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Abstract

Having a clear picture of greenhouse gas (GHG) emission is essential to understand the spatial emission status and make international
comparisons. This study gave an overview on how GHG from the mobile units was measured to produce a pioneer report for Melaka.
Global Protocols for Community-Scale Greenhouse Gas Emission (GPC), harmonized emission analysis tool plus (HEAT+) and green-
house gas (GHG) emission inventory were utilized to produce the mobile units’ energy profile and carbon emission in Melaka. Data was
collected from federal government agencies and private sectors. The results showed that on-road transportations contributed to the largest
GHG (99.51%), followed by railway (0.38%) and lastly aviation (0.03%). Melaka has embarked on a path towards green city by the year
2020 and has to reach the target of reducing carbon emissions up to 40% by the year 2020. These findings are important to assist the
local government to define mitigation programs and refine policies to enhance liveability in Melaka by having low carbon resident in
future.

Keywords: Greenhouse gas (GHG) emission; mobile units; Global Protocol for Community-Scale Greenhouse Gas Emission (GPC); geographical bound-

aries; top-down approach.

1. Introduction

Melaka is a growing state with the vision to become a Green
Technology City State by the year 2020 [1]. Over the past 10
years, Melaka has achieved remarkable economic growth which
has brought about exponential population growth in addition to the
high influx of foreign workers. Melaka was projected as 881,400
in year 2014, 895,100 in year 2015 and 908,300 in year [2]. Sub-
sequently, Melaka is projected to grow its population more than
120,000 in between 2011 to 2020 [3]. At the same time, Melaka
has received a large number of tourist arrivals which is 15.4 mil-
lion people in 2014 [4], 15.7 million and 16.3 million in 2015 and
2016 respectively [5]. The rise in population and increasing of
tourists, boosts the demand for mobile units. Mobile units consist
of road transportation, railway, aviation, water-borne and off-road
transportation mode [6]. On-road transportation, railway and avia-
tion (landing and take-off) are considered as mobile units in this
study is based on the Melaka state greenhouse gas emission inven-
tory report 2013 [7]. The rise of mobile units is influenced by
better income, greater distances, lack of public transportation
choices and pattern of land use [3]. Mobile units sector grows
rapidly due to fast access to any geographical location in the world
[8].

Nevertheless, increasing demand of mobile units also brings ca-
lamities such as noise pollutions [9-10], congestions and pollutant
emissions such as carbon dioxide, known as the main greenhouse

gas emission that may cause global warming [11-13]. Carbon
dioxide (CO,), carbon monoxide (CO), methane (CH4), nitrous
oxide (N,0O) and oxides of nitrogen (NOXx) are the examples of the
greenhouse gas. Mobile units usage contributes towards increasing
the source of greenhouse gas emission such as carbon dioxide
(CO,), methane (CH,4) and nitrous oxide (N,O) [14] as well as
ozone precursor gases such as carbon monoxide (CO), oxides of
nitrogen (NOx) and non-methane volatile organic carbon
(NMVOC) [15-17]. Fossil fuel burnt from mobile units produces
carbon dioxide [18]. Due to its abundance, carbon dioxide is
known as the most critical greenhouse gas emission [19] and con-
sidered as the fundamental greenhouse gas (GHG) in Malaysia for
any studies related to GHG emissions, following other countries’
consideration [20]. The main objective of this study is to deter-
mine the amount of the GHG emissions that contributed by the on-
road transportation in Melaka. This study gives an overview on
how the GHG emission from on-road transportation were meas-
ured and to produce a pioneer results reporting of GHG emission.
This study enhanced the knowledge of accounting emissions from
on-road mobile units sources by providing the guidelines that need
to be followed for reliable results. Reliable results lead to better
action plans development to address serious global warming prob-
lems.

2. Methodology

Three processes and guidelines have been applied to measure the
greenhouse gas emission based on the Melaka state greenhouse
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gas emission inventory report 2013 [4]. The first process is to
follow the global protocols and principles, next is accounting the
emissions by using the Harmonized Emission Analysis Tool Plus
(HEAT +) for calculation purposes and finally, to use the variables
in the greenhouse gas emission inventory as targeted variables to
be measured. These processes are vital in accounting for mobile
units’ emissions, providing guidelines for other countries especial-
ly developing countries which still have an infancy knowledge
about accounting the mobile units’ emissions. Perbadanan
Teknologi Hijau Melaka (PTHM) is the responsible agency that
provides fuel sold data based on the year 2013 for accounting
mobile units’ GHG emissions, while the guidelines have been
developed by Local Governments for Sustainability (ICLEI) or
formerly known as International Council for Local Environmental
Initiatives in collaboration with World Resource Institute (WRI)
and C40 Cities Climate Leadership Group supported by the World
Bank group, UN-Habitat and UNEP. The guideline is known as
Global Protocol for Community-Scale Greenhouse Gas Emission
(GPC). Melaka, Malaysia is a pioneer in Southeast Asia that uses
this guideline in accounting for mobile units’ emissions, aiding
any country on accounting for mobile units' emissions which lead
to uniformity of the data for benchmarking purposes.

2.1. Protocols and Principles

The GHG inventory must comply with the approved principles of
the Global Protocol for Community-Scale Greenhouse Gas Emis-
sion (GPC). It provides methodologies to aid the local govern-
ments in accounting for the GHG emission and limits within the
geographical boundaries. The GPC has been developed by Local
Governments for Sustainability (ICLEI) or formerly known as
International Council for Local Environmental Initiatives in col-
laboration with World Resource Institute (WRI) and C40 Cities
Climate Leadership Group supported by the World Bank group,
UN-Habitat and UNEP. The GPC is an international protocol that
is formalized for the international standard of reporting for the
sub-national governments across the world. The GPC measures
emissions at the community level which has different needs and
abilities in compiling inventories from national level [21].

The emissions in this study were calculated according to scopes,
which is covered GHG emissions from mobile units occur within
community boundary and produced through fuel combustion. 3
scopes covered in this study included scope 1, scope 2 and scope
3. The significance of having the “scopes” framework by dis-
aggregated emissions into Scope 1, Scope 2 and Scope 3 are to
include all GHG emissions related activities. It also eliminates
possibilities of “double counting” of the emissions within the
same inventory. Using the “scopes” framework will aid the re-
searchers to deliver a comprehensive study that includes each
emission from multiple sub-sector emissions.

Scope 1 included GHG emissions from mobile units within com-
munity boundary and it must be produced through the combustion
of fuel. Scope 2 covered GHG emissions that came from the grid-
supplied electricity used for mobile units. Scope 3 included GHG
emissions occurred outside community boundary [3]. The GPC
reporting was also providing another solution for accounting
emissions from mobile units by determining the initial and end
point of the journey, which is also known as origin and destination
of journey. For the journey which either begin and end outside the
community boundary, 50% of the emissions must be included in
the community reporting and also be reported under Scope 3. This
divide emissions was not applicable for road transportation but has
been applied by water-borne emissions [22]. Scope 2 emissions
were also excluded from this study. This study only covered emis-

sions from fuel based mobile units, which excluded electrified
mobile units. This study used Scope 1 to cover all mobile units’
emissions in Melaka, emissions that occur inside community
boundary and used fuel as energy source.

To calculate the mobile units’s emissions, there are two usual
approaches for accounting the mobile units emissions which are
top-down approach and bottom-up approach [6, 23]. Top-down
approach based on fuel consumption as a proxy for journey behav-
iour. Overall emissions of mobile units were calculated by multi-
plying GHG emissions factor of fuel (e.g.: petrol, diesel or NGV)
with the total fuel sold in a year [6]. For bottom-up approach,
ASIF framework was used to calculate emissions from mobile
units. It used journey activity, mode share, intensity energy of
every mode, vehicle type, fuel and every fuel carbon content as
variables to calculate the GHG emissions of mobile units [6, 24].
Top-down approach was chosen in this study to measure emis-
sions because this approach was the most preferred by communi-
ties as the starter choice [6]. It had shorter time to conduct, did not
require high technical expertise to conduct, was cheaper compared
to the bottom-up approach, in line with national inventory and
aggregation with other communities inventories was applicable.
Hence, it was easier for benchmarking among the communities
because the majority of the cities conducted emissions studies
using top-down approach, advance towards more complicated and
detailed bottom-up approach later [6]. Top-down approach for
accounting emissions is also preferred in reviewing Urban GHG
Inventory in China [25].

2.2. Harmonized Emission Analysis Tool + (HEAT +)

HEAT + is a software package that uses a country-specific emis-
sions coefficient data sets. It also aids the local governments to
develop the GHG emission inventory, forecast growth of these
emissions for coming year, evaluate GHG emissions reduction
policies and ensure the action plan to reduce the GHG emission is
ready. HEAT + provides an exceptional software environment to
prepare a specific GHG inventories for a city in evaluating the
benefits of policies for establishing the comprehensive action
plans, which can encounter greenhouse gas (GHG) emissions
issues more specifically and accurately.

2.3. GHG Inventory

Carbon dioxide (CO;), methane (CH,) and nitrogen oxide (N,O)
are used in this GHG inventory. These gases contribute nearly
99% of the world GHG emissions. The GHG inventory has been
set up in terms of every Individual GHG emissions and the total
carbon dioxide equivalent (CO,e) emissions. To arrive at the
COae, the global warming potential (GWP) of every gas involved
for a 100 year timeline is factored. GWP refers to a relative meas-
ure of the heat amount can be trapped by a GHG in atmosphere. It
compares the heat amount trapped by particular type of GHG
mass to the carbon dioxide with the same mass. The ability of a
GHG can trap more heat in atmosphere depends greatly on the
GWP value. Higher GWP value corresponds to more heat amount
can be trapped by a particular GHG which increases the tempera-
ture at the atmosphere, leading to global warming.

Methane has 12 years of lifetime and has 25 GWP for 100 years.
Nitrous oxide has 114 years of lifetime and has 298 GWP for 100
years. Table 1 shows the GWP according to the IPCC’s 4th As-
sessment Report.

Table 1: 100 year GWPs of the GHGs with respect to carbon dioxide (CO,)

Type of Gases Lifetime (Years) GWP for 100 Years
Methane (CH.) 12 25
Nitrous Oxide (N,O) 114 298
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Emission factor refers to the mass of GHG emissions per unit of activity data. For the emission factor, it depends greatly on the type of
fuel used. NGV, petrol and diesel have various emission factor value. For emission factors that are shown in Table 2, the value depends

on the type of fuel used.

Table 2: Emission factor of each fuel

Road Transportation Fuel EiniSs IolReclo)
Carbon Dioxide (CO,) Methane (CH,) Nitrous Oxide (N,O)
tC/TJ tC/TJ tC/TJ
Natural Gas (NGV) 153 50 0.1
Petrol (Gasoline) 18.9 20 0.6
Diesel 20.2 5 0.6

Activity data refer to the amount of energy already used such as
liters of petrol consumed or total diesel sold. It depends on how
much the fuel sold on that particular year to generate the total fuel
sold. It can be represented as TJ (Terajoule) or MJ (Megajoule). In
order to estimate the GHG emissions, emission factor and relevant
activity data are required. General formula for accounting the
GHG emissions by multiplying the emission factor with the rele-
vant activity data to determine the overall GHG emissions. For
mobile units, emissions of each gas such as carbon dioxide (CO,),
methane (CH,) and nitrous oxide (N,O) are required as these gas-
es are considered in accounting for mobile units' emissions. Car-
bon dioxide was used as the reference gas in calculating emis-
sions. Methane and nitrous oxide emissions value must be con-
verted into carbon dioxide equivalent (CO,e) emissions using
GWP. After emission of each gas which was already generated by
multiplying activity data with emission factor, it must be multi-
plied with GWP to determine the value of each gas in COe emis-
sions form. After CO,e emission of each gas was determined, the
total GHG of mobile units were summed up. The formula for ac-
counting mobile unitss GHG emissions [17-20] is shown as fol-
lows:

GHG = D_xEF_xGWP
a a a
@
where GHGa is the greenhouse gas (GHG) emission resulting

from the activity a, Da is the data for the activity a, EFa is the

emission factor for the activity a and GWP is global warming
potential.

3. Results and Discussion

Table 3 shows the total fuel sold and the total GHG emissions of
mobile units in Melaka for 2013. The total fuel sold was
479,613.08 Kiloliters. Petrol (on-road) dominates the energy mix
with 297,980.59 Kiloliters sold to communities, followed by die-
sel (on-road) with 166,962.28 Kiloliters. NGV (on-road) amount-
ed at 10,402.29 Kiloliters. Diesel (public bus service) amounted at
2,720.14 Kiloliters while the diesel (rail) being the least fuel used
with 1,547.78 Kiloliters. For aviation, it depends on landing and
taking-off (LTO) for calculating GHG emissions. In 2013, avia-
tion had 580 landing and taking-off (LTO) occurred in Melaka.
The total GHG emissions were 1,172,703 tonnes of CO,e (tCO,e).
Petrol (on-road) contributed the largest amount of GHG emissions
with 684,331 tonnes of CO,e (tCO,e), closely followed by diesel
(on-road) with 475, 953 tonnes of CO,e (tCO,e). NGV (on-road)
being the least GHG emissions contributor among mobile units in
Melaka with 46 tonnes of CO,e (tCO,e). Diesel (public bus ser-
vice) and diesel (rail) contributed 7,616 and 4,412 tonnes of CO,e
(tCO,e) respectively. Lastly, aviation contributed to 363 tonnes of
CO,e (tCO,e). According to percentage, petrol (on-road) and die-
sel (on-road) were the major GHG emissions contributor in
Melaka with the share of 58.36% and 40.58% respectively. Both
transportation modes contributed nearly 99% of GHG emissions
among mobile units in Melaka while NGV (on-road), diesel (pub-
lic bus service), diesel (rail) and aviation contributed almost neg-
ligible amount of GHG emissions in Melaka. The finding results
of this research are in line with the Melaka state greenhouse gas
emission inventory report 2013 [7-25], which also used the top-
down approach in their research for calculating the emission and
inventory studies. By being the tiny portion of GHG emissions
lead to less concern to take the action on these modes of transpor-
tation by local government in reducing the GHG emissions from
mobile units in Melaka. Hence, the local government can turn-on
the focus on petrol (on-road) and diesel (on-road) in quest of re-
ducing the GHG emissions from mobile units in Melaka signifi-
cantly.

Table 3: GHG emission from mobile units (fuel) combustion in transportation sector 2013

Emission Source Total Fuel Sold (Kiloliters) Except Aviation GHG (tCO,) Emission Share (%)
Petrol (on-road) 297,980.59 684,331 58.36%
Diesel (on-road) 166,962.28 475,935 40.58%
CNG/ NGV (on-road) 10,402.29 46 0.00%
Diesel (Public Bus Service) 2,720.14 7,616 0.65%
Diesel (Rail) 1,547.78 4,412 0.38%
Aviation (Landing and take-off) (LTO) - 363 0.03%
Total 479,613.08 1,172,703 100.00%

The results clearly showed that petrol (on-road) and diesel (on-
road) were the main contributors for GHG emissions in Melaka,
which is a big concern for local government to focus on how to
reduce the massive GHG emissions coming from these two fuel
types. By focusing on reducing the GHG emissions from these
fuel types will give significant results in reducing GHG emissions
from mobile units in Melaka. These results also show that on-road
transportation such as motorcycle and car are the dominant trans-
portation used by communities in Melaka due to its characteristics,
as mostly people have them and they are the most convenient
vehicles to use from home. The public transportation in Melaka
such as buses contribute to tiny scale of GHG emissions compared

to on-road transportation. The results could be influenced by lack
of public transportation choice, lack of coverage area, worse
scheduling arrangement which lead to late arriving time on desti-
nation, public transportations which are not properly maintained
and the community habit which prefer using own vehicles such as
motorcycle and car rather than public transportations. This trans-
portation area should be the main concern to local government for
improving the services, lead to the better public transportation
usage and less dependency on own vehicle in future. Less depend-
ency on the own vehicle leads to lower carbon emissions. It is in
line with Melaka’s ambition to be a sustainable city in the future
by reducing its carbon emissions and enhancing liveability among
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communities by having low carbon resident. Low carbon resident
means better air quality, leading to a healthy life and prolonged
human lifespan.

The scope of this study is focused on the GHG emissions from the
on-road transportation only. The area that is needed to be focused
only in Melaka geographical boundary covering all the districts in
Melaka which are Jasin District (Melaka-Jasin), Central Melaka
(Melaka-Tengah) and Alor Gajah District (Melaka-Alor Gajah).
The limitations of this study were this to determine the on-road
transportation GHG emissions on the common mode of transpor-
tation, which are the emissions in general from the personal vehi-
cle such as cars and motorcycles and also public transport such as
buses. Unfortunately, this study cannot determine specifically
which the on-road transportation mode contributes to the largest
GHG emissions due to it only focused on the fuel sold by the oil
companies in order to determine the amount of the GHG emis-
sions. The fuel sold are based on 3 types of fuel sold in Malaysia
which are petrol, diesel and natural gas or also known as CNG or
NGV.

Another limitation in this study is it is based on the top-down ap-
proaches in order to measure the GHG emissions from the on-road
transportation, which is based on the total fuel sold by the oil
companies and in order to calculate the emissions, the top-down
approach using the basic formula by multiplying the emission
factor with the activity data to get the total amount of the emis-
sions from the on-road transportation. For example, the emission
factor of petrol multiply with the activity data which is the petrol
fuel sold so the researcher can get the total amount of the on-road
transportation emissions. Different types of the fuel such as petrol,
diesel and natural gas will give different value of the emission
factor. So, due to this kind of measuring method nature, it cannot
calculate the emissions based on the specific measures such as
emission factor that coming from various engines technology,
engines capacity, driving style, traffic patterns and fuel character-
istics in terms of mixing of the fuel content due to the different
formula. For example, Petronas has different fuel formula com-
pared to Shell, Petron, BHP and Caltex or also known as Chevron.
This study only provide the readers about the general emissions
that are coming from the on-road transportation based on the fuel
sold method.

Another limitation in this study is it does not included the emis-
sion factor based on the different level of the petrol fuel, which
refers to the fuel quality and performance rating. In Malaysia,
there are three different level of the petrol fuel which are RON 95,
RON 97 and RON 100. RON actually stands for Research Octane
Number that determine the fuel quality and the performance rating
of the petrol fuel itself. So, different RON number basically has
different emission factor due to the different in terms of the fuel
quality and performance rating. But, for this study, the researcher
only focus on the common petrol fuel sold which include all the
RON 95, RON 97 and RON 100 into the same category of the
petrol fuel sold due to the amount of the emission factor between
the different RON number are negligible. In order to get a better
emissions results from the on-road transportation in the future, the
RON number emission factor should be include in the study in
order to compare the results and at the same time to see if there
any minor or major differences between the amount of the emis-
sions from the on-road transportation using the common petrol
fuel sold which include all the RON 95, RON 97 and RON 100
into the same category with the petrol fuel sold that are segregated
all RON into different fuel level individually which are RON 95,
RON 97 and RON 100 in order to provide a clearer picture on
whether the emission factor of the petrol fuel sold that are segre-
gated all RON into different fuel level individually should be in-
clude in the future study or should be ignored in order to reduce
the complexity of the study.

The key assumptions that can be made from this study is personal
vehicle could be the largest GHG emissions contributor compared
to the public transport. This is due to the tendency of the Melaka
communities owning more than one car or motorcycle at a time

and the public transportation in Melaka is not covering every
route, especially in the rural areas and also the inefficiency of the
public transportation systems itself such as delay in schedule that
cause longer waiting time, not having enough bus to cover every
route in Melaka, not having enough workers, small demand from
the local communities in the certain areas and breakdown of the
bus due to bad service maintenance which cause delay in time to
reach destination.

Next key assumption that can be made in this study is the petrol
fuel could become the main contributor to the GHG emissions
from the on-road transportation in Melaka due to the people ten-
dency to use private transportation rather than public transporta-
tion which is due to the convenience of the private transportation
that can be used directly from home to desire destination for ex-
ample going to work place such as office. This statement also
supported by [29] which stated that fuel consumptions and emis-
sions per km travelled are higher for the on-road transportation
mode compare to the other transportation mode due to its charac-
teristics as a convenient transportation mode for our daily life due
to its ability to become a direct transportation that can be easily
use from home to desire place. Most of the on-road transportation
in Melaka use petrol fuel rather than diesel fuel due to the domina-
tion of the car and motorcycle on road in Melaka compare to the
lorries and buses that use diesel fuel and only a few of the taxies
and rental car use natural gas or also known as CNG or NGV
based fuel.

Another key assumption in this study is the on-road transportation
could be the largest contributor of the GHG emissions compared
to the other transportation mode such as railway, aviation, water-
borne and off-road transportation mode due to its popularity and
its convenient to be used as a direct transportation from our home
and becoming our daily transportation, make it valuable to study
the emissions came from this mode of transportation.

4. Conclusion

In conclusion, the results showed that on-road transportations
contributed to the largest GHG, followed by railway and lastly
aviation. These findings are important to assist the local govern-
ment to define mitigation programs and create policies to enhance
liveability in Melaka by having low carbon resident in future.
Furthermore, this research has reported the pioneer GHG results
from Mobile units in Melaka. Melaka has already embarked on a
path towards green city by the year 2020 and has to reach the tar-
get of reducing carbon emissions up to 40% by the year 2020.
Hence, these findings are important to produce the Melaka mobile
units’ GHG profile. Subsequently, this information can assist the
local government to identify the relevant strategies and define
mitigation programs as well as refine policies to enhance liveabil-
ity in Melaka by having low carbon resident and becoming sus-
tainable city in the future. Low carbon resident means better air
quality, leading to a healthy life and prolonged human lifespan.
This project supports the data revolution across the 17 Sustainable
Development Goals (SDGs) set by the United Nations in the
UNESCO moving forward the 2030 agenda for sustainable devel-
opment [30]. This research along with the second author’s previ-
ous studies in new technology management in overcome munici-
pal solid waste disposal problem in Melaka [31] are part of the
works contribute to addressing sustainable cities and communities
(SDG 11), as well as on reduce inequalities (SDG 10) by narrow-
ing socioeconomic gap within and among the administrative dis-
tricts in Peninsular Malaysia [32-36].
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