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Abstract

Carbon dioxide, a major greenhouse gas has become an indicator in global
warming and climate change. Meanwhile, cities are a medium whereby the source
of carbon dioxide is released due to the urbanization and transportation sector.
This situation leads to unpredictable impact to the environmental, social and
economic condition of the city. Kuala Lumpur is a capital city that experiences
rapid growth and was chosen for input-output analysis while Bukit Bintang road
and Tunku Abdul Rahman road were chosen for ambient air monitoring due to
traffic congestion problems in the city centre. The ambient air quality monitoring
was measured on Saturday, Sunday and Monday for 8 hours. The sampling
started at 7.00 a.m until 3.00 p.m. with a 5-minute log interval. The study found
that carbon dioxide emission from both roads in Kuala Lumpur contributed to
376 ppm of carbon dioxide showing that transportation was a massive source of
greenhouse gas emission in the city. Meanwhile, the input-output analysis in
Kuala Lumpur showed a significant increase between 2010 and 2016 where
electricity consumption, food consumption input, water consumption, gas
emission and wastewater output rise due to urbanization and increasing
population in the city. In contrast, the enforcement of mandatory waste
management by the government has resulted in the decrease of solid waste output
in Kuala Lumpur. The greenhouse gas released output in terms of Global
Warming Potential from the input-output analysis was 5.88 MMtCO,eq. The
study showed that the impact of urbanisation such as ambient air pollution is
closely related to energy consumption and greenhouse gas emission.
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INTRODUCTION

Urban areas are domains for the majority of the global human population. The
concept of urban metabolism is similar to an organism that consumes resources
from its surroundings, excretes waste products and thus the interaction of various
systems in the urban areas are the impression of the metabolism. Therefore, urban
metabolism enables studies on the city's function and to understand how the cities
operate (Chrysoulakis et al., 2013; Dinares, 2014). The massive development
within the cities to meet the population growth increases the resource use such as
fossil energy for human activities (Pincetl, Bunje, & Holmes, 2012).

Any human activity that releases greenhouse gases to the atmosphere
warms the earth’s atmosphere thus contributing to global climate change. The
changes in the earth’s climate is caused by various activities which include fossil
fuels burning and industrial practices due to urbanisation (Hoormweg et al., 2012;
Mustafa, Kader, & Sufian, 2012). The increase of temperature of the surface-
troposphere system is caused by the increase of greenhouse gas concentration.
The rise of global temperature and sea level are the impacts from carbon dioxide
emission concentration in the atmosphere which is the main greenhouse gas
emission (Hosseini, Wahid, & Aghili, 2013; IPCC, 2014).

Identification of input-output flows can evaluate direct and indirect
environmental impact such as greenhouse gas emissions (Dias et al., 2014;
Zhang, 2013). In addition, the material flow of the inputs to the city such as
energy, water and food consumption while the outputs such as gas emission,
wastewater and solid waste can be examined in order to study the economic and
environmental aspect of urban metabolism (Pincetl et al., 2012; Pifia & Martinez,
2014; Shafie et al., 2016). These urban materials can be used to calculate
greenhouse gas emissions related to climate change. The estimation of carbon
dioxide emissions associated with the consumption of input in the urban area can
be determined by using input-output analysis.

The urbanization of the city is a result in increased population and rapid
development within the city. As the city flourished, transportation within the city
also expanded to accommodate the increasing population and facilitated the
movement of people from one place to another. The problem arises when hotspot
sectors such as transportation are intensified within the city to fulfill the mobility
needs of the people thus causing carbon dioxide emission to increase (Dias et al.,
2017). In Malaysia, the number of vehicles on the road increases every year which
is one of the major sources of air pollution in urban areas (DOE, 2014).

Cities are main critical sites for addressing climate change due to
increasing populations and high levels of economic and cultural activity. This is
because carbon dioxide per capita emission is higher when there is a high resource
use and wealth in the cities (Lee & Meene, 2013). Activities in urban areas cause
70% of greenhouse gas emissions and it becomes a source of environmental
problems to the world (Chen & Chen, 2015). The increase of pollutants in
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ambient air is also due to high density of the human population and growth of
industries through urbanization. This showed that many large cities in the world
are the major contributors to the global greenhouse gas emission due to compact
urban structure such as heavily industrialized cities and high vehicular traffic
(Mabahwi, Leh, & Omar, 2015).

MATERIAL AND METHODS

Study location

Kuala Lumpur is a capital city that experiences rapid growth in terms of both
economic and population (Han et al., 2014). Kuala Lumpur is a 100% urbanized
area where the total land area is 243.7 km? (Ling et al., 2010). It is the most
popular city in Malaysia with complete transport facilities with an estimation of
total population which is about 1.79 million people (Department of Statistics
Malaysia, 2016). Therefore, the input and output components (Figure 1) were
determined for this city based on a few urban components. Furthermore, traffic
congestion due to the increasing transportation sector in cities shared a big portion
in among the greenhouse gas emission globally (Grote et al., 2016).

INPUT OUTPUT

1 J_, Gas released EFFECT

Urban demand Food production Urban _— Solid waste Climate
process change

‘Water production j —|_, ‘Waste water

Figure 1. The urban input-output components of Kuala Lumpur

Energy production

Study procedure

The study was conducted at Kuala Lumpur (Figure 2) where input and output
data in Kuala Lumpur were obtained from established secondary sources. The
ambient air quality monitoring was conducted at Kuala Lumpur’s commercial
roads; Bukit Bintang road and Tunku Abdul Rahman road to measure the carbon
dioxide level.
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Figure 2. The map of input-output analysis boundary. Source: Google Maps (2018)

Material flow for the urban input and output components of the city was
established. The ambient air quality monitoring was conducted to determine
carbon dioxide level in Bukit Bintang road and Tunku Abdul Rahman road. The
level of carbon dioxide emission was measured using Environmental Monitor
EVM-7 Quest Technology to measure level of carbon dioxide at both roads. Both
roads contributed to the release of carbon dioxide emission in Kuala Lumpur due
to its major traffic congestion (Das et al., 2013; Shamsuddin et al., 2014). Vehicle
emissions from the road transportation sector is associated with carbon dioxide
emission in the city (Abam & Unachukwu, 2009). The duration of sampling was
three days for each road which was on Saturday, Sunday and Monday.
Meanwhile, the duration for each sampling point was eight hours; from 7.00 a.m.
to 3.00 p.m. The air sampling equipment were placed at the curbside with the
distance of 5 meters from the main road. The air sampling method used in this
study was adapted from Abam and Unachukwu (2009). The sampling point 1 was
at Bukit Bintang road while sampling point 2 at Tuanku Abdul Rahman road. The
coordinates of sampling point at Bukit Bintang road and Tuanku Abdul Rahman
road were 3°08'53.0"N, 101°42'52.4"E and 3°09'28.7"N, 101°41'46.8"E
respectively (Figure 3).

© 2020 by MIP 292



PLANNING MALAYSIA
Journal of the Malaysia Institute of Planners (2020)

ANL s bl
3
£
& :
g ) NS
R Donan DoubleTree by Hilton=
Vi University @
i LI _pang. & Ampang Park Mall
& o @
-1 2
Tua Masjid As-syakirin = The Troika,
C & <
The con =
KAMPUNG = KLCC Dark DESA KIDADARI
PADANG Bank Negara [ 3 Concorde Hotel \ v
MERBUK % Kuala Lumpur \ Jalan U

KiLivea  Aquaria KLCC %

- Menara Kuala Lumpur &

Pacific Regency
atel Aparttments

Padang Merbok + Masjid India ¢
fimen

Bangunan Sultan

I\
‘\

i Abtul Seme , Pt Perubatan
2 | ¢ Masiid Jame Prinice Court
Dataran Merdeka @ 7

KUALA LUMPUR BUKIT BINTANG

f
- K\r'?dones ian Embassy.

CITY CENTRE L 3~ Bukit Bintarig B Ja.
Butterfly Park KL = - - ‘S‘J‘n‘z';“” B N gy /]
B i i /1 :
Flea Market o Wang Ploza ® = Royal Selangor Golf Club £

Petaling Street & Low YatPlaza-1T &
Perd
ik + KL Bird Pork CHINATOWN i !

A LUMP o -
Garden Mo Negera ¢ KUALA LUMPUR o Berjaya Times Square Zouk Club
Kuala Lumpur

% KAM
¥ PAN

2
) Stadium Negara & 5 1
5 -

e uata Lumpur B |57 - _quog!e My Maps

Figure 3. The sampling points for ambient air quality monitoring. Source: Google Maps

(2018)

RESULT AND DISCUSSION

Carbon dioxide emission of roads in Kuala Lumpur

For the ambient air quality monitoring, the parameters measured were carbon
dioxide emission level, particulate matter (PMo) and temperature. The unit used
for carbon dioxide emission was part-per million (ppm) while the unit for PM,
was microgram per cubic meter (ng/m®). The monitoring on Monday showed
higher traffic congestion because it was the first working day of the week
compared to the monitoring on weekends. Besides, carbon dioxide emission level
was high on Mondays due to large number of vehicles on the road which causes
traffic congestion that leads to an increase of carbon dioxide emission (Abam &
Unachukwu, 2009; Almselati et al., 2011; Ghadimzadeh et al., 2015). The overall

result of average level for ambient air monitoring was tabulated in Table 1.

Table 1: The average level of parameters for ambient air quality monitoring

Parameters Road 8-hour Average 3-day
Dayl Day2 Day3 average
CO; Bukit Bintang 369.70 379.42  379.96 376.36
(ppm) Tunku Abdul Rahman 368.90 376.33 381.78 375.67
PMio Bukit Bintang 41.04 108.08  54.90 68.01
(ug/m?) Tunku Abdul Rahman  77.51 96.38 51.65 75.18
Temperature Bukit Bintang 30.2 29.1 28.8 88.1
(°C) Tunku Abdul Rahman 29.8 29.9 31.0 30.23
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Both roads gave the same reading pattern during the monitoring. The level of
carbon dioxide emission was the highest between 1.00 pm until 2.30 pm at both
roads and the reading was above 400 ppm. The emission of carbon dioxide tends
to be higher in the afternoon and peaks hours due to high traffic on the roads
(Ueyama and Ando, 2016). They also pointed out that the level of carbon dioxide
emitted was significantly higher during the daytime in the urban areas. This was
also for Kuala Lumpur. The minimum and maximum reading of parameters in
Bukit Bintang road and Tunku Abdul Rahman road were shown in Table 2.

Table 2. The minimum and maximum level of carbon dioxide emission and PMio

Parameters Road Minimum Maximum

Day Day Day Da Day Day
1 2 3 y1 2 3

CO, Bukit Bintang 341 345 333 419 441 472
(ppm)

Tunku Abdul Rahman 342 354 349 342 425 411
PMyo Bukit Bintang 14 45 24 14 45 140
(ng/m’)

Tunku Abdul Rahman 43 43 16 160 330 240

The Malaysia Ambient Air Quality Standard is used as a standard for ambient air
pollutants criteria such particulate matter, carbon monoxide, nitrogen dioxide,
sulfur dioxide and ground level ozone to control air quality and to prevent
pollution. The highest average level of PM;o was recorded in the second day of
monitoring at Bukit Bintang road which is 108.08 pg/m’ while the lowest level
of PMjprecorded on the first day of monitoring also was at the Bukit Bintang road
which was 41.04 pg/m?*. Throughout the day of monitoring, all the levels of PM;g
complied with the standard.

The input-output analysis of Kuala Lumpur

The data of input and output analysis in Kuala Lumpur were taken from
established secondary sources. In the situation where the material data at city
level was not available, the data was downscaled from the national data. The
population of Malaysia and number of days in a year were divided from the
national figures in order to obtain consumption or production per capita per day.
The secondary sources and the main data of input-output analysis were
summarized in Table 3.
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Table 3. The urban input-output components for Kuala Lumpur

Material Unit

Total Consumption /
Production in a day

Kuala Lumpur
Population: 1,790 000

Sources (Year)

Input
Energy koe/day 3436 800 Energy Commission of
(Electricity Malaysia (2016)
)
Water million 503 Syarikat Bekalan Air
liters/da Selangor Sdn. Bhd.
y (SYABAS) (2016)
Food (Rice)  kg/day 447 500 Food and Agriculture
Organization of the United
Nations (FAOSTAT) (2013)
Output
Gas (COy)  tonnes/ 16 110 International Energy
day Agency (IEA) (2016)
Wastewater ~ m’/day 515520 Mat, Shaari and How (2013)
Solid kg/day 2219 600 Solid Waste Management
Waste and Public Cleansing
Corporation Malaysia
(SWCorp) (2016)

The collected data were then outlined as an average of individual consumption
and production in a day by taking into account the current total population in
Kuala Lumpur in order to present the input and output analysis of the city of

Kuala Lumpur (Table 4)

Table 4. Individual consumption in Kuala Lumpur

Average individual consumption /

Input / Output Unit production in a day
Kuala Lumpur
Input
Energy (Electricity) koe/cap/day 1.92
Water kg/cap/day 281.01
Food (Rice) kg/cap/day 0.25
Output
Gas released (CO») kg/cap/day 9
Wastewater kg/cap/day 288
295 © 2020 by MIP



Ahmad Afiq Shahidan, Farah Ayuni Shafie
Urban Metabolism and Transportation Assessment of Kuala Lumpur, Malaysia

Solid Waste kg/cap/day 1.24

*koe — kg of oil equivalent

The determination of input and output at Kuala Lumpur produced a material flow
analysis (Figure 4) where the consumption of inputs by the population through
urban processes will produce waste and emissions.

s - ] s ™
Energy* 1.92 0 Gas released
(Electricity) / (CO»)
AN o _/
4 288 4 ™
281.01 T
Water Urban s Wastewater
Process
. -
p 0.25 1.24 )
Food (Rice) Units in ke/cap/day Solid waste
\_ *Energy in koe/cap/day )

(kg of oil equivalent for energy)
Figure 4. The material flow analysis for Kuala Lumpur

Global Warming Potential (GWP) for Kuala Lumpur

The output component of greenhouse gas emission in this study is carbon dioxide.
The data regarding carbon dioxide emission was obtained from the International
Energy Agency, 2016. Kuala Lumpur generated 5.88 million metric tonnes of
carbon dioxide (MMtCO,) per year for 2016.

The release of 5.88 MMtCOseq in Kuala Lumpur were equivalent to
greenhouse gas emissions from 1.87 million tons of waste recycled instead of
landfilled or driving 1.24 million of passenger vehicles for one year. It is also
equivalent to carbon dioxide emissions from 868,281 of annual home’s electricity
use. The determination of greenhouse gas output in terms of GWP is very useful
as it will provide an alternative way to reduce carbon dioxide emission by putting
equivalence of the emission with other greenhouse gas. Thus, the strategy will
not only focus on the reduction of electricity to reduce carbon dioxide emission,
but some other ways such as reducing passenger vehicles on the road or
intensifying waste recycling programs in Kuala Lumpur.

The relationship between carbon dioxide emission and climate change impact
in Kuala Lumpur

The urbanization of the city causes changes in the environment. Cities are the
main contributors to environmental problems and the main contributor to
greenhouse gas emission. The massive development of building and
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infrastructure in the city increases vulnerability to natural disaster and long-term
alteration climate (Hoornweg et al., 2012). The emission of carbon dioxide in
Kuala Lumpur can contribute to the impact of climate change. The expansion of
Kuala Lumpur and its neighboring areas cause traffic congestion and increase the
greenhouse gas emission from vehicles. The continuous release of high amounts
of carbon dioxide to the atmosphere can accelerate the climate change in Kuala
Lumpur thus causing an impact to the economy, social and environment in the
city.

The result of input-output analysis shows an increasing input
consumption and output production in Kuala Lumpur. The rise of this inputs and
outputs is due to the increasing population and massive development in Kuala
Lumpur to meet the demand of the populations (Pifia & Martinez, 2014). The
input consumption such as electricity shows notable changes resulting from the
release of a high amount of carbon dioxide and the carbon dioxide equivalent in
terms of global warming potential which also shows various ways carbon dioxide
can be emitted to warm the earth. The city becomes a critical site in addressing
climate change where the population is rapidly growing, and high levels of
economic and anthropogenic activities are going on.

CONCLUSION

In conclusion, greenhouse gas emission in the city is the main cause of current
climate change in the manifestation of global warming effect and extreme
weather condition. Carbon dioxide, the major greenhouse gas has become an
indicator to address global warming potential. Understanding the city’s input and
output flows due to urbanization and its anthropogenic activities can provide an
overview on the environmental performance in a controlled setting.

REFERENCES

Almselati, A. S. I, Rahmat, R. O. K., & Jaafar, O. (2011). An Overview of Urban
Transport in Malaysia. The Social Sciences, 6(1), 24-33.

Bellucci, F., Bogner, J. E., & Sturchio, N. C. (2012). Greenhouse Gas Emissions at The
Urban Scale. Elements, 8(6), 445-449.

Chen, S., & Chen, B. (2015). Urban energy consumption: different insights from energy
flow analysis, input-output analysis and ecological network analysis. Applied
Energy, 138, 99-107.

Chen, S., & Chen, B. (2015). Urban energy consumption: different insights from energy
flow analysis, input-output analysis and ecological network analysis. Applied
Energy, 138, 99-107.

Chrysoulakis, N., Lopes, M., José, R. S., Grimmond, C. S. B., Jones, M. B., Magliulo,
V., ... Cartalis, C. (2013). Sustainable urban metabolism as a link between bio-
physical sciences and urban planning: the BRIDGE project. Landscape and Urban
Planning, 112, 100-117.

297 © 2020 by MIP



Ahmad Afiq Shahidan, Farah Ayuni Shafie
Urban Metabolism and Transportation Assessment of Kuala Lumpur, Malaysia

Das, A. M., Ladin, M. A, Ismail, A., & Rahmat, R. O. K. (2013). Consumers’ satisfaction
of public transport monorail user in Kuala Lumpur. Journal of Engineering
Science and Technology, 8(3), 272-283.

Department of Environment [DOE]. (2014). Malaysia Environmental Quality Report
2014. Putrajaya.

Department of Statistics Malaysia. (2016). The Official Portal of Department of Statistics
Malaysia. Retrieved April 8, 2016, from https://www.statistics.gov.my/

Dias, A. C., Lemos, D., Gabarrell, X., & Arroja, L. (2014). Environmentally extended
input-output analysis on a city scale-application to Aveiro (Portugal). Journal of
Cleaner Production, 75, 118—-129.

Dias, A., Lemos, D., Gabarrell, X., & Arroja, L. (2017). Comparison of Tools for
Quantifying the Environmental Performance of an Urban Territory. Journal of
Industrial Ecology.

Dinarés, M. (2014). Urban Metabolism: a review of recent literature on the subject.
Documents d’Analisi Geografica, 60(3), 551-571.

Ghadimzadeh, A., Makmom, A. M., Hosea, M. K., Asgari, N., Shamsipour, R., & Narany,
T. S. (2015). Review on CO2 Emission from Transportation Sector in Malaysia.
IOSR Journal of Environmental Science, Toxicology and Food Technology, 9(5),
61-70.

Grote, M., Williams, 1., Preston, J., & Kemp, S. (2016). Including congestion effects in
urban road traffic CO2 emissions modelling: Do Local Government Authorities
have the right options? Transportation Research Part D: Transport and
Environment, 43, 95-106.

Han, N. M. M., Latif, M. T., Othman, M., Dominick, D., Mohamad, N., Juahir, H., &
Tahir, N. M. (2014). Composition of selected heavy metals in road dust from
Kuala Lumpur city centre. Environmental Earth Sciences, 72(3), 849-859.

Hoornweg, D., Sugar, L., & Gomez, C. L. T. (2011). Cities and Greenhouse Gas
Emissions: Moving Forward. Environment and Urbanization, 23(1), 207-227.

Hosseini, S.E., Wahid, M.A., & Aghili, N. (2013). The scenario of greenhouse gases
reduction in Malaysia. Renewable and Sustainable Energy Reviews, 28, 400—409.

Intergovernmental Panel on Climate Change [IPCC]. (2014). Climate Change 2014:
Synthesis Report. Contribution of Working Group I, II and III to the Fifth
Assessment Report of the Intergovernmental Panel on Climate Change. (Core
Writing Team, R. K. Pachauri, & L. A. Meyer, Eds.). IPCC, Geneva, Switzerland:
The Intergovernmental Panel on Climate Change.

International Energy Agency [IEA]. (2016). CO2 Emissions from Fuel Combustion
Highlights 2016. Paris.

Lee, T., & Meene, S. V. D. (2013). Comparative studies of urban climate co-benefits in
Asian cities: An analysis of relationships between CO2 emissions and
environmental indicators. Journal of Cleaner Production, 58, 15-24.

Ling, H. L. O., Ting, K. H., Shaharuddin, A., Kadaruddin, A., & Yaakob, M. J. (2010).
Urban growth and air quality in Kuala Lumpur City, Malaysia. Environment Asia,
3(2), 123-128.

Mabahwi, N. A., Leh, O. L. H., & Omar, D. (2015). Urban air quality and human health
effects in Selangor, Malaysia. Procedia - Social and Behavioral Sciences, 170,
282-291.

© 2020 by MIP 298



PLANNING MALAYSIA
Journal of the Malaysia Institute of Planners (2020)

Mustafa, M., Kader, S. Z. A. K., & Sufian, A. (2012). Coping with climate change through
air pollution control: some legal initiatives from Malaysia. 2012 International
Conference on Environment, Energy and Biotechnology, 33, 101-105.

Pifia, W. H. A., & Martinez, C. I. P. (2014). Urban material flow analysis: An approach
for Bogota, Colombia. Ecological Indicators, 42, 32—42.

Pincetl, S., Bunje, P., & Holmes, T. (2012). Landscape and urban planning an expanded
urban metabolism method: toward a systems approach for assessing urban energy
processes and causes. Landscape and Urban Planning, 107(3), 193-202.

Shafie, F. A., Omar, D., Karuppannan, S., & Ismail, N. (2016). Urban-scale material flow
analysis: Malaysian cities case study. International Journal of Environment and
Sustainability, 5(2).

Shamsuddin, S., Minhans, A., & Puan, C. O. (2014). Geenhouse gas emission reduction
measures in transportation sector of Malaysia. Jurnal Teknologi (Sciences &
Engineering), 4, 1-8.

Ueyama, M., & Ando, T. (2016). Diurnal, weekly, seasonal, and spatial variabilities in
carbon dioxide flux in different urban landscapes in Sakai, Japan. Atmospheric
Chemistry and Physics, 16(22), 14727-14740.

Zhang, Y. (2013). Urban metabolism: A review of research methodologies.
Environmental Pollution, 178, 463-473.

Received: January 2020. Accepted: 28" May 2020

299 © 2020 by MIP



