [28].

The growing economy and increasing population in Malaysia has
increased transport activities in both urban and intercity and has
led to increase in fuel consumption and environment degradation
through increased emissions [29]. This is apparent from the trend
of passenger demand travel in Malaysia, which has witnessed an
increase of 68% between 2005 and 2015. Therefore, it is assumed
that distance travel (DT) has positive effects on CO, emissions.
Fuel efficiency (FE) merits special attention and calls for better
quality of fuel and efficient vehicle technology in the sector. The



International Journal of Engineering & Technology

825

effect of fuel efficiency improvement would result in less CO,
emissions due to improving combustion strategies that can
significantly improve engine efficiency and minimise energy use
and emissions produced in the engine itself [30]. Hence, it is as-
sumed that fuel efficiency (FE) has a negative effect on CO, emis-
sions production.

Furthermore, fuel prices (FP) would also have a significant impact
on the production of CO, emissions. As per capita income rises,
the dominant effect of increases in fuel prices has been more de-
mand for vehicle fuel economy rather than reduced driving [31].
In other words, people tend to drive efficient vehicles with higher
fuel economy rather than sacrifice making trips in the face of ris-
ing petrol prices. Due to this fact, it is assumed that fuel price has
a negative effect on CO, emissions production, and the impact is
assumed to be different for different types of vehicle.

The assumptions of these relationships among variables of the
study are shown schematically in Figure 2.

Fuel Consumption (FC)
|'/-;“'|
\ _ /

Distance Travel (DT) f + ) €O, Emission
S (COy)
|/-:l\\1

Fuel Efficiency (FE) o/

/M

| = |

\~._
Fuel Price (FP)

Fig. 2: Conceptual Framework of CO, Emissions Model in Road
Transport Sector

Accordingly, it is hypothesized that:

H1la: There are significant inter-relationships between CO, emis-
sions and its determinants (FC, DT, FE and FP) in petrol ve-
hicle.

H1b: There are significant inter-relationships between CO, emis-

sions and its determinants (FC, DT, FE and FP) in diesel ve-

hicle.

There are statistically significant impacts of determinants

(FC, DT, FE and FP) on CO, emission level in petrol vehi-

cle.

There are statistically significant impacts of determinants

(FC, DT, FE and FP) on CO, emission level in diesel vehi-

cle.

H2a:

H2b:

4. Data Source & Methodology
4.1 Data Sources

In datasets on FC, DT, FE, and FP of road transport for 1990-2015
period was collected from various official data sources. The vehi-
cle types used were motorcycles, motorcars, hire and drive cars,
taxis, buses, and goods vehicle. This data was aggregated based on
two main types of vehicle technology used in Malaysia i.e., Petrol
and diesel vehicles. The natural gas vehicles were not accounted
in the analysis as it comprised a marginal share of total vehicles in
Malaysia. Therefore, the data sets were only divided into two i.e.,
petrol vehicle technology and diesel vehicle technology.

The annual data of FP, FC, and CO, emissions were collected
from national statistical publications of the Energy Commission,
[3] and from International Energy Agency. The data for FE and
DT were not readily available. Consequently, the annual data of
average mileage, vehicle numbers, occupancy or load factors, and
average fuel efficiency by vehicle types from published literatures
[8] were used to estimate relative FE, and DT of different vehicle
technology types. The data sets are summarised in Table 1.

Table 1: Variables, Unit and Data Sources

Variables Unit Data Sources

Fuel Consumption Kilotonnes of | National Energy Balance Report

(FC) oil equivalent | published by Energy Commis-

(ktoe) sion, Malaysia (EC).

Fuel efficiency Km/ litre International Energy Agency

(FE) (IEA).

Distance Travel Billion pas- Ministry of Transport, Malaysia

(DT) senger km and Malaysian Institute of Road
Safety Research.

Fuel Price RM/liter National Energy Balance Report

(FP) published by Energy Commis-
sion, Malaysia (EC).

CO, Emissions Million tonnes | CO, Emissions Combustion

(E) Report published by Interna-
tional Energy Agency (IEA).

4.2 Methodology

The methodology for testing procedure comprised of two part i.e.,
data quality test and multiple regression analysis. The first part of
analysis was carry out to observe the data condition and data nor-
mality. In this analysis, the mean values and standard deviations
were used to observe the data quality. The skewness, kurtosis and
Jargue-Bera test were used to observe the normality distribution of
the data. The inter-relationship analysis was then conducted to
determine the relationships among the variables (FC, DT, FE, and
FP) on CO, emissions.

The second part of analysis was a multiple regression model to
examine the impact between CO, emissions and its determinants.
The stepwise techniques were used in the model to test the effects
of all determinants on CO, emissions. This technique reiterates the
analysis by each parameter and independently considers the exclu-
sion or inclusion of the parameters with every step.

Generally, the regression model was formulated as in Equation

).

E = Bo + B1FCy + BoFE, + BsD T3 + BaFPs + (Eq.1)
Where,

E is the CO, emissions in transport sector

Lo is the constant, intercept of the model

Bn are the regression coefficients (i.e., 81 f2. 83 Ba)

FC is the fuel consumption by type of fuel and technology
FE is the fuel efficiency by type of fuel and technology
DT s the distance travel by type of fuel and technology
FP is the fuel price by type of fuel and technology

u isthe Error Term

Building on general Equation (1), the regression analysis was then
developed separately for two models (see Section 4.1). Model 1
denotes petrol vehicles technology (p) datasets and Model 2 de-
notes diesel vehicles technology (d) datasets as shown in Equation
2 and Equation 3, respectively.

Ep = B0 + Bl FCpl + p2FEp2 + B3DTp3 + B4 FPpd +u  (EQ.2)

Ed =80 + 81 FCdl + 52 FEA2 +83DTd3 + 34 FPd4 + . (Eq.3)

The models’ estimated coefficients result are shown and discussed
in Section 5.
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5. Result & Discussion

5.1. Descriptive Statistics, Normality Analysis and Inter-
Relationship

Table 2 presents the statistical descriptions results for each deter-
minant. The result of data quality were tabulated comprising min-

imum, maximum, mean and standard deviation, while the result of
normal distribution data consisting of skewness, kurtosis and
Jarque-Bera. The result observed a small standard deviation rela-
tive to the mean for all factors, implying good data quality. The
skewness of the data were within the range of +1 and kurtosis of
the data were within the range of +2, indicating good normality for
the factors investigated [32]. The Jarque-Bera value [33],[34].

Table 2: Descriptive Statistics of CO, Emission Model.

Variables CO, FCP DTP FEP FPP FCD DTD FED FPD
Minimum 15.37 2889.0 106.40 7.32 1.48 1351.24 40.86 5.52 151
Maximum 65.50 12554.0 662.1 9.58 1.90 6439.48 129.21 8.12 2.01
Mean 33.09 7124.42 334.86 8.40 1.72 3157.92 89.14 6.21 1.79
Standard Deviation 11.46 2728.35 175.15 7249 .1605 1356.14 27.62 .8245 .1904
Skewness 687 .369 .389 184 -.340 .344 -.264 .055 -.330
Kurtosis 1.184 -.216 -1.133 -1.244 -1.650 -.324 -1.135 -1.226 -1.660
Jarque-Bera (JB) Statistics 2414 .697 2.011 1.796 3.120 0.711 1.701 1.637 3.121
Jarque-Bera (JB) Probability* .299 .706 .366 407 .210 .701 427 441 210
Observation (n) 26 26 26 26 26 26 26 26 26

Note: (*) P-value > 0.001
Source: Output of Eviews Package Version 10.

The Pearson correlation coefficient of the factors was analysed to
determine the features of relationships (in terms of strength and
direction) the between the dependent variable (E) and the inde-
pendent variables (FC, DT, FE, and FP). The results of correlation
coefficients for petrol and diesel vehicle technology are shown in
Table 3 and Table 4, respectively. The inter-relationship correla-
tion coefficient between CO, emissions and the variables for Pet-
rol vehicle are within the range of + 0.793 to +0.977 at the 1%
significance level. While the correlation coefficient for Diesel
vehicle are within the range of £ 0.784 to +0.985 at the 1% sig-
nificance level. FC (FCP, FCD), and DT (DTP, DTD) have posi-
tive relationships with CO, emissions, implying that higher FC
and DT are liable to increase CO, emissions [35]. FP (FPP, FPD),
and FE (FEP, FED) of both petrol and diesel vehicles have a nega-
tive relationship with CO, emissions, indicating that higher FP
and FE increases are likely to reduce CO, emissions.

Table 3: Inter-relationships for Petrol Vehicle Technology.

FCP and DTP) on the CO, emissions with robust standard errors
to minimise heteroscedasticity.

Table 5: Influencing factors for Petrol Technology Vehicles

Model Unstandardised Standard- t- P- VIF
coefficients ised Coef- | value | value
ficients
Std.
p Error e
Con- 7.055 2.025 - 3.484 | .002

stant -
FCP .002 .001 574 3.428 | .002* | 9.76

7
DTP .026 .011 405 2.414 | .024* 9.76

* 7

F=162.398, significant= 0.000, R*=0.932, Adjusted R*= 0.928, Durbin-
Watson =1.562.

Factors CO, FCP DTP FEP FPP
CO, 1.000
FCP 0.958 1.000
DTP 0.949 0.947 1.000
FEP -0.940 -0.953 -0.977 1.000
FPP -0.793 -0.826 -0.920 0.898 1.000

Note: Correlation is significant at 0.01 (2-tailed).
Source: Output of Eviews Package Version 10.

Table 4: Inter-relationships for Diesel VVehicle Technology.

Factors CO, FCD DTD FED FPD
CO; 1.000
FCD 0.910 1.000
DTD 0.911 0.893 1.000
FED -0.946 -0.938 -0.985 1.000
FPD -0.784 -0.841 -0.887 0.902 1.000

Note: Correlation is significant at 0.01 (2-tailed).
Source: Output of Eviews Package Version 10.

5.2. Impact Analysis between CO2 Emissions and its
Driving Factors

Multiple regression were conducted to examine the impact be-
tween CO, emissions and its determinants based on the step-wise
method. The best results from stepwise regression for the Petrol
Technology Vehicle (Model 1) in indicated in Table 5, which
shows relevant statistical diagnostic tests are all significant, sup-
porting the overall goodness of fit of the model. The results also
suggest the significance and weights of multiple variables (i.e.,

Notes: * and ** denotes significant level at 1% and 5%, respectively.
Source: Output of SPSS Package Version 21.

The value of adjusted R? is .928 (R?=.932) for the model shows
92.8% changes in response variable of CO, emissions occurs be-
cause changes in the combination of FCP and DTP. Also, the
model indicated that the F-test is significantly supporting the
overall goodness of fit of the model with a significance level at
1% (F = 162.398). The Durbin-Watson statistic of 1.562 also sug-
gests that the error terms are not auto-correlated from the model.
Also, the Variance Inflation Factors (VIF) of each variable in the
model are acceptable to deal with multicollinearity problem at
9.767 [36].

The FCP seems to have a significant impact on CO, emissions in
Model 1. This result is also consistent with those of other
researchers, which reported domination of fuel consumption in the
road transportation sector for the case of Australia [37] and Spain
[38]. This is explained by the fact that petrol dominated energy
consumption accounting for almost 70% of the total fuel con-
sumption [3]. Also, DTP seems to have the highest impact on CO,
emissions. This result is consistent with previous studies that
found distance travel as one of the factors that affect CO,
emissions production [39], [40]. This result is expected because
petrol technologies constitute the largest share of vehicles popula-
tion and travel demand (80%) in Malaysia road transport sector
[41],[7]. The other variables of fuel price (FPP) and fuel efficiency
(FEP) seem to have a statistically insignificant impact on CO,
emissions in the model if other variables remain unchanged. This
is probably because these variables are inadequate to measure CO,
emissions for petrol technology vehicles.

Table 6 shows the best results from stepwise regression for the
Diesel Technology Vehicle (Model 2) where the relevant statisti-
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cal diagnostic tests are all significant, indicating overall goodness
of fit of the model. The result also suggests the significance and
weights of multiple variables (i.e., FED and FPD) on CO, emis-
sions with robust standard errors to minimise heteroscedasticity.

Table 6: Influencing factors for Diesel Technology Vehicles

H2b There are significant impacts of determinants
(i.e., FC, DT, FE, and FP) on CO, emissions
level in diesel vehicles.

Supported

Model Unstandardised Standard- t- P- VIF
coefficients ised Coef- | value | value
ficients
Std.
S Error Alpha
Con- 114.33 6.359 - 17.98 | .000*
stant 0 -
FED -17.85 1.887 -1.284 - .000* | 5.38
9.458 3
FPD 22.56 8.171 375 2,761 | .011* | 5.38
* 3
F=134.442, significant= 0.000, R>=0.921, Adjusted R?*= 0.914, Durbin-
Watson =1.396.

Notes: * and ** denotes significant level at 1% and 5%, respectively.
Source: Output of SPSS Package Version 21.

The value adjusted R? is .914 (R*=.921) for the model, shows that
91.4% of the changes in the response variable of CO, emissions
occur because of changes in the combination of two controlled
variables which are fuel efficiency (FED) and fuel price (FPD).
Also, the result indicated that the F-test is significantly supporting
the overall goodness of fit of the model with a significance level at
1% (F = 134.442). The Durbin-Watson statistic of 1.396 suggests
that the error terms are not auto-correlated, as recommended by
[42] and [43]. Hence, the credibility and stability of the model are
considered to be fair. The VIF of each variable is also considera-
bly good at 5.383.

The FED seems to have a significant impact on CO, emissions.
The negative coefficient of FED also implies that the use of diesel
vehicles would result in a decline in CO, emissions due to its fuel
efficiency [38],[40]. The diesel vehicles mainly used by passenger
transport (i.e., taxies, buses, etc) and freight transport for goods
and long distance travel [7]. The results are in agreement with past
findings, which suggest that the higher fuel efficiency of diesel
vehicles stimulate the use of diesel technology [4],[13],[15].

The results also revealed that fuel price (FPD) had the highest
impact on CO, emissions for diesel technology vehicles. The re-
sults suggest that increasing FPD would increase CO, emissions.
However, the impact of fuel price on CO, emissions seems to be
positive which is contrary to the research framework and some
studies [44],[35]. The marginal share of diesel vehicles (about
30%) in the market, as well as relative lower fuel price of diesel as
compared to petrol in Malaysia, may cause a different impact of
FPD found in the model.

The results of the inter-relationship and impact analysis of the
variables are summarised in Tables 7. For inter-relationship analy-
sis, the results showed that all the determinants (FC, DT, FE, and
FP) support the hypothesis of Hla and H1lb. While for impact
analysis, the current results generally revealed that only the deter-
minants of FC and DT support the hypothesis of H2a while FE
and FP support the hypothesis of H2b.

Table 7: Results of Hypothesis Testing of Analysis

Hypothesis | Results

Hla There are significant relationships between Supported
CO; emissions and its determinants (i.e., FC,
DT, FE, and FP) in petrol vehicles.

H1b There are significant relationships between
CO; emissions and its determinants (i.e., FC,
DT, FE, and FP) in diesel vehicles.

Supported

H2a There are significant impacts of determinants
(i.e., FC, DT, FE, and FP) on CO, emissions
level in petrol vehicles.

Supported

6. Conclusions & Policy Implications

This study investigated the factors that influenced the CO, emis-
sions in Malaysia’s road transport sector. The multiple regression
analysis over the period of 1990 — 2015 were used and the results
indicated significant effects between CO, emissions and its deter-
minants (FC, DT, FE and FP). The study revealed that emissions
from road transport show different impact in each technology
vehicles, hence policy measures of emission reduction should
allow for this disparity.

The results showed that for petrol vehicle technology, both fuel
consumption and distance travel are the key factors influencing
the CO, emissions. This dominance of fuel consumption and
travel demand in petrol vehicles were associated with its negative
impact on the environment. This result could help policy makers
in managing the fuel diversification and travel demand by consid-
ering alternative fuel use, green technology vehicles and more
efficient public transportation to balance the environmental quality
in Malaysia. For diesel vehicle technology, it is evident that fuel
prices and fuel efficiency are the key influencing factor which
significantly impact CO, emission. In terms of fuel efficiency, the
results suggest that the higher fuel efficiency of diesel vehicles
stimulates the use of diesel technology, which reduces CO,
emissions production. This occurs because diesel cars are more
efficient than petrol vehicles, leading to a decrease in the general
cost of using cars. This in turn causes reduction in the CO,emis-
sions due to its lower energy consumption to meet transport
activities. On the other hand, the result suggests a positive impact
of fuel price on CO, emissions. From the viewpoint of CO, emis-
sions, the current fuel price factor is significant, but is not able to
reduce CO, emissions. This occurs because of the current mar-
ginal share of diesel vehicles (about 30%) in the market, as well as
the relatively lower fuel price of diesel as compared to petrol in
Malaysia. This case is interesting because the fuel price factor on
CO, emissions may be detrimental on larger scales of diesel vehi-
cles.

From the economic perspective, the significant inter-relationship
analyses found in the study suggest that fuel subsidy removal
seems to contribute a significant impact to reduce the CO, emis-
sions level. However, as global oil prices are declining plus in-
creasing income level in the future, the fuel price increase would
cause a marginal impact as it increases affordability to purchase
and uses private vehicle for transportation. Therefore, additional
traffic and demand measures, such as congestion charges and car-
bon tax might be required to create a price signal to incentivise
vehicle users for fuel consumption and CO, emissions reduction.
From the energy planning perspective, the demand in the road
transport sector has been deeply invoked as a result of urbanisa-
tion and income growth, which cause large amounts of CO, emis-
sions. The results obtained suggest that alternative fuel use, fuel
improvement, travel management, and fuel pricing mechanisms
seem to be important policies to address the CO, emissions prob-
lem in the road transportation. As huge amount of passenger vehi-
cles runs on petrol (93%), the intensification of efficient vehicle
i.e., electric and hybrid can reduce CO, emissions in the sector
[45]. Fuel modal shift should be triggered through promotion and
fiscal incentives shall be continued to accelerate the use of effi-
cient vehicles.

Furthermore, energy efficient technology need to be improved
through preferential policies i.e., fuel economy standard [9] to
encourage the car manufacturers to employ energy efficient tech-
nologies. This policy can help for increasing the penetration rate
of efficient vehicles in the economy. The practices in other areas
such as the Singapore, Japan, the United States, and Europe have
proven that fuel economy standard is effective in reducing energy
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usage as well as CO, emissions. However, to build this policy,
human capacity need to be developed and regulatory authority
needs to be institutionalised.

As DT has been observed as notable factor for diesel vehicles, fuel
switching to biofuels can reduce the fuel consumption to meet the
mobility needs [44],[46]. The currently used of B7 in diesel vehi-
cles appears to support the country’s CO, emissions reduction.
Therefore, the plan to use B15 (blend of 15% palm biodiesel) by
2020 is commendable towards CO2 emissions reduction in Ma-
laysia [47].

The results from the study has identified the influencing factors
and potential measures for reducing CO, emissions in the local
context. However, the current study only focused on the local
perspective of the road transport sector. Travel management strat-
egy to shift from private vehicles to public transport i.e., mass
rapid transit, light rail transit, etc. seem to contribute effectively
for CO, emissions reduction [7]. Hence, further research can be
expanded to include other types of transportation modes i.e., air,
maritime, and rail to enhance representation of the transportation
system. Furthermore, exploration for other factors such as vehicle
curb weight, speed of the vehicle, etc. may also be considered to
address different patterns of CO, emissions between such differing
variables categories.
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