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ABSTRACT

United Nations Framework Convention on Climate Change (UNFCCC)
defines the meaning of climate change as “a change of climate which is attributed
directly or indirectly to human activity that alters the composition of the global
atmosphere and which is in addition to natural climate variability observed over
comparable time periods™. Accumulation of “greenhouse gases (GHGs)” in the
atmosphere causes the increase of global temperatures. GHGs, such as carbon dioxide
(COy) and methane (CH,), act as a trap holding heat closer to the Earth and not
allowing it to radiate away. Transport sector is a large contributor of GHG emission
as a result of fossil fuel-burning. GHG emission has risen to 7.5 billion tones in 2015
which represented 23% of CO, emission globally from fuel burning or approximately
18% of all CO, emission. An organization has vision of increasing more and more
activities of production and sale but desire to maintain the same emission as today.
This study focuses on collecting and analyzing data of transportation during import
activities of a retail company, which sells sports equipment and goods. Energy-Based
approach amd Activity-Based approach are used in this study to calculate the amount

of CO, emission.



ACKNOWLEDGEMENT

I would like to extend thanks to the several people, who supported and
contributed to make this thesis completed.

Special mention goes to my thesis advisor Asst. Prof. Dr. Ronnachai
Tiyarattanachai of International College at King Mongkut’s Institute of Technology
Ladkrabang, I would like to express my sincere gratitude for his patience, motivation,
and guidance which helped me from the beginning to the end of my study.

Similar, profound gratitude goes to all professors for support and guidance to
me throughout my two years of study. 1 am also hugely appreciative to all my
classmates, friends, and colleagues who have always been there to support and
motivate me.

Finally, but by no means least, thanks go to my family for unbelievable
support throughout my years of study. This accomplishment would not have been

possible without them.

II



TABLE OF CONTENTS

Chapter Page
T I — I
ACKNOWLEDGEMENT ..ottt ettt 11
TABLEOF COM TN TS o imimnimmmiis isrisnmmsmssoss i s s 111
LIST OF TABLESB v msosvsusnvusmsmmsimssssessss s i i s st a s Vv
LIST OF BIGLIRES. .......coocmueenssmsosnesssnsnenssssrarensnsssvaesssmemmrsssonsmasramasssasssssnssssmsssnn VI
LIST OF ACRON Y M S ... ot ot G #4444 s sesessesnessonsrasasnsnsansbns VII
CHAPTER 1 PPTRODUC RN ML/ L imarerrnssONg oo sesessssonssnsassanssosessase 1
1.1 Researgll Backgroynd... £ . 8.0 Sy Qe fommmmrsenee s NN oe s esenesssrsessssesans 1
1.2 Probffafin Statergegia.”. J¥.. S OB me L N dpaagnsisssvisss N Rpssisncusesssntsvess 4
1.3 Oljigctives gfthesitndwd o €. /L. QK. VL Dgny. mmn Vo A e, -
IR 1 TN DN s ——— N A VANAASRY I ————— 1 Gy | S 5
CHAPTER 2 LR RFOREAIEION, . o st ety e et el e 6
2.1 Climat©CHange aTeantouse GASES olli... o b rerree e fefleeeenenesseesnens 6
2.2 EmisgNnJduseddsy TIRESPOItafioE. ... /A3 @ £ -5 esivrespormafolorsssssessssssines 11
2.3 Carbon RORPIIDE ...cove oo rrrrtlachpe 2 g Toadirilecceereees NS ol cvcvvaenrasseserassnns 13
2.4 Methods of CONQalttlBion of Emissiont .G . ..ccoovvinrreerinrnssroranseses 15
24.1 by For g el B e T T ey s o 15
24.2 Activity-Based Approach .........ccccevivivnninnricreneseseeceneecens 17
243 Emission Factors for the Different Transport Modes..................... 18

2.5 GHG Reduction for Transport and Logistics Industry.............cccevvevevericvennnnene. 25
CHAPTER 3 RESEARCH METHODOLOGY .....cccoooiniiniiiieieiieiec e 27
3.1 Company Backgroung ... uommrammams o mmmms s s o s 27
3.2 Data CollECtiON. ......oueuiirerireicieieieies ettt 27

I11



TABLE OF CONTENTS

(Continue)

Chapter Page
3.3 Selecting Methods of Calculation .........c.cccevuerieeriinienicinireisieereeer e seseseeees 28
3.3:1 Choices of Emission Factors .........ccovveeiveeiieicieeceee, 29
CHAPTER 4 RESULTS AND DISCUSSION iousmnsimmsinmmmsismasmsmasns 34
CHAPTER 5 CONCLUSIONS AND RECOMMENDATIONS ..........cccc... 42
] TN TN coiisinonsiniinienrmmion SR s s S A SNSRI 42
32 RecomnmendaliGRdl . ... ..o NG sshisiisisss sssns i ssmian 45
REFERENCES ff...... oo o it sssmnseneed G oo sv0ssssansresnensasin 46
APPENDIXAL....... oo oM DI Z L oS MU I vrmmaagseers N Ny soesnerenessenaes 49
APPENDRY B (... gosq - W7/ 400\ BN ot M- NN e 50
AUTHORIBIOGRY PRSesmst. Nis LY. S - K e/ Fommmmnl - oo onmt e R evevnennens 60

8%



LIST OF TABLES

Table Page
Table 2.1 Well-to-wheel fuel emission conversion factors ............cccceeeevevirverieennnnnn. 16
Table 2.2 Carbon emission factors for 40-44 tonne trucks, ........coovvevveevereevieeereeeeenn. 19
Table 2.3 Published emission factors for rail freight (g CO,/ tonne-km)..................... 20
Table 2.4 Published emission factors for maritime transport ............cceceeveeverververereenens 20
Table 2.5 Estimates of CO; emission factors for cargo ships.........cccccocevivniiiiiininnnns 21
Table 2.6 Composite emission factors for intermodal combinations .......................... 2
Table 2.7 Emission factors for air freight transport....... oo iveeeeveeeceeicciececc e 23
Table 2.8 Recommended average emission faCtorS...........c...ocveiiueiieeeneceeeeecveeeens 23
Table 2.9 Examples of carbon reduction targets for logistical activities..................... 25
Table 3.1 Estimate of CO, emission factors for cargo ships ......c...icve i, 30
Table 3.2 Data collection of vessel used by COMPANY ....ccccvvivieeetiieeiiiee e 31
Table 3.8 Bytimated Histabeedifront/ROBMGRODNNG.. LLLLLLELH 3 e o B h............. 32
Table 3.4 Recommended average emission factors for road and rail transport........... 33
Table 3.5 Average emission factors for transport to final destination......................... 33

Table 4.1 Calculation of CO2 emission of international transport (per container) .....34

Table 4.2 CO, emission of international transport per origin........co.ocoevveeeeeeeeveecenenns 35
Table 4.3 Calculation of CO; emission of inland transport, rail (per container)......... 37
Table 4.4 CO, emission of inland transport (rail) per origin ..........ccceeevrvvevvrreeeervennnn. 37
Table 4.5 Calculation of CO, emission of inland transport, road (per container) ....... 40
Table 4.6 CO, emission of inland transport (road to final destination)....................... 40



LIST OF FIGURES

Figure Page
Figure 1.1 Global average temperature...........cccoeevvereeerireeriieeieececeee e 1
Figure 1.2 CO; emission OECD (top) and non-OECD countries (bottom)................... 2
Figure 2.1 Global land-ocean temperature index, 1880-2017 ......c.ccoovveiveevereeeerrrnnn, 6
Figure 2.2 Atmospheric CO; emission 1850-2010.........c.coeeeeeerieieeeeeeeies e 7
Figure 2.3 Global GHG emission by economic sector, 2010 ..........ccccoovrveverreereienenenes 8
Figure 2.4 World energy consumption by region, 2010-2040............cccccvivurcveceeeennne.. 8
Figure 2.5 Radiative forcing and the greenhouse gas effect v.............ocoovvvvvevvceecnnnn, 9
Figure 2.6 Direct GHG emission of the transport S€etor .............oevvreveeeeeieeceererennene 1)
Figure 2.7 Road CO, emission freight, non-freight in 2005 ..c...........cccieeveveeeveennne. 12
Figure 2.§fiageaypf shbhe Butsomree/ L0 \ w0 poet - M AN e 14
Figure 2.9 Range of CO; emission in different transport mode...........cccocoocivveveeeennnn.. 24
Figure 2.10 Range of CO; emission included air freight..........c....ooo i 24
Figure 3.1 Five steps procedure to measure and report carbon emission .................... 28
Figure 3.2 Calculation methods for all import aCtivities .........c..ccoceevereieeieereeeeienean, 28
Figure 4.1 Calculation format for international tranSport ...t eiiueceeeeeeeenne 34
Figure 4.2 Relationship of CO; emission & container (international transport) ......... 35
Figure 4.3 Relationship of CO, emission & distance (international transport) ........... 36
Figure 4.4 Calculation format for inland tranSport .............cccceeveeeeiieiieeiceecseeee s 36
Figure 4.5 Relationship of CO; emission & container (inland tranport) ..................... 38
Figure 4.6 Relationship of CO; emission & distance (inland tranport)...................... 38
Figure 4.7 Calculation format of inland transport (road to final destination).............. 32

Figure 4.8 Relationship of CO, emission & container (road to final destination)......41
Figure 4.9 Tatal tonme CO; entlssion & total volume s 41

Figure 4.10 Average CO, emission per TEU per origin .........c.cccevvveveieieniiiereeenne, 41

¥



CEU
CDP
CO2eq
DWT
GHGs

OECD

LIST OF ACRONYMS

Car-equivalent units

Carbon Disclosure Project Greenhouse Gases
Carbon dioxide equivalent

Deadweight

Greenhouse gases

Organization for Economic Co-operation and Development

VII



CHAPTER 1

INTRODUCTION

1.1 Research Background

United Nations Framework Convention on Climate Change states the meaning
of climate change as “a change of climate which is attributed directly or indirectly to
human activity that alters the composition of the global atmosphere and which is in
addition to natural climate variability observed over comparable time periods”
(UNFCC, 1992). An accumulation of “‘greenhouse gases (GHG)” in the atmosphere
causes increase in global temperatures. Greenhouse gases, such as carbon dioxide
(COy) and methane (CHgq), act as a trap holding heat closer to the Earth and not
allowing it to radiate away. The average of global temperature has been increasing for
the past 150 years (Figure 1.1). After decades of research and hundreds of studies, an
overwhelming majority of scientists have come to believe that human activities,
especially the burning of fossil fuels such as coal, oil and gas are a major cause of this

trend toward higher temperatures (Public Agenda, 2007).
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Figure 1.1 Global average temperature

Source: Public Agenda. (2007). Facing the Challenges of Climate Change. Retrieved February 2018,
from https://www.publicagenda.org/files/globalwarming_guide.pdf



Transport sector is a large contributor of GHG emission as a result of fossil

fuel-burning. GHG emission has risen to 7.5 billion tones in 2015 which represented

23% of CO, emission globally from fuel burning or approximately 18% of all CO,

emission.Figure 1.2 below shows the emission from transport sector compared to

other sectors between Organization for Economic Co-operation and Development

(OECD) countries and non-OECD countries (OECD/ITF, 2017)
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Figure 1.2 CO; emission OECD (top) and non-OECD countries (bottom)

Source: IEA (2016), CO; Emission from Fuel Combustion Statistics (database),
http://dx.doi.org/10.1787/data-00430-en

International Transport Forum stated that the volume of emission is 60%

higher than it was in 1990, and these emissiosn are overall growing more quickly than

other sectors, especially in OECD countries.



International Transport Forum mentioned that not only developed economies
are facing difficulty in decarbonising their transport sector, but also the projected
economic development of some countries. This situation demonstrates the magnitude
of the challenge ahead globally. While the Paris Agreement does not refer transport
clearly, however the topic of transportation has often been discussed and mentioned
by several heads of state at the official and in several events. The necessity of
decarbonising transport also appears in the Nationally Determined Contributions
(NDCs), which frequently mention transport policies or the role of fuel-efficient
technologies and alternative fuels. Some NDCs even mention specific targets for the
transport sector. Thus, all countries must combine a wide range of policies including
law and regulation, technology research in order to accomplish on climate target
(OECD/TYH 2017)),

Generally the reports of carbon targets are often declared publicly for the
purpose of Corporate Social Responsibility (CSR) and marketing reasons which are
quite the opposite of many other targets that are essentially for internal consumption.
In fact, carbon emission targets can be used as a form of ‘competitive greenery’. In
other words, the companies use their environmental eredentials as a differentiator and
try to outbid each other in terms of their future environmental performance. DHL,
known as Amecan logistics and supply chain company, is one of the companies that
use environment policies as part of strategies to compete with its competitors. DHL
mostly uses subcontracts of approximately 80% of its transport. The company initially
targeted to reduce CO; by 10% for its ‘own transport’ during 2007 to 2012, and by
2020 aims to reduce emission both in-house and contracted operations by 30%

(McKinnon & Piecyk, 2014).



It is common for targets to be confined to the freight transport operation. This
is understandable as it accounts for approximately 90% of all logistics related
emission and government climate change policies tend to treat transport as a separate
activity (World Economic Forum, 2009). Setting a target for cutting logistics-related
GHG emission is a new experience for most companies. McKinnon & MI Piecyk
advised that companies should make an effort to set carbon reduction targets for their

logistics operations.

1.2 Problem Statement

An organization has vision of increasing more and more activities of
production and sale but desire to maintain the same emission as today. As mentioned
earlier that CO, emission from transport and logistics industries are large contributors
of emission which is approximately 18% of all CO; emission and also growing more
quickly than other sectors. Currently total CO, emission, especially in transportation
activities of an organization is not achieving as planned since the more activities, the
more emission will be generated. In order to be able to follow up and instruct
planning of reduction, the calculation must be performed on regular basis at first

place.

1.3  Objectives of the Study
The objective of this research is to have a clear picture of current situation of
amount CO; emitted from transport activities in one year to be the baseline in order to
find solution to reduce emission in the future by:

- Collecting data to measure total CO, Emission.



- Identifying major causes of CO, Emission and providing advice for

reduction.

1.4  Scope of the Study
This study focuses on collecting and analyzing data of transportation during
import activities of a retail company, which sells sports equipment and goods. Data
were collected from January to December 2018, which include international transport
activities from origin ports in several countries such as China, Vietnam, Taiwan,
Myanmar, Malaysia and Sri Lanka to port of destination. Local transport activities by
truck from port of discharge to warehouse, which is located in Samut Prakan

province, are also included.



CHAPTER 2

LITERATURE REVIEW

The theoretical framework of this paper will be provided in this chapter and
includes climate change and greenhouse gases. Also, emission from transportation of
sea, air, rail and road will be discussed. Furthermore, the focus will be about carbon
footprint and tools to calculate emission which is caused by transportation. GHG
reduction for transport and logistic industries will be included at the end of this

chapter.

2.1 Climate Change and Greenhouse Gases
The average global temperature has been increasing in the past 150 years.
Based on researches and studies, it is believed that human activities, especially the
burning of fossil fuels are a major cause of this trend towards higher temperatures
(Public Agenda, 2007). Henderson and Rebecca M. also claimed in the studies of
"Climate Change in 2018: Implications for Business" that world’s temparature has

been rising since the industrial Revoluion (Henderson, 2018).
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Figure 2.1 Global land-ocean temperature index, 1880-2017

Source: NASA's Goddard Institute for Space Studies (GISS).”Global Temperature”, NASA website,
https://climate.nasa.gov/vital-signs/global-temperature/, accessed July 2018.



Figure 2.1 shows the risen of global temparature by 0.9 C° from the years
between 1880 to 2017. World has reached the warmest year in 2016 since record
keeping began. There is broad consensus among scientists community that this
warming has been largely driven by increase of GHGs in atmosphere which is
particularly caused by carbon dioxide (CO,), methane (CHy), and nitrous oxide (N»O).
It is common that emission of GHGs are measureed in equivalent units of CO,
emission, or CO; eq, by indexting the 100-year global warming potential of each gas
to that of CO,. GHG emission has been growing since the Industrial Revolution,
same as the rise in temparature and it was 60% higher in 2010 than it was in 1990
(Figure 2.2). Atmospheric CO,eq concentration has increased from approximately

290 ppm to 430 ppm since 1990.
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Figure 2.2 Atmospheric CO, emission 1850-2010

Source: Climate Change 2014 Synthesis Report Summary for Policymakers

Major sources which cause GHG emission are the acitivities of fossil fuel
burning, especially coal, oil and gas, which are the consequences of clearing forest for
agricultural and/ or other purposes. Precisely, comsumption of fossil fuel for heat and
electricity production generates approximately 25% of total GHG emission while
agriculture, forestry, and other land uses (“AFOLU”) cause 24% of total GHG

emission (Figure2.3).



Greenhouse gas emissions by economic sectors
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Figure 2.3 Global GHG emission by economic sector, 2010

Source: "Climate Change 2014 Synthesis Report Summary for Policymakers
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Figure 2.4 World energy consumption by region, 2010-2040

Source: "Climate Change in 2018: Implications for Business." Harvard Business School Background
Note 317-032, October 2016. (Revised January 2018)

For other economic sectors such as industry, transport, other energy and
building generate 21%,14%, 10% and 6% respectively (Ipcc, 2014). The increase of

GHG Emission occurs widely across countries including developed and developing



countries, and it is predicted to increase continually as refered to in Figure 2.4 that

energy consumption is growing from year to year (Henderson, 2018).

In Figure 2.5, Henderson Rebecca explained that “More of atmospheric GHGs
will raise up temparature by increasing radiative forcing, or the amount of energy
arriving on Earth's surface higher GHG concentrations increase the amount of
radiation caught by the atmosphere and redirected back toward the surface. The
difference between the rate at which energy arrives on the Earth's surface and the rate
at which radites back is the net heating, with this heat accumulating at and below the
surface of Earth's oceans, land, and ice. Currently, the Earth retains approximatly 816
terawatts of excess heat per year, or more than 50 times the world's entire energy

consumption.” (Henderson, 2018).

The Greenhouse Effect

Some solar rzdiation
is reflected by the Some of the infrared radiaton
Earth and the passes through the atmosphere
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- in all directions by greenhouse
gas molecules. The effect of this
is to warm the Earth’s surface
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Figure 2.5 Radiative forcing and the greenhouse gas effect

Source: "Climate Change in 2018: Implications for Business." Harvard Business School Background
Note 317-032, October 2016. (Revised January 2018)

Evidence of this retained heat leads to global warming and it is clearly visible
in observations such as rising surface temparature, warming oceans, and melting ice.

It can also be summarized as:



A. Global Warming: Rise in temperature induces many other changes such as
cloud cover and wind patterns. Some of these changes may also act to enhance the
warming in positive feedbacks and at the same time it may counteracts in negative
way. In assessment report of "Intergovernmental Panel on Climate Change", by using
complex climate models, it is forecasted that temperature will rise by 1.4 ¢® to 5.8 ¢°
in 2100.

B. Sea Level Rise: Due to two different reasons, firstly, the thermal expansion
of seawater and secondly, melting of glaciers and ice sheets of Greenland and
Antarctica would also increase the amount of water in the ocean. In 2100, it is
expected that the Earth's average sea level will rise from 0.09 to 0.88 meters.

C. Potential Impact on human life:

1) Economic Impact: More than half of human population lives within 100
kilometers of the sea. A rise of sea level will impact on economic from low lying
coastal areas and islands, for examples, increasing the beach erosion rates along
coastlines, rising sea level displacing fresh groundwater for a substantial distance
inland.

2) Agricultural Impact: Research has shown that with higher concentrations of
CO,, plants and forest can grow faster. Though, the effect of global warming may
affect the atmospheric general circulation and thus altering the global precipitation
pattern as well as changing the soil moisture contents over various continents.

3) Effects on Aquatic systems: Fish population could reduce once loss of
coastal wetlands, especially shellfish. Increasing of salinity in estuaries could also
reduce the abundance of freshwater species but could increase the presence of marine

species. However, the full impact on marine species is still unknown.
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4) Effects on Hydrological Cycle: Higher temperatures would probably
increase evaporation on earth. These changes would perhaps create new stresses for

many water management systems (Ranveer, Latake, & Pawar, 2015).

2.2 Emission Caused by Transportation
According to latest estimation by the International Energy Agency (IEA),
transport sector contributed approximately 23% of the total CO: emission globally.
Direct emission from combustion fuels in- transpert sector from year 1971 to 2006

represents a rapid growing in share of total global emission (Schipper, 2009).
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Figure 2.6 Direct GHG emission of the transport sector

Source: Schipper, L (2009). Transport and Carbon Dioxide Emission: Forecasts, Options Analysis, and
Evaluation. Retrieved from Asian Development Bank: http://hdl.handle.net/11540/1402

Road transport is a major share of emission globally. It increased at a faster
rate than any other sectors and have reached 7.0 Gt COeq in 2010 with

approximately 80% compared to other sectors (see Figure 2.6) (Sims & Lah, 2014).
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Specifically, road transport is accounted for more than two thirds of the CO:2 emission,
while shipping accounts for 14% and aviation 11%. The difference in emission between
passenger transport and freight transport is not always taken into account. It can be
estimated for road transport by using fleet composition, fuel consumption and carbon
intensity data from different countries. Figure 2.7 shows that freight transport accounts

for 30%-40% of the road sector emission (Oster, 2011)
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Figure 2.7 Road CO; emission freight, non-freight in 2005

Source: International Transport Forum, 2009

A growing transportation activity leads to increasing emission from transport,
hence to reach a sustainable future, the increase must slow down and ultimately be
reversed (Oster, 2011). Global transport industry, such as manufacturers of vehicles
and transport service providers, undertakes research and development activities to
become more carbon and energy efficient. In spite of lacking of progress currently,
reducing GHG emission could arise from new technologies, policies, and behavioral

change. (Sims & Lah, 2014).
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2.3  Carbon Footprint

The concept of sustainability has received great interest in recent years and
many companies have adopted the term in their vision and core values. Activities such
as reducing packaging, using more fuel efficient transportation or requiring suppliers
and forwarders to adopt environmental and social programs can at the same time
reduce costs, reduce the environmental impact and improve corporate social
reputation (Oster, 2011).

Managing the carbon footprint of products within the supply chain is the next
step for individual companies to put in the effort in order to reduce carbon emission
and mitigate climate change in order to achieve sustainabilities. Since the world has
moved to a more carbon-constrained, businesses will have to maintain customers’
needs but generate fewer carbon emission. All processes in manufacturing businesses
cause emission, both production of goods and services provided to the customer. The
complexity of the carbon footprint lay in the different dimensions and factors which
influence the carbon footprint of a product, service, and supply chain or in a broader
perspective of a nation or even to find a global carbon footprint.

The concept of carbon footprint described by Hertwich and Peters is as
follows: “The concept of a carbon footprint captures the interest of businesses,
consumers, and policy makers alike. Investors watch the carbon footprint of their
portfolios as an indicator of investment risks. Purchasing managers are curious about
the carbon footprint of their supply chains, and consumers are increasingly offered
carbon-labeled products”.

On a business level it is difficult to identify all originators, in a production or
supply chain for example: a transportation vehicle needed to be produced, the factory

where the vehicle is produced has to be built as well as the machine assembling the

13



vehicle and the track or the road the vehicle is moving must be constructed and so on.
All of these processes are causing CO2 emission in both direct and indirect way and it
has to be considered. Consequently, to find the carbon footprint of a product or
service might be more difficult than it seems (Carbon Trust, 2006).

Carbon footprint can be categorised into three main types of GHG scopes, as

presented as Figure 2.8:

Scope 2 Scope 1
INDIRECT DIRECT
s X 238
KO b \ 0=
e.\\ \
== Scope3 Scope 3

INDIRECT

|

INDIRECY

Upstream activites Reporting company Downstream activites

Figure 2.8 Diagram of scope by source

Source: GHG Protoco, 2001

e SCOPE I- Emission from burning of fossil fuels (for heating, gas boilers for hot
water, or fuel for vehicles), including fugitive emission such as refrigerant
leakages from air conditioning plant and equipment.

e SCOPE 2- These are the indirect emission (upstream) from importing electricity,
heating and lighting systems.

e SCOPE 3- Emission from activities such as waste generation, staff commuting,
paper use, accommodation, food, , etc. The boundary of this scope generally only

includes what the business can quantify and influence (Favacho, 2016).
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To include environmental aspects into a company’s demand forecast and to
measure and control the carbon footprint across the supply chain is indeed
challenging. To calculate the carbon footprint, mostly a life cycle assessment or an
input-output analysis is used. This paper will focus on calculating scope 1 GHG
emission caused by transportation of goods, and will be mentioned further in next

section.

2.4 Methods of CO; Calculation of Emission
The calculation of CO, emission can be basically based on several different
approaches, but most common for all kind of transport modes are: one based on
energy consumption and the other on level of transport activity (McKinnon & Piecyk,
2010). The aim of these two methods is not to calculate the total carbon footprint of
freight transport operations but only emission from the fuel which is burned from

engine of the transport vehicle itself (DEFRA, 2010).

24.1 Energy-Based Approach

The most accurate and simplest way to calculate CO,, especially for carrier or
transport companies, is to record energy (or fuel) use and employ standard emission
factors to convert energy (or fuel) values into CO, emission. The unit of energy will
be litres for road and sea transport, and kilowatt hours for electrified rail and pipeline
(McKinnon & Piecyk , 2010).

Since carrier and transport companies are able to access data of fuel
consumption, therefore they are more encouraged to collect such data in order to use
this approach. Every liter of fuel consumed will result into a certain amount of CO,

emission with method of activity-based by using the following formula:
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CO; emission = fuel consumption x fuel emission conversion factor

[Tonnes CO -emission = liters x kg CO; per liter fuel / 1,000]

It is important for companies to use the accurate emission conversion factor as
shown in Table 2.1 below for the different types of energy or fuel being consumed

(Cefic-ECTA, 2011).

Table 2.1 Well-to-wheel fuel emission conversion factors

Fuel type Kg CO, /liter Kg CO; /kg
Motor Gasoline 2.8
Diesel Oil S )
Gas Oil 2.9
Liquefied Petroleum Gas (LPG) 1.9
Bio gasoline 1.8
Biodiesel 1.9
Compressed Natural Gas (LPG) 3.3
Jet Kerosene 85
Residual Fuel Oil B85

Source: Cefic-ECTA. (2011). Guidelines for measuring and managing CO; emission from transport
operations. Brussels: Cefic-ECTA.

The Table 2.1 shows that Biofuels have lower emission factors than fossil
fuels such as diesel and gas oil by approximately 50%. It is compulsory by Law in
some countries, such as Germany, to use a percentage of Biofuels with fossil fuels. So
once fuel is a blend of conventional fuel and Biofuels, the value of the conversion
factor shall be calculated by share of weighted of each component in the blend.

As most transport operations may use outsourced or subcontracted companies.
If access to subcontractor’s fuel consumption data is unavailable, therefore a
calculation using the activity based approach would be more preferable (Cefic-ECTA,

2011).
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2.4.2  Activity-Based Approach

There is a possible way to roughly estimate CO, emission for transport
operations if energy consumption data is not available and it is by applying an

activity-based calculation method with following formula (Cefic-ECTA, 2011):

CO; emission = Transport volume by transport mode x average transport distance by
transport mode x average CO, -emission factor per tonne-km by transport mode

[Tonnes CO; emission = tonnes X km x g CO; per tonne-km / 1,000,000]

Data of tonnes of transport volumes can be aceessible from company’s record
or EPR systems while software such as MapPoint and Autoroute can provide data
estimates of average distance of customer locations for road transport. The same as
EcoTransit online which is a tool used to obtain distance data for rail and water
transport. In the case of intermodal transport, route and the distance split between
different transport modes are unknown, thus carriers are required to provide this
information, though the EcoTransit tool provides approximate routing and distance
data for intermodal flows specified by the user (McKinnon & Piecyk, 2010).

The choice of CO, emission factors for each transport mode is one constraint
to resolve in applying the activity-based approach. These are generally expressed as
grammes of CO; per tonne-km. In 2010, Mckinnon mentioned that “It is necessary to
rely, therefore, on the numerous studies that have been undertaken in Europe over the
past decade to estimate emission factors for the general movement of freight by
different modes”. Consequently, it is significant to select the most appropriate
emission factor values for each transport mode which will be discussed in following

section.
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2.43  Emission Factors for the Different Transport Modes

Actual transport activities is the starting point of activity-based approach
where normally the calculation is based on the set of data such as weight of goods
transported, length of haul and transport mode (Oster, 2011). It could be a more
accurate approach if include others factors, for example (Cefic-ECTA, 2011):

- The load factor (payload) i.e. the capacity of each transport unit;

- The share of empty space within transport;

- The energy efficiency of the vehicle, train or vessel. This may depends on
many others factors such as engine design, characteristics of the vehicle, driving
behavior, average speed used, traffic, road infrastructure, etc;

To obtain an accurate estimate of the emission when using an activity based
approach, factors such as loading factor and transport routes must be known. The
following section identifies the assumptions made by McKinnon in determining the
average COrz-emission factor values for each mode of transport. By identifying the
rationale behind these average values, individual companies are recommended to
select the most appropriate values for better reflect their individual company situation
or company to take into account the reduction effect as a result of specific company
measures such as increasing payload, reducing the portion of empty running (Cefic-
ECTA, 2011).

A. Road

The average CO:-emission factor for road transport operations is 62g
COx/tonne-km which is based on an average load factor of 80% of the maximum
vehicle payload and 25% of empty running truck. It is recommended to individual to

use emission factors that better reflect the specific characteristics of their supply
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chains, products and customer base, by taking into account different payloads and

levels of empty running (see Table 2.2 below) (Cefic-ECTA, 2011).

Table 2.2 Carbon emission factors for 40-44 tonne trucks,

load
tonnes

% of truck-kms run empty

20% 25% 30% 35% 40% 45% 50%
10 847 888 985 1044 1111 118.8 127.8 1384 151.1
I 748 782 819 861 90.8 961 1021 1091 1173 1270 1386
12 69.7 728 762 80.0 843 892 947 1011 1086 1175 1281
RS 654 682 714 749 789 834 885 944 1013 1095 1193
14 617 644 673 706 742 784 832 887 951 1027 111.8

15 6 6104638668 703w.742 786 817 897 968 1053

16 g 582 607 636 668 705, 746 795 851 917 997

17 535 557 581\ \60/8 /638 672 712787 BL0 872 947

18 514535 558 583/ /612 644 681 724 774 833 904

19 mﬁﬁ\ss’l//éjsf@—m 695 A2 798 865

20 480 498 - 518 542 568 -597 630 669 714 .767 830

166,483 1503 /523 \5a8's57 09 G5 688\ 79 00

453 -47.0-°488° 509 | 53.3 559 590  62/5-.665 14 772

355 e | 65) 1o 543\ ook a5 i, 147

A2 447 464 4830505 529 557 589 6270671 72.4

ol 570864 s 3] 517543181 \vo Cesd |

26 A1.50 429 445463 483 505 (5311) (560 595 636 685

2] az2 /437 a4 473\ w95 520548, (381 62 [ees

28 402 M5 430 446 465 486 510 537 569 607 653

Source: McKinnon, A.C., Piecyk, M., 2010. Measuring and managing CO, emission of European
chemical transport. Cefic, Brussels.

15%
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23
24

B. Rail

Emission factors of railfreight fall into the range between 7.3 to 23 g CO,
/tonne-km, though most estimates lie within the range 15-23 (Table 2.3). These
averages are influenced mainly by four factors (McKinnon & Piecyk , 2010):
= The split between diesel and electric haulag
= The carbon intensity of the electrical power source
The energy efficiency of the locomotive

Assumptions about train load factors.
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The emission factors can vary between countries depending on the carbon
intensity of their electrical power and the split between electricity and diesel
locomotives, making it difficult to establish a representative emission factor for the
whole of Europe(Cefic-ECTA, 2011). The average of emission factor for railfrieght is

22 g CO;, / tonne-km.

Table 2.3 Published emission factors for rail freight (g CO,/ tonne-km)

organisation all rail freight diesel-hauled electric-hauled
ADEME 3 55 1.8
NTM /7'1'5‘\”“‘ RN 14
AEA Technology
DEFRA // Q’\\\\\ ///// (/ \\
INFRAS
TRW —E-P @!i//&\\% (*\ g \\
26.3

- A pAcy IO ETYN AN

d(lnnonlEWS 188

Source: McKinnon, A.C., Piecyk, M., 2010. Measuring and managing CO, emission of European
chemical transport. Cefic, Brussels.

C. Maritime

Table 2.4 Published emission factors for maritime transport

gCO;/tonne-km Source
Bulk ship
Small tanker (844 tonnes) ; 20 DEFRA
Large tanker (18371 tONNeS) o ™ 5 DEFRA
Small (solid) bulk vessel (1720 tonnes) 11 DEFRA
Large (solid) bulk vessel (14201 tonnes) 7 DEFRA
Container vessels
Small container vessel (2500 tonnes) 135 DEFRA
Larger container vessel (20000 tonnes) 115 DEFRA
Average deep-sea container vessel 84 BSR/Clean Cargo
(assuming mean 11 tonne load per TEU)
Deep-sea tanker (120,000 tonnes) 5 NTM
All Maritime 14 TRENDS

Source: McKinnon, A.C., Piecyk, M., 2010. Measuring and managing CO, emission of European
chemical transport. Cefic, Brussels.



Table 2.4 below, compiled by McKinnnon, gives an overview of published
emission factor values for different types of maritime vessels. For the average of
deep-sea shipping is 8.4 g COy/tonne-km, for container shipping (based on a study
carried out by Clean Cargo / BSR using a sample of nine deep-sea container shipping
lines, making no allowance for the repositioning of empty containers) and deep-sea
tanker operations is recommended to have an average emission factor of 5 gCO, /
tonne-km. While for short-sea shipping, it is advised having an average emission
factor of 16.0 g CO,/ tonne-km (Cefic-ECTA, 2011). In additional, more
differentiated information in respect of CO, emission factors associated with maritime
shipping has been identified by IMO which has published emission factors for

different categories of ships as shown in Table 2.5 (Cefic-ECTA, 2011).

Table 2.5 Estimates of CO, emission factors for cargo ships

Type of ship Size Emission factor
(gCO; / tonne-km

Products tanker 60,000 + dwt 5.7
Products tanker 20,000-59,999 dwt 10.3
Products tanker 10,000-19,999 dwt 18.7
Products tanker 5,000-9,999 dwt 292
Products tanker 0-4,999 dwt 450
Chemical tanker 20,000 + dwt 84
Chemical tanker 10,000-19,999 dwt 10.8
Chemical tanker 5,000-9,999 dwt 15.1
Chemical tanker 0-4,999 dwt 222
LPG tanker 50,000+m?® 9.0
LPG tanker 0-49,999 m® 435
LNG tanker 200,000+m* 9.3
LNG tanker 0-199,999 m* 145
General cargo 10,000+dwt 19
General cargo 5,000-9,999 dwt 158
General cargo 0-4,999 dwt 13.9
General cargo 10,000 +dwt, 100 + TEU 11.0
General cargo 5,000-9,999 dwt, 100 + TEU 17.5
General cargo 0-4,999 dwt, 100 + TEU 198
Refrigerated cargo All 129
Container 8,000 + TEU 12.5
Container 5,000-7,999 TEU 16.6
Container 3,000-4,999 TEU 16.6
Container 2,000-2,999 TEU 200
Container 1,000-1,999 TEU 321
Container 0-999 TEU 36.3
Vehicle 4,000 + ceu 32.0
Vehicle 0-3,999 ceu 57.6
Ro-Ro 2,000 + Im 495
Ro-Ro 0-1,999 Im 60.3

Source: Second IMO GHG Study 2009

21




D. Intermodal

Once a set of emission factors has been determined for individual transport
modes, these values can be used to derive composite emission factors for intermodal
operations. These composite values need to be weighted by the relative distances
travelled for each of the modes in the course of the intermodal journey. Table 2.6
below shows a range of emission factors for different types of intermodal service with
the road share of the total distance travelled in a range of 5% to 20%. Until more data
is provided by intermodal operators, an average 10% of road feeder distance can be

assumed (Cefic-ECTA, 2011).

Table 2.6 Composite emission factors for intermodal combinations

intermodal combination Road distance as % of total
v 5% . 10%  15%  20%
road-rail N £ average railfreight 240 28.0 30.0
LB P ety aemge, \ (5 W‘Hﬁ# sl 276
electrified rail {.France)“ | Fe 100 12.‘8_‘ : ‘1 55 18.2
W2 Tileded damtaas | Tinas ] as
road-inland waterway 3286 34.1 35.7 37.2
oadshoieas " Clomteryiing) © W )b ) s ﬁﬁ 516
ro-ro ferry - rail 383 39.5 42.0
NN @, smallatkerton e (£ 10221 a2/ /263 284
large tanker (18371 tonnes) 79 10.7 13.6 16.4
NN el bulk vessel (1720 tonnes) - ﬂi% /j( TR aTy]

large bufk vessel (14201 tonnes 12.5 153 18.0

nallcontainer vessel 2500 tomes) 159 184 208 232
larger container vessel (20000 tonnes) 140 166 191 216
all short sea 83 e e e

Source: McKinnon, A.C., Piecyk, M., 2010. Measuring and managing CO, emission of European
chemical transport. Cefic, Brussels.

E. Airfreight
Emission factors for airfreight vary widely, reflecting differences in the length
of haul and nature of the operation (Table 2.7). Two sources, WRI / World Business

Council for Sustainable Distribution and NTM, have provided different emission
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factors for each distance range. As the mean length of haul for airfreight movements
of 7000 kms, an average of the two long haul emission factors is 602 g CO, / tonne-

km. (McKinnon & Piecyk , 2010)

Table 2.7 Emission factors for air freight transport

short haul medium haul long haul source
1580 800 570 WRI/WBCSD (2003)
1925 867 633 NTM (2005)

673 INFRAS/TRENDS (2004)

Source: McKinnon, A.C., Piecyk, M., 2010. Measuring and managing CO, emission of European
chemical transport. Cefic, Brussels.

Table 2.8 Recommended average emission factors

Transport mode gC02/tonne-km

Road transpon

Dee;»sea contamer

R Dﬁ?ﬁﬂi ta"tq p R
Airfreight

Source: McKinnon, A.C., Piecyk, M., 2010. Measuring and managing CO, emission of European
chemical transport. Cefic, Brussels.

McKinnon also proposed set of carbon emission factors which is summarized
in Table 2.8. These recommended emission factors are average values for the wide
range of transport activities. It can be used to estimate the total carbon footprint of
individual companies as default values. It could be preferable if companies are able to
derive emission factors for their specific transport operations, reflecting the

characteristics of their supply chains, products and customer base.
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International Maritime Organization has published and compared CO,
emission of ships, which have efficiency loaded, with other modes of transport in
Figure 2.9. This figure illustrates that gain in CO, efficiency can be achieved by
increasing multimodal transport. When considering figures of this kind, the effect of
cargo type should be considered. Heavy (bulk) cargos such as steel, coal, and oil can
be more efficiently transported than lighter cargos (e.g., manufactured goods) on
board ships, rail, or road; hence the potential for energy-efficient transport depends on
the type of goods being transported. Figure 2.10 shows the same comparison but also

includes air freight.

Crude |m
LNG
General Cargo ]
Resfer 1
Chemical - Il
Bulk ] I ..
Container .
LPG |
Product | nemsm
Ro-Ro/Vehicle EEFE
Rail PR WL LTRXAXNG
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g COxfton"km

Figure 2.9 Range of CO; emission in different transport mode

Source: Second IMO GHG Study 2009
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Figure 2.10 Range of CO, emission included air freight

Source: Second IMO GHG Study 2009
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2.5  GHG Reduction for Transport and Logistics Industry

The topics of environmental and awareness of carbon-related have increased
in society for the past two decades. Logistics industry, as a fossil fuel-related sector,
knew that it was a threat to existing business models which generated significant
impacts on markets, costs, and also led to institutional pressures through regulatory
policies. Consequently, logistics companies were voluntarily generating inventory
curtail and trade carbon emission. Furthermore, managers in these companies
interacted with each other within associations, conferences and climate negotiations,
leading to some convergence in their perceptions of climate-change issues and of their
interests. Apparently, these global industries: have become more important
institutional influences on corporate strategy than the home country environment
(Herold & Lee, 2017). As a result, logistic companies have taken action such as
setting target of carbon reduction. From Table 2.9, examples of carbon reduction
targets for logistical activities are shown. Some companies obviously define the
intensity metric in their company literature while some others companies have given a
range. Those that do employ a range of different metrics make it difficult to compare

the targets on a consistent basis (McKinnon & Piecyk, 2012)

Table 2.9 Examples of carbon reduction targets for logistical activities

Company Normalizer Time period Carbon
reduction
target (%)

Deutsche Post/DHL Every letter and parcel delivered, every tonne of cargo 2007-2020 30

transported and every square meter of warehouse space

DB Schenker Tonne-km 2006-2020 =20

UPs UPS Transportation Index 2010-2017 5

UPS Airlines - global Pounds of CO, emitted for every ton of capacity transported 2005-2020 20

on nautical mile

Fedex* (aircraft) Available ton-mile 2005-2020 20

TNT (mail and express)  Not specified: only refers to CO, efficiency 2007-2020 45

Maersk Line Not specified: only refers to CO, intensity 2007-2020 25

NYK Line Unit of transportation from vessels 2006-2013 10

Source: McKinnon, Piecyk (2012). Setting targets for reducing carbon emission from logistics: current
practice and guiding principles.
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As seen that Deutsche Post or DHL have targeted to reduce 30% by 2020.
Precisely, DHL is one of the largest international logistic company which is active
worldwide. DHL is encompassed with three different divisions: express, global
forwarding and Freight, as well as supply chain service. DHL has focused on CSR
and sustainability for the past decade and believes that sustainable and environmental-
friendly services will be able to contribute to long-term competitiveness improvement
and also to have a positive influence on new customers. Optimizing transport route,
using alternative drive system and energy-efficient warehouse are the most important
actions. Green products and services oriented to CO,, and GHG emission reduction,
according to a general logic of green optimization are also offered by DHL, such as:

- Promoting awareness campaign dedicated to the reduction of its fleet fuel
consumption, which is estimated to be more than one million liters a month;

- Testing a highly environmental-friendly trial vehicle, in partnership with
Renault Trucks and Grand Lyon, within FIDEUS (Freight Intelligent Delivery
of Goods in European Urban Spaces) European Research Program.

In logistics industry, green product and process innovations are even more
important because they contribute to give a good response to stakeholders’
environmental pressures. On the other hand, green managerial innovation may not
seem directly linked to environmental performance improvement, because the
integration of a sustainable approach into current business strategies is not so common

(Silvia , 2014).
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CHAPTER 3

RESEARCH METHODOLOGY

3.1 Company Background

This case study is about a French retail company which sells sports equipment
and goods. The first branch in Thailand was opened during the late 2015, but
nowadays there are ten stores. Seven stores are located within Bangkok area, one in
Pattaya, one in Chiang Mai and the newest one is in Phuket. The objective of this
company is to make sport accessible to as many people as possible, thus targeting
middle class market as the products offered are at competitive prices as compared to
other sport equipment companies. It offers sports equipment and clothing for more
than 50 different types of sport and has approximately 5000 exclusive products. In
2018, 6.1 million pieces were imported, which made up of approximately 95% of total
quantities purchased (from 7 different countries), valued at 630 millions Thai baht.
Whereas 5% of quantity purchased were from local suppliers (located in Thailand).
The company aims to increase quantity to purchase by up to 30% each year and

expects to reach 1.5 billions Thai baht in turnover by the end of 2019.

D Data Collection
This research follows a five steps procedure for the measurement and
reporting of carbon emission which is recommended by the UK Carbon Trust as
shown in Figure 3.1 below. Since the objectives of the study have been mentioned
already in chapter one, other steps of the study, such as selection of calculation

method, data collection of choice of emission factors and calculations are all
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presented in this chapter. Finally the analysis, result and reporting will be discussed in

the next chapter.

STEP 1

Settine nhiectives

STEP 2
Selecting calculation approach and defining boundaries

STEP 3
Data collection and choice of emission factors

STEP 4
Calculation

STEP 5
Veritication and reporting

Figure 3.1 Five steps procedure to measure and report carbon emission

33 Selecting Methods of Calculation
Calculation . methods of CO, emission which were. suggested by Alan
McKinnon in both Sections 2.4.1 and 2.4.2 are applied to this research in order to
calculate emission from fuel which are burned from the engine of transport vehicle for

all import activities within the scope of this study as shown in Figures 3.2 below.

Port of loading Port of discharge Inland port
(Or1gm) (Destmatlon) (ICD Lad krabang)
Port of dlscharge Inland port Warehouse in
(Destination) (ICD Lad krabang) Samutprakan
Act:vuty—based Energy-based
Approach / Approach /

Figure 3.2 Calculation methods for all import activities

Activity-based approach: a rough estimate of the carbon footprint of a transport

operation by applying a simple formula:

CO; emission = Transport volume by transport mode x average transport distance by
transport mode x average CO, -emission factor per tonne-km by transport mode

[Tonnes CO, emission = tonnes x km x g CO, per tonne-km / 1,000,000]
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This method will be applied to 2 different parts of import activities, firstly,
international transport from port of loading at origin to port of discharge at destination
or Laem Chabang port (“LCB”) which mainly uses sea freights (container vessels),
and another activity is the rail transportation of containers from port of discharge to
inland port which is located in Lad Krabang (“ICD LKB”).

Energy-based approach: Since this is a more accurate way to calculate of CO,
emission and the company also has the ability to access data of fuel consumption from
outsourced service provider, this method is applied to activity of transport from ICD

Lad Krabang to final destination or warehouse by using the following formula:

CO; emission = Fuel consumption x fuel emission conversion factor

[Tonnes COs-emission = liters per km x km x kg CO; per liter fuel / 1,000]

3.3.1 Choices of Emission Factors

In the process of establishing calculation, not only more additional
differentiated information in respect of CO; emission factors for each transport mode
is needed to be identified. but also other data such as distance, type of vessel etc must
be presented before calculation.

A. International Transport

International Maritime - Organization has  published emission factors for
various type of vessel (see Table 3.1). And referring to section 2.4.3, average CO,
emission for air freight is approximately 600g CO>/tonne-km. This allows us to apply
in part of international transportation from port to port for both mode of sea and air
freight.

Since only vessel name is available from company data, but not the capacity of
its vessel, such data will be collected from website Vessletracking.net and it can be

summarized by all vessel name and capacity which the company uses in order to
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transport goods from port of origin to port of destination as shown in Table 3.2. While
average distance from port to port which is collected from website sea-distances.org is

summarized in Table 3.3.

Table 3.1 Estimate of CO, emission factors for cargo ships

Emission Factor

Type g (& oF CO3ltonine-km)
Products tanker 60,000+ dwt Sk
Products tanker 20,000 - 59,999 dwt 10.3
Products tanker 10,000 - 19,999 dwt 18.7
Products tanker 5,000 - 9,999 dwt 29.2
Products tanker 0-4,999 dwt 45
Bulk carrier 200,000+ dwt 2.5
Bulk carrier 100,000 - 199,999 dwt 3
Bulk carrier 60,000 - 99,999 dwt 4.1
Bulk carrier 35,000 - 59,999 dwt *\
Bulk carrier 10,000 - 34.999 dwt +.9
Bulk carrier 0-9,999 dwt 29.2
General cargo 10,000+ dwt 11.9
General cargo 5.000 - 9,999 dwt 15.8
General cargo 0-4,999 dwt 158
General cargo 10,000+ dwt, 100+TEU 11
General cargo 5,000 - 9,999 dwt, 100+TEU K75
General cargo 0-4,999 dwt, 100+TEU 19.8
Refrigerated cargo All 12.9
Container 8,000+ TEU 12.5
Container 5,000 - 7,999 TEU 16.6
Container 3,000 - 4,999 TEU 16.6
Container 2,000 - 2,999 TEU 20
Container 1,000 - 1,999 TEU 321
Container 0-999 TEU 36.3
Vehicle 4,000+ ceu 32
Vehicle 0 - 3,999 ceu 57.6

Source: Second IMO GHG Study 2009
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Table 3.2 Data collection of vessel used by company

Vessel Capacity (TEU) g CO; per tonne-km

ACRUXN 1740 32.1
ANAN BHUM 1018 32:1
AS MORGANA 4255 16.6
BOX EXPRESS 1708 32.1
CAPE QUEST 2190 20

DONGJIN VOYAGER 1800 32.1
EXPRESS BLACK SEA / 030E 3398 16.6
GENOVA /035E 2000 20

HANSA FALKENBURG 1740 32.1
HYUNDAI BANGKOK 6408 16.6
ITAL MELODIA 4363 16.6
ITHA BHUM 1498 32.1
KAMA BHUM 1498 31
KATRIN-S 2546 20

KUO LIN 1756 32.1
LADY OF LUCK 2205 20

LEDA TRADER 2452 20

MAENAM 1 908 36.3
MARIVIA 2078 20

MCC KYOTO 1713 3
MOL EMINENCE 5087 16.6
MOL SUCCESS / 1065E 2553 20

NEWARK / 022E 3398 16.6
NORDTIGER 1756 3l
NYK PAULA/ 166E 2778 20

OSAKA EXPRESS 8749 12.5
RACHA BHUM / 093E 2732 20

SFL AVON 1740 32.1
SINAR BALI 1064 32.1
SINAR SUBANG 1708 321
STAR RIVER / 0020N 2732 20

STARSHIP TAURUS 14354 .8
TSINGTAO EXPRESS 8749 12.5
UNI-ANGEL 1164 34,1
UNI-PROBITY 1618 32.1
WANA BHUM / 024N 2378 20

X-PRESS KAILASH / 175E 2741 20

YM INTERACTION 1799 32.1
YM UNISON 8208 125

Source: http://www.vesseltracking.net/ship/jitra-bhum-9133329, 5th April 2018
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Table 3.3 Estimated distances from POL to POD

Mode Country POL POD Di(slzz:;“
SEA China Qingdao Pt, CN LEB 4592.96
SEA China Sanshan, CN LCB 4081.808
SEA China Shanghai Pt, CN LCB 4081.808
SEA China Shanghai, CN LCB 4081.808
SEA China Shekou, CN LCB 3479.908
SEA China Xiamen Pt, CN LCB 3087.284
SEA China Xiamen, CN LCB 3087.284
SEA China Xingang (Tianjin), CN LCB 5143.004
SEA China Xingang, CN DR 5143.004
SEA Malaysia Penang (Georgetown), MY LER 2148.32
SEA Malaysia Penang (Georgetown), MY BKK 2235.364
SEA =~ Myanmar Yangon, MM 1B 3520.652
SEA Singapore Singapore, SG LCB 1451.968
SEA Sri Lanka Colombo, LK LGB 4354.052
SEA Taiwan Taichung, TW OB 3033.576
SEA Vietnam Haiphong, VN LCB 2457.604
SEA Vietnam Ho Chi Minh City, VN LCB 1174.168
AIR China Shenzhen, CN BKK 3479.908

Source: https://sea-distances.org, 5th April 2018

B. Inland Transport

Activity-based approach is continuously used in this part, and inland transport
in this paper is referring to activity of transporting containers from port of discharge
which is located in Laem Chabang, Rayong to inland port Lad Krabang, Bangkok
with average distance of 118 kms (Charoensawad, 2006), which mainly uses rail
transport. Thus the average of CO, emission factor of rail transport of 22 gCO»

/tonne-km which is recommended by McKinnon in the previous chapter will be

applied.
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Table 3.4 Recommended average emission factors for road and rail transport

Transport Mode gCO; /tonne-km
Road transport 62
Rail transport 22

Source: McKinnon, A.C., Piecyk, M., 2010. Measuring and managing CO, emission of European
chemical transport. Cefic, Brussels.

C. Transportation to final destination

Fuel consumption and type of fuel used in transporting containers from ICD
Lad Krabang to final destination, which is approximately 27 kilometers, are required
in order to be applied in energy-based approach. Survey form as per Appendix A
below were sent to service providers. Data and CO; emission factors are summarized

as shown in Table 3.5

Table 3.5 Average emission factors for transport to final destination

Average fuel consumption/ ke CO- per
Survey round from LKB to final Fuel type g2 p
L ") v liter fuel
destination (Liters)
Company A 9.64 Diesel oil 2.9
Company B 10.8 Diesel oil 29
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After collecting data for 12 months from January to December 2018, data

CHAPTER 4

RESULTS AND DISCUSSION

were calculated as follows:

A. International Transport

As mentioned in previous chapter, this part was calculated by multiplying data

collection of weight (tonne), distance(km), and gCO, per tonne-km for each container

with format as shown in Figure 4.1.

Month

Container

Vessel | POL

POD

Weight
(tonne)

Distance
(km)

C-KI1)

g CO; per
tonne-km

000.000

Tonnes CO,
emissions

Figure 4.1 Calculation format for international transport

Tonnes of CO; emission per each container as shown in Table 4.1 (more

details in Appendix B) shipped during each month were caleulated based on data

collection of total weight of each container multiply by average distance from port of

origin to port of destination, multiply by gCO, per tonnes-km based on type and size

of vessel and then divided by 1,000,000.

Table 4.1 Calculation of CO2 emission of international transport (per container)

: y g CO,/
Nlont Container Vessel POL POD* Welgh | Distanc tonne- Aoes

h (tonne) e (km) T CO,
Qingdao Lad

Jan MRKU0359376 | ACRUXN g Krabang, 5.691 4592.96 32:1 0.84
Pt, CN TH
Qingda T

Jan PONU7596535 | ACRUX N Ela Krabang, 10930 | 4592.96 32.1 1.61
Pt, CN H
Qingdao i

Jan TTNU1120544 ACRUXN g Krabang, 6.190 4592.96 32.1 0.91
Pt,CN TH
RACHA Sineanore Lad

Jan TCLU4587810 BHUM / gséo Krabang, 4.125 1451.96 20 0.12
093E ’ TH
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Table 4.2 CO, emission of international transport per origin

Origin Tofal Total to.nne C(?z Emission
containers | (Internation freigt transport)
Shanghai Pt, CN 106 110.41
Shekou, CN 45 28.09
Qingdao Pt, CN 22 23.05
Singapore, SG 88 7.54
Haiphong, VN 22 5.10
Ho Chi Minh City, VN 31 4.38
Xingang (Tianjin), CN 12 432
Xiamen, CN 8 327
Taichung, TW 7 1.49
Yangon, MM 8 19
Colombo, LK 4 0.31
Penang (Georgetown), MY 3 0.14

From this part of activity, a summary of total emission per port of origin as
shown in Table 4.2 can be drawn. The highest value of total tonnes was emitted by
shipments from Shanghai (China), and is equal to 110.4 tonnes, while the lowest was
from Penang (Malaysia) shipments with only 0.14 tonnes of CO, emitted for the

whole year.

Tonne CO2 emission

120 50
S L B Totaltonne CO2

emission
100 (International
transport)

80

40

Figure 4.2 Relationship of CO, emission
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Figure 4.3 Relationship of CO, emission & distance (international transport)

Figures 4.2 and 4.3 show the relationship between total CO, emission and total
number of containers, also distance from port to port since these two factors are direct
variables. Asaresult, number of containers tend to have more impact on the emission
since the higher number of containers, the more weight to be multiplied. Except from
shipments coming from Singapore, the 2™ origin with highest number of containers,
this seems like number of containers is not the variable which impact the most to
emission. Other variables, such as distance and weight of shipment, may have more

impact on total emission.

B. Inland transport (from port of discharge to inland port)
To estimate CO, emission for inland tranport, the average of CO, emission
factor of rail transport at 22 gCO, /tonne-km which is recommeneded by McKinnon,

were applied in this part of activity.

Inland Transport
(Rail from LCB-LKB)
= tonnes x km x g CO, per tonne-km /

Month | Container | Vessel | POL | POD |

Figure 4.4 Calculation format for inland transport
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Data collection and calculation were filled in format as shown in Figure 4.4.
Tonnes CO, emission per each containers shipped from Laem Chabang port to Lad
Krabang in each month were calculated based on data collection:

1) Total weight of each container

2) Average distance Leam Chabang port to Lad Krabang = 110 kilometers,

3) gCO; per tonnes-km for rail transport = 22 gCO, /tonne-km

then all factos were multiplied and divided by 1,000,000. The result is shown

in Table 4.3 (more details in Appendix B).

Table 4.3 Calculation of CO, emission of inland transport, rail (per container)

Month | Container Vessel POL POD*

MRKUO Qingdao Pt Tad ' o

Jan 359376 ACRUX N CN Krabang, TH 5.691 110 22 0.014
PONU75 Qingdao Pt, Lad

Jan 96535 ACRUX N N K raads TH 10.930 110 22 0.026
TTNUH Qingdao Pt, Lad

Jan 20544 ACRUX N CN Kiabahs{ TH 6.190 110 22 0.014
TCLU45 RACHA Singapore, Lad

Jan | g9810 | BHUM/093E SG iabangy TH| 4192 LK | e

Table 4.4 CO; emission of inland transport (rail) per origin

OMgh Total Inland Transport (Rail)
containers Total tonne CO,; Emission
Shanghai Pt, CN 106 2.4
Shekou, CN 45 0.71
Singapore, SG 88 0.67
Ho Chi Minh City, VN il 0.43
Qingdao Pt, CN 22 0.39
Haiphong, VN 22 0.17
Xiamen, CN 8 0.13
Xingang (Tianjin), CN 12 0.07
Taichung, TW 7 0.05
Yangon, MM 8 0.03
Colombo, LK 4 0.01
Penang (Georgetown), MY 3 0.01
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From Table 4.4, it can be seen that most of shipments produced CO, less than
a tonne per year per origin, except from Shanghai origin which has the most number
of containers per year. In this part, distance and gCO; e, tonne-km are fixed numbers
since all shipments are discharged and brought to same port with same mode of

transport, so the variable which has most impact to emission would be total weight of

goods.

Tonnes CO2 emission

2.50 125
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100  (Rail)
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Figure 4.5 Relationship of CO, emission & container (inland tranport)
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Figure 4.6 Relationship of CO, emission & distance (inland tranport)

Figure of relationship between total CO, emission & number of containers
above (Figure 4.5) shows that the more containers, the more emission will be
produced. It is expected that shipment from Shanghai origin will produce the most

because of the number of containers shipped . On the contrary with Singapore origin,
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a huge number of containers were shipped while total emission was only 0.39 tonnes.
It can be assumed that it is because weight of goods per container of shipment from
Singapore is less than other origins. For this part of activity, distance is not playing
main factor to impact emission as it shown in linear line in Figure 4.6 relationship of

CO; emission and distance.

C. Inland transport to final destination (Road transport)

Another inland transport, by road, to final destination by container trucking
was calculated with a different method. Energy-based approach was used instead of
activity-based ‘approach by taking fuel consumption per trip, given by transport
company, multiply with kg CO; per liter fuel (base on type of fuel) and data was filled

in the format as shown in Figure 4.7.

0
b 2 ; R

liters x kg CO, per liter fuel /1.000
- Euel A | | kg€O, Tonnes
Month | Container | Vessel | POL | POD* | consumption | per liter CO,
/(Liter) gl emissions

Figure 4.7 Calculation format of inland transport (road to final destination)

The result of caleulation was filled in the mentioned format for all containers
which were transported from Lad Krabang port to final destination during each
month. It was calculated based on data collection of:

1) Fuel consumption taken from suvery and use the higest number at 10.8 lite

2) gCO; per tonnes-km for road transport (Diesel oil) = 2.9 gCO, /tonne-km

can be find in Table 4.5 (more details in Appendix B).
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Table 4.5 Calculation of CO, emission of inland transport, road (per container)

" Fuel ke CO, | Tomnes
Month | Container Vessel POL POD* consumption | per liter CO,
(Liter) .fu_ei' | emission
MRKUO03 Qingdao Pt, Lad A
Jan 50376 ACRUXN CN Kisbang, TH 10.8 2.9 0.03 132 .
PONU759 Qingdao Pt, Lad : :
Jan 6535 ACRUX N CN Krabang, TH 10.8 2.9 0.{33]32_
TTNU112 Qingdao Pt, Lad b
Jan 0544 ACRUXN CN Kraheng: TH 10.8 2.9 003i32 :
TCLU458 RACHA s Lad Ao
Jan 2810 BHUM / 093E Singapore, SG Krabang, TH 10.8 2.9 0..&_3132. ”

Table 4.6 CO, emission of inland transport (road to final destination)

Orighl To'fal Inland Transport (TI:U.C']()
containers Total tonne CO, Emission

Shanghai Pt, CN 106 3R

Shekou, CN 45 1.41

Singapore, SG 88 0.69

Ho Chi Minh City, VN 31 2.76

Qingdao Pt, CN 22 0.69

Haiphong, VN 22 0.97

Xiamen, CN 8 0.38

Xingang (Tianjin), CN 12 0.25

Taichung, TW 7 0.22

Yangon, MM 8 0.25

Colombo, LK 4 0.13

Penang (Georgetown), MY 3 0.09

From calculation Table Figure 4.5, it can be seen that number of emission is

same for all containers because fuel consumption and gCO, per tones-km are fixed

number. Total emission of road transport per each container can also be calculated by

0.031 multiply by total number of containers, and the result are shown in Table 4.6.

The relationship between total number of containers and total CO; emission is shown

in Figure 4.8. CO, produced varied based on number of containers, and it is observed

that the more containers transported, the more emission of CO; for this activity.
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Figure 4.8 Relationship of CO, emission & container (road to final destination)

In total, 205.70 tonnes of CO, were emitted by this company in 2018, or in
average 17.1 tonnes of CO; emission per month. Figure 4.9 shows the amount
breakdown of CO, emission together with total volume (cbm.) for each month.
Furthermore, average CO, emission per TEU per origins is also shown in Figure 4.10,
whereby shipments coming from Qingdao, Shanghai and Yangon are the top 3 origins

with most emission per TEU.

B Total Volume (cbm) = Total CO2 Emission ( tonne)
4000 60.000 |

40.000 |

20000

: 0000
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Figure 4.9 Total tonne CO» emission & total volume

B Average emission (kgs.) per TEU

ShanghaiPt, CN
Shekou, CN

Qingdao Pt, CN
Singapore, SG
Haipheng, VN

Ho Chi Minh City, VN
Xingang (Tianjin), CN
Xiamen, CN
Taichung, TW
Yangon, MM
Colombo, LK
Penang (Georgetown), MY

D.000 250.000 500 000 750.000

Figure 4.10 Average CO, emission per TEU per origin
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CHAPTER 5

CONCLUSIONS AND RECOMMENDATIONS

5.1 Conclusions

An accumulation of “greenhouse gases (GHG)” in the atmosphere causes an
increase in global temperatures. Greenhouse gases, such as carbon dioxide (CO,) and
methane (CHy), act as a trap, holding heat closer to the Earth and not allowing it to
radiate away. The average of global temperature has been increasing for the past 150
years. Transport sector is one of the main contributors to an increase in GHG level
worldwide. As more and more development occurs in the world, the use of
transportation is relatively increasing and many companies are increasing their
activities by also trying to keep the same level of CO, emitted or better, decreasing
the emission level.

Therefore, this study was aimed in analyzing the current transportation
situation in a specific company in order to assess the level of CO; emitted as well as
finding out the causes of these emission. The series of data have been collected for
over a period of 12 months in order to get a better estimation of the current situation
based on yearly activities of this company.

Activity-based approach and Energy-based approach have been applied to this
research in order to calculate emission from fuel which are burned from the engine of
transport vehicle for all import activities within the scope of this study as shown in the

figure below.
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Port of loading Port of discharge Inland port
(Orlgm) (Destmatlon) (ICD Lad krabang)
Port of dlscharge Inland port Warehouse in
(Destination) (ICD Lad krabang) Samutprakan
Activity-based Energy-based
approach / approach /

In the process of establishing calculation, not only more additional

differentiated information in respect of CO, emission factors for each transport mode
is needed to be identified, but also other data such as distance, type of vessel, and
others must be presented before calculation. Since only vessel name is available from
company data, but not the capacity of its vessel, such data will be collect from website
Vessletracking.net and it can be summarized by all vessel name and capacity which
the company uses in order to transport goods from port of origin to port of destination.

After data related to vessels have been found, the next step was to collect data
regarding inland transportation such as trains and trucks from the port of discharge

Laem Chabang to ICD Lad Krabang then to final destination at Samut Prakarn.
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The graph above is the comparison between number of containers from each
port compared to the amount of CO, emision. It can be observed that most containers
were shipped from Shanghai port and that the level of CO, emission is also the
highest. It should also be noted that the number of containers shipped from Singapore

is also very high but with much less CO, emission compared to Shanghai.
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The figure above is the comparison between CO, emission versus average
distance between ports of origin to destination. It can be concluded that the lesser the
distance is, the lower the CO, emission would be. Inland transportation has been
studied but since there is only 1 transport mode between port of discharge Laem
Chabang and ICD Lad Krabang and to final destination Samut Prakarn, it cannot be
compared.

Finally, the total amount of CO, emission in 2018 was 205.70 tonnes or in
average 17.1 tonnes of CO, emission per month. These values could be used as the
baseline to monitor for future activities in 2019 and onwards. Since this company is
planning to increase its activity, it is an undeniable fact that CO, emission might
increase as there would be more shipment frequency or volumn increased. Therefore,
after this study has been completed, there are a few recommendations that could be

considered for future use in the next section of this paper.
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5.2  Recommendations

After the study has been completed, the sum up of total emission in 2018 can
be used as a report to share among organizations for current situation of import
activities in Thailand to compare with existing report in other countries. The result of
average emission per origin per TEU can also be used to calculate total emssion in the
future by multiplying the average emission value with number of TEUs imported. In
this way, it will help to reduce the time and steps of data collection.

It is seen that many factors in the transport sector leads to a high emission of
CO,. In order to get a better picture, especially for inland transportation, it would be
recommended to study alternative ways of transportation between port of discharge
Laem Chabang and ICD Lad Krabang. Since the study of alternative transport mode
has not been made, it is not possible to give a conclusion on whether the best option
of transportation has been found or not.

It could be useful to use other methods of calculation in order to compare
results to see which will be the best series of analysis as this study has been based on

the most common calculation and formula used nowadays.

45



REFERENCES

Carbon Trust. (2006). Carbon Footprints in the Supply Chain: the Next Steps for
Business. Retrieved from London:
https://www.carbontrust.com/media/8493 2/cte616-carbon-footprints-in-the-
supply-chain.pdf

Cefic-ECTA. (2011). Guidelines for managing CO2 emissions from transport
operations. Retrieved from
http://www.ceﬁc.orngocuments/RESOURCES/Guidelines/Transport-and-
Logistics/Best%ZOPractice%ZOGuidelineS%QO-
%20General%20Guidelines/Cefic-
ECTA%2OGuideline3%2Ofor%20measuring%20and%20managing%20CO2%
20emissions¥%20from%20transport%20operations%20Final%2030.03.201 l.pd
f?epslanguage=en

Charoensawad, T. (2006). problems of container transport system by train:
Latkrabang inland container depot-Leam Chabang port service route. (Master
of Science Program in Logistics Management), Chulalongkern University.
(ISBN 974-14-2628-3)

DEFRA. (2010). Guidance on measuring and reporting Greenhouse Gas (GHG)
emissions from freight transport operations. Retrieved from London:
Department for Environment Food and Rural Affairs:
https://wmv.gov.ukfgovemment/uploads/system/uploads/attackunent;data/ﬁle/
218574/ghg-freight-guide.pdf

Favacho, S. (2016). ORGANISATIONAL GREENHOUSE GAS EMISSIONS
(CARBON FOOTPRINT) DISCLOSURE Retrieved from
https://carbonneutral.com.au/wp-content/uploads/ 2017/06/CN-Carbon-
Footprint-2016-Final-1.pdf

Henderson, R. M., Sophus A. Reinert, Polina Dekhtyar, and Amram Migdal. (2018).
Climate Change in 2018: Implications for Business. Harvard Business School
Background Note 317-032.

Herold, D., & Lee, K.-H. (2017). The influence of the sustainability logic on carbon
disclosure in the global logistics industry: The case of DHL, FDX and UPS
(Vol. 9).

Ipce. (2014). Summary for Policymakers. In C. B. Field, V. R. Barros, D. J. Dokken,
K. J. Mach, M. D. Mastrandrea, T. E. Bilir, M. Chatterjee, K. L. Ebi, Y. O.
Estrada, R. C. Genova, B. Girma, E. S. Kissel, A. N. Levy, S. MacCracken, P.
R. Mastrandrea, & L. L. White (Eds.), Climate Change 2014: Impacts,
Adaptation, and Vulnerability. Part A: Global and Sectoral Aspects.
Contribution of Working Group II to the Fifth Assessment Report of the
Intergovernmental Panel on Climate Change (pp. 1-32). Cambridge, United
Kingdom, and New York, NY, USA: Cambridge University Press.

46



McKinnon, A. C., & Piecyk, M. (2014). Setting targets for reducing carbon emissions
from logistics: Current practice and guiding principles (Vol. 3).

McKinnon, A. C., & Piecyk, M. I. (2012). Setting targets for reducing carbon
emissions from logistics: current practice and guiding principles. Carbon
Management, 3(6), 629-639. doi:10.4155/cmt.12.62

McKinnon, A. C., Piecyk, M., . (2010). Measuring and managing CO2 emissions of
European chemical transport. Retrieved from Brussels:
http://www.cefic.org/Documents/IndustrySupport/Transport-and-
Logistics/MeasuringAndManagingCO2EmissionOfEuropeanTransport-
McKinnon-Report%20-24.01.2011.pdf

OECD/ITF. (2017). ITF Transport Outlook 2017. Retrieved from
http://dx.doi.org/10.1787/9789282108000-en

Oster, P. J. P. (2011). CO2 Emissions from Freight Transport and the Impact of
Supply Chain Management. - A case study at Atlas Copco Industrial
Technique. (Industrial Management), KTH Industrial Engineering and
Management, Stockholm, Sweden. Retrieved from https://www.diva-
portal.org/smash/get/diva2:430180/FULLTEXT02.pdf (SE-100 44)

Public Agenda. (2007). Facing the Challenges of Climate Change. Retrieved from
https://www.publicagenda.org/files/globalwarming guide.pdf

Ranveer, A., Latake, P., & Pawar, P. (2015). The Greenhouse Effect and Its Impacts
on Environment (Vol. 1).

Schipper, L. L., James; Fabian, Herbert. (2009). Transport and Carbon Dioxide
Emissions: Forecasts, Options Analysis, and Evaluation. Retrieved from Asian
Development Bank: http://hdl.handle.net/11540/1402

Silvia Cosimato, O. T. (2014). The Influence of Green Innovation in Logistics
Competitiveness and Sustainability. The DHL Case Study. Paper presented at
the 17th Toulon-Verona International Conference, Liverpool (England.

Sims R., R. S, F. Creutzig, X. Cruz-Nuifiez, M. D’Agosto, D. Dimitriu, M.J. Figueroa
Meza, L. Fulton, S. Kobayashi, O., & Lah, A. M., P. Newman, M. Ouyang,
J.J. Schauer, D. Sperling, and G. Tiwari. (2014). 2014: Transport. Retrieved
from Climate Change 2014: Mitigation of Climate Change. Contribution of
Working Group III to the Fifth Assessment Report of the Intergovernmental

Panel on Climate Change https://www.ipcc.ch/pdf/assessment-
report/ar5/wg3/ipcc_wg3 ar5 chapter8.pdf

UNFCC. (1992). Unitted Nation Freamwork Convention on Climate Change. (20 July
2018).

47



World Economic Forum. (2009). Supply Chain Decarbonisation. Retrieved from
Geneva, Switzerland:
http://www3.weforum.org/docs/WEF_LT_SupplyChainDecarbonization Rep
ort_2009.pdf

48



APPENDIX A

Fuel Consumption Survey

As part of the research thesis, this survey is conducted to investigate and collect data of fuel type
and consumption used to transport containers from ICD Lat krabang to final destination (WHA
warehouse Bangna trad Km.18)in order to report GHG from impaort transpart activities. Appreciate
your fulfilment of this survey. Any information obtained in connection with this study that can be
identified with you will remain confidential.

* Required

Average fuel consumption (Liters) *

Fuel type *

(O Diesel0il

O 6Gasoil

(O Liquefied Petroleum Gas (LPG)
(O Compressed Natural Gas (CNG)
(O Bingasaline

O Biodiesel

.....

Never submit passwords through Goagle Forms
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