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Abstract 
Reducing carbon dioxide emissions through low carbon 

development is an appropriate approach to combating climate change. 
The aim of this research is to identify ways of reducing carbon dioxide 
emissions in Johor Bahru—the capital city of the state of Johor, Malaysia, 
and the second-largest city in that country—and promoting low-carbon 
development. Because the practice of low-carbon development in Johor 
Bahru is relatively new and few projects have been completed to date, the 
focus in this work has been on refining the concept of low carbon, rather 
than the direct measurement of carbon dioxide (CO2) emissions. Because 
the majority of the carbon emissions in the region under study come from 
the electricity and transportation sectors, the Malaysian University Carbon 
Emission Tool (MUCET), described herein, was modified to measure and 
monitor emissions from Johor Bahru’s energy sector. That tool facilitated 
the formulation of policies that will target emission reduction, and thereby 
promote steady movement toward a clean energy future.  
 

Introduction 
Concentrations of human activities in today’s cities produce 

greenhouse gas emissions, which collectively account for about 78 
percent of carbon emissions [1][2]. Those cities have an almost insatiable 
appetite for energy, both to conduct business as usual, and to grow.  That 
appetite is met mainly through the combustion of fossil fuels, which 
causes carbon dioxide emissions, which in turn are the major driving force 
for climate change [4].  Many current technological practices favor the use 
of fossil fuels as their prime sources of energy [3], and therefore are major 
(if indirect) contributors to carbon emission.   

Climate change is one of the greatest challenges to global 
development, posing a threat to both the environment and the world’s 
human population [5]. The effects of climate change can best be 
countered through the adoption of low-carbon technology and the design 
of mitigation policies, usually referred to as “Low-Carbon Development.” 
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Typically, this involves the implementation of energy sustainability policies, 
which in turn brings about changes to the industrial structure, energy mix 
[6], and employment structures [7]. As nations around the globe chart a 
path to combating climate change, many cities have embraced the 
development objective of becoming low-carbon cities. 

Low-carbon development is very significant to the sustainable 
development of cities. Over half of the global population resides in cities—
a figure that is expected to rise to about 70 percent by 2050 (WRI). Cities 
are currently responsible for 67-76 percent of energy use and 71-76 
percent of energy-related carbon dioxide emissions [4][8]. Sustainable 
development in the future, clearly, will depend upon cities finding ways to 
go low carbon [9]. 

Low-carbon development has its roots in the United Nations Forum 
for Climate Change Convention, adopted in Rio in 1992. That convention 
comprises strategies and growth plans that promote low-emission or 
climate-resilient economic growth [10].  Low-carbon development refers to 
a society that emits greenhouse gases (GHGs) only in an amount that can 
be absorbed by nature. By extension, it portends a movement towards a 
simpler lifestyle and a richer quality of life, in harmony with the natural 
world. This means encouraging the kinds of new growth, markets, and 
consumer attitudes that promote emission-reduction strategies and 
renewable energy use.  

Against this backdrop, the Prime Minister of Malaysia pledged to 
reduce the carbon-emission intensity of Malaysia by 40 percent below its 
2005 level by the year 2020 [13] [14]. To achieve this ambitious goal, the 
national government established agencies that were responsible for 
preparing the “blueprints” necessary for the promotion of a low-carbon 
society. 

Notable among these plans is the Low Carbon Blueprint for 
Iskandar Malaysia 2025, which covers five local authorities including the 
entire district of Johor Bahru and Kulai Jaya. The blueprint recommends 
281 strategic policies that would help achieve a target of 58 percent 
reduction in carbon intensity by 2025 compared to 2005 levels [15]. The 
document was officially embraced in 2012 by the Prime Minister of 
Malaysia and the Iskandar Regional Development Authority (IRDA). 

Clearly, reducing carbon dioxide emissions to mitigate global 
warming and combat climate change will require an accurate assessment 
of the existing levels of CO2 emission, to serve as a baseline for going 
forward. The baseline emission for Johor Bahru was determined by the 
Low Carbon Asia Research Center, Universiti Teknologi Malaysia, UTM, 
in collaboration with a Japanese partner institution. This measurement and 
monitoring of carbon emissions was carried out for IRDA using the Asia‐
Pacific Integrated Model (AIM) [16].  

Self-monitoring is very important for administrators—both to 
understand the realities of the carbon situation, and to make informed 
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decisions locally. IRDA is a case in point.  It needs to be able to monitor 
emission reduction through its own interface—not only because planning 
for emission reductions becomes easier when familiar variables are 
considered, but also because people tend to adapt more easily when they 
understand how their “footprint” was determined. 

As noted, energy has been identified as a key driver of CO2 
emissions [17] [18]. Promoting low-carbon development in Johor Bahru 
will involve mapping carbon emissions from energy use, and then 
formulating policies based on that information. 

The purpose of this research, therefore, is to study how low-carbon 
development is practiced in Johor Bahru, and describe a method of 
“carbon inventorying” to determine CO2 emissions resulting from energy 
use, in a manner that is easy for all stakeholders to understand. In theory, 
this will facilitate the setting and realization of emission reduction targets, 
and promote low-carbon development in Johor Bahru. 

 
Background study 
Cities are engines of growth of many nations. Economic growth 

requires the use of energy for movement, lighting, manufacturing, and a 
host of other purposes. But a thriving economy often comes at the 
expense of significant environmental impacts. Economic development 
generally translates into more energy consumption, which in turn leads to 
rising greenhouse gas emissions .  

Because cities are among the largest contributors of carbon 
emission, they can play an important role in the development of a low-
carbon economy [19]. Stated differently, because cities are where efforts 
aimed at poverty reduction and economic development tend to be 
focused, they are also where low-carbon innovations and emission 
reduction strategies are likely to be most compelling and productive [20].  

Two kinds of energy tend to be essential for growth and 
development: liquid energy, for transport; and generated energy, for 
electricity. In both cases, the energy needed is predominantly derived from 
fossil fuels—such as coal, diesel, and petrol, among others—the 
combustion of which results in carbon dioxide (CO2). Energy-related 
emissions of CO2 and other greenhouse gases increased rapidly 
throughout the last century [21]. Aside from lighting, cooling, and heating 
buildings—which account for about 48 percent of all energy use in in the 
developed countries—transportation is the fastest-growing form of energy 
use, accounting for about 30 percent of the world‘s energy use and 95 
percent of global oil consumption [22].  

Under normal circumstances, therefore, economic growth and 
sustainable low-carbon development would appear to be in conflict. But by 
taking the low-carbon development path, cities can maintain desired 
growth rates, sustain living standards, and still control their fossil fuel-
based energy consumption to minimize their carbon emissions. Planning 
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ways to meet this ambitious set of goals therefore becomes imperative. 
The focus, again, should be to achieve energy transformation in a way 
that balances economic growth and the environment.  

That planning begins with science. Measuring and reducing carbon 
emissions require rigorous scientific analysis, focused on the sources of 
those emissions, and how they can be reduced. A key first step, therefore, 
is the introduction of a technique for inventorying CO2 that is understood 
by the relevant administrators, and—ultimately—can facilitate the setting 
of realistic carbon emission reduction targets. 

 
Low-carbon development: the Malaysian experience  
The 10th Malaysian Plan clearly expressed the aspiration of 

improving environmental quality by undertaking climate change mitigation, 
while the sixth strategic thrust of the 11th Malaysian Plan 2016-2020 
emphasized the pursuit of green growth for sustainability and resilience. It 
focused on four major areas: 

• strengthening the enabling environment for green growth  
• adopting the sustainable consumption and production concept  
• conserving natural resources for present and future generations, 

and 
• strengthening resilience in the face of climate change and 

natural disasters 
The Malaysian government embraced low-carbon development to 

ensure that the energy used for development is consumed in an effective 
and efficient manner, without exacerbating climate change in the Iskandar 
Malaysia region in general, and Johor Bahru in particular.  The 
government entrusted the Iskandar Regional Development Authority 
(IRDA) with the responsibility for pursuing green growth for sustainability 
and resilience in the region.  IRDA—assisted by the Low-Carbon Asia 
Research Center UTM, Kyoto University, Japan and NIES, JICA, among 
others—developed the Low-Carbon Blueprint as a guide to achieve low-
carbon development in the region, and show how it could benefit people 
socially, environmentally, and economically.  

The blueprint was launched at COP 19 in 2012 [33] and provides 
the baseline for carbon emission in 2005 to understand the “Business as 
usual” (BAU) and counter-measure scenario.  The blueprint has been 
adopted for the implementation of Low-Carbon Society at the five local 
authorities of Iskandar Malaysia, and IRDA is monitoring the 
implementation of the low-carbon projects by local authorities in Iskandar. 

Figure 1 shows the matrix of key actions of the Low-Carbon Society 
Blueprint for Iskandar Malaysia 2025 in relation to IRDA’s Implementation 
Plans, 2013-2015. This roadmap includes seven out of the ten 
implementation Plans of IRDA. The implementation plans are IRDA’s 
initiatives towards a climate resilient economy in Iskandar Malaysia, 
prepared according to the recommendations of the Blueprint. The 
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implementation plan covers the major themes of the Low Carbon Society 
concept: Green Economy, Green Community, and Green Environment.  
IRDA assists municipal authorities in determining how to implement low-
carbon projects and programs through the preparation of local plans and 
organizing workshops, and also through conferences and publications 
aimed at creating awareness in the region.  

Note that the roadmap did not examine three special projects (in 
the upper right-hand corner of Figure 1) that still required comprehensive 
study: Bukit Batu Eco-Community, Low Carbon Village Felda Taib Andak, 
and Nafas Baru Pasir Gudang.  Nonetheless, especially in light of the 
relatively short amount of time elapsed, remarkable progress has been 
realized towards the low carbon development initiatives in Johor Bahru, 
and general awareness of the concept has been achieved.  

 
 

Figure 1: Matrix of relationship between IRDA's projects and policiesi 

Energy consumption in Johor Bahru  
The effective production and consumption of energy is fundamental 

to achieving low carbon development. While the Malaysian Government 
seeks to promote economic growth and development in Johor Bahru—a 
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major flagship in the Iskandar Malaysia region—it can’t encourage energy 
consumption that will increase the threat to global warming. Energy 
management therefore becomes critical, and the first step toward energy 
management is identifying the pattern of energy consumption in the city. 

The extent of CO2 emissions depends in part of the types of 
industries that drive the local economy.  The service sector, for example, 
is energy-intensive, as are industries that are heavily dependent on the 
movement of goods and services. 

 

 
Figure 2: Pattern of Energy Consumption in Johor Bahru 
 
Figure 2 depicts energy consumption in Johor Bahru.  Fossil 

fuels—in the form of oil, coal, and natural gas—are the primary source of 
energy. Again,  generated energy (electricity) and liquid energy (transport) 
are the consumed products, from which data may be obtained to measure 
and compare the intensity of emission for various sectors of the city.  

Figure 3 summarizes Malaysian electricity generation by fuel. 
Natural gas comprises the bulk of the fuel mix input, although coal and oil 
remain very significant. Based on this fuel mix, the emission factor for 
Malaysia is given as 0.741 Kg per Kwhr for year 2015 [34]. This figure is 
universal for electricity consumption in peninsular Malaysia, because 
electricity is generally purchased from a single source: Tenaga Nasional 
Berhad (TNB). 

Table 1 shows carbon emissions from fuel combustion for electricity 
generation in Malaysia between years 2000 to 2013. Carbon emissions 
from the fuel mix consumed for Malaysian electricity have risen almost 
every year since 2000. The exception came in 2009, when the figure 
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dropped 168,504.7 KtCO2 with an emission factor of 0.636 kg of CO2 per 
kWh from 189,002 in 2008 with an emission factor of 0.696 kg of CO2 per 
kWh (Figure 4). Carbon emissions picked up again in 2010 and rose to 
about 82 percent by 2013, with an emission factor of 0.693 kg of CO2 per 
kWh [35].ii  

In light of the stated goal of the Malaysian government to go low 
carbon, one might expect adjusting the fuel mix of the country’s electricity 
production to emerge as a major focus for reducing the country’s 
emissions. The emission factor for electricity in Johor Bahru depends on 
the national figure as distributed by Tenaga Nasional Berhad (TNB): the 
largest electric utility company and the main energy provider in Malaysia. 
This factor is not steady, in fact, it has increased by 4 percent above the 
2005 level (Table 1).   

 

 Figure 3: Malaysia Electricity Generation by Fueliii 
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Year Total CO2 emission- 
Fuel Combustion 
(KtCO2) 

CO2 per KWh 
electricity 
(KgCO2/kWh) 

2000  114 085.9 540.5 
2001  119 360.6 573.5 
2002  125 397.8 631.3 
2003  131 651.6 579.2 
2004  145 308.6 599.2 
2005  154 604.7 662.2 
2006  160 477.4 640.3 
2007  176 723.7 651.2 
2008  189 002.8 696.7 
2009  168 504.7 636.2 
2010  188 405.1 769.0 
2011  189 928.1 682.6 
2012  191 441.1 681.2 
2013  207 248.7 693.1 

 Table 1: Malaysian carbon emissions from fuel combustioniv 
The load growth scenario for Johor Bahru is presented in Table 2. 

The consumption of electricity energy use is described according to 
service demand sectors, such as electricity use for domestic, industrial, 
commercial, and street lighting. Energy use by industry is the highes by 
far, followed by domestic and commercial uses respectively, while street 
lighting has the least consumption of electricity. Determining the extent of 
CO2 emissions from these sectors is a critical first step toward setting 
targets for emission reductions in Johor Bahru. But the transition to low 
carbon societies will not be complete without commitment and leadership 
from the Johor Bahru municipal authority, especially in promoting 
initiatives and measures to encourage energy efficiency, the use of 
alternative fuels, and the adoption of advanced and cleaner technologies, 
among many others measures. 

 
 

Sector  2010 2013 2015 
Domestic 71.80 85.93 100.06 
Commercial 45.79 59.66 71.19 
Industry 183.41 217.48 251.54 
Street 
lighting 

4.59 5.09 5.47 

Total (MW) 305.59 368.16 428.27 
Table 2: Load growth scenario for Johor Bahru in MWv 
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Figure 4: Total CO2 emission—fuel combustion (KtCO2) and emission factor 

(CO2 per KWh electricity (KgCO2/kWh)—in Malaysiavi   
 

Transport energy consumption in Johor Bahru  
There are 21,401,269 vehicles registered in Malaysia. These 

include motorcycles, motorcars, buses, taxis, rental vehicles, goods 
vehicles, and excavators, among others. As of 2012, the capital territory of 
Kuala Lumpur (KL) had 4,963,646 vehicles, while Johor State had a 
vehicle population of 2,923,898, followed by Selangor with 2,363,333 
vehicles.  
 

No Type of vehicles Number of vehicles 
1 motorcycle 771,432 
2 car 831,606 
3 bus 5,073 
4 taxi 7,317 
5 hire & drive car 1,583 
6 lorry 86,722 
7 Others 58,289 
8 total 1,762,022 

Table 3: Total number of registered vehicles by typevii 
 
Table 3 shows the types and number of registered vehicles in Johor 

Bahru. About 90 percent of the vehicles are private cars and motorcycles 
(47.2 percent and 43.8 percent, respectively). Lorries are about 4.9 
percent, while public buses, taxis hired cars, and agricultural and heavy 
duty vehicles account for less than 1 percent each,. 

Since the majority of these vehicles use fossil fuel, the vehicular 
sector—particularly privately owned cars and motorcycles—is responsible 
for a high level of CO2 emissions . The study also shows that the public 
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transport sector in Johor Bahru is not adequately developed.  That fact 
both contributes to, and results from, high private vehicle ownership. 
 

The Asia-Pacific Integrated Model Extended Snapshot 

Tool 
The Asia–Pacific Integrated Modeling System (AIM) is an extended 

Snapshot Tool (ExSS) developed by Kyoto University and Japan’s 
National Institute for Environmental Studies (NIES) for the creation of low-
carbon scenarios. The tool was used to account for greenhouse gas 
(GHG) emissions, upon which the GHG emission mitigation options of 
Iskandar Malaysia were based.   

AIM is a static model that employs simultaneous equations 
involving some 6,000 variables to formulate its assumptions. These 
include economic growth and changes in industrial structure, demography, 
changes of lifestyles in terms of consumption pattern and energy service 
demand, transport volume and structure, and low-carbon measures that 
include energy-efficient devices and buildings, renewable energy, and 
modal shifts to public transport and fuel mix in power generation [39]. 

AIM also draws upon large multiple datasets that do not have a 
direct relationship to carbon dioxide emissions, and whose validation may 
be difficult. For instance, the program uses data for Population and 
Household; Input Output numbers (i.e., regional economic accounting); 
Transport demand (Passenger & Freight); Building Energy demand and 
Energy supply, to develop future scenarios such as population projection, 
economic projection or planning, transport planning, energy strategy 
(Figure 4). 
 

Figure 4: Overall process of creating a Low-Carbon Society scenario 
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The AIM variables are quantified to create workable scenarios for a 

Low-Carbon Society, by “backcasting” from a set of desirable Low-Carbon 
Society goals and exploring possible options to achieve those goals. The 
tool can also be extended to model and describe scenarios in agriculture, 
forestry, land-use change, waste disposal, air and water pollution, and so 
on. Furthermore, the tool creates Business as Usual (BaU) and Counter 
Measure (CM) scenarios to determine the level of adjustment required to 
achieve the emission reduction goal, and can be used to make 
recommendations to the government for low-carbon development policies 
[40].  

But the tool is far from perfect.  AIM requires a great deal of data 
from many sectors that are not related to direct carbon emission reduction.  
In addition, the extent of carbon emission is simulated based on 
assumptions about energy consumption and other variables which, as a 
result of unforeseen inadequacies, may be subjective. Therefore, the tool 
may not be adequate for assisting in planning for low-carbon development 
in Johor Bahru.  It is also difficult for policymakers to interpret the 
simulation results of the ExSS, due to the complexity of its design and the 
sheer volume of variables used for modeling (Figure 5).
 
 

Figure 5: Overview of calculation system of the ExSSviii 
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The Low Carbon Cities Framework and Assessment 

System   
With AIM’s limitations in mind, let’s look at another tool that also 

has useful, if limited, applications.  The Low Carbon Cities Framework and 
Assessment System (LCCF) is one of the existing carbon calculators used 
in Malaysia. The tool recognizes four relevant carbon factors contributing 
to GHG emission: 

• Urban environment 
• Urban transportation 
• Urban infrastructure 
• Buildings 
Like AIM, LCCF considers many variables in the assessment of 

carbon emissions, such as 13 performance criteria and 35 sub-criteria. 
The process and procedure for application of LCCF is described in Figure 
6. 

 

 
Figure 6: Process and Procedure for Application of LCCFix 
 
Among the functions of LCCF are: 
• encouraging and promoting the concept of low-carbon cities and 

townships in Malaysia 
• guiding cities in making choice/decision towards greener 

solutions 
• assisting stakeholders in developing action plans for low-carbon 

development and; 
• calculating carbon emissions within a given development. 
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The Malaysian Ministry of Energy, Green Technology and Water 
(KeTTHA), in cooperation with the Japanese New Energy and Industrial 
Technology Development Organization (NEDO), used LCCF in Putrajaya 
and Cyberjaya as a showcase for other townships in Malaysia.  

Although IRDA provided data for LCCF, the tool ultimately was 
considered to be overly complicated—in view of the large size of 
measurable variables required, and the lack of understanding of how the 
figures were derived—was not used in Johor Bahru. This decision may 
negatively affect the development and implementation of sound policies 
and practices regarding CO2 emissions reduction. 

In view of the inadequacies of existing tools—both in terms of 
measuring actual CO2 emissions, and also in terms of lack of acceptance 
on the part of relevant administrators—another solution was needed.    

 
The Malaysian University Carbon Emission Tool 

(MUCET) 
This study adapted and adopted a prototype tool: the Malaysian 

University Carbon Emission Tool (MUCET), which was used in this case 
to chart the path for emission reduction in Johor Bahru. MUCET was 
developed by the researcher, and tested at UTM, Malaysia [18][41]. The 
tool focused mainly on energy and carbon emission related service 
sectors, arranged into two categories: generated electricity and transport 
fuel energy. The tool was designed based on the emission factors of the 
Malaysian peninsula’s electricity supply, as determined by the 
International Energy Agency (IEA), and also based on the fuel mix of 
electricity that was purchased from Tenaga Nasional Berhad (TNB). 
MUCET also integrated the emission factor for gasoline and diesel 
combustion in vehicles, in accordance with the Code of Federal 
Regulations at 40 CFR 600.113-78, based on Inter-Governmental Panel 
on Climate Change (IPCC) guidelines [42].  

Figure 7 shows the adapted MUCET for Johor Bahru City Carbon 
Emission. Column A presents the service demand sectors for electricity 
and transport, while categories of energy use are shown in column B. The 
annual figures of petrol/gasoline and diesel consumed for traffic 
movement in litres, the electricity measured in kWh, and also natural gas 
consumption (where applicable) are entered into the calculator. The tool 
uses the conversion formula embedded in each column to generate the 
carbon emission equivalent. It also automatically converts the total annual 
electricity input for these sectors in kWhr into tons of carbon dioxide 
(tCO2). 

 



MEASURING AND MONITORING CARBON EMISSION  

TO PROMOTE LOW-CARBON DEVELOPMENT IN 

JOHOR BAHRU 

Isiaka Adeyemi Abdul-Azeez 

	  

Malaysia Sustainable Cities Program, Working Paper Series                                                         
 © Isiaka Adeyemi Abdul-Azeez & Massachusetts Institute of Technology 2016 

14	  

Figure 7: MUCET for City Carbon Emissionx 
 
The tool consists of rows of input variables, which are based on the 

two (2) service sectors i.e. Electricity and Transport. Similarly, the rows 
can be increased according to the category of uses and measured 
parameters. 

The calculation of emission from fuel consumption of vehicles is 
based on the total amount of fuel recorded in litres, where the conversion 
rates of the inputs are embedded within the rows of the tool, so that the 
corresponding value of carbon emission is automatically generated in tons 
of CO2 (tCO2).  

Where the record of fuel purchase is not available, the total litres of 
annual fuel consumption can be calculated as a product of the total annual 
distance travelled and the fuel efficiency of the vehicle type, as given 
below: 

 
Total fuel Consumption=!"!#$  !""#!$  !"#$%&'(  !"#$%&&%'

!"#$  !""#$#!%$&  !"  !"#$%&"
 

 
𝐓𝐅𝐂 = 𝐓

𝐟𝐟
…………………………..…………..… [5-1] 

 
where: 
 TFC  = total annual fuel consumption 
               T = average distance travelled 
          ff =  fuel efficiency of vehicles 
 
The calculation of total fuel consumption was modified based on 

the formula adopted for the Greenhouse Gas Emissions Inventory in 
Hobart and William Smith Colleges (Clayton, M and Thompson, M. 2008). 
The standard emissions factors for gasoline is given as 2.3 kilograms of 
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Total	  carbon	  emission	  from	  
energy	  use	  in	  Johor	  Bahru	  

𝐓𝐅𝐂 =
𝐕×𝐓×𝐖

𝐟𝐟
 

	  

Emission	  factor	  of	  electricity,	  
based	  on	  electricity	  generation	  

by	  fuel	  mix	  (SEDA)	  

Data	  on	  total	  electricity	  energy	  
use	  for	  all	  categories	  of	  building	  

use	  types	  

Carbon dioxide equivalent (kCO2) while the standard emissions factors for 
Diesel oil is given as 2.7 kilograms of Carbon dioxide equivalent (kCO2) 
[42]. 

Perhaps of greatest interest are Columns I and L, which present the 
CO2 contribution of each element within the two service sectors to the 
overall total carbon emission. Note that these values can be observed and 
compared at a glance, greatly facilitating the challenge of making informed 
decisions. 

 
Observations about MUCET’s energy-use data 
Some data-related caveats are in order. The major sources of data 

for energy use and carbon emission Johor Bahru were meter readings of 
total purchased electricity for all building categories and use types, as well 
as data from fuel consumption for the total transport energy use (or the 
total distance covered within Johor Bahru by vehicle types), as shown in 
Figure 8: 

 

Figure 8: Sources of data for energy use and carbon emission for Johor Bahru 
 
The data required for testing the tool were not available from a 

primary source, therefore, the study relies on secondary sources of data, 
whose reliability could not be ascertained. Similarly, it was not possible to 
obtain data on annual fuel consumption for energy use for all categories of 
vehicles, because such records are not kept by vehicle owners. Nor was it 
possible to obtain accurate meter reading for electricity consumption by 
categories of use in Johor Bahru. 

For the purpose of this study, data from the load growth scenario 
for Iskandar Malaysia (Table 1) and the Total number of registered 
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vehicles by type (Table 2) were used to test the tool. It was noted that the 
highest 59% of carbon emission comes from the industrial sector while the 
street lighting emits about only 1% and residential and commercial sectors 
have 23% and 17% respectively (Figure 9). Therefore, emission reduction 
policy focused on the industrial sector could reduce overall carbon 
emission in Johor Bahru. 

The percentage of carbon emission from the transport sector in 
Johor Bahru is presented in Figure 10. Cars and motorcycles produced 
the highest levels of CO2 emissions—of 47 percent and 43 percent, 
respectively—while the buses, taxis, and hired/drive vehicles registered in 
the city produce only negligible emissions. Therefore, policies that target 
cars and motorcyles are most likely to be effective in achieving significant 
reductions carbon emissions. 

 

 
Figure 9: Percentage of carbon emission from electricity sector in Johor Bahru 

 

 
Figure10: Percentage of carbon emission from transport sector in Johor Bahru 
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To summarize: MUCET offers direct measurement of CO2 
emissions from the combustion of fossil fuel use in electricity and 
transport, which as previously noted together constitute about 78 percent 
of total emission in cities (World Watch Institute, 2008). MUCET can also 
measure, monitor, and simulate policy outcomes by inserting the values of 
electricity or fuel consumption for the category of use or service demand in 
the appropriate columns and rows of types of energy use. Other service 
demands that require the combination of fuel and electricity energy use, 
such as agriculture and water, can also be calculated in a similar manner, 
showing total percentages as well as their percentages of the total 
emission. 

 
Conclusion   
Nations worldwide are counting on economic growth in their cities 

for wealth generation, and for corresponding improvements in their 
standards of living (World Bank 2010). But this development strategy 
contains an inherent challenge: as long as economic growth and wealth 
generation rely on fossil-fuel energy sources, carbon emissions will 
continue to rise, with serious environmental implications for the city, the 
nation, and the planet. Low-carbon development could counter this trend, 
but that will depend on better management of cities’ emissions, particularly 
from energy use sources that contribute significantly to cities emission.  

This paper focuses on Johor Bahru as an illustrative case study. 
Promoting low-carbon development through carbon emission reduction 
measures in Johor Bahru will require a movement toward low-carbon 
power generation to achieve its goals. This, in turn, will require the use of 
renewable energy sources in transport and power generation, and the 
provision of incentives for specific sector policy reforms in urban transport 
policies. 

But unless there is an efficient measuring system and the 
mobilization of stakeholders through strengthened partnerships towards a 
low-carbon future, effective management will be difficult. All stakeholders 
must understand what is being measured, and why.  Building on that base 
of shared knowledge, government officials can then make appropriate 
investments in reduced consumption and low-carbon power generation for 
both transport and electrical energy. 

For example: officials in Johor Bahru could focus on improving the 
public transport sectors, perhaps by retrofitting the existing stock of public 
buses to make that transport option more attractive, and converting those 
vehicles to compressed natural gas. Lower energy intensities are 
experienced in countries with higher energy prices; therefore, systems 
such as Integrated Urban Road Pricing may prove useful in Johor Bahru.xi 
Promoting low–interest loans that steer consumers toward the purchase of 
hybrid cars, investing in the pedestrian and bicycle infrastructures, and 
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similar best-practice strategies also could help reduce emissions in the 
city. 

On the power-generation side, low-carbon development in Johor 
Bahru will likely involve reduced the fossil fuel components of the 
electricity-generation fuel mix. For example, embracing biogas and 
biomass energy sources seems particularly promising, since the country’s 
many palm oil plantations produce biomass in very large quantities.  

None of this will happen easily, especially in the absence of the 
political will to adopt the policies that are essential to driving change. That 
determination must originate in the mindset of individual consumers in 
Johor Bahru—consumers who come appreciate the link between 
consumption pattern and environmental impact. That mindset, in turn, can 
only grow out of the measurement and monitoring of agreed-upon 
variables of the energy system. 

A key step to this could be achieved through a relatively simple 
method of carbon inventory, such as that as offered by MUCET. MUCET 
is user-friendly. It is less complicated and cumbersome than its 
counterparts. The challenge of data collection, especially for transport, can 
be overcome by encouraging transport owners to keep logbooks that 
record vehicular movements throughout the year for submission in 
exchange for some incentives or reduction in vehicle license fees.  

Finally, the tool could be improved further. For example, vehicle 
owners could send information online when the vehicle is refueled, 
thereby updating key data continuously. 

 To summarize: To help promote a “green economy,” the 
government of Johor Bahru should focus on the reduction of CO2 
emissions. One way it can do so is by monitoring carbon emissions in the 
transport and electricity-generation sectors, which together account for 
much of the city’s total CO2 emissions. Adopting and using a relatively 
simple monitoring tool like MUCET can make this challenge far more 
manageable. 
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