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A CASE STUDY ON ENERGY AND CO, INTENSITIES IN THAI FREIGHT TRANSPORT BY
TRUCKS

Nuwong Chollacoop®”, Yossapong Laoonual? and Jakapong Pongthanaisawan®
*nuwongc@mtec.or.th

'Bioenergy Laboratory, National Metal and Materials Technology Center (MTEC)
?Department of Mechanical Engineering, KMUTT
3The Joint Graduate School of Energy and Environment (JGSEE), KMUTT

Thailand is heavily dependent on oil-import, accounting for more than 80% of country’s demand.
Transportation is a dominant end-use sector of the oil supply, where more than 70% of total petroleum
products are consumed by this sector. Furthermore, it correspondingly contributes about 25% of energy-
related carbon dioxide (CO,) emissions. However, transportation is recognized as a main driving force
for the country’s economic development, particularly the freight transport, which supplies trade activities.
Since the logistic cost of Thailand is relatively high comparing with other countries, e.g. Japan, Korea,
Taiwan, the government has recently projected a clear target to reduce logistic cost to be 15% of GDP by
next 5 years. Transportation shares even half of the country’s logistic cost.

More specifically, energy efficiency improvement and CO, reduction in Thai freight transport sector is of
crucial importance, and need a well-planned policy to achieve the target. However, to the best of authors’
knowledge in energy conservation and GHG (Greenhouse Gas) mitigation in transport sector for Thailand,
there is no available data of energy and environment efficiency indicators for freight transport,
particularly for truck transport, which is a major mode of freight movement. Energy consumed for a unit
of transportation activity or so-called energy intensity is useful for planning and implementing policies.
For the environment aspect, CO, intensity, or CO, emitted for a unit of transport activity, can also be
calculated from the GHG guideline proposed by IPCC* on fuel used in the energy intensity calculation.

This study aims to develop energy and CO;, intensities of truck transport in Thailand by recourse to a case
study. The proposed study would deliver essential and informative results for further studies on
transportation efficiency improvement in Thailand.

! Intergovernmental Panel on Climate Change—IPCC (2006), http://www.ipcc-nggip.iges.or.jp/public/2006gl/vol2.htm
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Presentation outline

« Rationale

— Current situation (esp. transportation sector) & prediction
v Energy consumption vs. GHG emission

— National Energy Efficiency Plan (2011-2030)
— |EA figure for energy intensity
+ Objective: get estimate of energy/CO, intensities in Thai freight
transport
* Methodology & scope
— Schipper’s approach

— Scope of interest
v Macro level: country ton-km & fuel consumption in freight sector
v Micro level: company specific

* Results & Discussion

— Macro level analysis
v' Use energy demand modeling to estimate fuel consumption in freight
v Use ton-km of commaodities from Transport portal (Ministry of Transport)

— Micro level analysis: LTM (Logistic Transport Management) project data
* Questions/Comments? A Dviving Force for Matisns! S<ience and Tochnelogy Capabibty
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Rationale

0.6

+ Alarming Global Warming

» Historical data record
projects temperature
anomaly in the future

Global Temperatures

0.4
—— Annual Average

— Five Year Average

Global Warming Projections

Temperature Anomaly (°C)
o

: —— CCSR/NIES
i — CCCma .
1880 1900 1920 1940 1960 1980 2000 CSIRO
Hadley Centre
* Countless effects GFDL

— Physical: climate change, NCAR PCM
iceberg melting, ocean

anomaly e ;
— Social: food shortage, NSVES P

emerging disease, relocation ., 1950 2000 2050 2100
Source: http://en.wikipedia.org/wiki/Global_warming i Montse e S

Temperature Anomaly ("C)

““Energy Consumption vs. CO, emission in Thailand

Population, GDP, Energy Consumption and CO,
Trends in Thailand 1998 - 2007
1.60 -
[Annual Average Growth Rate |
1.50 1— 19082007 feog2005 -
- Population 0.93% - : B
140 |- GDP 4.95% 4.96% H o
- Energy Consumption 4.19% 4.89% /
- CO; 3.26% 4.19% /‘_’_/___________________
1.30
= = = Population
120 GDP (AT 1988 Prices)
Set Year 1998 = 1.00 —i— Energy Consumption
—C02
1.10
1.00 T
1998 1999 2000 2001 2002 2003 2004 2005 2006 2007
B. Fungtammasan, Franco-Thai Seminar on “Technological and Infrastructural Challenges for BUiftitig d Low Cafbon Ecorsniy*. 8"

Oct 2009, Bangkok
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“° 7" " "Energy Consumption in Thailand

» Post economic crisis in 1997 (Tom Yam Kung crisis)

* Energy elasticity (EE) = % change in energy consumption to
achieve one 1% change in national GDP*

* Transportation and Manufacturing - largest consumption
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Source: DEDE 2008

year

* http://en.wikipedia.org/wiki/Energy _elasticity

Transport
Commercial
Residential
Manufacturing
Construction
Mining
Argriculture

Share of Energy Consumption (1999- 2008)

5. 60%/0. 21%
35.32%)

6.62% 0.27%

14.84%
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© " CO, Emission from Energy Sector in Thailand

ktoe

» Calculated from energy used - similar growth
+ Largest - power sector, followed by Transportation &

Manufacturing

200,000 1
180,000
160,000

140,000

120,0001"
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Source: DEDE 2008

M Transport
Res. & Com.

m Power
Manufacturing
Others

Share of CO, Emission (1999-2008)

2.84% 5.99%

22.46%

40.12%
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" "National Energy Efficiency Plan (2011-2030)

+ Highlights
— Reduce energy intensity by 25% in 2030
(base year 2005)
y — Reduce final energy consumption by 20%
o v ” in 2030 (~30,000 ktoe)
BHUBYINYWAIIUY 201
(WA, 2554 - 2573) — Highest potential for EE plan

v’ Transportation (13,300 ktoe)
v Industry (11,300 ktoe)
— Reduce energy elasticity from 0.98 to 0.7
within 20 years

— Net results

v’ Total energy conservation of 14,500 ktoe/year
(272 billion THB/year)

d& AU S L S v’ Total CO2 reduction of 48 mtpa
Both mandatory and volunteer measures
v’ Standard offer program (SOP)
v’ Energy Efficiency Resource Standard (EERS)

http://mww.eppo.go.th/encon/ee-20yrs/ee-20yr-final. pdf SLORIPE TR L ISR SCin s echnsiony. Copsbiiy

Final energy consumption (ktoe)

-~ "National Energy Efficiency Plan (2011-2030)

160,000
Sect Annual average growth (a.a.g.) * Energy demand modeling 151,7 00 ktoe
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" “Energy Intensities of Freight Transport

+ Definition
— Energy intensity = Energy consumed for a unit of transportation activity
— CO, intensity = CO, emitted for a unit of transportation activity
+ Example of such historic data of energy intensities in freight transport
» Clearly show characteristic and trend of each country
* Need good and consistent data recording!

Truck [1,2]

a0
3

Energy intensity in Frelght

MJ
ton-km OECD [3]

£
< France
% —e Germany 1.0 H
S —a—Italy
_s_ Australia 0.5 -
—=— Sweden
1o —e—Finland 0.0 T T T T T
00 N 1990 1992 1994 1996 1998 2002 2004

1970 1975 1980 1985 1990 1995 2000 2005 Year N N
Trucks Water Rail (freight)

[1] Kamakate, F and Schipper, L. (2009), Energy Policy, 37, 3743-3751
[2] Schipper, L. et al (1997), Transportation Research D, 2(1), 57-76. Capsiiy
[3] IEA (2008), “Energy Technology Perspectives: Scenarios & Strategles to 2050” ISBN 978 92 64 04142-4

%mes

Macro level analysis
MJ
* Need two data sets  tgn-km
— Fuel consumption in freight transport

v' Ministry of Energy only reports fuel sale

v Need segmentation of fuel used in freight
transport > Energy demand modeling

— Economic activity (ton-km) in freight
transport
v/ Thailand transport portal 20000
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http://vigportal.mot.go.th/portal/site/PortalMOT/stat/total_about transport/




-~

~““.Proceedings of 4t . AToward Wiiansportation for

. 5 inabl iety: BAngkek Vision 2032
= . S ). i rsap)”

777 Energy demand modeling

* End-use approach
— Energy demand in road transport sector is calculated from a product
of three important driving factors; total number of vehicle stock,
average travel distance of vehicle and fuel consumption rate of
vehicle.

n

m
ED, = Z VS, X FAVKT,j, X FAFE;;,

Lt J

Where ED,; is the total energy demand in year t (MJ),
VS;;, is the total stock of vehicle type i which use fuel type j in in
year t (vehicles),
FAVKT, ,is the fleet average annual vehicle kilometer of travel of
fuel type j for vehicle type i in year t (kilometer), and
FAFE;;, is the fleet average on-road fuel economy of the fuel type j
for vehicle type i in year t (MJ per kilometer).

A Driving Force for Mational Schence asd Technalegy Capabiiny

“ 77" Energy demand modeling

* Results of energy demand by vehicle type (1997-2008)

* Energy demand of heavy-duty truck by fuel type (1997-
2008)

Energy demand by vehicle type (1997-2008) Energy demand u{ heavy-duty truck ﬂv fuel type (1997-2008)

E B 8 B &

" NG
PG

= Diesel
u Gasoline

H

. B B ¥

1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008

1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008
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ERETHSEE = on-km database (source 1)

» Transport portal*

— Categorized transportation data for various means (road, rail, water,
ocean & air) over time

Transport of Goods-Distance in Thailand

rail domestic water road

2009 Freight Road Transport of Commodities (MTon-km)

0,620; 595 12536 7.00% 16,010; 8.94%

11,406; 6.37%
9,544; 5.33%

9,872; 551%

1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 €4

9,971; 5.57% 11,952; 6.68%
16,311; 9.11%

8,228; 4.60% 10174; 5.68%

15,613; 8.72%

T Live animal HE

O Cassava B Sugarcane @ Rubber

mWood g ey agricuure products W Animal feed
2 Otrer food @ Fuel mineral

B Construction metal

0 Construction materials

@ Household goods

m Sugar
B Finished peoley product B Min
Dirt, Stone, Sand

OFeriizer § Ehcmicais

QFA!;’;#

*http://vigportal.mot.go. th/portal/5|te/PortaIMOT/stat/totaI about transport/ e :

0 T T  Ton-km database (source 2)

* Report by Transportation Institute, Chula Univ (2008-9)
— Not implying as country average datal

— Using roadside interview survey to estimate
freight activity (ton-km) at major economic
provinces e.g. Bangkok, Nakhon Sawan,
Songkla, Nakhon Ratchasrima, Khon khaen
and Chiangmai

— Collect data at checkpoint

v’ 2 days/week for weekday and weekend in Bangkok
only (others 1 day/week)

v’ 2 times/year to include harvesting season of major
economic crops
— Data collected consist of
v starting point-destination point,
v vehicles in each category,
v type of carried products and mass.
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""" "Comparison with literature datal?3

Energy intensity in Freight

6.0 —e— Japan
—e— Denmark
50 —o— Norway
) —=— USA
—o— UK
4.0 France
e \
= +o— Germany
c g \
S 3.0 g —a—Italy
£ \
= —i=— Australia
2.0 ~j5— Sweden
\ ;Le.— Finland
10 || Thailand data too low? .« %o . . |, OECDave
«  Accuracy of fuel consumption AN , : T
00 Accuracy of ton-km data Seo 27 Thai (Truck) :
. T 1

1
2005 Yea|| ¢ Thai (CU study),

1970 1975 1980 1985 1990 1995 2000

[1] Kamakate, F and Schipper, L. (2009), Energy Policy, 37, 3743-3751
[2] Schipper, L. et al (1997), Transportation Research D, 2(1), 57-76. ;.
[3] IEA (2008), “Energy Technology Perspectives: Scenarios & Strategles to 2050 ISBN 978 92 64 04142 4
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C Micro level analysis

» Case study from LTM* project with detailed info on
Vehicle characteristics: type, age

— Weight of commaodities carried ﬂ%Lﬁ&’
— Distances traveled AL o)
— Fuel consumed: diesel, CNG ﬂ%xﬁrw
+ Analyzed data from e L]
— 12 participating logistic companies %’tﬁ
— 10 vehicle types: PTHNAE GR AN Svnl:Tyy & o
v trailer (24, 22, 20, 18, 10 wheels) S 'is"-‘&‘
v’ semi-trailer (22, 18 wheels) o G s
v truck (12, 10 wheels) . 1
— Various energy saving mechanisms 2 TE 'J':B i
v Radial tire, GPS, transmission improvement " .
— Total of 216 vehicles database -
Anflunislag 0 10 @8 (10 Wheel) 3 twm)

' dndnanadouiy antundnufegsamni
URSUHUWETII
}; ( e e

*LTM —-'Log.suc and Transport Management, http:/www.ItmthATana:nethome ‘project.p ’
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ROAD TRANSPORT DEFAULT SSION FACTORS AND

UNCERTAINTY RANCES *

Before-oil Fuel Type Default | Lower | Upper
tkgTD
O Before-gas 69300
74100
< After-oil
O After-gas
se5 of
350

GWP > CO,:CH,N,O = [1:25:289
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I3 O Before-gas
— r i
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o
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0 10
Intergovernmental Panel on Climate Change—IPCC (2006),

http://www.ipcc-nggip.iges.or.jp/public/2006gl/vol2.htm
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""" “Effect of Fuel & Fuel-saving mechanism
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“° 7" " "Energy intensity vs. weight carried

Before Improvement (oil)

o trailer
o trailer 24 wheel
Atrailer 22 wheel

After Improvementr{il) 22 whee!
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""" Energy/CO, intensity vs. engine age

MJ/ton-km

MJ/ton-km

© "7 ""Energy intensity vs. engine age
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o trailer
= trailer 24 wheel

© 77770, intensity vs. engine age
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Conclusions

* Energy/CO, intensities are crucial parameter for monitoring
and goal setting

* Macro analysis
— Need consistent proper data recording: fuel consumed for
transporting goods & economic freight activity (ton-km)
— Current fuel consumption in transportation needs segmentation for
people vs. freight
* Micro analysis

— Less energy intensity (MJ/ton-km) for
v larger weight carried

v diesel than CNG due to higher efficient Cl engine for diesel (rather than SI
engine for CNG)

v newer engine
— Potential for improving energy intensity in freight (truck) transport via
various mechanisms
» Offers some baseline figures for energy intensity in Thai
freight transport by truck
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