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Abstract: Problem statement: The energy demand in Thailand has significantbreéased over last
ten years, particularly in transportation sectooa® transportation contributes the highest energy
consumption, 38% of the total energy in the whalantry, but it consumes 60% of the total energy
usage in the northern region of Thailand. Varioteemical pollutants emitted from the road
transportation affecting to human health and gleteiming situationsApproach: This study applied
the system dynamics model to forecast the energguroption and pollutant emission from the road
transportation and to evaluate the policies indpantation management. The model integrates five
related systems: (1) the socio-economic, (2) deapigc, (3) land use, (4) transportation and (5)
energy consumption and pollutant emission of vehiblata from 2002-2009 was collected and used to
forecast the system from 2010-2030. The proposedeimwas applied to evaluate and compare five
transportation policy scenarios including road egian, public transit incentive, land use restoicti
alternative vehicle (eco-car) promoting and altéweafuel promoting.Results: The both energy
consumption and pollutant emission in the studyaasél increase substantially if no management
plans are implemented. The energy consumptionimiliease from 958.2 kTOE in 2010-1,144.8 and
1,369.2 kTOE in 2020 and 2030. The pollutant eraissiill increase from 2.983 million MTCOE in
2010-3.497 and 4.182 million MTCOE in 2020 and 20&fhong five proposed scenarios, the public
transit incentive policy maximizes the goal of eperconservation. It can save 730.21 kTOE and
reduce 2.23 million MTCOE per yearConcluson/Recommendation: The system dynamics
modeling approach appropriates to simulate thedt@mnenergy consumption and pollutant emission
from the transportation sector. This applicationlddoe used as the tool for planning and management
the transportation in context of the energy coresgon and sustainably.

Key words. Energy consumption, pollutant emission, road trartsion, system dynamics, transit
incentive, northern region, system dynamics, eneogynsumption, public transit
incentive, alternative vehicle, pollutant emission

INTRODUCTION 48.5 billion USD EPPO 2009. However, the domestic
energy resource can supply only 42% of the total
Energy plays an essential role in sustainingdemand. Therefore, Thailand must import 46,016
human activites in many sectors such askTOE in 2009, which cost about 33.1 billion USD per
transportation, electrical generation, industrialda year EPPO 2009. This is of course due to the faatt t
household sector. Inevitably, energy is a fundaalent Thailand is still heavily dependent of imported. oil
factor for national development of the nation (ERPPO The statistics from 1999-2009 show that the energy
2006). The energy shortage has been the majorsissudemand in Thailand still increasing average 3.9% pe
in economic development in Thailand for many yearsyear and the petroleum oil, a primary commercial
For example, in 2009, the total commercial energy i energy and strongly influence of economic growth in
Thailand was consumed 82,345 kilotons of OilThailand, has been increasing about 1.7% with
Equivalent unit (kTOE), which approximately valued estimated national economic growth 3.0-5.0%.
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Transportation sector is one of the major energy  The forecasting of energy consumption and vehicle
consumers among the economic sectors of Thailandmission is complicated in nature, because the
over the last ten years. It consumes 37% of thal tot characteristics of transportation and energy denzaad
energy consumption in the whole country, which ealu related to many attributes and change over time.
approximately 15.75 billion USD. In each vyear, Therefore, the objective of this study is to forstctne
Thailand spends more than 14.5 billion USD forfedl  energy consumption in kTOE unit and pollutant
cost, approximately 14.3% of the Gross Domesticemission represented by the MTCOE unit from thelroa
Product (GDP) or 12% of total freight import values transportation system in the regional area scale of
DEDE 2009. In addition, road transportation has theThailand. In addition, this study also evaluates th
highest contribution in energy consumption of theproposed policy scenarios that can be maximizes the
transportation sector. It consumes 96.7% of tatatgy  energy conservation and minimizes the pollutant
consumption in the transportation sector DEDE 2009emission. The five different policy scenarios in
Thus, it affects to rise up the fuel demand ashighest transportation management were compared to beuhelpf
proportion. The prediction found that the roadreference for transportation planning and energy
transportation will growing up from the ninth tonth  conservation strategy in the northern region ofifahd.
plan of the national economic and social develogmen o
plan, which was higher than in rail and water The study area: The study area as shown in Fig. 1
transportation sectors (NESDB, 2002). includes eight provinces in the northern region of

The growth of energy demand causes not only thdhailand: Chiang Mai, Chiang Rai, Lampang,
national economy loss due to its shortage and highamphun, Phayao, Phrae, Nan and Mae Hong Son. It
production costs, but also the air pollution frohet covering 85,852 kfmwith 5.8 million populations and
vehicle’s combustion engine process leading to lumamore than one-half of the total population resiites
health and global warming problems. Such chemicafpiang Mai and Chiang Rai and it had tended to
lglci)tlrlgtaenr: %T(Ei}lgns(NSdugaerbc?r?lfuraor?é?i(cliie ((éﬁé)) increase 0.13% per year or average in 7,362 pepems

9 I ! year. The Gross Regional Product value (GRP) of the

Hyd b HC d ticul tt | th -
18/ rl\(;l(i:gror%térs )(Slr\}b) pt?];;curﬁirgrr]r;a pe()ﬁfutsss,[heastudy area was about 12,740 million USD and the

atmosphere and adversely affect human health (Milgverage annual Gross Provincial Product (GPP) per
et al., 2009). The statistics from the Energy Planningcapita is approximately 2,210 USD per person.
And Policy Office (EPPO) revealed that pollution Referred from the GPP statistic from 2001-2010, the

emitted from the road transportation sector hasaverage GPP growth was 8.1% per year. The number of
gradually increased by 51.7% million Metric Tons of the vehicle registered in the end of 2010 was 2.79
the Carbon dioxide Equivalent unit (MTCOE) per million vehicles which 66.2% were motorcycle. The
year from 1997 onward EPPO 2010. vehicle population has been increasing average 6.8%

According to those reasons, the energyper year. The fast growth of vehicle ownership has
consumption especially in the transportation se@or caused concerns over traffic congestion, energy
the importance factor reflecting to the developifighe  demand, air pollution, health impact and livablethos
country and it needs to be managing. The Tharegion. The statistic data of the study area are
government by the ministry of energy has to overseeummarized in Table 1.
and generate policies and plans, as to make Inside the transportation infrastructure in thisdy
recommendations regarding energy measures ardtea, the total length of road network is arounb88
effectively satisfy energy needs of the country Eadls  kilometers. The statistical data obtained from the
to a sustainable energy (EPPO, 2006). In addititem, Department Of Highway (DOH) in the last ten years
policies to apply for energy conservation and sgére  shows that the Annual Average Daily Traffic (AADT)
formulated and implemented in Thailand. They hopedn the primary intercity routes is about 8,496 ckdd
that when those plans are applied into practice, thper day. The AADT is varied based on the functional
energy would be used more efficiently and sustdjnab types of highway. It is up to 14,542 vehicles pay dn
However, the result from the different policies andthe primary major routes (Route No. 1 and 11) angl i
measures are difference in the value of energynly 2,662 vehicles per day on the minor routeshen
conservation and economic saving. Therefore, thewerage. The average traffic volume in highway
appropriated policy for applying in this study areanetworks increases about 4.4% per year. Among
would be comparing and exploring the priorities todifferent transportation mode, a motorcycle has the
achieve the main target. highest share in the study area.
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Table 1: General data of the northern region ofilhd

Province Area District Population GPP million Gpét capita Resisted vehicles Road distance  Anmedhl f
unit kn? districts  persons UsD UsD vehicles km Sale KTOE
Chiang rai 11.678 180 1,248,530 1,9740 1,645 ($5709] 8,1650 168.906
Chiang mai 20.107 240 1,668,562 4,1600 2,616 ,6B30 11,223 356.546
Nan 11.472 150 476,1190 78300 1,607 180,0130 258,5 50.8310
Phayao 6.3350 900 487,4740 83100 1,564 214,8980 14,1780 51.5240
Phrae 6.5390 800 462,1420 78200 1,518 216,4480 ,052@ 58.5120
Mae Hong son  12.681 700 251,7740 35600 1,550 739 2,7290 22.7010
Lampang 12.534 130 765,3710 1,5910 1,948 378,067 6,7620 226.294
Lamphun 4.5060 800 405,5320 2,2640 5,221 238,154 3,9540 61.8640
Total 85.852 102 5,765,504 12,741 2,209 2,786,53 46,588 997.178

the behavior of the entire system. It differs frother
approaches in using feedback loops, stocks andsflow
which help describe complex systems (Richmond,
2005). The advantages of the system dynamics model
over the other forecasting models are the presefce
the feedback loops, stocks and flows that help ritesc
complex systems and allow updating the parameter
values. In general, the system dynamics modelés us
Dmﬁ;if;‘fmm to evaluate the performance of the system and aealy
e the relationship between related systems. It idiegp
————— in urban modeling, explaining the relationship
between transportation and land use and estimating

[CHIANG RAI

£ _ )
oy

Fig. 1: The study area and zoning impacts of the system from the many policies,
modeling the economic system.
It covers about 42.4% of the daIIy traffic volumse This Study propose the System dynamics model to

motorcycle, while passenger cars, pickups and publiyepresent the behavior of road transportation syste
transits are about 30.9, 15.5 and 5.4%, respegtivel the upper northern region of Thailand and also to
forecast the energy consumption and pollutant éamss
from the road transportation sector, in order tousate
the impacts from the alternative scenarios whiah o
appropriated for energy saving and environment

MATERIALSAND METHODS

The forecasting of energy consumption and

emission from the transportation sector is necgssar i licy in Thailand. Theref thi
identify the various factors and model the relatlips conservative policy in Thailand. Therefore, thisdst

that not only focused in the transportation systarm adopted.the ENTASIM mpdel, developed by. For use as
also related to other systems such as socio-ecgnom§ Medeling platform to simulate the road transpinta
demography, land use, transportation, energ;ﬁys'[em and_ e_stlmate the energy consumption z_;md
technology and environment. Because of thepollutant emission. The ENTASIM model concept is
transportation system is a much complex system witfpased on the identification of variable values aner-
multiple variables and feedback interrelationdsihot ~ relationship between five difference systems oficsoc
appropriate to use the ordinary approach to simulateconomic, demographic of population, land use, road
and analyze the energy consumption and pollutartransportation and energy consumption and emission
emission of the system. Therefore, the system digs&am from the traveling vehicle, which the impacts of flast
modeling approach has been applied in this study tgystem would be feedback to make changes to tieesoth

simulate and forecast the energy consumption angh the next period of time. The concepts of each
pollutant emission from the road transportation. component are described as follow.

The system dynamics modeling, developed by Jay
W. Forrester in 1960s, is a methodology to undatbta Socio-economic system: The Socio-Economic (SE)
how complex systems change over time and how theystem represents the changes in the travel utility
system variables can interact with another in otder which are influenced by social and economic vadabl
simulate their changes (Pfaffenbichler, 2003).dald  for different modes of travel. The socio-economic
with internal feedback loops and time delays ttifica  variables considered in the SE system are average
8
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household size, average income per capita, vebadke  changes in population in the demographic systethen
prices and fuel prices. next year. The relationship used in the GL systera i
The travel utility in this system includes theveh  multinomial logit regression model, which calcukate
cost and travel time of each transportation modechv  the probability of the change in each land useepast
leads to the calculation of the proportion of véhic
choices in the transportation system. The inputthef Trangportation system: The Transportation (TT)
SE system are these socio-economic variables in thgsiem represents the travel demand, travelingvieha
current year, while the outputs are the traveltytdf 5y yehicle activities within the district area t(in
the current year and th_ose s_ocio-ecc_)nomic variaiples zonal) and between the districts (inter-zonal). The
g‘ﬁnneeaxrt r¥1eaatl;1.e1r-r:laetiEea\llaggzzgfnu?r?el%rgels5?3?;; ¢ relations_hip model in the TT system is based on the
growth rate technique to forecést the average imomconven.t lonal four-step transportation process (ﬂm_]
per capita, the average household size, fuel itk and Willumsen, 2011) comprising (1) trip generation
| ! process where generate a number of production trips

vehicle sale price in the next year. Further, thedeh e ) .
estimates travel cost and travel time from the ayer from the orlglna_l zqne.and attraction trips to ttger
zone, (2) trip distribution process which represeat

rate of fuel consumption by transportation and ager ; . . 9%
speed of travel, respectively. direction and calculate a number of trips from dhigin

to destination as an origin-destination matrix, rfg&)dal

Demogr aphic system: The Demographic (DM) system split process which represents the proportion (_)f
represents the changes in the number of populaiions transportation mode (vehicle type) used and (4) tri
the district area. It is influenced by birth, deathd ~@ssignment process which calculates a number of
migration rates (migration-in and migration-out) vehlcles_ in the transportation ne_twork (traffic wole)
(Demeny and McNicoil, 2003) caused by the economic@nd estimates the traffic situation (average spefed
system (Moranckt al., 2010). The total population is the vehllcle, traffic volume per road capacity oICy/
used to estimate the number of workers, studerds arfr@vel time and delay). The outputs of this system
employers in each district area. The DM Systemaffect the energy consumption and pollutant emrssio
describes the relationship among these demographgd feedback to make the land use changes in ttte ne
system variables. The relationship used in the DM/€ar. The relationships used in the TT system are
system is also a linear mathematical equation. Théescribed as follows. . .
model calculates the changes in the total number of TP generation is formulated in a linear
population in the regional zones in each year. Thénathematlca_l equation. This model calculates the
number of students and workers in each zone arBUmber of trip production and trip attraction seped
then calculated from the total number of populationby four trip purposes including work trip, schodipt
their growth rates. The demographic variablesother trip and comeback home trip.

derived from the DM system affect the changes in  Trip distribution is formulated in a gravity model
the land use area in the geographic and land us®ethod. The gravity model uses friction factor to
system and the change in travel behavior in thealistribute travel demands to their destination zone

transportation system in the next year. based on the distance between original and destinat

The model calculates the number of trips that frave
Geographic and land use system: The Geographic between origin and destination zones, as a reaanlt,
and Land use (GL) system represents the change frigin and Destination (O-D) matrix is created.
total area of each land use type in the distrieasr Modal split or vehicle choice is formulated in a
(Prathumthip, 2002). The land use types in thiglstu multinomial logit regression method to calculate th
are classified into six types: (1) forest area, (2)proportion of vehicle being chosen and the proparti
agriculture and irrigation agriculture area, (3dam and of mode shifted from the previous mode to the
business area, (4) residential area, (5) governmedt preferred mode. The vehicle models are typically
public infrastructure area and (6) industrial arlleo  classified into three main categories: MotorcydC),
area. The change in the size of each land useisype gasoline engine vehicle (PC) and diesel engineclehi
affected by population density derived from the(PU). For PC mode, vehicles are divided into foyes
demographic system, road density and average ardmsed on the engine size: less than 1200 cc. (PC2),
travel speed derived from the transportation systeml200-1500 cc. (PC3), 1500-2000 cc. (PC4) and greate
The outputs of this GL system affect the changes irthan 2000 cc. (PC5). For PU mode, vehicles areldili
travel behavior in the transportation system angl thinto 3 types based on the engine size: less thaf 2&.
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(PU6), 2500-3000 cc. (PU7) and greater than 3000 cwarious vehicle modes. It is necessary to integtiage
(PU8). In addition, the vehicle choices for intgyci related factors of this system comprising five texda
transportation are all the passenger modes, itydsas ~ sectors, socio-economic, demographic and population
(BUS), small truck (T4T6), middle truck (T10) and geographic and land use, transportation and energy
large truck (T18AT). consumption and pollutant emission of vehicle.

Trip assignment is formulated by all-or-nothing According to the ENTASIM modeling platform, the
assignment method based on shortest distand®odel used for forecasting in this study formulated
calculated from the spatial analysis in GIS appiica ~ causal qnd rglationship diagram in qrder to undadst
The first part is the model to calculate the totistance ~the relationships among the various influence facto

of Vehicle Traveling (VKT), which includes both rat the road transportation system of the study area as

zonal and inter-zonal trips. The second part istbeel shown in Fig. 2. Consequently, the model mechanism

to calculate the average area speed, which repeeser? nd forecasting process should be considered and

TR generated in a pattern of the period of time (ygaab
]tclhe traffic dsnuagon 'ln each zone. The mo;jel dseg shown in Fig. 3. Then, the formulated model recuire
ow speed and Volume per Capacity (V/C) as input;io,s parameters for input as the initial stagehe

variables to develop the speed-density relationship simulation model as shown in Table 2. The input
parameters were collected from the reports and

Energy consumption and emission of vehicle: The  gatabase during 2002-2009 of the National Stadiktic
energy consumption and Emission from Vehicle (EE)Office (NSO), the Provincial Operation Center (PQC)
system represents the total energy consumption artle Land Development Department (LDD), the Office
pollution emitted from vehicle uses. The energyof transport and Traffic Policy and planning (OT#g
consumption of each vehicle type is calculated fromDepartment Of Highway (DOH) and the Energy Policy
vehicle kilometer of travel and average speed &ed t and Planning Office (EPPO). Furthermore, the vehicl
total energy consumption is calculated by the sdm ofuel consumption data was collected from the
the product of energy consumption of each vehigiet Vehicle-running test in Chiang Mai urban area in
and its fuel type (gasoline, gasohol E10, dies; b 2009 and the vehicle pollutant emission was
diesel B5 and Natural Gas for Vehicle or NGV). TheCollected from by the privately operated system of
tailpipe pollution emitted from the vehicles (HCOC |nspect|on_stat|0ns l_mder the land transport act an
NO,, SO, and PMg) are calculated from the total fuel motor vehicle act. Fln_ally,_ the model _has forecdst_e

. ) the energy consumption in unit of Kilotons of Oil
consumption separated by type of fuel and finag, Equivalent (kTOE) and pollutant emission in unit of
pollution emitted are converted to the total torfs o

bon dioxid val h f thi Matrix Tons Of Carbon Dioxide Equivalent
carbon dioxide equivalent. The outputs of this &yst \,TcoE) from the road transportation system of the

feed back to the transportation system and socioétudy area during 2010-2030.
economic system in the next year. Therefore, the EE

system shows the situation of the energy consumptio reszemms " resmne e

and emission by transportation in the study arde T | Lm“j Rl |, , | e

relationship of the EE system is applied from tHeH : | e N

4 model (Bennett, 2003) and calibrated by the \lehic %I“”“‘;' i E Reoheri | | | S x

testing data in the study area. The EE system ases ||| Fosiai | — f_ 555

polynomial regression equation to calculate theltot |: w13 | oM mam ‘

fuel consumption, which can be derived from vehicle gy {i_ﬁ binooial e

types and the average area speed obtained froffiTthe 1 = e F

system and uses a linear regression equation tc : }

calculate the total emission from fuel consumed by oo ;

transportation systems (Bowyeiral., 1985). ; Vcn;cles._e@-gy
: and emission :

Model formulation and forecasting process. The

energy consumption and pollutant emission from therig. 2: Overall causal and relationship diagram of
road transportation is primarily due to the peapeds the energy and emission in the road
to travel for making activities at any destinatiomg transportation system
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Table 2: Summary of parameters for forecasting hode

Module

Input variables

Output variables

Socio-economic

Demographic and population

Geographic and land use

Transportation

Energy and emission of vehicle

Income (Thai baht/month) travel ¢dkai baht)
GPP growth rate (%) travel time (min.)
Household size (persons/house)

Fuel price (Thai baht/liter)

Vehicle price (million Thai baht/vehicle)
Birth rate (persons0&0 population)

Dead rate (persons per 1000 population)

Migration rate (persons per 1000 population)
Road density (krifkm

Population density (persons Kin

Average area speed (krith

Population, LU area (m

Distance matrix (km)
Vehicle price (million Thai baht/vehicle)
Travel cost (Thai baht)
Travel time (min.)
Free flow speed (km/h)
Road capacity (PCU/h)
Speed-density curve

vehicle kilometawél or VKT (km/day)
Average area speed (krith
Consumption curve of each vehicle type

Emission factors of each fuel type and vehicle type

The number of population, worlstndent,
Schoelesizployment (persons)

Urban and business area &m
Residential area (kin
Public infrastructure area (Kjn
Industrial and other area (Fm
Agriculture area (k)
Forest area (k@
Production trips (persons-trips/day)
Attraction trips (persong#iday)
Trips Dmatrixes (persons-trips/day)
Proportion of vehicle mod#b)
Vehicle kilometer travel or VKKm/day)
Average area speed (km/hr)
Traffic volume per road cépgV/C)

Total energy consumption (KT/&ar)
Total pollutant emission (MTCOE/year)

Base-year
2002-2009

E T ey et )

Demographic
system

Geographic I

Geographic
system

system

Transport
system

Transport
system

......
Energy and.

4
-
[Emission system|

[Emission system|

Year t=0 Year =1

~—o,

Energy and |_

transportation in the northern region of Thailandhe
future year. In this case, the system was simulated

Demographic
system
i
system
Y| [system

ocio-Ecanomic

Energy and.
Emission syster

-

Year t=n

under the most likely circumstance with minimum
implementation, called the do-minimum scenario. In
addition, this model was used to simulate the &ffet

appropriated policies and measures on transpantatio
planning and management
conservation. According to the national policy mergy

conservation by the EPPO and OTP, the potential
strategies that can be applied in this study area w

in enhancing energy

generated into five scenarios comprising (1) road
Fig. 3: Mechanism and time step of the energy anexpansion and improvement, (2) public transit itives,

(3) land use restriction, (4) alternative vehigbed-car)
promoting and (5) alternative fuel promoting.

emission in the road transportation system

According to the model fitting are important issue
in the model formulation and setup, this study gonf ~Do-minimum scenario forecasting: As mentioned
these issues wherewith validating the traffic vadum above, it was applied to forecast the total anenargy
output from the TT system with the historical dagsed consumed by vehicles in the study area from 2010 to
on the method suggested by (Ortuzar and Willumser?030 based on assumption do-minimum scenario used
2011) In addition’ the annual energy Consumptiorﬁs a reference. The results found that the trasmiashd
outputs from the model are compared with the fagés N the study area increasing from 13.739 million
statistics between 2002-2009. person-trips per day in 2010 to 15.654 and 17.655
million person-trips per day in 2020 and 2030,
respectively. It will be consuming the annual egery
the road transportation sector about 958.2 kTOE in

To demonstrate the model, this study applied the2010 and increase to 1,144.8 and 1,369.2 KTOE 20 20
model to forecast the transportation demand, energgnd 2030, respectively, which the annual growtb ot
consumption and pollutant emission from the roadl.70% as shown in Fig. 4.

11

RESULTS



Energy Rec. J. 2 (1): 6-16, 2011

o = 44
= 1,600 ] = Mae Hong son
E : » Mae Hong son 3 40 S
1,400 _ ) s & Chiang Rai
T = Chiang Rai Z 35 =
g 1,200 £8 390 & Payao
£, a Payao s .
£ 1,000 ) £5 25 a Nan
2 o Nan 52 4
=) 0 hr
£ 800 =8 ~ s Phrea
3 s Phrea = 2 15
Zx 600 =2 v s Lampang
2 Lampang £ 10 B
400 | = N N s Lamphun

5 i N = L N
2 Y N = Lamphun Z 05+ SN ) )
= 200 § N R = N YN Y s Chiang Mai
e ‘LR R YR s Chiang Mai 0.0 /853 - s
SEEREIEE R

T e ®w 2o T 0 0 2 S © O o O 9 9O °© 9O O

— — — — [ o [ (S ol [sa) (o] o™ (o (o] (o] o o (o} (o] (o]

[= [= [=) [=) (=) (=R -] (=) = (=]

o o [} [} [} [N} [ [ [ [

Fig. 5: Forecasting of annual pollutant emissioont

Fig. 4:Forecasting of annual energy consumptiothén .
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According to the result from the energy
consumption, the pollutant emitted from the road
transportation contributed 2.983 million MTCOE in
2010 and continuously increasing to 3.497 and 4.18
million MTCOE in 2020 and 2030, respectively, which
the same growth rate with energy consumption a
shown in Fig. 5. Finally, the simulation resultsrfr this
scenario were compared with the historical date
observed during 2002-2009 for validating the model.
The comparison reveals that the forecasted enerc
consumption has a difference from the fuel selling
statistics by province from the EPPO in averagé.9
which valued maximum difference 60.4 kTOE as
shown in Fig. 6.
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Fig. 6: Comparison of forecasted energy consumption

Road expansion scenario forecasting: This policy with historical fuel selling based on do-minimum
scenario is initiated by the highway infrastructure scenario

improvement projects of the regional transportation

development master plan by The DOH. In the studyyjic transit incentives scenario forecasting: This
area, these two expressway construction projectisein policy scenario is initiated by the motivation amekeds

upper northern region, which as part of the nalionaof the public transit systems in the study areanya
Z;(grienssmzyenr?d 5()'fa'crr?eprf(e)zggist;ﬁt;n§egi%vr\: tgﬁ:gemqllﬁgresearches show that public transit vehicles corsum
projects will be planned to build in 2012 and fmi much less fuel per person than individual privedesc

2015. This policy scenario assumes that the two nev Nis policy scenario assumes the public transitesys

expressway corridors will be implemented in 2015.8€ _ope_rated in the urban areas .Of the _elght ¢ap|ta
They are (1) the 6-lane expressway, 99-km conr@ctind'St”Cts in the s_tudy area..The _publlc transitteys in
Chiang Mai-Lanphun-Lanpang and (2) the 6-Ianeeach capital district services in both primary esut
expressway, 151-km connecting Chiang Mai—Chiang(ma'r? routes) and secondary routes (f(_eeder routes).
Rai. The result from the forecasting shows that thdransit fare is assumed to be a half in averagénef
annual energy consumption increasing from to 1@61.Private vehicle operating costs. This scenario also
and 1,402.2 kTOE in 2020 and 2030, respectivelyassumes that the operation service distance dfdhsit
which the annual growth rate of 1.83%. It will be System in each capital district is about 100 knuificb
generating pollutant emission 3.55 and 4.28 milliontrip) and the level of accessibility to the systisnabout
MTCOE in 2020 and 2030, respectively. This trend is60%. The result from the forecasting shows that the
higher consumption and emission than the do-annual energy consumption increasing from to 1208.
minimum scenario. and 1,317.9 kTOE in 2020 and 2030, respectively,
12
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which the annual growth rate of 1.52%. It will be will decrease 100,000 Thai baht (approximately 3,22
generating pollutant emission 3.39 and 4.03 millionUSD) per vehicle since 2011 and reduces the
MTCOE in 2020 and 2030, respectively. This trend isregistering tax of the eco-car average 5,000 Thht b
lower consumption and emission than the do-(approximately 160 USD) per vehicle in every next
minimum scenario. year. The result from the forecasting shows that th
annual energy consumption increasing from to 1316.
Land userestriction scenario forecasting: This policy  and 1,322.0 kTOE in 2020 and 2030, respectively,
scenario is initiated from the road infrastructure\yhich the annual growth rate of 1.52%. It will be
development and expansion with on limitations, Whic generating pollutant emission 3.41 and 4.04 million
lacking of planning and management in land us&TCOE in 2020 and 2030, respectively. This trend is

control. Because the highway expansion increaseger consumption and emission than the do-
mobility of travel and accessibility to land usket it inimum scenario.

feedback to attract more travel demand in the study

area, which leads to the increase in the number of|iarnative fuel promoting scenario forecasting:
vehicle and energy usage. According to the land USehis policy scenario is initiated from the introdioo of

data of the _current year, the average road deimsity renewable and alternate fuels in Thailand. This
study area is less than 1.0 km lane pef kat there are o .
substitution reduces the dependency of oil petroleu

many districts, especially the capital district thie X .
provinces, where the road density will be rise @lan ~ Which mostly is imported from abroad. In presenere

lane per ki If there is no restriction of road expansion &€ Several alternate fuels for vehicle. The fantyps

in the area, most land use will be less efficientes it 1S Gasohol, which combines gasoline with ethanol at
will be allocated to roadways and travel demand wil different proportions, for example, Gasohol E10,
significantly increase. Therefore, this policy saem  Gasohol E20 and Gasohol E85. The second type is
assumes that land use restriction is proposed tBiodiesel, which replaces diesel with used orgailiet
implement in the districts where has the road dgnsi different proportions, for example, Biodiesel B5dan
greater than 2.0 km-lane per knThe result from the Biodiesel B10. The last type is the Compressed fahtu
forecasting shows that the annual energy consumptioGas (CNG), which is generally known as NGV (natural
increasing from to 1,115.9 and 1,313.9 kTOE in 202Qy55 for vehicle) in Thailand. This policy scenario
and 2030, respectively, which the annual growtt it 555 mes that the sale prices of these alternalte dre
1.52%. It will be generating pollutant emissionBahd decreased in order to attract more travelers tolese

4'0.1 m|II|or_1 MTCOE in 2020_ and 2030’. re_spectlvely. petroleum-dependent vehicles and as a result reduce
This trend is lower consumption and emission themn t o . . . SR
emission pollution. This policy scenario will inese

do-minimum scenario. . . .
the difference of sale price between gasoline and

Alternative vehicle (eco-car) promoting scenario i ) .
forecasting: This policy scenario is initiated frahe gasohol in average 1.00 Thai baht (0.03 USD) per |i

increasing trend of eco-car usage and the number df €very year. Further, this policy scenario wik the
eco-car development by the manufacturing. The eco-c S&le price of NGV at 10.50 Thai baht (0.34 USD) per

is a small-sized vehicle with the engine size i  kilogram until 2015 and rise to 15.50 Thai bah&(D.
1,500 cc. and the fuel consumption rate less tHan 2USD) per kilogram until 2020 and later set at tagf h
km/l, which under the standard of United Nationsprice of diesel's sale price. The result from the
Economic Commission for Europe (UNECE). forecasting shows that the annual energy consumptio
Therefore, the eco-car policy is used to promote as increasing from to 1,144.8 and 1,369.2 KTOE in 2020
choice for the private mode that consuming low gner and 2030, respectively, which the annual growth ot
and low pollutant emission. Presently, this altéuea 1.52%. It will be generating pollutant emissionBzhd
vehicle has become very attractive for both of peas  3.98 million MTCOE in 2020 and 2030, respectively.

and governmental view, because it can be archived t Thjs trend is lower consumption and emission tten t
goal of energy conservation in the private do-minimum scenario.

transportation. Moreover, the government has régcent
proposed a plan to reduce the vehicle tax for those DISCUSSION
vehicles with the small engine. This policy sceoari
assumes that the sale prices of passenger caresmal  The forecasting based on the do-minimum scenario
than 1,200 cc. and that of pickup smaller than@,&0  shows that the total distance traveled of vehiol¢hie
13
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study area is 48.18 million km dadyin 2010 and expansion and improvement and public transit
increases to 55.42 and 63.8 million km daiyn 2020 incentives scenario. The other hand is the manageme
and 2030, respectively. These rapid increases wiland incentive policy that has a low capital costl an
significantly affect the traffic situation in théghway  operating cost, it comprising the land use restnigt
networks in the study area. The average traveldspeealternative vehicle (eco-car) promoting and altévea
reduces from 58.9 km hin 2010 to 55.0 and 50.9 km fuel promoting scenario. Then, the results of tHase
h™ in 2020 and 2030, respectively. The traffic volumecase scenarios were compared with the do-minimum
per road capacity ratio (V/C) increases from 0.82 i scenario as a base case. In summary of the ovesalt
2010 to 0.37 and 0.43 in 2020 and 2030, respeygtivel as shown in Fig. 7 and 8, the public transit inisent
Compared among eight provinces in the study areacenario is the best alternative that maximally tséee
Chiang Mai province has the highest contribution ingoal of energy conservation, followed by the larse u
vehicle energy consumption and vehicle emissiors It restriction, the eco-car promoting and the altéveat
approximately 33.2% share of the northern region ofuel promoting scenario. Although the road expamsio
Thailand, followed by Chiang Rai (20.1%), Lampangscenario that proposed to construct the new expeass
(13.2%), Lamphun (8.2%), Phrae (7.4%), Phayaaan improve the consumption efficiency of the vishic
(7.2%), Nan (6.8%) and Mae Hong Son (3.8%).in the other hand, this policy induces to incretise
Consider to the economic impacts of the study ahea, travel demand and vehicle usage, which affecting to
energy consumption costs approximate 1.02 billi@DU increase the overall energy consumption and enmssio
in 2010 and increases to 1.83 and 2.90 million USD It should be noted that the road expansion scefeso
2020 and 2030, respectively, which these estimates negative impact on energy conservation but thiscpol
based on the estimated fuel cost in the targesyear is essential to facilitate the economic and rediona
According to the scenario simulation, the development, especially in the developing countass
appropriated policies applied in this study camssified  Thailand. The comparison of the appropriated policy
into two policy groups. One is the investment pplic scenarios with the do-minimum scenario are
that has a high capital cost, it comprising thedroa summarized in Table 3.

Table 3: Average annual saving of policy scenatmspared with the do-minimum scenario

Performance Road Public transit Land use Eco-car Alternative
variables expansion promoting restriction pronptin fuel promoting
Total vehicle kilometer -13,793,702 113,399,748 ,823,062 16,904,033 0.000
of travel saving (km)

Average travel speed -0.370 3.660 0.650 0.45 0.000
increasing (km/h)

VIC reducing -0.005 -0.007 0.009 0.007 0.000
Total energy saving (KTOE) -363.770 730.210 618.820 592.400 0.000
Total pollutant saving -1.110 2.230 1.890 1.810 66.3
(million MTCOE)

Total travel cost saving -639.280 2,191.330 1.085. 970.910 2,961.540

million USD/year)

1,400

@ DO-minimum
1.350  —o—Highway expansion
-+~ Public transport

s DO-minimum
—o— Highway expansion
——+~- Public transport
— — Land use control o oL
—o— Eco-car o el
«--pr-- Alternative fuel - &=

1,300
— — Land use control

1,250 —o— Eco-car
1.200 -++nr-- Alternative fuel
1.150

1,100

1,050
1,000
950
900

Fig. 7:Scenario comparison of annual energy ) )
consumption forecasting from the road Fig. 8:Scenario comparison of annual pollutant
transportation emission forecasting from the road transportation
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CONCULSION demand and energy consumption but it also essential
for the development of Thailand. For the futuredgtu
This study has developed the system dynamicsve recommend to combine those policies or integrate
model based on the ENTASIM modeling platform towith other appropriated strategies for simulatidwe t
forecasting the energy consumption and pollutansituation of the regional area of Thailand. It cblble
emission from the road transportation in the narthe used to find a better plan which can achieve thgeta
region of Thailand. According to the results, thare  of energy and environmental conservation.
numerous factors that significantly affecting thme gy The system dynamics model as the ENTASIM
consumption and pollutant emission from the roadmodeling platform is further recommended to simailat
transportation systems. These relationships anriac and forecast the energy consumption, pollutant
are formulated into five related systems, includingemission and transportation situation in other argi
socio-economic  system,  demographic  systemrThis approach is potential forecasting because the
geographic and land use system, transportatioRsyst system dynamics model appropriate to simulate the
and energy and emission of vehicle systems. complex system with many interrelationships ani it
_The forecasting during 2010-2030 based on the dog,qy to simulate the scenarios by changing theasets
a“‘lput data, which are already available in the camm
databases in the other region of Thailand. This bwy
applicable in the Geographic Information System
(GIS) for enhancing the ability of data analysidian
reporting results. It helps to integrating, mangiing,
spatial analysis and transportation information cfahi
useful for transportation and energy planning ie th

the travel demand in the study area generated 3%, 7
321 person-trips per day in 2010 with average gnowt
rate 1.23% per year. They desire to travel 48.1Bomi
kilometers of vehicle travelling per day in 2010dan
increases to 55.42 and 63.8 million kilometers gy

in 2020 and 2030, respectively. These rapid ine®as
will significantly affect the traffic situation inthe Hall
highway networks in the study area. The averageltra future application.

speed reduces from 58.9 krit n 2010-55.0 and 50.9

km H' in 2020 and 2030, respectively. The traffic ACKNOWLEDGMENT
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