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ABSTRACT

The research objectives focused on studying the situation and actual conditions of fuel oil and
fuel gas transportation. The investigation also studied and analyzed the problems occurring in fuel oil and fuel
gas transportation in the logistics system for advocating the development policy in management of oil and gas
transportation. The study explored 87 fuel oil service stations (PTT, Bangchak, Esso, Shell, and Caltex), 22 LPG
service stations (Picnic, Unique, Siam Gas, PTT, and others) and 10 NGV service stations (PTT). The service
stations are located along the upper northern highway system in Thailand. Data collection was carried out by
guestionnaire, interview, analysis, and data were processed with descriptive statistics: frequencies, means and
percentages.

The result revealed that transportation of fuel oil and fuel gas from oil refinery to service station
iscarried out in 3 ways: by pipeline, by rail, and by road. There are 3 warehouses in the upper northern region:
Chiang Mai Warehouse, Lampang Warehouse, and Denchai Warehouse in Phrae Province. There are no NGV
warehouses situated in the upper northern region. Therefore, NGV is delivered to the service stations along a
pipeline in Kaeng Khoi District, Saraburi Province. Distance and time for delivery is reasonably subject to the
service station location. As a result, the effect begets transportation costs comprising vehicle, fuel, and wages
for drivers, etc. Furthermore, fuel transportation of flammable and toxic materials have to involve safety
measures.  The outcome was found that every fuel truck must be licensed from the Ministry of Energy. The
drivers are well trained and hold the driving license type 4 from the Department of Land Transport. As a safety
measure, a fire extinguisher is required to be provided in every truck as well as an emergency call number and
safety devices, etc.

The recommendation for development policy in management of fuel oil and fuel gas
transportation in logistics system is to elaborate policy for accelerating pipeline system construction and a
double rail train system. Such a system would decrease logistics cost, increase logistics quantity, and decrease
the cost and time of delivery. For further study on the guideline in future development of the logistics system,
the research should investigate the comparative cost of each method of transportation, and the feasibility of
increasing the number of warehouses, spread throughout the upper northern region, to support the increasing
demand for fuel in the future.
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CHAPTER|
INTRODUCTION

1.1Background

1.1.1 Transportation System in L ogistics System

Transportation system is the key success factor Idoal economic
development. The effective, fast and conveniemisjpartation can boost trade volume
and growth both in economy and social sectors. Bletiee transportation is started
from handling the raw materials from source of di#gpto proceed to be finished
products and deliver to market for end users. Hawnethe transportation cost is not
only included vehicles expenses but also packintpous and all packaging materials.
If it does fast, save and lost a little, the traggtion cost as well as the distribution
cost to the market and end users will be lower dNd@mmanamun,B.E.2551).

The domestic transportation system in Thailanddcte classified into 4
systems: land transportation system, marine tratefpan system, air transportation
system and piping transportation system. The laasportation system is the main
one, which can be divided into 2 types as by trsekvice and by train service. The
truck service is the door-to-door service that daectly deliver goods to the end
users. But, the train service is the self service sirfoe énd users have to carry their
goods from its origin to the railway station antboate to its destination themselves.
The truck service is fast, convenient and cheapshart distance but expensive for
long distance, which is variable from the fuel pritrade volume, vehicles limitation
and numbers of accident. The train service is aafecan handle goods in mass but its
service cost is high and has to locate the railstaiion in specific area.

There are advantages and disadvantages in lamgptdation. To increase
its effectiveness, the related organizations sheetdip the framework to promote and
develop logistics by encouraging the entreprentun®alize on the logistics cost of

transportation service. If the entrepreneurs cawige door to door service to reach
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the end users fast, just in time and convenietitly,transportation cost will be lower
with more stocks. (The Office of Industrial Econes)iB.E. 2549)By various types
of entrepreneurs with their outstanding service; gain competitiveness, each
entrepreneur has to improve the logistics systdfardntly. There should also be the
pilot project to driven its development and be thedel for train service by selected
an appropriate product and route at initial sta@ehotichai Suwannaporn, B.E. 2550)
The train service, fundamentally, can reduce codtlauild effective logistics system
by mass transportation, safer transportation aftidproblem reduction.

1.1.2 Fuel Energy

Energy is necessary for livelihood and for theletton of living. We
won't live conveniently if there is no energy. Aetfirst era, the energy is taken from
human labor and animal. Next, human being takemtieegy from the nature such as
from wind, from water, from the combustion of th@ewood and the coal.
Subsequently, the human can explore the variondskof energy that can use
conveniently and beneficially; particularly the nq@é¢um or, oil and gas. The
petroleum nowadays is concerned to human living daectly and indirectly.

Thailand has to import the crude oil greater tB8npercent of required
energy consumption. In 2007, the total import w&@4 Thousand barrel per day,
decreased by 0.6 percent from last year. Due ttifig price, as a result of this, fuel
oil price touched the high level, the price managenwould be adjusted higher than
100 USD. In 2008, the transportation service by bartrail, by ship and by plane
required more fuel oil than other service sectéigel oil is one of the key input in
economic system and is the goods used directlpuséhold. The hiking of the world
oil price both in directly and indirectly lead tioet rising price of goods. Consequently,
the government seeks for the alternative fuel ideorto be one of the renewable
energy for reducing fuel oil consumptiofhe consumption of alternative fuel in the
transportation service is the core concept to redsmme imported crude oil. The
alternative fuel should also be available in thantoy. The government then should
promote more the consumption of CNG (CompressedirdllatGas), for which the
alternative fuel vehicle is used also commonly kn@ag NGV (Natural Gas Vehicle),

because CNG is obtained in Thai bay. The avail&hi& would be reserved for
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consumption approximately 50 years. For LPG or &fgpd petroleum gas, the
government set up its price to be floated (raigesopas to turn down the consumption
of LPG and turn to consume CNG instead. The CNGtiradowest price of all fuels

and can reduce pollution. In case, the demand o6 @GN prolonged, the PTT has
planned to build 740 full service CNG stations $oipporting 332,000 motor cars in
2012. (Ministry of Energy: 2008) Ethanol is alsceaf the alternative energy that the
government promoted to renew oil. The gasohol gedrto use widely and lastly
because it has lower price than fuel oil.

1.2 State of the Problems

The energy demand in Thailand nowadays continugdiyards, especially
fuel oil. Fuel oil is still the main fuel used farivate vehicles, public vehicles and
industrial vehicles. Although an oil price collagsem USD 140 per barrel to USD 50
per barrel, a rebound point to higher prices in lineger term. In case, Thailand
sustains to import the crude oil greater than 8@qure of energy consumption yearly,
it has to combat the instability in the world oilge.

Thai government projects to seek for the altereativel due to the
increase in oil price, then to promote the usehef matural gas for transportation
system. Gasohol, the combination of natural ethandlgasoline as well as biodiesel,
will be the renewal fuel for oil in order to reducest of industrial and transportation
sectors. The fluctuations in the world oil prickdadirectly effect on the goods
transportation service if Thailand demand in fuedtains more than 85 percent. There
are various means of transportation service sudiy asr, by piping, by ship, by truck
and by train. Fuel oil and fuel gas however wiltdbute from their main warehouse
to the service stations in the upper part of thetiNdy truck and train. The said
transportation also needs fuel then leads to thkehicost of fuel transportation. The
energy industry so realize on the handling of fuein its source to its destination or
consumers in order to meet the consumer demandeféistently and effectively. The
logistics system is therefore set up in the fuah$portation management service to
reduce the transportation cost. If the logisticstey is important, the logistics system
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for the energy industry should be built up effeelyvand be beneficial to other

business sectors, other industries and consumers

1.3 Conceptual Framework
This research is to study the situation patterriogfstics management

system for fuel oil and fuel gas. The fuel studedocused only on the transportation
sector, which is to study the transportation pregedogistics system from sources of
supply to fuel end users with logistics managenssistem and to study concerned
data. The concerned data is general data, warenoaisagement data, marketing data,
stock management data, transportation data angisasaf procedure and problems in
SO as to advocate the development policy in laggsthanagement system for oil and

gas.
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1.4 Objectives
The objectives of this study are determinefodows.
1.4.1 To study the current and real situation wél foil and fuel gas
transportation
1.4.2 To study and analyze the problems occunddel oil and fuel gas
transportation in logistics system.
1.4.3 To advocate the development policy in mamege of oil and gas

transportation in logistics system

1.5 Scope of Study

The research scope are arranged to comply witklebermined objectives

as follows.

1.5.1 Scope of Studied Area

The selected area to study is ¢hprovinces classified by geography in the
upper part of the North including Chiang Mai, ClgaRai, Payao, Phrae, Nan,
Lampun, Lampang, Mae Hong Song and Uttraradit. &laee 3 main highways.

1) West - North Highway includes Chiang Mai, Lumpitge Hong Son

2) Middle-North Highway includes Chiang Rai, Payaampang

3) East - North Highway includes Phrae, Nan, Uttrdradi

1.5.2 Scope of Population

1) The entrepreneurs of fuel oil service statmothie upper part of the
north.

2) The entrepreneurs of fuel gas service statidhe upper part of the

north.

1.5.3 Scope of Contexts
1) To study the situation of fuel oil and fuel gasnBportation system in
the upper part of the north
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2) To study the fuel oil and fuel gas transpootaystem by considering
its procedure, types, volume, frequency and cost.

3) To study the logistics management betweenvilaeéhouse to its
service station in the upper part of the north twystdering the warehouse

management, the marketing and the distribution.

1.6 Definition

1.6.1 Logistics management is the process of adtration, movement
and keeping the raw materials, supplies and semiogided by vendors including
collecting all concerned data starting from mantfacg to consumers in order to
meet end users needed.

1.6.2 The upper part of the north covers the ggagc areas in Chiang
Mai, Chiang Rai, Lampun, Lampang, Mae Hong Son,a@hman, Payao and
Uttraradit

1.6.3 Fuel oil is a liquid obtained from refinedide oil and be improved
its quality to be suitable for application and beseh the auto machines. In service
station, there are 2 types of fuel oil, namely, ofjag (in Thailand generally
misunderstood as benzine) used in internal comfpustngines and diesel fuel used in
diesel engines.

1.6.4 Fuel gas is the gases used in land tramsdjmort service as
CNG/NGV: Compressed Natural Gas/Natural Gas Vehmtel LPG: liquefied
petroleum gagor motor car only.

1.6.5 Natural gas is the gas obtained from thareaand used as fuel of
vehicles. The NGV, abbreviation of Natural GasVehicles, is mainly compounded
of methane, which is lighter than air and mustwieked as compressed gas at
pressure 3,000 pounds per square inch. The metanes sometimes called CNG or
Compressed Natural Gas.

1.6.6 Liquefied petroleum gas or LPG is the gaedu$or cooking,
composed of propane gas and butane gas whichasettfrom refining of crude oil.
Both propane and butane status is gas at room tatapes and normal pressure. So

they are always made as liquid.
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1.7 Expected Outcomes

1.7.1 To recognize the problems and difficultiesfus#l oil and fuel gas
transportation system in logistics system beingulder organization and concerned
agencies

1.7.2 To be a guideline for policy development oélfoil and fuel gas
logistics system
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CHAPTERIII
LITERATURE REVIEW

For the study on logistics development of fuel aild fuel gas, the
researcher performs documentary survey of seconddaya collection in correlation
with fuel energy for transportation sector, logishanagement, general information of
the upper northern region and the relevant resedmhtransportation system, fuel,
fuel gas. Afterwards, all secondary data are coteduior data analysis and processing
in documentary research procedure to provide peelpass in research. The principle

of documentary research design is presented ifotlesving procedure. (Figure 2-1)

Documentary resear ch steps chiefly consists of following:
2.1 General Information of the Upper Northern Region
2.1.1 Basic Data of Upper Northern Region
2.1.2 Asian Highway Information
2.1.3 Upper Northern Highway Information
2.1.4Railway Route of Upper Northern Region
2.2 General Information of Transportation
2.2.1 Meaning of Transportation
2.2.2 Types of Land Transport
2.2.3 Petroleum Products Transportation to Conssimer
2.3 Concept and Theory of Logistics
2.3.1 Logistics Concept
2.3.2 Logistics System and Management
2.3.3 Strategy of Logistic Development in Thailand
2.4 General Knowledge of Petroleum
2.5Related Documents and Resear ch

2.6 Conclusion and Discussion of Documentary Resear ch
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Figure 2-1: Documentary Resear&teps
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2.1 General Information Related of the Upper Northern Region

Figure 2-2: Map of Thailand
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Figure 2-3: Upper Northern map

2.1.1 Basic Data of Upper Northern Region
Geographical Location

North latitude 20° 27 North

South  latitude 17° 10 ' North

East longitude 101 ° 10 ' East

West longitude 97° 22 ' East

Neighboring L ocation

The North Adjacent to the Union of Myanmar and
the Lao PDR of which the most northern area is Nae District of Chiang Rai
Province.

The South Connected to central and western
region of which the most southern area of the ngdht is Phi Chai District of
Uttaradit Province.

The East Bordered to Lao PDR of which the

most eastern part is the Phetchaboon mountaind)Btréct in Nan Province.
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The West Located close to the Union of
Myanmar of which the most western area is Mae ®adrDistrict in Mae Hong Son.

Area Size

The northern region is of 93,691 sqg. km. Consistoig9 provinces:
Chiang Rai, Chiang Mai, Mae Hong Son, Lampang, Uaump Phrae, Nan, Uttaradit,
and Phayao, the northern region is tAitl&ge region of Thailand.

Topographical Characteristics

The northern topography is mountainous and high nteons along the
north to the south which is lead from Yunan in Beople’s Republic of China. Such
topography causes geological change that is magtnasion with pressure in the
East-West axis generates ground surface foldingsiuaghes mountainous and high
mountain range. Main mountains range in the regsoDaen Lao, Thanon Thong
Chai, Jom Thong, Phee Pan Nam, Khun Tan, Luang B4ing in between there are
intermontane basins of which its creation are assumin Tertiary Period. This
landform becomes the intermontane basin such @hieng Mai, Lamphun, Lampang
Chiang Rai, Phrae and Nan. Several important rifleve from high mountains flow
through e.g. Ping, Wang, Yom, Nan, Ruak, Ing, Paia and tributaries. These
locations are significant economic area and seéigrof the region as well.

Geological change with erosion causes rough topbgrarhe important
western range of mountain is range of granite maanof Suthep, Inthanon along
intermontane basin from the faahd erosion and composition. The basin is composed
of terraces in Tertiary period and composition wémwlied silk.At present, the area
becomes the economic are as intermontane basianapdang, Chiang Rai, Phrae and
Nan. Geographical change occurs in the same mameentral part of the northern
region consisting of Phee Pan Nam mountain rangs.natural border line between
Chiang Mai and Chiang Rai as well as Chiang Mai-paom and Lampang. Phee Pan
Nam mountain range comprise extrusive granite oickriassic period e.g. Khun Tan
mountain range. The eastern part of Lampang is Fae Nam mountain range
bordering between Lampang and Phrae. Most are @sedp of Lampang rock
formation and Ratchabuti rock formation with punfibe rock produced in volcanic
eruption), insertion of basalt rock occurring hBan Nam, originating and

providing water to the plain area in Chiang Mai,id@ly Rai, Lampang and Phrae
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clearly reflects its name from its geographical rebteristic. The northeast is

partitioned with Luang Phra Bang mountain rang @slér line of Thailand and Lao

PDR from the east of Chiang Khong in Chiang Ranglto Nan, Phrae and Uttaradit
Provinces. The area is rather faraway, with hitlpsl and complex mountain ranges
but existing narrow plains in Thung Chang, Pualdiidng Districts in Nan.

At the upper part of the northern region, espegiai Chiang Rai
Province, exists the largest plain are in anotloethern provinces. The most of river
systems flow upward to the north and flown into Mekg River. The areas through
where the river flow are plain with erosion and gasition at meanders and oxbow
lake including inundated area #fwan Phayao (Pha Yao Lake) and wet land in
Chiang Saen district of Chiang Rai Province. At sbeathern part of the north region,
Phee Pan Nam mountain range is stretched dowretsailith of Lampang Province or
the north of Uttaradit Province, to where the asean adjacent plain to the central
region. However, it is difficult to identify mountarange of the north and the central
regions in straight line. As the mountain range esak detour to the east and the other
to the west through Tak Province which is call TdraThong Chai mountain range
along the west of the country.

Principle for determining the south region is beyahe geographical
characteristic which could not be obviously dividéd determination, the principles
also need cultural criteria. At Mae Phrick DistrictLampang Province and Ban Tak
in District in Tak Province is considered the tiéineal zone of culture. It is clearly
seen that dialect, consumption, various arts henédency to be obviously different to

the north region.

2.1.2 Asian Highway I nformation

Asian Highway (Wikipedia,B.E.2553.[online])

Transportation route connecting through various ntoes in Asia
continent starts from the west of the continengt tare Turkey through Iraq, Iran,
Afghanistan, Pakistan, India, Bangladesh, the Uwnioklyanmar, Thailand, Malaysia,
the Republic of Singapore, Lao PDR, the KingdomQGambodia, The Socialist

Republic of Vietham.
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Asian Highway consists of 2 main routes:

Route A-1 starts from Hochimine City(in Viet Namrachinburi,
Ayudhaya, Tak Provinces(in Thailand), Yangon (ie tbnion of Myanmar), Dhaka
(in Bangladesh), Kolkata, New Delhi(in India), loah, Rawalpindi, Islamabad(in
Pakistan), Kabul(in Afghanistan), Teheran(in Iranyl ends at Ankara(in Turkey)

Rout A-2 starts from Indonesia, through Singapdtaala lampur (in
Malaysia); Songkhla, Bangkok, Chiang Rai(in ThadgnMandalay (in Myanmar),
Dhaka(in Bangladesh), Varanas New Delhi (in Indiahore (in Pakistan), Zahedan,
Teheran, Tabriz(in Iran) and ends at Baghdad(i)lra

Asian Routein Thailand

There are 6 routes of Asian Route in Thailand. V@itmain route and 3
secondary routes, the total length is 4,459 kmnMautes are A-1, A-2 and A-12.

A -1 starts from Myanmar border line at Mae SodTiak Province,
through Nakhornsawan, Nakhornayok and PrachinbuoviRces and ends at
Cambodia border line in Aranyaprathet District witkal length of 703 km.

A-2 starts from Myanmar border line at Mae Sai imabg Rai Province
and ends at Songkhla Province with total length,264 km.

A-12 starts fromSam Yaek Hin Kong(Hin Kong T-junction) in Sraburi
Province(joint of A-1 and A-2) to the north-eastahrough Nakhornratchasima,
Khonkaen, Udornthani and Nongkhai Provinces withltength of 881 km.

Secondary Route

There are 3 secondary routes: A-14, A-15 and A-18.

A-15 starts from Udornthani through Sakolnakhoravitrces and ends at
Nakhornphanom Province with 254 km.

A-18 is the connecting rout from A-2 at Chumpormotigh Surathani,
Nakhornsithamarat, Pattalung Provinces, Hat YaitrRis Pattani and Narathiwat
Provinces and ends Malaysia border lie at Sungotkwith the total length of 881
km.

For travelling by road, to identify location of whdighway, it is
recommended to observe highway shoulder’'s whitee@athe left side of which the
frame is black rim with KhruiGaruda Imageand highway number inside. The single

number e.g. 1 or 2 or 3 is main route or primamyteo While 3-4 ordinal numbers up
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is secondary route or sub-route separated from naaite. The white plate with A in
dark blue color and number e.g. A-1, A-2, A-12, Adre Asian Highway passing in
Thailand.

At present, With 80% Asian Highway is complete amdler operation.
While unready routes are the parts from Thailanklyanmar and from Bangladesh to
Nepal. Upon accomplishment according to ECAFE @ntty ESCAP), Thai people
and people in various countries would travel by #aough Asian countries with

easily access to Europe continent.
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Figure 2-4: Transportation route connecting through variousties in Asia
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2.1.3 Upper Northern Highway I nformation

According to the Act of Transportation B.E. 253%aifland Highway is
divided into 6 kinds

1.Moterwayis desinged for through speical traffic. The miryist
declaration determines to be express highway bylwkie constrution, expansion,
rehabilitation and maintenance are Highway DepantmThe route is registered as
special express highway.

2.National Highway is main highway of network ceoting between
region, district and important places. Its consbrut expansion, rehabilitation and
maintenance are responsible for Highway Departméhé route is registered as
national highway.

3. Rural Road is the road beyond municipality aaditary district area.
Registered as Rural Road, the route is construaggdanded, rehabilitated and
maintained by Tambon Administration OrganizatioPAQ), Department of Rural
Roads and other related agencies.

4. Municipality Road is the road in municipalityear Registered as
municipality road, the route is constructed, exgahdehabilitated and maintained by
municpality.

5. Sanitary District Road is the road in sanitastrett area. Registered as
sanitary district road the route is constructeghagxied, rehabilitated and maintained
by sanitary district.

6. Concession highway is the highway with concesgjoven by the
government in accordance with Concession Highwayv Land registered as
concession highway.
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Figure 2-5: Thailand's highway network

Reference: Ministry of Transport
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Upper Northern Highway
1. Highway with Single Number refers tamain highway connecting the

traffic between regions. There is only one mairhigy in the North region.

H Highway No. 1(Phaholyothin Highway) Starting from ickory
Monument in Bangkok —Myanmar bord&ng Khee Lek Check Point) at Mae Sai
District in Chiang Rai, the route is asphalt suefacad with 4 lanes(two ways) and
isle of approximately 1,005 km.

2. Highway with 2 ordinal numbers means main highway in various

region. There ar2 routes of the northern main highway.

il Highway No. 11 starts from the interchange of Imtatrinburi Disrict
in Singburi- Huay Kaew Road. Rural Road No. 100Maang District in Chiang
Mai is asphalt surface road with 4 lanes(two wayish around 541.87 km.

3. Highway with 3 ordinal numbers refers to the secondary route. There
are 8 secondary routes in the northern region oiclwhhe important routes are

following

1. 10 Highway No. 101(Jarodwithithong and Yantrakitkoswad) from
Muang District of Kamphaengphet - Muang District Man Province is asphalt
surface road with 4 lanes about 345 km.

2. 183 Highway No. 103 starts from Rong Kwang DistrictRhrae — Ngao

District in Lampang Province, asphalt surface ro@tth 4 lanes around 64 km.

3.106 Highway No. 106 (Charoenrat Road) starts from Td#strict,
Lampang Province to Muang District, Chiang Mai Fnge, road with 4 lanes 186
km. approximately.

4./107 Highway No. 107(Chotana Road) starts from Muangtrigisin
Chiang Mai-Pai District in Chiang Mai Province, hafi surface road with 2 lanes
about 165.58 km.

5. 108 Highway No. 108 starts from Muang District in OlhgaMai-Muang
District in Mae Hong Son Province. Almost is asplsalrface road with 2 lanes(two
ways). Except the 2 interjunctions at Chiang Marpait prior to arrival of Hang
Dong District and the part through Hod Districte troad is 4 lanes(two ways) with

isle and total length of approximate 350 km.
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6. 109 Highway No. 109 starts from Fang District in Chidvigi-Mae Suay
District in Chiang Rai. The road is asphalt surfemad with 2 lanes (two ways) and
total length of 65 km.

7. i Highway No. 118(Kaew Nawarat Road) starts from Mu®istrict-
Mae Lao Distric in Chiang Rai. The road is 2 lahg&s(ways) with total length of 160

km.

8. 10 Highway No. 120 starts from Ban Mae Kha Jarn-MuBgjrict in
Pha Yao. The road is asphalt surface road witm@daf 58 km.

2.1.4 Railway Route of Upper Northern Region

Northern railway route departs from the North-easivay route at Ban
Pha Cheeailway junction passing Loburi, Nakhornsawan, RfjcPhitsanuloke,
Uttaradit, DenChai(in Phrae), Lampang, Lamphun Picas and ends at Chiang Mai
Station in Chiang Mai Province(km. 751). At Ban ®aailway junction, there is the
junction departing and ends at Sawankhaloke Stati®@ukhothai(km. 457).
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Figure2-6: Upper Northern Railway Map
Reference: The State Railway of Thailand

The State Railway of Thailand provides cargo sera following:
1) Cargo train for final petroleum products provevice for 4 customers
namely
Shell (Thailand) Co., Ltd.
Esso (Thailand) Co., Ltd.
Caltex (Thailand) Co., Ltd.
PTT Plc.
Transportation volume 1.4 million kilo litres/year
Transportation volume per train 800 kilo litres(684 tones)
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Transportation route Terminal Station Bann PoaklP
and Map Ta Phut
(fuel storehouse)
Destination Nakhornsawan,
Bueng Phra, Phitsanuloke,
Denchai, Lampang,
Chiang Mai Stations
Type of Transportation 10 Fuel oil trains per day

2) Gas LPG cargo there is only 1 customer, PTT.

Transportation volume 550,000 kilolitres/year
Cargo volume per train 864 kilolitres(459 tones)
Transportation route Northern route from

Bang Lamung Station —
Lampang Sation
Type of Transportation 1-2 trains fuel gas per day

2.2General Information of Transportation

2.2.1 Meaning of Transportation

(Thai Transport, B.E.2551.[online]) Meaning of Tsaortation is goods or
person moving by transportation equipment. In bessnaspect, transportation is the
process of goods transfer and service from theym@d to the consumers or transfer
of raw materials to factory that manufactures goadsservice with tool and
accessories of transportation as vehicles cartyiraugh for requirement and utilities
according to the transferor need as mentioned.spatation has to be composed of
following characteristics.

1. Being activity with transferring persons, animat objects from a place
to another place.

2. Require tool or accessories of transportatiorrémsfer.

3. Launch according to requirement and utilitieshef transferor.
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Benefits of Transportation

1. Expand market extent and transport goods to teearea.

2. Increase goods value as delivery with less dyardut much
requirement, the goods would be more expensive.

3. Create jobs distribution.

4. Prevent over stock goods because transportedioidl be conducted all
the times with less operation times for each.

5. Facilitate convenient travel for people to atacps.

6. Create jobs for people as transportation neeltd af workforce in

many levels causing occupation related to trangport and relevant careers.

Transportation Role towards Goods Price

Goods Generally, goods are produces in any sources okanharth
different quantity. Many goods prices seem low ame sources or market with a
number of goods production. While some sources mghfficient quantity, the price
would be high. Transportation enables the vital getition and fair satisfaction to
buyers. Specifically, the producers could transpartrivals preventing scarcity with
too high price. In this regard, buyers could setpality products with lower prices.

Role of Transport to Distribution System  Transport is an essential
process and crucial part of distribution systenth@ssame manner as manufacturing
system. Modern transportation system facilitatesyl of finished products to another
places. Due to intensively developed transportesystdistribution system could
efficiently comfort its function. Transport is essentially wityi for providing
advantages in terms of places and time. Howevansportation seems suffer some
constrains. As transport expenditure is considénedthird next from labor cost of
expenditures. In business aspect, considerati@teckltransportation expenses could

not avoid.

2.2.2 Typesof Land Transport (Fiscal Policy Office, B.E. 2548[online])
1. Road Transport
Road transport is very important and its importahae been increasing

more as its facilitating rapid and widespread ti@n$or products distribution and
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materials from material sources to market and cmess. The availability of
transport drives trade, industry and economic gnow&n education, society and
military movements are developed and modernizedauvead transport.

Capital Pattern

Capital for road transport activity is the burd#riransport entrepreneurs.
Almost are variable cost namely depreciation ofislel, work labor and fuels.
Constant costs are interests of capital in vehicéesl maintenance beyond
transportation.

Advantages of Road Transportation

1. Being facile and rapid in transferring

2. Manageable at any time and catch in time witlaaiting for

3. Low cost of short-distance transportation duwwoconstant cost

Disadvantages of Road Transportation

1. Transport is suitable for short-distance transpion for the reason that
long-distance transportation causes high costs lbhvious that most expenditures
relatively varies to transport quantity especidligl oil with less quantity of transport
due to restrain of vehicles. Therefore, long-distatransportation certainly consume
growth rate of energy consumption.

2. In case of traffic jam andrrible weather, transport by lorries are
slowerthan railway that causes unpunctual delivery.

3. Accident occurs easier than other modes of px@ms

2. Railway Transport

Railway transport was established from the reigrKimig Rama V. His
majesty the king initially established DepartmehRailway attached to Ministry of
Public Works. The first Royal State Railways rowts constructed from Bangkok to
Nakhornratchasima Province. Generally, modes ofspart are divided into 2 types:
long-distance and inter residence and working arEégsipment driven for railway
transport is self-propelled locomotive with variokshds and may be referred
according to initial motive haulage i.e. steam lootive, diesel locomotivand

electric locomotivetc.
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Capital Pattern

Railway transport is a large transport capacityhwenormous capital.
Most capital reveals more constant cost than viriaost e.g. expenditures of
construction, maintenance and route rehabilitatfcal, rail sleeper and related
structures) including variable cost (labor costpenditures for use and damage of
vehicles and fuel oil etc.) Railway transport in@ns limited due to determined
service rate by the Government. However, almost ogonstant cost. The more
transport quantity is increased, the less unit abptoduction is relatively reduced.

Advantages of Railway Transport

1. Being economy for the energy net imported cgunAs transport
railway movement operates on smooth route with fiesgon force. Therefore, an
average cost of fuel oil is low. The operationuslfeconomy. While railway transport
is possible to neglect petroleum such as electrergy produced by hydropower or
coal, lignite, geothermal energy, natural gas;fbas e.g. wood or agricultural waste.
That reduces a lot of fuel consumption. Especiallthe current situation of expensive
fuel oil, the practice would certainly support oatkl energy consumption reduction.

2. Higher safety than other modes of transporthasrbute is particular
rail.

3. Capable of extensive transport both passengerg@ods transport.

4. Capable of efficient transport in long-distati@nsport due to almost
constant cost. Therefore, long-distance with extenguantity would reduce average
cost.

Disadvantages of Railway Transport

1. Low facility in terms of convenience and rapisl @ailway transport
would perform according to a variety of law, rulesgulations.

2. Causing total high transportation cost becabsedelivery could not
performed door to door but depends on other moden$port.

3. High capital especialipvented capital. The fixed cost is higher than

variable cost. Thus return of investment ratiomis.|
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2.2.3 Petroleum Product Transport to Consumer

Process of fuel oil and fuel gas transport fromrefinery to consumer is
performed with difficulties. Because there are faad gas products with different
properties. Transport activity is separately pernfed for particular products.
Furthermore, some fuel and gas characteristicsagidly evaporable and flammabile.
Particle and vehicle and mode of transport is $jpatly designed and taken with
special measures for increasing transport safety.

Primary fuel and gas product transport is conduetgd less quantity of
which mostly loaded in small receptacles and furtihensferred by truck, ship or
railway loading general goods. After that commatian and transportation
development including increasing demand of fuel amd fuel gas, the practice
requires transport in large quantities each timati€ular vehicles are specifically
design to meet transport of fuel oil and fuel gas.

That are namely pipeline, tanker & barge, tank aad tank truck
(Thailand Petroleum Institute, B.E. 2545 [Online]

1. Tanker & Barge The tanker & barge of which the receptacles are
especially designed with modern safety could loael bil and fuel gas products.
Modal payload could transport from small spaceytag in barges to tankers which
can transport fuel oil and fuel gas more than 5dlham litters or more.

2. Tank Car Use of tank car for fuel oil transport is a mode larger
haulage in quantities for long-distance transpdhie tank is well full of preventive
system in crashing. As interior of oval or roundniris horizontally partitioned in
channels to prevent spilling in splash of fueldrifing transportation.

3. Tank Truck In general, tank characteristics carrying fuelooifuel gas
is similar to those loading oil fuel tank (tankrcaThus the tank truck could
separately transport many kinds of fuel oils on woek.

4. Pipeline Transporting fuel oil and fuel gas through pipelisghe least

loss of transport with convenience, rapidity anfiétsa Furthermore the activity could
avoid time waste due to traffic jam and accidemssply arising. In July B.E. 2537,
Thai Petroleum Pipeline Co., Ltd(Thappline), thenture Capital of oil companies
group, commenced for fuel transport with pipelifi€62 km. from oil refinery group

at Sriracha District in Chonburi Province to oibthouse at Lamluka District in
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Pathumthani Province and Sao Hai District in Srarablhe transport included the
separated pipeline from Lamluka District to Bangkékiation Fuel Service Pulic
Company Limited(BAFS)with total length of 27 km. Such pipeline couldnsaort a
variety of petroleum products: many kinds of udksd gasoline, aircraft fuel and
solar oil with daily 71 million litters.

The other transport route of petroleum productststom oil refinery
from Bank Chak at Phra Khanong storehouse and CNomgee storehouse of which
the destination is at Bang Pa-In in Ayudhaya Prowiand to Bangkok Aviation Fuel
Services Public Company Limited (BAFS). The pipelioute is under the operation
of Fuel Pipeline Transportation Limited (FPT) withnsport capacity of more than 10

million litters.

2.3 Concept and Theory of Logistics

2.3.1 Logistics Conceptsand Theorem

Based on Thaweesak, B.E. 2548, in the beginning.D. 1999, the
global awareness was concerned on role and impartahlogistics. It was clear that
in Persian Gulf War, USA was necessary to transpadrmous materials, stuffs
across continent. People assumed the impossibkamis short period with carrying
5 hundred thousands military troops and resoursesedl as various resources of half
million tones by air freight carrying airplane forore distance of 12,000 km. In
addition, the operation included heavy equipmerd fighting equipment of 2.3
million tones by warship crossing sea. All are sssfully conducted within few
months.

Historically, human war was remarked by the striergjtmental spirit of
the military troops including logistics power poti@h In the mean time, controversial
defeat of England’ troops in American War of Indegence resulted from failure of
logistics power potential. At that time Englanddps in USA needed logistics
dependence; no matter what stuffs from England1&yd00 military troops travelling
across sea in the first 6 years war. However, painsof necessary military logistics

from England to the base in USA was insufficiend amuch affected the mission and
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mental spirit of the troops. In this connectionpwiedge and capability in military
logistics had not been developed until A.D. 1781.

In World War I, logistics unit was chiefly role falliance’s intrusion in
Europe due to alliance’s high potential in militdogistics. The stronger practice had
provided defeat to General Rommel’s troop in desédneral Rommel said, “In
fighting, defeat or victory always depended on tpranaster or military logistics.”

Anyhow, while many commanders in chief understandacial role of
military logistics, the surprise is that why busiseorganizations have just accepted
significant effect of logistics in support of bewji competition in superior business.
Refusal to this point represents the less undatstgrof such business organizations
with regard to advantages of logistidst Chor, written in A.D. 1915 “activity linkage
in demand (requirement creation) and supply (gadidgibution)” reveals separate
principles with balance. Any mistake or failure gnoperation in various activities
would revoke confusion and unbalance that preseaticiency and effectiveness.

Goods distribution is often crucial problem fromilding demand.
Frequent problem arises from goods distribution dgmand and supply balance.
Around 70 years later, primary principles of logist system are obviously
determined.

Therefore, logistics means strategic process celateanagement,
movement and storage of raw materials, parts aweéntory, finished products
including information exchange in organization, keting channel which could

provide profit in the present and future by effitieost control.

2.3.2 Logistics System and M anagement

(Thanit,B.E. 2549),Management and system logigtiesining is crucial
as clear pattern and regulations have to be oblyialesermined for any practitioner to
whom requires to intensively follow with writtenp@rt and signed by chief of work
for inspection of goods again. Commentary needsetoark for every process of
logistics system as following.

1. In-house transport of producer’s factory Mantufeang products need
standard inspection and further arrange to stokgairehouse. In-house transport also

require goods receptacles to prevent damages magdas or load in finished goods’
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packaging and accumulated for convenient arrangetoemansport out of factory or
distribute to customers.

2. List of inventory Chief of warehouse must pravidventory to present
daily goods quantity and record of goods receivilesl in factory forms. For export
factory, the operation requires direct contact vakport department who performs
transport and custom clearance.

3. Procurement of raw materials and storage to taker customer’s
requirement and transport management may be negessamaterial substitution
procurement from other sources in case of insefficraw materials in hands. The
accelerated operation is abruptly manipulated gemerate productions in customer
order timeframe, especially punctual delivery taety of domestic customers.

4. Personnel administration could be efficient sgscwith responsibility
to goods quality and delivery time of goods. Some# personnel shift must be
organized to other sections. Personnel managemeguires regular training courses
though without any problems. The practice presum@smon understanding of
manufacturing process for punctual delivery andheagstomer’s production line.
Failure on delivery would certainly affect succegesmanufactures of such customer
and delay effect.

5. In case of goods under standard, goods disiibwtould be certainly
rejected and sent back to factory that inevitahbyeases transport cost and damages
to useless manufacturing cost of substitution. Beeayoods must be delivered again
that cause double transport cost in 2 times. Unfipalstorage would be burden in
transformation. Refunded goods to be sold for lopmeces need care storage for
wholesale in both domestic and foreign market. Ugusome companies or buyers
would purchase non conformance quality control woth applying logistic and
warehouse management.

6. Proficient logistics system’s operation would dmncerned for trucks
and drivers. The awareness is that truck is a madar goods hand-over mobilizing
with drivers. So appropriate truck would be seldct®r business size and
characteristic with maintenance schedule whichas different to other machines.
Fuel oil cost saving, depreciation cost savingduge accessories, accident and goods

damage assurance etc. are a series of task fdiisista section. In case of a lot of
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transportation, many factories would subcontraatsaurced distribution of logistics
service, for undertaking to reduce organizatiorisden. Contractor would provide
efficient service with complete logistics system afe stop service together with

regular report and consultation with customer.

2.33 Strategic Planning of Logistics of Thailand (B.E. 2550-2554)

Aware of logistics activities and capacity buildimgrease of Thailand in
global stage, in terms of cost reduction and vahdeled, energy saving, the
Government therefore declares logistics for natiag@nda and determine for master
plan of logistics development of Thailand undert&tadministration Plan B.E. 2548-
2551. Vision development logistics system for wodkhss logistics is target to
enhance business center and trade of Indo-Chinanregith main principles as
following:

1. To increase facilitation of trade activity thgbucost efficiency and
trade capacity increase for responsive as weklghility and security

2. To create economic value added related to iogiahd downstream.

Government’s target would reduce logistics cost/Giin about 19% in
B.E. 2548 to be 16% in B.E. 2554. The StrategiaRiaiLogistics Development of
Thailand B.E. 2550-2554, currently operated, is posed of 5 aspects:

1. Business Logistics Improvemeamt Real Sector (Producing sector)

2. Transport and Logistics Network Optimization

3. Logistics Service Internationalization

4. Trade Facilitation Enhancement

5. Capacity Buildingnd Strategic Driven Mechanism

2.4 General Knowledge of Petroleum

At present, petroleum is generally known due tantportance on global
economy. Petroleum is transformed into energy fonmsupporting a vast of human
movement. It could be seen that petroleum’s mutidpcing method would facilitate

human well-being and it is transformed for utmabtantages.
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1. Meaning of petroleum (Thamrong Sotamangsa, B5E6)
derives from 2 Latin wordsPetra means “rock” andOleum means “oil”. Total
meaning is “rock oil”, oil produced from rock.

2. Origin of petroleum (Prasert Thiennimit, B.E542) Petroleum is
complex compound of Hydro-carbon naturally occuthie world’s crust. Their status
is semi rigid-liquid substances or gas. At appmteritime, petroleum occurs from
beneath the earth’s surface and decomposition ofirala organic substances,
commonly known as petroleum. After pressed fronetayof rocks, petroleum could
permeate through void of sand or porous rock laydrsre impermeable rock layers
are covered near the areas of forest, mountairseaghore e.g. desert or chilled areas
such as Alaska. Petroleum’s properties; generatlyde oil is black or dark brown
with similar smelling of finished fuel oil. Its w®sity is various. For specific gravity,
the value is about 0.08-0.97 at 15.6 ° C (60 BE)ng in dry natural gas, petroleum is
colorless and odorless. Liquefied natural gas msilarly in the form of gasoline
according to organic substances of petroleum oaguhits environmental sources.

3. For petroleum refinement process prior to tgkis advantages, crude
oil passing Christmas tree valve would be trangmitfor water and impurity
separation. Where finery or gas separation plamtctions light gas oil is extracted
from crude oil, processed materials would be tafloerdirect advantages and others
e.g. raw materials for petrochemical industry.

4. For petroleum refinement process prior to tgkis advantages, crude
oil passing Christmas tree valve would be trangmitfor water and impurity
separation. Where finery or gas separation pfanttions light gas oil from crude oil
, processed materials would be taken for direcaathges and others e.g. materials
for petrochemical industry.

5. For fuel oil and fuel gas transport, as souafgsetroleum and demand
of petroleum products are located in the same plac@earby, especially fuel oil and
fuel gas in association of human daily life andaaiety of development, refinery and
separation of natural gas for wide variety of fired petroleum products would be
necessarily developed on petroleum sources.

6. Finished products from petroleum process sucradsus kinds of fuel

oil.
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(1) Liquefied Petroleum Gas (Ministry of Indust®,E. 2525), generally
called LPG, is the product separated from Liquefiadural Gas. Burning produces
high heat value with clean flame. Basic utilitiddiquid LPG are mainly for cooking
fuel, fuel gas for automobile including for kilndwoven.

(2) Fuel oil for Gasoline engine; Additives (chealisubstance) are added
in gasoline for increasing fuel quality to suit werking e.g. additives to augment
Octane number, additives for cleaning carburetoifHailand, gasoline is divided into
2 types: special gasoline, popularly called “sugesoline” with high Octane number
and normal gasoline for low compression ratio eagin

(3) Fuel oil for airscrew planks properties is similar to gasoline motor
car but with higher Octane number to suit planeiren@ssembling high pressure
driven.

(4) Fuel oil for jet plane At the time, fuel oisimg for primary research for
jet planedevelopment, kerosene, generally sold in marketplecused for its energy.
Current fuel for jet plane often uses those wité same boiling point of kerosene.
Anyhow it requires cleaner and better properties tkerosene.

(5) Kerosene Main product of fuel producer is Keme. At present, the
product can be beneficial for many purposes e.gtures of insecticide, coloring
matter, varnish.

(6) Diesel (Ministry of Industry, B.E. 2537). Geakty called solar fuel,
diesel engine combustion needs heat that is gekevath high pressure in chamber
of diesel automotive diesel. The primarily diesefi@e is large size to endure heat
and high pressure with higher moving energy elgckir bus, tractor, locomotive,
fishery boat. In Thailand, fuel for diesel engiseclassified into 2 type; automotive
diesel oil and industrial diesel oil. Industry @lfuel for steam furnace, kiln or blast
furnace in industry e.g.

(7) Industry oil is fuel for steam furnace, kiln lolast furnace in industry
e.g.

1. Light fuel oil with low viscosity

2. Medium fuel oil with medium viscosity

3. Heavy fuel oil with high viscosity e.g. kiln gement industry
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7. Asphalt property is well flexible subject toriwas temperatures.
Asphalt’'s advantages are main material for roacedoyg, pavement surface, foot path
surface, and airplane runway as well as parkinghAk is also used for roof topping
material, for pipe coating in order to protect rasd rust prevention for under the

motor car.

2.5 Documents and Related Resear ch

Comparative Efficiency in Gasohol between Direct Transport from
Oil Refinery and Sub-Warehouse

Khongrit Chantarik(B.E. 2548) The research is ajgarative efficiency in
many aspects, between modal transport through sub-house and direct transport
from oil refinery. For gasohol, a manufacturing gamy and oil distributor company
are chosen for study case. The target customers &angkok and peripheral who
purchase product with full load and the distribatase truck service from sampling
company.

Efficiencies applied in the comparative study cetexl of transportation
cost, time, capacity, reliability on punctual dely, on goods quality as well as
reliability on goods damage during transport; idahg convenience for delivery to
customer, transaction from oil refinery and senfreguency.

Hypothesis test was conducted by comparison frasultref T-Test and
actual data for some lists. The comparative efficyjewas manipulated for each list
based on the hypothesis of which pattern of gastvansport through warehouse was
more efficient than or equal to those of direch$@ort from oil refinery.Comparative
data collection was compiled from actual operatimial periodic report of operation
section. From sampling and result of hypothesisrmgealed that transport pattern of
gasohol transport through sub-warehouse was mdigeat than those of direct
transport from oil refineryn terms oftransportation cost, time, capacity, reliability on
punctual delivery, on goods quality as well asatality on goods damage during
transport; including convenience for delivery tostmer, transaction from oil

refinery and service frequency. While pattern ofajeol transport from oil refinery
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was more efficient than sub-warehouse only forakglity of quality which did not

obviously affect to other efficiencies upon compani.

The Comparative Study on Consumer Product Distribution Patterns
between Normal Shipment (distribution center) and Direct Shipment

Pornthip Tangjit-Charoenphanit(B.E. 2548) The redeaobjective was
focused on comparative study of consumer prodatteps with 2 types: normal
shipment (distribution center) and direct shipm&ht case study was a transnational
company in consumer business. The comparison wieefty was performed various
factors affecting to alternative on distributiontteen which the researcher derived
from the study of distribution pattern of the sédelccompany including theoretical
and previous research together with data from e@uestire, interview of service
providers, customers and related agencies of fegt2rns of distribution; specifically
referred to distribution cost, delivery time, fremey of service, of convenience of
work process. The comparative efficiency could drectuded that distribution pattern
through distribution center, Normal Shipment, wa®ren efficient than Direct
Shipment. Considering delivery time, frequency efvice, convenience of work
processing, reliability, Direct Shipment was moficent than Normal Shipment in

terms of total cost for distribution.

Compar ative Process of L ogistics

Thanawut Nakwang (B.E. 2546) The research targétedtudy the
guidelines for logistics improvement which emphadion reduction pre and post of
logistics’ process and expenditures based on goakelof logistics management for
Activity Based Costing(ABC).

Methodology started from studying business proadsthe company, its
characteristics, transportation data, customergnroents. All information was
analyzed pre and post for Activity Based Costin®3(A. The result was found that
expenditures of transportation to customer’'s distion center at Wang Noi in
Ayudhaya Province was averagely 31.6% reduced8awxheels trucks and 10 wheels
trucks. While those for at Bang Bua Thong in Nobtiva was averagely 14.9%

reduced for 18 wheels trucks and 10 wheels truBksed on questionnaire derived
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from the customers, superior factors were experefitdor transportation, time of

transportation, level of satisfaction increasingnirfair level 3 (Fair) to level 4 (High).

System Analysis of Environmental Quality Control of Petrol Stations
Case Study: Petrol Stations L ocated Along Asia Highway in Southern Thailand

Prayut Canyukt (B.E. 2544) The research targetssthdy of conditions
for environmental quality control system of petsthtions including analysis and
classification of problems causing environmental nagement and managerial
guideline proposal for environmental managemenpetfol stations. The study is
conducted by petrol stations under the petroleuamding of Shell, Esso, Caltex and
Bang Chak along Asia-Southern Thai Highway. Datdecton is derived from
guestionnaire, observation and interview.

The result of the study reveals that conditionsdiovironmental quality
control system determining according to safety ddath of petrol stations. As none of
inspection and evaluation are involved in proceds bailding construction,
administration, quality control. Neither guidelinesles nor substantial and approved
regulations are explored. In this regards, any gowent agencies, private sector and
entrepreneurs as well as local administration degdions have not yet determined
guidelines for storage and environmental qualitgtic in compliance with standard
and oriented direction.

Regarding recommendation for environmental qualityontrol
management of all activities in petrol stationd, @ncerned persons have to be
trained and provided a guideline for inspectiomlbfctivities. Therefore environment
guality in petrol stations is sustainably develaped

2.6 Conclusion and Discussion of Documentary Resear ch

Based on documentary research by collection ofrekny data from text
book, research paper, internet, related agendmes,sburce materials presents that
logistics in Thailand fall into 4 categories: ro@mdnsport, ship transport, air transport
and pipeline transport. Road transport is the nmode of domestic haulage with

truck transport, rail transport. The more transgosh system efficiency is developed;
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therefore, the more business sector would managstilcs system to promptly serve
customer preferences. As a result, the businesfd do@ superior to marketing
environment. Generally, where area of goods can be easily sibtes by
transportation, goods price would be low. In caytraome areas with difficulties for
access, goods price would be high as unit-costapisportation must be included in
product cost. To reduce transportation expendifuoggstics has been manipulating
for goods conveyance management since then toaser&ansport efficiency and
reduce unit-cost of transportatidn. this connection, the Government by National
Economic and Social Development Board preparestegiyaplan for logistics
development B.E. 2550-2554. Its objective targetsincrease implementation of
business activity efficiendgading to cost efficiency, increase business agpéar
responsiveness, reliability and security includimgrease economic value from
logistics industry and down stream industry.

Therefore, goods (fuel oil) transport from refinéoyconsumers engages
difficulties and a wider complex range of transpatother kinds of goods. As there
are a variety of fuel products and gas with differproperties, transportation would
be separately operated. In addition, due to hamargooperty of fuel and some kinds
of gas, rapid evaporate and flammable, the containd vehicles for transport must
be particularly designed with special measuressédety transportation. Distribution
of fuel oil and fuel gas from refinery and wareh®us selling points in the upper
northern region would be operated with conveyancériick and railway. From the
other related research, the comparative study veaterto study goods transport from
producing sources to consumers through warehouswiis efficient than directly to
customer in terms of expenditures for transpontatione of transportation, capability
of transport, reliability of punctual delivery. Wéidirect shipment is more efficient

than normal shipment in terms of goods quality fignmducing points.
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CHAPTER 11
RESEARCH METHODOLOGY

The objective of the research on fuel oil and fya logistics development
is to study the fuel energy transport system in ttaasportation sector. After that
logistics system is employed to study the fuel gnéransport procedure, and analyze
the data to propose the policy on the fuel oil &rel gas transport management in the
logistics as it is a research of integration. idev to cover the contents in accordance
with the objective, the research methodology iatdsthed as follows:

1. Literature review

2. Population and samples

3. Research instruments

4. Data collection from samples
5. Statistics-based data analysis

The survey research is to employ the results cunh@ntary research to
plan for implementing the primary data collectidor, example the fuel oil and fuel
gas transport management, demand for fuel oil aetigas, and transport procedure
problems. The next step is to summarize the aatd,to analyze the study results.
The survey research methodology can be processedhie working steps as follows
(Figure 3-1):
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Survey Research

v

Results of document researching

v

Design and development of instruments

I

v
A 4 \ 4

Questionnaire Structured interview

A
Primary data collection

v
Data processing

v
Data analysis

v

Conclusion and discussion on
the results of survey reseai

A
Report

Figure 3-1. Survey Research Steps

3.1 Population and Samples

The results of document researching and the reseabjective are
employed to determine the target population to telisd in groups. The upper
northern region is divided into 3 groups; 1) thestgen group including Chiang Mai,
Lamphun, and Mae Hong Son; 2) the central groujudieg Chiang Rai, Phayao, and
Lampang; and 3) the eastern group including Ph¥a®, and Uttaradit. The target
population is grouped as follows: (Table 3-1)
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Table 3-1: Number of Population Groups

Population group West Middle East Total
Fuel oil service station 74 72 38 184
LPG service station 18 16 6 40
NGV service station 2 6 2 10

1) Fuel oil service station group in the uppettihem region 184 samples

2) LPG service station group in the upper northregion 40 samples
3) NGV service station group in the upper northegion 10 samples
3.2 Sampling

Since there are a variety of population groupfferint samplings are
applied. Due to limitation of budget, period of &mand data collection convenience,
the sampling is categorized into 2 groups as fatow

The purposive sampling is also applied with thel foil and fuel gas
service station entrepreneurs. Only the servicéiosta located along the Asian
Highway and the National Highway is selected beeahgse 2 highways connect 9

provinces of the upper northern region.

3.3 Research tools

The instruments designed for collecting data arfolows:

1. Questionnaire: The closed-end questionnai@died but, for some
guestions, the open-end questionnaire is usedder oo get additional data on fuel oll
and fuel gas situation and its transport managemighthe following principles.

1.1 Specifying the main and minor question ecisj according
to the scope and objective of the study.

1.2 Specifying the questions under the main andom
subjects, and grouping the questions for easy statating
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1.3 Pre-Testing questionnaire outside target afea
guestionnaire verification in terms of clear poaitquestions, additional questions,
and data prioritization etc.

2. Structured interview is applied for fuel oilcafuel gas transport
management, volume of fuel oil and fuel gas deredndproblems and
recommendations on fuel oil and fuel gas logistitmnagement, and other relevant
information with the following principles.

2.1 Structured interview is the open-end questiine where
the answers must be related to the point of questio

2.2 The outline and format of the questions must sy ead

not widened for time-saving interview.

The research instrument is developed subjectetdaifowing points.
Main subject 1. General information of servicdistes
Minor subject 1 — Service station areas
Minor subject 2 — Type of fuel products
Minor subject 3 — Purchasing volume / time
Minor subject 4 — Trucks used for the transport
Main subject 2: Marketing information
Minor subject 1 — Purchasing order, purchasingass,
purchasing volume
Minor subject 2 — Cost of purchasing order / time
Minor subject 3 — Purchasing frequency
Main subject 3: Problems, obstacles, and managetoestraint
Minor subject 1 — Management problems
Minor subject 2 — Oil price
Minor subject 3 — Transport

Minor subject 4 - Recommendations
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3.4 Fieldwork Primary Data Collection

Designed and developed research instruments thatamposed of the
guestionnaire, the structured interview are apdiedollecting the primary data from

identified samples as shown in following steps (Fég3-2).

Primary data collection

\ 4

Samples
A 4 *
Fuel oil and fuel gas Fuel oil and fuel gas
transport business group service station group
\ 4 \ 4
Structured interview Quesﬁonnaire

\ 4

Primary data evaluating and analyzing

|

Conclusion and discussion on the primary data

Figure 3-2: Primary Data Collecting Steps

The data of the study areas are collected foryaisahccording to the

following methods.

3.4.1 Questionnaire-Based Data Analysis
1. In compiling the data, it is necessary to wetiie completion and
accuracy of the questionnaire. If the questionnagefound incomplete, more

completed data must be additionally collected leettata analysis.
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2. When the questionnaire is completed, it caraken into account for
content analysis by the statistical methods, sscfrejuency, mean, and percentage,

etc.

3.4.2 Structured Interview-Based Data Analysis

The data analysis process consists of the follgveiteps; verification of
the structured interview completeness and fill i missing data, group the obtained
data is categorized for easy and convenient amalydne logistics management

principles are used to analyze the data.

3.5 DataProcessing and Analysis

The steps of data processing, data analyzing,distassing, and research
results reporting include the evaluation of alls®tary and primary data collected,
data correlation analysis by various methods, treport is prepared and further
submitted to the experts. After that the reseaeshilts are modified, discussed, and
concluded with the recommendations, fully completegort can be developed,

finally.
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CHAPTERIV
RESULT OF THE STUDY

The research aims at studying logistics systemagement development
of fuel oil and fuel gas. The investigation emphasifuel oil in transportation sector.
The study explores the transportation process ef &l and fuel gas in the upper
northern region for fact findings of actual siteatand analyzes factors and guidelines
for system management development fuel oil anddasl

The research results are discussed as follows:

The research is investigated in 9 provinces nanityang Mai, Lampun,
Mae Hong Son, Lampang, Chiang Rai, Payao, Phrae,aNd Uttraradit. Total study
area with 93,691 sq. km. is located in the uppetheon region where is théQargest
region of Thailand with 11,721,000 people.

Based on collected data and site survey, the sitetyis determined based
on highway map for main access by dividing int@Bofving areas:

1. West - North Highway includes Chiang Mai, Lumpige Hong Son

2. Middle-North Highway includes Chiang Rai, Payaoripang

3. East - North Highway includes Phrae, Nan, Uttrdradi
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Figure 4-1: Upper Northern Region

From site survey and data collection with highwaypm interview
entrepreneur groups of service station to obtafarmation and actual situation of
fuel oil and fuel gas transportation, the resultr@ research is for obstacle, problem
and relevant factors analysis in logistics systeamagement of fuel oil and fuel as in
the upper northern region.

The study and evaluation of situation on servitdia transportation
reveals that there are 234 service stations al@gnAHighway and National Highway
under trademarks of PTT, Bangchak, Shell and Calfax of the total, 87 fuel oll
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service stations, equally 37%, provide requirednmiation. There are 50 fuel gas

service stations in the study area but receivinigrination 32 service stations

equivalent to 64%

Table 4-1: Numbers of Fuel Oil Service Stations Providing mnfation

Route Location PTT  Bangchak Shell Caltex Esso Total
West-North Highway 14 8 4 2 3 31
Middle-North Highway 11 8 6 3 6 34
East-North Highway 6 5 6 3 2 22
Total 31 21 16 8 11 87
Table 4-2: Numbers of Fuel Gas Service Stations Providingrin&dion
LPG NGV
Route Location PTT Picnic Siam Unique Other Total
Gas
West-North Highway 1 5 1 - 4 2 13
Middle-North Highway - 4 - 15
East-North Highway . . . 2 - 2 4
Total 1 9 1 5 6 10 32
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4.1 The Result of the Study and Survey of Fuel oil Transportation

Route
Logistics System
v v
Service Station Transporter Warehouse
A\ 4 A\ 4 \ 4
West-North Middle-North East-North
v Y v v Y v v Y v
Chiang Lam Mae Lam Chiang Phayao Phrae Nan Uttaradit
Mai pun Hong Son pang Rai

A 4
Relevant Factors

v

1. General Information

2. Transportation Route

3. Distance for Transportation
4. Period of Transportation

Figure 4-2: Result of Fuel Transportation

1) West - North Highway

The Western part of the Northern region includésa@g Mai, Lumpun,
Mae Hong Son Provinces. The area is located 1 Paelouse (demand point) in
Muang District, Chiang Mai Province. Products tsdnpment is made from the
warehouses (supply points) in Sraburi by train armdehouse at Map Ta Phut in
Rayong Province by train. Most of service stationthe Western part of the Northern
region arrange trucks with receiving tank from ti@ehouse at demand point. Fuel
truck size is mainly 16,000 litres along the patkes of following Highway No.

- Highway No. 11 from Muang District, Chiang MaiMae Tha District,
Lamphun Province is an asphalt surface road wim2s with 26.8 km. taking about

23 minutes.
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- Highway No. 108 from Muang District, Chiang Maiokince — Muang
District, Mae Hong Son Province. Almost is an a#pbkarface road with 2 lanes,
except Chiang Mai International Airport Interjectiprior to entrance of Hang Dong
District and the part through Hod District withahkes (2 ways with isle). Total road is
about 350 km. taking for 5 hours.

- Highway No. 1095 from Mae Taeng District, Chiakigi Province —
Pang Mah Pha District in Mae Hong Son Provincenisagphalt surface road with 2
lanes with 192 km. taking about 3 hours and 48 teswu

- Highway No. 107 from Muang District, Chiang Maiokince — Mae Ay
District in Mae Hong Son Province is an asphalfas@ road with 2 lanes with 165.58
km. taking about 3 hours and 30 minutes.

- Highway No. 109 from Fang District, Chiang Mai Pirse — Mae Sra
Ruay District in Chiang Rai Province is an aspBaltface road with 2 lanes with 65
km. taking about 1 hour and 10 minutes.

- Highway No. 106 from Thoen District, Lampang Hrme — Muang
District, Chiang Mai Province is an asphalt surfagcad with 2 lanes with 186 km.
taking about 2 hour and 40 minutes.

- Highway No. 118 from Muang District, Chiang MaroRince — Doi
Saket District in Chiang Mai is an asphalt surfem&d with 4 lanes (2 ways) with 51

km. taking about 45 minutes.
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Figure 4-3: Service Station along the West - North Highway

Table4-3: Service Stations Providing Information Separatet\gst-North Highway

No. High Node Distance/ Total No. of Providing Information of Percen-
way  Approximated Distance Service Service Station tage
No. Stations
1 106  Leeh District, 14 5 Stations: 35.7
Lamphun — Mugang PTT 1. Leeh District
District, Chiang Mai 2. Ban Hong District
about 176 km 3. Pa Sang District

4. Saraphee District
Esso 1Pa Sang District
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Result of the stutg0

Table4-3: Service Stations Providing Information Separatet\gst-North Highway

(Cont.)
No. Highw Node Distance/ Total No. of Providing Information of  Percen-
ay No. Approximated Service Service Station tage
Distance Stations
2 108  Muang District, 20 15 Stations: 75
Chiang Mai — PTT 5. Muang District,
Muang District, Chiang Mai
Mae Hong Son about 6. Chom Thong District
328 km. 7. Mae Sariang District
8. Mae Hong Son District
Bangchakl, Hang Dong
2. Doi Lor District
3. Chom Thong District
4. Muang District, Mae
Hong Son
Shell 1. Muang District,
Chiang Mai
2. Muang District,
Chiang Mai
3. Hang Dong District
4. San Patong District
Caltex
1. Doi Lor District
Esso
2. San Patong District
3. Mae Sariang District
3 1095 Muang District, 2 1 Stations: 50
Mae Hong Son — PTT 9. Pai District
Mae Rim, Chiang
Mai about 195 km.
4 107 Muang District, 17 4 Stations: 23.3

Chiang Mai — Fang,
Chiang Mai about
145 km.

PTT 10. Chiang Dao District
11. Mae Rim District
Bangchak5. Chai Prakarn District
6. Mae Rim District
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Table4-3: Service Stations Providing Information Separatet\gst-North Highway
(Cont.)

No. Highw Node Distance/ Total No. of Providing Information of  Percen-
ay No. Approximated Service Service Station tage
Distance Stations

5 11 Muang District, 15 3 Stations: 20
Chiang Mai, - Mae PTT 12. Muang District,
Tha District, Chiang Mai
Lamphun about 62.9 13. Muang District,
km. Chiang Mai

Caltex 2. San Kamphaeng
District

6 118  Muang District, 6 2 Stations: 33
Chiang Mai — Doi PTT 14. Sansai District
Saket District, Bangchal8. Doi Saket District
Chiang Mai about 27
km.

From tabulated data, the numbers of service swmtsmparated by West-
North Highway No. are found that Highway No. 106thwpath node from Leeh
District, Lamphun to Muang District, Chiang Mai Riace there are 5 service stations
equivalent to 35.7%; Highway No. 108 with patde from Muang District, Chiang
Mai Province to Muang District, Mae Hong Son Praén there are 15 service
stations equivalent to 75%iighway No. 1095 with path node from Muang District
Mae Hong Son Province to Mae Rim District, ChiangiNProvince, there are 1
service station equivalent to 50 %; Highway No. 4t path node from Muang
District, Chiang Mai Province to Fang District, @hg Mai Province, there are 4
service stations equivalent to 23.3%; Highway Nb3 Wwith path node from Muang
District, Chiang Mai Province to Doi Saket Distri@hiang Mai Province, there are 2

service stations equivalent to 33%;
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Result of the stuty2

Table 4-4: Distance and Time from Service Station to Warehalseg West - North
Highway of the Petroleum Authority of Thailand.

Trademark No. Highway Location Warehouse Estimated Estimated
No. Distance Time
Round(km.) Round(hr.)
PTT 1 106 Leeh, Chiang Mai 264 4
Lamphun
2 106 Bang Hong, Chiang Mai 130 2
Lamphun
3 106 Pasang, Chiang Mai 86 1.30
Lamphun
4 106 Saraphee, Chiang Mai 16 0.20
Chiang Mai
5 108 Muang, Chiang Mai 20 0.30
Chiang Mai
6 108 Chom Thong, Chiang Mai 120 2
Chiang Mai
7 108 Mae Sariang, Chiang Mai 392 6.40
Mae Hong Son
8 108 Muang Chiang Mai 512 9
Mae Hong Son
9 1095 Pai, Chiang Mai 266 4
Mae Hong Son
10 107 Chiang Dao,  Chiang Mai 144 3
Chiang Mai
11 107 Mae Rim, Chiang Mai 40 1
Chiang Mai
12 11 Muang, Chiang Mai 22 0.40
Chiang Mai
13 11 Muang, Chiang Mai 10 0.20
Chiang Mai
14 118 Sansai, Chiang Mai 22 0.30
Chiang Mai
Average 146 243
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Based on the above table, the service stationsrumdéemark of the
Petroleum Authority of Thailand (PTT) in the Westarea of the North consisting of
Chiang Mai, Lamphun and Mae Hong Son Provincesgaldighway No. 106,108,
1095, 107, 11 and 118, the service stations arrdregank trucks for filling fuel at the
warehouse in Chiang Mai with distance round appnaxely 146 km. taking about 2

hours and 43 minute.

Table 4-5: Distance and Time from Service Station to Wareh@lseg West - North
Highway of Bangchak.

Trademark No. Highway Location Warehouse Estimated Estimated
No. Distance Time
Round(km.) Round(hr.)
Bangchak 1 108 Hang Dong , Bang Pa-In 1292 18.40
Chiang Mai
2 108 Dai Lor, Bang Pa-In 1276 19
Chiang Mai
3 108 Chom Thong, Bang Pa-In 1314 19.20
Chiang Mai
4 108 Muang, Bang Pa-In 1680 26
Mae Hong Son
5 107 Chai Prakarn, Bang Pa-In 1560 24
Chiang Mai
6 107 Mae Rim, Bang Pa-In 1300 19
Chiang Mai
7 118 Doi Saket, Chiang Mai 54 0.30
Chiang Mai
Average 1210.86 17.98

Based on the above table, the service stations rutrddemark of
Bangchak in the West-North area consisting of Ghisiai, Lamphun and Mae Hong
Son Provinces along Highway No. 108, a 107, and, M@&st of service stations
arrange the tank trucks for filling fuel at the efaouse at Bang at Pa-In warehouse in
Ayudhya Province with distance round approximatg®10.86 km. taking about 18

hours and 38 minute.
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Table 4-6: Distance and Time from Service Station to Warehalseg West - North

Highway of Shell
Trademark  No. Highway Location Warehouse Estimated Estimated
No. Distance Time
Round(km.) Round(hr.)
Shell 1 108 Muang, Lampang 204 3
Chiang Mai
2 108 Muang, Lampang 196 3
Chiang Mai
3 108 Hang Dong, Lampang 200 3
Chiang Mai
4 108 San Patong, Lampang 174 2.50
Chiang Mai
Average 193.5 2.87

Tabulated data presents that the service statiodsrirademark of Shell
in the West-North area in Chiang Mai Province aléfighway No. 108. The service
stations arrange the tank trucks for filling fueltlle warehouse in Lampang Province

with distance round approximately 193.5 km. talkabgut 3 hours and 27 minute.

Table 4-7: Distance and Time from Service Station to Warehalseg West - North
Highway of Caltex.

Trademark No. Highway Location Warehouse Estimated  Estimated

No. Distance Time
Round(km.)  Round(hr.)

Caltex 1 108 Dai Lor, Chiang Mai 100 2
Chiang Mai
2 11 San Kamphaeng, Chiang Mai 10 0.22
Chiang Mai
Average 55 111

From the table above, the service stations unddetnark of Caltex in the
West-North area in Chiang Mai Province along Highw. 108 and 11. The service
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stations arrange the tank trucks for filling fudl the warehouse in Chiang Mai
Province with distance round approximately 55 kakirtg about 1 hours and 11

minute.

Table 4-8: Distance and Time from Service Station to Warehalseg West - North
Highway of Esso.

Trademark No. Highway Location Warehouse Estimated Estimated
No. Distance Time
Round(km.)  Round(hr.)
Esso 1 106 Pasang, Lamphun Lampang 190 2.40
2 108 San Patong, Lampang 178 3
Chiang Mai
3 108 Mae Sariang, Lampang 506 8.20
Mae Hong Son
Average 291.33 453

Based on the data tabulated above, the serviderstainder trademark of
Esso in the West-North area consisting of Chiang, Mamphun and Mae Hong Son
Provinces along Highway No. 106 and 108. The senrgtations arrange the tank
trucks for filling fuel at the warehouse in LampaRgovince with distance round
approximately 291.33 km. taking about 4 hours ahdhinute.

2) Middle-North Highway

The Middle - North Highway includes Lampang, PhaoYand Chiang Rai
Provinces. The area is located 3 warehouses (demaimd) in Muang District,
Lampang Province under trademark of PTT, Shell Bssb. Products transshipment
is made from the warehouses (supply points) in8rddy train and warehouse at Map
Ta Phut in Rayong Province by train. Most of sexvatations in the Middle-North
Highway area arrange trucks with receiving tankfrine warehouse at demand point.
Fuel truck size is mainly 16,000 litres along tlahpnodes of following Highway No.:

- Highway No. 1(Phaholyothin Highway) from Mae RhDistrict,
Lampang Province — the borderline of Thailand andihnar(at Tha Khee Lek Check
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Point), Mae Sai, Chiang Rai Province. The roadnisaaphalt surface road with 4
lanes(2 ways with isle). Total road is about 407 taking about 5 hours 50 minutes.1
-Highway No. 11 from Hang Chat District, Lampang \#nce — Mae
Tah, Lampang Province. The road is asphalt road @ianes. Total road is about 75
km. taking about 2 hours.
- Highway No. 118 from Doi Saket District, ChiangaMProvince — Mae

Lao, Chiang Rai Province. The road is asphalt noad 2 lanes. Total road is about
105 km. taking about 1 hour and 43 minutes.
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Figure4-4: Service Stations along Middle-North Highway
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Table 4-9: Numbers of Service Stations Providing Informatie@p&ated by Middle-

North Highway

No. High Node Distance/  Total Service No. of Providing Information of Percent-
way Approximated Stations Service Station age
No. Distance
1 1 Mae Phrik, 60 29 Stations: 48

Lampang — Mae
Sai, Chiang Rai
about411 km.

PTT 1. Thoen District
2. Koh Kha District
3. Muang, Lampang
(Chompoo)
4. Muang, Lampang
(Chompoo)
5Muang, Lampang
(Phrabat
6. Muang, Lampang
(Phicha)
7. Muang, Pha Yao
(Ban Tam
8. Phan Distict
9. Mae Lao District
10. Muang, Chiang Mai
Bangchakl. Sob Prab District
2. Koh Kha District
3. Muang, Lampang
(Chompoo)
4. Muang, Lampang
(Bor Haew)
5. Muang, Lampang
(Phichai)
6. Mae Lao District
7. Mae Sai District
Shell 1. Thoen District
2. Sob Prab District
3. Muang , Lampang
(Ton Thonchai)
4. Muang, Pha Yao
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Table 4-9: Numbers of Service Stations Providing Informati@p&ated by Middle-
North Highway (Cont.)

No Highway  Node Distance/ Total No. of Providing Information of  Percent-
No. Approximated Service Service Station age
Distance Stations
(Ban Tam)

5. Mae Sai District
Caltex1. Phan District
Esso 1. Koh Kha District
2. Ngao District
3. Muang, Pha Yablae

Tam)
4. Muang, Chiang R&an
Sai)
5. Muang, Chiang Rai(Rob
Wiang)
6. Mae Jan, District
2 11 Mae Tah District, 7 3 Stations: 42.85
Lampang - Hang Bangchak8. Hang Chat District
Chat, Lampang Shell 6. Hang Chat District
about 78 km. Caltex 2. Hang Chat District
3 118 Mae Lao District, 5 2 Stations: 40
Chiang Rai — PTT 11. Mae Sa Ruay District
Wiang Pa Pao, Caltex 3. Mae Sa Ruay District

Chiang Rai about
105 km.

From tabulated data, the numbers of service smseparated by Middle-
North Highway No. are found that Highway No. 1 wjhth node from Mae Phrik
District, Lampang to Mae Sai District, Chiang RabWnce, there are 29 service
stations equivalent to 48%; Highway No. 11 withilpabde from Mae Tah District,
Lampang to Hang Chat District, Lampang Provinceergdhare 3 service stations
equivalent to 42.85%; Highway No. 118 with pathdedrom Mae Lao District,
Lampang to Wiang Pa Pao District, Chiang Rai Prowjrihere are 2 service stations

equivalent to 40%
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Table 4-10: Distance and Time from Service Station to Warehalseg the Middle -

North Highway of the Petroleum Authority of Thaithn

Trademark No. Highway Location Warehouse Estimated Estimated
No. Distance Time
Round(km.)  Round(hr.)
PTT 1 1 Thoen, Lampang 180 3
Lampang
2 1 Koh Kha, Lampang 11 0.25
Lampang
3 1 Muang, Lampang 4 0.05
Lampang
4 1 Muang, Lampang 8 0.10
Lampang
5 1 Muang, Lampang 8 0.10
Lampang
6 1 Muang, Lampang 34 0.30
Lampang
7 1 Muang, Denchai 358 5
Pha Yao
8 1 Phan, Denchai 438 6
Pa Yao
9 1 Mae Lao, Denchai 484 7
Chiang Rai
10 1 Muang, Denchai 516 7.20
Chiang Rai
11 118 Mae Sa Ruay, Lampang 272 4.20
Chiang Rai
Average 210.27 3.02

Based on the above table, the service stations ruttrddemark of the

Petroleum Authority of Thailand in the Middle-Nornea consisting of Lampang, Pha

Yao and Chiang Rai Provinces along Highway Nond 418, the service stations

arrange the tank trucks for filling fuel at warebeuin

Lampang Province and

Denchai in Phrae Province with distance round apprately 210.27 km. taking

about 3 hours.
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Table 4-11: Distance and Time from Service Station to Wareh@lseg the Middle -

North Highway of Bangchak.

Trademark No. Highway Location Warehouse Estimated Estimated
No. Distance Time
Round(km.)  Round(hr.)
Bangchak 1 1 Sob Prab, Bang Pa-In 980 14
Lampang
2 1 Khoh Kha, Chiang Mai 208 3
Lampang
3 1 Muang, Bang Pa-In 1076 15.40
Lampang
4 1 Muang, Bang Pa-In 1080 15.40
Lampang
5 1 Muang, Chiang Mai 220 3.20
Lampang
6 1 Mae Lao, Bang Pa-In 1414 20
Chiang Rai
7 1 Mae Sai, Bang Pa-In 1562 22
Chiang Rai
8 1 Hang Chat, Bang Pa-In 1092 15
Lampang
Average 954 135

Based on the above table, the service stationerum@demark of
Bangchak in the Middle-North area consisting of bamg and Chiang Rai Provinces
along Highway No. 1, the service stations arrahgetank trucks for filling fuel at the
warehouse in Chiang Mai and Bang Pa-In warehousAyirdhaya Province with

distance round approximately 954 km. taking ab@ubhdurs and 50 minute.
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Table 4-12: Distance and Time from Service Station to Wareh@lseg the Middle -

North Highway of Shell

Trademark No Highway Location Warehouse Estimated Estimated
No. Distance Time
Round(km.)  Round(hr.)
Shell 1 1 Thoen, Lampang Lampang 174 2.40
2 1 Sob Prab, Lampang Lampang 98 1.30
3 1 Muang, Lampang Lampang 20 25
4 1 Muang, Pha Yao Lampang 272 4
5 1 Mae Sai, Chiang Rai Lampang 584 8.40
6 11 Hang Chat, Lampang Lampang 40 0.40
Average 198 2.79

Based on the above table, the service stationsrumademark of Shell in

the Middle-North area consisting of Lampang, Pha Yad Chiang Rai Provinces

along Highway No. 1 and 11, the service statiamange the tank trucks for filling

fuel at the warehouse in Lampang Province withadis¢ round approximately 198

km. taking about 3 hours and 19 minute.
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Table 4-13: Distance and Time from Service Station to Warehalseg the Middle -
North Highway of Caltex

Trademark No. Highway Location Warehouse Estimated Estimated
No. Distance Time
Round(km.)  Round(hr.)

Caltex 1 1 Phan, Phitsanuloke 722 10
Chiang Rai
2 11 Hang Chat, Chiang Mai 176 2.40
Lampang
3 118 Mae Sa Ruay, Chiang Mai 274 4.20
Chiang Rai
Average 390.67 5.53

Based on the above table, the service stations wratkemark of Caltex in
the Middle-North area consisting of Lampang and a@fi Rai Provinces along
Highway No. 1, 11 and 118, the service stationarge the tank trucks for filling fuel
at the warehouse in Chiang Mai and Phitsanulokeviftes with distance round

approximately 390.67 km. taking about 5 hours ahdinute.

Table 4-14: Distance and Time from Service Station to Warehalseg the Middle —
North Highway of Esso.

Trademark No. Highway Location Warehouse Estimated Estimated
No. Distance Time
Round(km.) Round(hr.)
Esso 1 1 Koh Kha, Sraburi 1340 19.20
Lampang
2 1 Ngao, Lampang 164 2.20
Lampang
3 1 Muang, Lampang 264 4

Pha Yao
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Table 4-14: Distance and Time from Service Station to Warehalseg the Middle —
North Highway of Esso. (Cont.)

Trademark No. Highway Location Warehouse Estimated Estimated
No. Distance Time
Round(km.) Round(hr.)
4 1 Muang, Lampang 448 6.30
Chiang Rai
5 1 Muang, Lampang 458 6.40
Chiang Rai
6 1 Mae Jan, Lampang 516 7.30
Chiang Rai
Average 531.67 7.56

Based on the above table, the service stationserurademark of Esso in
the Middle-North area consisting of Lampang, Pha Yad Chiang Rai Provinces
along Highway No. 1, the service stations arrahgeank trucks for filling fuel at the
warehouse in Lampang and Sraburi Provinces witkami® round approximately
531.67 km. taking about 7 hours and 56 minute.

3) East - North Highway

The East - North Highway includes Phrae, Nan am@rbdi Provinces.
The area is located 2 warehouse (demand point)eimcBai District, Phrae Province
under the trademark of PTT and Esso. Products dngmment is made from the
warehouses (supply points) in Sraburi by train aratehouse at Map Ta Phut in
Rayong Province by train. Most of service statiomghe East-North Highway area
arrange trucks with receiving tank from the waredwat demand point. Fuel truck
size is mainly 16,000 litres along the path noddslowing Highway No.:

- Highway No. 1 from Ngao District, Lampang Provine®lae Sai District

in Chiang Rai Province is an asphalt surface roaith ¥ lanes (2 ways) with
approximately 210 km. taking about 3 hours.
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- Highway No. 11 from Long District, Phrae Provincétdang District in

Uttaradi Province is an asphalt surface road ®@ithnes about 92 km. taking about 1
hour and 30 minutes.

- Highway No. 101 from Denchai District, Phrae Prma — Muang

District in Nan Province is an asphalt surfacedreéth 2 lanes about 162 km. taking
about 2 hours and 30 minutes.

-Highway No. 103 from Rong Kwang Interjection DistfiPhrae Province

— Ngao District in Lampang Province is an asphaitface road with 2 lanes
approximately 63km. taking about 50 minutes.
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Figure 4-5: Service Station along the East-North Highway
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Table4-15: Service Stations Providing Information Separatedhagt-North Highway

No Highway  Node Distance/ Total No. of Providing Information of ~ Percent-
No. Approximated Service Service Station age
Distance Stations
1 102 Sri Sat Chanalai, 5 1 Stations: 20
Sukhothai- Bangchak 1. Lab Lae District
Muang, Uttaradit
about 14 km.
2 1045 Muang, Uttaradit 10 3 Stations: 30
about 10 km. PTT 1. Muang(Tha Sao
Bangchak 2. Muang(Tha Sgo
3. Muang(Tha Spo
3 11 Muang, Uttaradit- 7 5 Stations: 71.42
Denchai, Phrae PTT 2. Muang,
about 42 km. Uttaradit(Ngiew Ngam
3. Muang, Uttaradit
(Ngiew Ngam
4. Denchai District
Shell 1. Denchai District
Caltex 1. Muang, Uttaradit
(Ngiew Ngam
4 101 Denchai, Phrae- 16 10 Stations: 62.5
Muang, Nan PTT 5. Muang District, Phrae
about 140 km. 6. Muang, Nan

Shell 2. Denchai District
3. Muang, Phrae
Bangchak4. Muang, Phrae(Nai
Wiang)
5. Muang, Phrae
(Thung Hong)
Caltex 2.Sung Men
Disrict(Rong Ar Kard)
3. Muang, Phrae
Esso 1. Muang
(Thung Hong)
2. Muang(Doo Tai)
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From the table above, the service stations progidiformation in the
East-North area in along Highway No. 102 withhpabde from Sri Sat Chanalai
Distric, Sukhothai to Muang Disrict, Uttaradit ighere is only 1 service station
equivalent to 20%;. Highway No. 1045 with path nade Muang District, Uttaradi
Province, there are 3 service stations equivaei®0%; Highway No. 11 with path
node from Muang District, Uttaradit Province to [Bkai District, Phrae Province,
there are 5 service stations equivalent to 71.43ghway No. 101 with path node
from Denchai District, Phrae Province to Muang Bt Nan Province, there are 10

service stations equivalent to 62.5%.

Table 4-16: Distance and Time from Service Station to Wareh@lseg East - North
Highway of the Petroleum Authority of Thailand

Trademark No. Highway Location Warehouse Estimated  Estimated
No. Distance Time
Round(km.) Round(hr.)

PTT 1 1045 Muang, Phitsanuloke 216 3
Uttaradit
2 11 Muang Phitsanuloke 228 3.20
3 11 Muang Denchai 84 1.30
4 11 Denchai, Denchai 6 0.10
Phrae
5 101 Muang, Denchai 52 1
Phrae
6 101 Muang, Denchai 272 4
Nan
Average 143 2.10

Based on the above table, the service stationgrummddemark ofthe
Petroleum Authority of Thailand(PTT) in the Eastritoarea consisting of Phrae, Nan
and Uttaradit Provinces along Highway No. 1, 1@4fl 101 the service stations

arrange the tank trucks for filling fuel at the elaouse in Phitsanuloke Province and
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Denchai in Phrae Province with distance round apprately 143 km. taking about 2
hours and 10 minute.

Table 4-17: Distance and Time from Service Station to Wareh@lseg East - North
Highway of Bangchak

Trademark No. Highway Location Warehouse Estimated Estimated
No. Distance Time
Round(km.)  Round(hr.)
Bangchak 1 102 Lab Lae, Uttaradit Bang Pa-In 856 242
2 1045 Muang, Uttaradit  Bang Pa-In 846 12
3 1045 Muang, Uttaradit ~ Bang Pa-In 848 12
4 101 Muang, Phrae Bang Pa-In 978 14
5 101 Muang, Phrae Bang Pa-In 988 14.10
Average 903.2 12.86

Based on the above table, the service stations rutrddemark of
Bangchak in the East-North area consisting of Plarag Uttaradit Provinces along
Highway No. 102, 145 and 101, the service statemange the tank trucks for filling
fuel at the warehouse in Bang Pa-In, Ayudhaya eviwith distance round
approximately 903.2 km. taking about 13 hours ahdhihute.

Table 4-18: Distance and Time from Service Station to Warehalsieg East - North
Highway of Shell .

Trademark No. Highway Location Warehouse Estimated Estimated Time
No. Distance Round(hr.)
Round(km.)
Shell 1 11 Denchai, Phrae  Lampang 182 2.40
101 Denchai, Phrae Lampang 186 1.40
3 101 Muang, Phrae  Lampang 226 3.20

Average 198 2.66
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Based on the above table, the service stationsruratemark of Shell in
the East-North area in Phrae Province along HaghiNo. 11 and 101, the service
stations arrange the tank trucks for filling fueltl@e warehouse in Lampang Province
with distance round approximately 198 km. takinguwt8 hours and 6 minute.

Table 4-19: Distance and Time from Service Station to Wareh@lseg East - North

Highway of Caltex.

Trademark No. Highway Location Warehouse Estimated Estimated
No. Distance Time
Round(km.) Round(hr.)
Caltex 1 11 Muang, Phitsanuloke 228 3.20
Uttaradit
2 101 Sung Men, Phitsanuloke 344 4.40
Phrae
3 101 Muang, Phitsanuloke 356 5
Phrae
Average 309.33 4.20

Based on the above table, the service stations tradkemark of Caltex in

the East-North area consisting of Phrae and UtitaRrdvinces along Highway No.

11 and 101, the service stations arrange the tankd for filling fuel at the warehouse

in Phitsanuloke Province with distance round appnaxely 309.33 km. taking about

4 hours and 20 minute.

Table 4-20: Distance and Time from Service Station to Wareh@lseg East - North

Highway of Esso.

Trademark No. Highway Location Warehouse Estimated Estimated
No. Distance Time

Round(km.) Round(hr.)
Esso 1 101 Muang, Phrae  Lampang 232 3.20
2 101 Muang, Nan Lampang 448 6.30
Average 340 4.75
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Based on the above table, the service stationsrurattemark of Esso in
the East-North area consisting of Phrae and Nawifres along Highway No. 101,
the service stations arrange the tank trucksfiiamg fuel at the warehouse in
Lampang Province with distance round approximaBd§ km. taking about 5 hours

and 15 minute.

4.2 The Result of the Study and Survey of Fuel Gas Transportation

Route
Logistics System
* A 4 *
Service Station of Fuel Gas Deliver of Fuel Gas Warehouse of Fuel Gas
v v h 4
West Middle East
Chiang Lumpun Mae Hong Lampang Chiang Phayao Phrae Nan Uttaradit
Mai Sor Ral

A\ 4
Relevant Factorg

A\ 4
1. General Information

2. Fuel delivery line
3. Delivery Distance

4. Delivery Time

Figure 4-6: Result of the Study on Fuel Gas Transportation
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4.2.1 LPG Transportation Line

1) West-North Highway

The West - North Highway includes Chiang Mai, Lump Mae Hong
Son where there is none of fuel gas warehouse s&hace stations in the area must
purchase fuel gas from the representative in Chiiag The fuel gas trucks will
make delivery service from the warehouse in Lampgangarious service stations with
minimum order of 8,000 kg. by transporting along tbllowing Highway No.

- Highway No. 11 from Muang District, Lamphun, -akl Tha District,
Lamphun Province is an asphalt surface road widm&s with 26.8 km. taking about

23 minutes.

- Highway No. 108 from Muang District, Chiang MaiokRince — Muang
District, Mae Hong Son Province. Almost is an ad#pbkarface road with 2 lanes,
except Chiang Mai International Airport Interjectiprior to entrance of Hang Dong
District and the part through Hod District withahkes (2 ways with isle). Total road is
about 350 km. taking for 5 hours.

- Highway No. 106 from Thoen District, Lampang Arme — Muang
District, Chiang Mai Province is an asphalt surfagcad with 2 lanes with 186 km.

taking about 2 hour and 40 minutes.

- Highway No. 118 from Muang District, Chiang Marokince — Doi
Saket District in Chiang Mai is an asphalt surfem&d with 4 lanes (2 ways) with 51

km. taking about 45 minutes.
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Figure4-7: LPG Service Stations along West-North Highway



Thitipohn Sutthasiang Result of the stutly2

Table4-21: Numbers of LPG Service Stations Providing InfororatSeparated by
West-North Highway

No. Highway Node Distance/ Total No. of Providing Percent-
No. Approximated Distance Service Information of Service age
Stations Station
1 108 Muang District, Chiang 5 3 Stations: 60
Mai —Muang District, Picnic 1. Muang District,
Mae Hong Son aboG28 Chiang Mai
km. Picnic 2. Muang District,
Chiang Mai
Other 3. Muang District,
Mae Hong Son
2 11 Muang District, Chiang 9 6 Stations: 66.67
Mai — Mae Tha, Other 4. Muang District,
Lamphun abou62.9 km. Chiang Mai
Other 5. Muang District,
Chiang Mai
Picnic 6. Muang District,
Chiang Mai
Picnic 7. Muang District,
Chiang Mai
Siam Gas8. Saraphee,
Chiang Mai
Other 9. Muang District,
Lamphun
3 106 Leeh District, Lamphun 2 1 Stations: 50
— Muang District, Chiang PTT 10. Muang District,
Mai about 176 km. Lamphun
4 118 Muang District, Chiang 2 1 Stations: 50
Mai — Doi Saket District, Picnic 11. Sansai District,
Chiang Mai abou27 km. Chiang Mai

From tabulated data, the numbers of service sapooviding information
separated by West-North Highway No. are found thghway No. 108 with path

node from Muang District, Chiang Mai to Muang Distir Mae Hone Son Province,
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there are 3 LPG service stations equivalent to 60Rghway No. 11 with path node
from Muang District, Chiang Mai to Mae Tha Distritmphun Province, there are 6
LPG service stations equivalent to 66.67%; Highwiy 106 with path node from
Leeh District, Lamphun to Muang District, Chiang iNPaovince, there is only 1 LPG
service station equivalent to 50%; Highway N&8 Wwith path node from Muang
District, Chiang Mai Province to Doi Saket Distri€€hiang Mai Province, there is

only 1 LPG service station equivalent to 50%;

Table 4-22: Distance and Time from Service Station to Warehoa®ng West -

North Highway of Picnic Corporation Public Compadrisnited

Trademark No. Highway Location Warehouse Estimated Estimated
No. Distance Time
Round(km.) Round(hr.)

Picnic 1 108 Muang, Lampang 194 2.50
Chiang Mai

2 108 Muang, Lampang 200 3.10
Chiang Mai

3 11 Muang, Lampang 184 2.40
Chiang Mai

4 11 Muang, Lampang 180 2.30
Chiang Mai

5 118 San Sai, Lampang 206 3.20
Chiang Mai

Average 192.8 2.70

Based on the above table, the LPG service statioder trademark of
Picnic in the West-North area is in Chiang Mai Pnoe along Highway No. 108, a
11, and 118, the LPG service stations arrangéatiietrucks for filling fuel gas at the
warehouse in Lampang with distance round approxin&t92.8 km. taking about 3

hours and 10 minutes.
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Table 4-23: Distance and Time from LPG Service Station to Wause along West -

North Highway of Petroleum Authority of Thailand

Trademark No. Highway Location Warehouse Estimated Estimated
No. Distance Time
Round(km.) Round(hr.)
PTT 1 106 Muang District, Lampang 160 2.20
Lamphun
Average 160 2.20

Based on the above table, the LPG service statioder trademark of the
PTT in the West-North area is in Lamphun Proviateng Highway No. 106. The
LPG service stations arrange the tank trucks fiindi fuel gas at warehouse in
Lamphun Province with distance round approximafeé® km. taking about 2 hours

and 20 minutes.

Table 4-24: Distance and Time from LPG Service Station to Wause along West -

North Highway of Siamgas and Petrochemicals Pubiimpany Limited

Trademark No. Highway Location Warehouse Estimated Estimated
No. Distance Time
Round(km.) Round(hr.)
Siam Gas 1 11 Saraphee, Lampang 176 2.30
Chiang Mai
Average 176 2.30

Based on the above table, the LPG service statindsr trademark of the
Siam Gas in the West-North area is in Chiang Mavidce along Highway No. 11.
The LPG service stations arrange the tank truckdilfmg fuel gas at warehouse in
Lampang Province with distance round approximaigl§ km. taking about 2 hours

and 30 minutes.
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Table 4-25: Distance and Time from LPG Service Station to Wausle along West -

North Highway of Other companies

M.Sc.(Technology of Environmental Managemenb) /

Trademark No. Highway Location Warehouse Estimated  Estimated
No. Distance Time
Round(km.) Round(hr.)
Other 1 108 Muang, Lampang 658 11
Mae Hong Son
2 11 Muang, Lampang 206 3.10
Chiang Mai
3 11 Muang, Lampang 196 3.00
Chiang Mai
4 11 Muang, Lampang 140 2.00
Lamphun
Average 300 5.17

Based on the above table, the LPG service statiodsr other trademarks in
the West-North area comprising Chiang Mai, Mae H80g and Lamphun Provinces
along Highway No. 11 and 108, the LPG service @tatiarrange the tank trucks for
filling fuel gas at warehouse in Lampang Provingthwlistance round approximately

300 km. taking about 5 hours and 17 minutes.
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2) Middle-North Highway

Middle-North Highway includes Lampang, Payao andiaGh Rai of
which the only 1 fuel gas warehouse is located iraMy District, Lampang Province,
PTT warehouse. The fuel gas trucks will make @glivservice from the warehouse in
Lampang to various service stations with minimumeorof 8,000 kg. by transporting
along the following Highway No.

- Highway No. 1 (Phaholyothin Highway) from Mae RhmDistrict,
Lampang Province — the borderline of Thailand andihnar(at Tha Khee Lek Check
Point), Mae Sai, Chiang Rai Province. The roadnisagphalt surface road with 4

lanes(2 ways with isle). Total road is about 407 taking about 5 hours 50 minutes.
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Figure4-8: LPG Service Stations along Middle-North Highway
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Table4-26: Numbers of LPG Service Stations Providing InfolioratSeparated by

Middle-North Highway

No. Highway Node Distance/ Total No. of Providing Information Percent-
No. Approximated Service of Service Station age
Distance Stations
1 1 Mae Phrik District, 16 9 Stations: 56.25
Lampang- Mae Sai Other 1. Thoen
District, Chiang Rai Unique 2. Muang, Lampang
about 411 km. Unique 3. Muang, Lampang
Other 4. Muang, Lampang
Unique 5. Muang, Payao
Unique 6. Muang, Payao
Unique 7. Muang, Payao
Picnic 8. Muang,
Chiang Rai
Picnic 9. Muang,
Chiang Rai

From tabulated data, the numbers of LPG servicdosta providing
information separated by Middle-North Highway Noe dound that Highway No. 1
with path node from Mae Phrik District, LampangMae Sai District, Chiang Rai
Province, there are 9 LPG service stations equivate56.25%.

Table 4-27: Distance and Time from Service Station to Warehoalsng Middle -
North Highway of Unique Gas and Petrochemicals ieubdmpany Limited

Trademark No. Highway Location Warehouse Estimated  Estimated
No. Distance Time
Round(km.) Round(hr.)
Unique 1 1 Muang, Lampang 20 0.30
Lampang
2 1 Muang, Lampang 4 0.10
Lampang
3 11 Muang, Payao Lampang 250 3.40
Average 91.33 1.26




Thitipohn Sutthasiang Result of the stutly8

Based on the above table, the LPG service statinder trademark Picnic
in the Middle-North area comprising Lampang andd@akrovinces along Highway
No. 1 and 11, the LPG service stations arrangdahle trucks for filling fuel gas at
warehouse in Lampang Province with distance rapmroximately 91.33 km. taking

about 1 hour and 26 minutes.

Table 4-28: Distance and Time from Service Station to Warehoalsng Middle -
North Highway of Picnic Corporation Public Compdnmited

Trademark No. Highway Location Warehouse Estimated Estimated
No. Distance Time
Round(km.)  Round(hr.)
Picnic 1 1 Muang, Lampang 296 4.20
Payao
2 1 Muang, Lampang 304 4.30
Payao
3 1 Muang, Lampang 444 6.30
Chiang Rai
4 1 Muang, Lampang 462 6.50
Chiang Rai
Average 376.5 5.32

From the tabulated data, the LPG service statiorder trademark of
Picnic in the Middle-North area comprising Payaa &hiang Rai Provinces along
Highway No. 1, the LPG service stations arrangetané& trucks for filling fuel gas at
warehouse in Lampang Province with distance rapmtoximately 376.5 km. taking

about 5 hours and 32 minutes.
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Table 4-29: Distance and Time from LPG Service Station to Wause along Middle
- North Highway of Other Companies

Trademark No. Highway Location Warehouse Estimated Estimated
No. Distance Time
Round(km.)  Round(hr.)
Other 1 1 Thoen, Lampang 188 2.50
Lampang
2 1 Muang, Lampang 4 10
Lampang
Average 96 1.30

From the tabulated data, the LPG service stationemuother trademarks
in the Middle-North area in Lampang Province aléfighway No. 1, the LPG service
stations arrange the tank trucks for filling fuaekgat warehouse in Lampang Province

with distance round approximately 96 km. takinguwthbbhours and 30 minutes.

3) East-North Highway

East - North Highway includes Phrae, Nan and Uitté&of which the
only 1 fuel gas warehouse is located in Muang RistLampang Province, PTT
warehouse. The fuel gas trucks will make deliveeyvice from the warehouse in
Lampang to various service stations with minimumeorof 8,000 kg. by transporting
along the following Highway No.

- Highway No. 11 from Long District, Phrae Provincétdang District in
Uttaradi Province is an asphalt surface road ®@ithnes about 92 km. taking about 1
hour and 30 minutes.

- Highway No. 101 from Denchai District, Phrae Prm& — Muang

District in Nan Province is an asphalt surface dregth 2 lanes about 162 km. taking
about 2 hours and 30 minutes.
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Figure4-9: LPG Service Stations along East-North Highway
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Table4-30: Numbers of LPG Service Stations Providing InformatSeparated by
East-North Highway

No Highway Node Distance/ Total No. of Providing Information Percent-
No. Approximated Service of Service Station age

Distance Stations

1 11 Muang District, 3 1 Stations: 33.34

Uttaradit-Denchai Unique 1. Muang, Uttaradit
District, Phrae about

42 km.

2 101 Denchai District, 3 1 Stations: 33.34

Phrae —Muang Unique 2. Muang, Phrae

District, Nan about
140 km.

From tabulated data, the numbers of LPG servicdosta providing
information separated by East-North Highway No.fawend that Highway No. 1 with
path node from Muang District, Uttaradit Province tDenchai District, Phrae

Province, there is only 1 LPG service station egjint to 33.34%.

Table4-31: Distance and Time from Service Station to Warebalsng East - North
Highway of Unique Gas and Petrochemicals Public gamy Limited

Trademark No. Highway Location Warehouse Estimated Estimated
No. Distance Time
Round(km.)  Round(hr.)

Unique 1 11 Muang, Lampang 224 3.00
Uttaradit
2 101 Muang, Lampang 464 7.00
Phrae
Average 344 5

From the tabulated data, the LPG service statiomemuthe trademark of

Unique in the East-North area comprising Uttaraaiitd Phrae Province along
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Highway No. 11 and 101, the LPG service statiomange the tank trucks for filling
fuel gas at warehouse in Lampang Province withadw round approximately 344

km. taking about 5 hours.

4.2.2 NGV Transportation Line

1) West-North Highway

West-North Highway includes Chiang Mai and Lamphafnwhich the
minimum order is 9,000 kg. NGV fuel gas trucks wdke fuel filling along the
conventional stations along the pipeline route aekKg Khoi District, Sraburi Province
in order to deliver NGV service station in the abgausing following Highway No.

- Highway No. 11 from Muang District, Chiang MaiMae Tha District,
Lamphun Province is an asphalt surface road widm2s with 26.8 km. taking about

23 minutes.

- Highway No. 118 from Muang District, Chiang Marokince — Doi
Saket District in Chiang Mai is an asphalt surfem&d with 4 lanes (2 ways) with 51

km. taking about 45 minutes.
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Figure 4-10: NGV Service Stations along West-North Highway
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Table 4-32: Numbers of NGV Service Stations Providing InforimatSeparated by
West-North Highway

No. Highway Node Distance/ Total No. of Providing Information Percent
No. Approximated Distance Service of Service Station age
Stations
1 11 Muang District, Chiang 1 1 Stations: Saraphee District, 100
Mai-Mae Tha District, Lamphun
Lamphun62.9 km.
2 118 Muang District, Chiang 1 1 Stations: Sansai, 100
Mai-Doi Saket District, Chiangmai

Chiang Mai abouf7 km

Base on the data above, the numbers of NGV sestat@ns providing
information separated by West-North Highway No. fmend that Highway No. 11
with path node from Muang District, Chiang Mai Prme to Mae Tha District,

Lamphun Province, there is only 1 NGV service stagquivalent to 100%.

Table 4-33: Distance and Time from NGV Service Station to Gantional Station
along West - North Highway of Petroleum AuthorifyTdailand

Trademark No. Highway Location Warehouse Estimated Estimated
No. Distance Time
Round(km.)  Round(hr.)
PTT 1 11 Saraphee District,  Sraburi 1286 18.40
Chiang Mai
2 118 Sansai District, Sraburi 1302 19
Chiang Mai
Average 1294 18.7

Based on the data above, the NGV service statioderutrademark of
PTT in the West-North area in Chiang Mai Provintang Highway No. 11 and 118,
the NGV service stations arrange the tank truckdifismmg NGV at the conventional
station along the pipeline in Kaeng Khoi, Sraburowhce with distance round

approximately 1294 km. taking about 18 hours antiiutes.
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2) Middle-North Highway
Middle-North Highway Highway includes Lampang, Payand Chiang

Rai of which the minimum order is 9,000 kg. NGV Ifgas trucks will take fuel filling

along the conventional stations along the pipelioete in Kaeng Khoi District,

Saraburi

following

Province in order to deliver NGV servidatien in the area by using
Highway No.
- Highway No. 1(Phaholyothin Highway) from Mae RhrDistrict,

Lampang Province — the borderline of Thailand andihnar(at Tha Khee Lek Check

Point), Mae Sai, Chiang Rai Province. The roadnisagphalt surface road with 4

lanes(2 ways with isle). Total road is about 407. kaking about 5 hours and 50
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Figure4-11: NGV Service Stations along Middle-North Highway
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Table 4-34: Numbers of NGV Service Stations Providing InforimatSeparated by
Middle-North Highway

No. Highway Node Distance/ Total No. of Providing Information Percent-
No. Approximated Distance Service of Service Station age
Stations
1 1 Mae Phrik District, 6 6 Stations: 100
Lampang-Mae Sai 1. Thoen District
District, Chiang Rai 2. Thoen District
about 41kilomate 3. Muang District,
Lampang

4. Muang District,
Lampang
5. Muang District,
Payao
6. Muang District,
Chiang Rai

From the table, the numbers of NGV service statigrsviding
information separated by Middle-North Highway Noe dound that Highway No. 1
with path node from Mae Phrik District, Lampang Wnoce to Mae Sai District,
Chiang Rai Province, there are 6 NGV service staquivalent to 100%.

Table 4-35: Distance and Time from NGV Service Stations to ¥eoional Station
along Middle - North Highway of Petroleum Authoriy Thailand

Trademark No. Highway Location Warehouse Estimated Estimated
No. Distance Time
Round(km.)  Round(hr.)
PTT 1 1 Thoen District, Sraburi 934 14
Lampang
2 1 Thoen District, Sraburi 936 14

Lampang
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Table 4-35: Distance and Time from NGV Service Stations to ¥&oional Station
along Middle - North Highway of Petroleum Authoriy Thailand (Cont.)

Trademark No. Highway Location Warehouse Estimated Estimated
No. Distance Time
Round(km.)  Round(hr.)
3 1 Muang District, Sraburi 1102 16
Lampang
4 1 Muang District, Sraburi 1108 16.40
Lampang
5 1 Muang District, Sraburi 1380 20
Payao
6 1 Muang District, Sraburi 1546 22.50
Chiang Rai
Average 1167.67 17.15

According to the tabulated data, the NGV servieti@hs under trademark
of PTT in the Middle-North area consisting of Lampga Payao and Chiang Rai
Provinces along Highway No. 1, the NGV serviceistet arrange the tank trucks for
filling NGV at the conventional station along thegline in Kaeng Khoi, Sraburi
Province with distance round approximately 116k&6¥. taking about 17 hours and
15 minutes.

3) East-North Highway

East -North Highway Highway includes Phrae, Nan ditdradit of which
the minimum order is 9,000 kg. NGV fuel gas truekli take fuel filling along the
conventional stations along the pipeline route iaeKg Khoi District, Saraburi
Province in order to deliver NGV service stationthe area by using following
Highway No.

- Highway No. 11 from Long District, Phrae Provincétdang District in
Uttaradit Province is an asphalt surface road withnes about 92 km. taking about 1
hour and 30 minutes.
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Highway No. 101 from Denchai District, Phrae Prm@ — Muang

District in Nan Province is an asphalt surfacedregth 2 lanes about 162 km. taking

about 2 hours and 30 minutes.
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Figure4-12: NGV Service Stations along East-North Highway
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Table 4-36: Numbers of NGV Service Stations Providing InforimatSeparated by

East-North Highway

No. Highway Node Distance/ Total No. of Providing Percent-
No. Approximated Distance Service  Information of Service age
Stations Station
1 11 Muang District, Uttaradit- 1 1 Stations: 100
Denchai District, Phrae 1. Muang District,
about 42 km. Uttaradit
2 101 Denchai District, Phrae 1 1 Stations: 100

Muang District, Nan about
140 km.

2. Muang District,
Phrae

Table 4-37: Distance and Time from NGV Service Stations to ¥&onional Station
along East - North Highway of Petroleum AuthorityTtvailand

Trademark No. Highway Location Warehouse Estimated Estimated
No. Distance Time
Round(km.)  Round(hr.)
PTT 1 11 Muang District, Sraburi 862 12.40
Uttaradit
2 118 Muang District, Sraburi 986 14.20
Phrae
Average 924 13.30

From the table above, the NGV service stations uttddemark of PTT in

the Middle-North area consisting of Uttaradit aridd® Provinces along Highway No.

1, and 118, the NGV service stations arrange thk taicks for filling NGV at the

conventional station along the pipeline in KaengKIsraburi Province with distance
round approximately 924 km. taking about 13 hous 20 minutes.



Thitipohn Sutthasiang Discussion / 90

CHAPTER YV
DISCUSSION

5.1 The Logistics System Management of Fuel Oil and Fuel Gas

The research aims studying and evaluating sitwato fuel delivery
service of large fuel companies under the trademdHl T, Bang Chak, Esso, Shell
and Caltex. The result reveals that there arelyo8d3 service stations in the study
area. Out of the total, there are 234 service astatilocated along the National
Highway studied with those providing informationlpr87 service stations. The

outcome presents each determinant factor as fallgwi

5.1.1 Transportation pattern factor
From the study and survey, fuel transportatiothéostudy area is operated

with 3 patterns: by pipe, by train and by tank krugth 2 patterns of transportation.

Pattern 1.
. By Pipe By Train Warehouse in | By Truck
Oil ,| Warehouse »| the Upper North »| Service Station
Refinery in Saraburi Region

Figure 5-1: Transportation Pattern wit fuel management fatoit of
Thai Petroleum Pipeline Co., Ltd.

Fuel transportation pattern 1 is operated undetrdgemarks of PTT and
Esso with fuel management facilitator of pinelirielbai Petroleum Pipeline Co., Ltd.
Fuel delivery path is made from oil refineries impTa Phut and Sriracha in Rayong
Province with stock in warehouse at Sao Hai in GraBrovince. Total of pipeline is
293 km.from the warehouse in Sao Hai, Saraburi Provinte delivery is made by
train to the 3 warehouses in the upper northerioneige. Denchai warehouse in Phrae

Province takes distance round of 460 km. with 6 r&060 minutes. Lampang
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warehouse in Lampang Province takes distance rofirsb5 km. with 8 hours 30
minutes. And Chiang Mai warehouse in Chiang Maiirce takes distance round of
640 km. with 9 hours 35 minutes. After that thé&repreneurs of each service station
in the area will deliver fuel oil truck for fuellling at the warehouse nearby their
station. It is apparent that fuel oil transportatipom oil refinery to fuel oil service
station consists of many steps. Besides, the upgénern region is far away from oil
refinery. Thereby the fuel oil transportation cost reduced by pipelining
transportation which is the most saving up. Anyw#ye accessible logistics of
pipeline system is inconvenient for products dittion to the remote areas. Other
transportation pattern —rail transportation- isuieed for further process to fuel oll
service station. As the haulage is made with a b quantities in one round but
this pattern takes longer time in transportaticantiother patterns. In conclusion, this
transportation mode could reduce transportation dos to widespread warehouse in
the northern region. The fuel oil service statiander the trademark of PTT and Esso

can provide fuel oil service in shorter distancent than other trademarks.

Pattern 2
oi By Pipe | warehouse in | BY Truck
_I > the Central » Service Station
Refinery Region

Figure 5-2: Transportation Pattern wit Fuel Management Fatilitaf

Fuel Pipeline Transportation Limited (FPT)

Fuel transportation pattern 2(shown in Figure 5s2pperated under the
trademarks of Shell and Caltex with fuel managenfacititator on fuel pine line of
Fuel Pipeline Transportation Limited (FPT). Fuelidey service path is made by
pipe line route from Bang Chak Oil Refinery at PKifzga Nong(Bangkok) and Chong
Non See Warehouse and transferred to Bang Pa-tehase in Ayuthaya Province
with total pipeline route of 68 km. Fuel will bertber transported by road with truck
service to service stations in the upper northegimon. The pattern involves 2 kinds of
transportation mode. Because the overall pipelemgth is shorter than the Pattern 1

and the rail transportation cannot be operatedthEtmore, the oil fuel companies
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under the mentioned trademarks (PTT and Esso) tlohawe their warehouse in the
northern region. Thereby main transportation isrdigd with high logistics cost and

more distance round rather than Pattern 1.

5.1.2 Transport Safety M easures

Due to being flammable and toxic material, tramspafety measures have
necessarily concerned for taking steps. In caseatient, damages do not only occur
for products but also do harm for life and assétgamsporters and travelers on the
routes.

According to the study and survey, the fuel deivéruck must be
equipped with safety tools such as fire extinguished safety signs, emergency
telephone number etc. The drivers must be welédhiand hold the Driving Licenses

Type 4 for driving trucks carrying toxic cargo frddepartment of Land Transport.

5.1.3 Distance of Delivery

Time of delivery of each company is subject to thi€éerent warehouse
distance to service stations. The companies urmetrademarks of PTT, Shell and
Esso of which their warehouses are located in @histai, Lampang and Phrae
Provinces control the shorter operation of fuelv@el line than other companies with
warehouses in the central region.

The warehouse in Chiang Mai is located on the Westh Highway. The
warehouse in Lampang is located on Middle-Northhiigy. And Denchai warehouse
is located on East - North Highway. Based on tle liocation spreading in the upper
northern region, the fuel service station in theaarcould save cost of operation and

time as shown in Table 5-1.
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Table 5-1 Average Distance Round between Service StationVeacehouse in the

Upper Northern Region

Unit: Km.
Service Station under Average Distance Round between Service Station/éaehouse
Trademark West Middle East
PTT 146 210.27 143
Esso 291 531.67 340
Bang Chak 1210.85 954 903.20
Shell 193.5 198 198
Caltex 55 390.67 309.33

5.1.4 Time of Delivery

Fuel delivery distance line is the distance roletiveen warehouses to
service stations. The service stations make fillelgifrom the warehouse in the upper
northern region requiring less time than the otharehouses making fuel filling from
the other areas. The proven operation is showrabiel5-2. As the service stations of
which their warehouses are located in the uppethaor region take average time of

delivery less than the trademarks of Bang ChakGadtex.

Table 5-2 Average Time Round between Service Station anceWarse in the Upper

Northern Region

Unit: Hr.
Service Station Average Time Round between Service Station and Wéaise
under Trademark West Middle East
PTT 2.43 3.02 2.10
Esso 4.53 7.56 5.15
Bang Chak 18.38 13.50 13.26
Shell 3.27 3.19 2.33

Caltex 1.11 5.53 4.20
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5.1.5 Expendituresduring Transport

Expenditures occurring from distance round cor@figtansportation cost,
fuel cost, driver's wage. The driver will be paicbmhly or wage and allowance each
time, fuel each round for diesel. The fuel cost i higher in case of diesel. The two
patterns are totally different. The Pattern 1 shdoveer transportation cost due to
many warehouses along the railway route. WhileRh#ern 2 without warehouse in

the area presents high transportation cost.

5.2 The Logistics System Management of Fuel Gas

The research is to study and estimate the acitstion of fuel gas
transportation of its principle facilitators in theudy area namely PTT, Picnic,
Unique, Siam Gas and Others. The outcome reveladdhere are 50 fuel gas service
stations for vehicles from which the informationrided are 32 service stations
equivalent to 64%. The result of the study of edeterminant factor is presented with

following:

5.2.1 Transportation pattern factor
From the study and survey, fuel transportatiothéostudy area is operated
with 2 patterns: by train and by tank truck takegrthe following steps.

By Train By Train
Gas Gas Gas By Truck Fuel Gas
Separation »  Warehouse, » Warehouse, > cervice Stat
Plant Chonburi Lampan ervice Station

Figure 5-3: LPG Transportation Pattern

LPG transportation pattern (shown in Figure 5-3jnanipulated by train
from gas separation plant in Chonburi to the wanskoin Bang Lamung District,
Chonburi Province. The delivery is operated byntribom Bang Lamung Railway

Station to the warehouse located in the upper aorthegion, specifically Lampang
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Warehouse, in Lampang province. Later, the gasktfrmm warehouse will further

delivery fuel gas to all LPG service stations ia tipper northern area.

By pipeline By Truck

Fuel Gas in Gulf .| Conventional NGV Service
of Thailand " Station i Station

Figure 5-4: NGV Transportation Pattern

NGV transportation pattern (shown in Figure 5-4) tbk Petroleum
Authority of Thailand is solely entrepreneur in yiding natural gas from Thai Gulf.
With total gas pipeline of 1,359 km connecting &md pipeline at Map Ta Phut
District, Rayong Province to Kaeng Khoi, SraburoWnce with overall length of
1,031 km. After that NGV delivery truck will transp fuel gas from the conventional
stations along pipeline in Kaeng Khoi District teetwhole NGV service stations in

the upper northern region.

5.2.2 Transportation Safety M easures

The investigation is found that in each fuel truokist be provided with
safety devices such as fire extinguisher, safeyssiemergency call number etc. The
drivers are well trained and hold the Driving LisenType 4 for driving trucks

carrying toxic cargo from Department of Land Trams$p

5.2.3 Ddlivery Distance

LPG delivery distance is reasonably subject todiseance between LPG
service station and its warehouse. There is on/ warehouse located in Lampang
Province. Delivery distance is different to thevess station location (Shown in Table
5-3).

NGV delivery distance is distance round betweenveational station
along pipeline in Kaneg Khoi District, Sraburi Pmese and service stations in the
upper northern region. The findings indicate vemyg distance in NGV delivery due

to none of NGV pipeline in the upper northern gi®aown in Table 5-4)



Thitipohn Sutthasiang Discussion / 96

Table 5-3: Average Distance Round between LPG Service StainchWarehouse in
the Upper Northern Region

Unit: Km.
Average Distance Round between
Service Station under ] )
LPG Service Station and Warehouse
Trademark
West Middle East
PTT 160 - -
Picnic 192.8 376.5 -
Siam Gas 176 - -
Unique - 91.33 344
Others 300 96 -

Table 5-4: Average Distance Round between NGV Service Staitd Warehouse in
the Upper Northern Region
Unit: Km.

) . Average Distance Round between NGV Service Station
Service Station under
and Warehouse
West Middle East

NGV of PTT 1294 1167.67 924

Trademark

5.24 Ddivery Time

LPG delivery time is the time when actual deliveaking place for
delivery round between the warehouse and LPG sewstation. The service station
which is located in the neighboring area of its eteuse will take shorter delivery
time than those situated farer from the warehoéseording to the information,
number of LPG service station is quite least comgawith fuel oil service station
(Shown in Table 5-5).

NGV delivery time for delivery round between contienal stations along
the pipeline in Kaeng Khoi District, Sraburi Prosnand NGV service station in the
upper northern region is considerably remarkedaddition, NGV consumption is
rather not popular in upcountry. Due to none of N@peline extended into the area,
NGV transportation is delivered by truck from conttenal stations along the
pipeline.(Shown in Table 5-6)
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Table5-5: Average Time Round between NGV Service Station\&adehouse in the
Upper Northern Region

Unit: Hr.
) ) Average Time Round between
Service Station under . .
NGV Service Station and Warehouse
Trademark
West Middle East

PTT 2.20 - -
Picnic 3.10 5.32 -
Siam Gas 2.30 - -
Unique - 1.26 5
Others 5.17 1.30 -

Table5-6: Average Time Round between NGV Service Station\&adgehouse in the
Upper Northern Region

Unit: Hr.
) . Average Time Round between
Service Station under . .
NGV Service Station and Warehouse
Trademark
West Middle East
NGV of PTT 19.10 17.15 13.30

5.2.5 Expendituresduring LPG Transport

Expenditures occurring from distance round isuside of transportation
cost. In LPG purchase order system, the servidmssahave to ask for service from
the authorized representative companies in the ateen the distributor will provide
monthly delivery of order. The service stationlwiihely schedule for LPG filling in
order that the representatives could make thearipyito each service station in time.
For the settlement, at payment due dates, the patywik be monthly transferred by
the service station to the authorized represemtatompanies for convenience of
purchase order each month. Regarding NGV trangpmrtaost, Petroleum Authority
of Thailand (PTT) is responsible for whole trangatt
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CHAPTER VI
CONCLUSION AND RECOMMENDATIONS

The research on fuel oil and fuel gas logistics management system
development focuses on studying situation and actual conditions in fuel oil and fuel
gas transport, survey and analyze the obstacles from logistics system of fuel oil and
fuel gas transportation and further propose proposal on policy determination for
logistics system management development of fuel oil and fuel gas by questionnaire

prepared by the researcher. The conclusion and recommendation are as following:

6.1 Conclusion

6.1.1 To study the current and real situation of fuel oil and fuel gas
transportation

In part of fuel oil service station, the research is the investigation of 87 fuel
oil service stations, out of the total service stations equally 37%., under the trademarks
of PTT, Bang Chak, Esso, Shell and Caltex. Out of the total equally 55, there are 22
LPG service stations under the trademarks of Pinic, Unique, Siamgas, PTT and others.
Regarding 10 NGV service stations, equivalent to 100%, are solely under the
trademark of PTT. From the site survey for data collection, the study area is
determined by major highway routes which are the main access to the area categorized
into 3 following parts

1. West - North Highway includes Chiang Mai, Lumpun, Mae Hong Son
2. Middle-North Highway includes Chiang Rai, Payao, Lampang

3. East - North Highway includes Phrae, Nan, Uttraradit
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The main highways of the upper northern region includes 10 routes with 3
kinds of transportation: pipeline, railway and truck. Fuel oil transportation involves 2
patterns of transportation. The first pattern is under the trademarks of PTT and Esso
with fuel management facilitator of Thai Petroleum Pipeline Co., Ltd(Thappline). The
delivery service commences from oil refinery group at Sriracha District in Chonburi
Province, followed by railway and by road respectively. The second pattern is under
the trademarks of Bang Chak, Shell and Caltex with fuel management facilitator of
Fuel Pipeline Transportation Limited (FPT). The pipeline delivery service starts from
oil refinery from Bank Chak at Phra Khanong storehouse and Chong Nonsee
storehouse. The service transaction is followed by road. Both patterns are different in
terms of delivery time. As according to the Pattern 1, the warehouse is located in the
upper northern region. So it is convenient for service stations with less time
transportation than fuel filling from the central warehouse. Considering to
transportation expenditures, both patterns are totally different. Because the Pattern 1
spends less transportation cost than the Pattern 2 due to many warehouses aong the
railway route in the upper northern part. While the Pattern 2 has no warehouse in the
areathat why transportation cost is paid higher than the Pattern 1.

Transportation service of fuel gas to the study areais divided into LPG and
NGV with 2 patterns: pipeline transportation service and road transportation service.
LPG transportation starts from Bang Lamung Railway Station to the warehouse in the
upper northern region, Lampang Warehouse in Lampang Province which is the only
one warehouse in the area. Node delivery is made by LPG trucks from the warehouse
to LPG service stations in the upper northern part. For payment settlement, the service
station will monthly transfer the money to the representative to facilitate purchase
order each month. While NGV transportation, the Petroleum Authority of Thailand
(PTT) is the sole entrepreneur for handling monopoly natural gas supply from Thai
Gulf. The gas delivery service starts from total pipeline route with 1,359 km.
connecting with inland gas pipeline of 1,031 km. at Map Ta Phut District in Rayong
Province to Kaeng Khoi District in Saraburi Province. After that, NGV truck will
deliver fuel gas from stations along the pipeline route, the conventional stations in
Kaeng Khoi District, to all NGV service stations in the upper northern region. In this
regards, the distance and delivery time for transportation is subject to its location. For
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the transaction, Petroleum Authority of Thailand (PTT) is responsible for whole NGV

transportation cost.

6.1.2 To study and analyze the problems occurred in fuel oil and fuel
gastransportation in logistics system

The problems from logistics system, fuel oil price fluctuations
considerably affect the increasing transportation cost. Up to date, the fuel oil and fuel
gas mainly depend on land transportation. Certainly, the more fuel oil is increasing,
the entrepreneurs would manage for cost reduction in logistics system. Land
transportation has been confronting road accident which is considered very dangerous
asthe fuel oil and fuel gas are the flammable and toxic materials.

Railway transportation The crucial problem of railway transportation is
level railway/road crossings located throughout the country approximately 2,300
public crossings. Almost level crossings provide only warning signals without barriers.
This is the primary cause of rallway accident and important obstacle for rail
transaction with speed acceleration. Existing locomotives for present haulage are ride
down and limited which are insufficient for business demand. Delay on rail
transportation due to monorail in conjunction with passenger transportation is the
reason of waste time in waiting for another trains pass. Pipeline transportation is
available in short distance uncovering the upper northern region. Anyhow, high cost of
pipeline route system construction is remarked.

NGV transportation has been confronting many problems. The first is
insufficient fuel trucks and none pipeline route in the upper northern region. The
delivery needs fuel trucks in long time transportation. The second is none of NGV
warehouse or conventiona stations along the pipeline route in the upper northern
region. The third is less NGV fud stations in the area so NGV consumption is rarely
been higher and spread in the upper northern region.

6.1.3 To advocate the development policy in management of oil and
gastransportation in logistics system
In view of fuel oil and fuel gas transportation in logistics system, at

present, one of the systems with the most efficient and optimal safety operation is
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pipeline transportation system. Its capacity transaction could deliver a number of fuel
oil and fuel gas saving up transportation cost, reducing inland traffic congestion and
truck accidents. It is important that the system assists in reducing pollution and would
be efficient and worthwhile logistics system in long-term period rather than the other
systems. Furthermore, pipelining system involves none environmental effect during its
transaction. Such system would reduce logistics cost, facilitate abundant transportation
capacity, reduce transportation cost and delivery time.

Rail transportation is a system to reduce transportation cost and delivery
time. Double rail train construction would certainly not delay the system. Contrarily, it
will support the increasing energy demand in the near future. For service station, the
construction of more NGV service stations should be expedited in the upper northern
area. It is believable that more service stations would enhance NGV consumption
extensively. As in the upper northern region, NGV service stations are launched only
in the city. Being environmentally friendly energy, NGV is the energy succession of
fuel oil and can reduce energy import from foreign countries. Most of natura gas is
mainly produced from domestic sources.

6.2 Recommendation for Application

According to the study and survey, the research provides with the findings
to make recommendations on further study and utilization as follows:

1. Department of Energy Business and Department of Land Transport
could take the outcome for policy making and strategic plan implementing for fuel oil
and fuel gas logistics management system devel opment.

2. State Railway of Thailand could apply for determining of planning and
accelerating railway, double rail type to ease the advantages for cargo transport by
train.

3. Department of Energy Business could apply the result for determinant
factors for strategic planning implementation in fuel warehouse location to respond
domestic demand of energy which decrease both expenditures and time for fuel oil and
fuel gasdelivery.
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4. The concerned agencies in fuel oil could obtain the result for policy
making in construction of fuel pipeline route to support expansion of increasing
service stations in the upper northern region.

5. Service station of fuel oil and fuel gas should properly provide with
safety measures and fire extinguishing tools in each parts of workplace in prevention

of any accidents or any fire may be arisen.

6.3 Recommendation for Further Study

Due to the constraints of the research i.e. time limitation, scope of the
study, an extent of conceptual framework that should be contributed is absent. In
research processing, the research found the absent the incomplete findings in archives
useful. The further research should be manipulated as follows:

1. Study the pattern of fuel oil and fuel gas transport with pipeline route to
the upper northern region.

2. Further study is recommended for the research on feasibility of
petroleum warehouse in various provinces in the upper northern region to find out the
guidelines of countermeasure for limited warehouse problem solving that is the actual
problem and support increasing energy demand in the future.

3. Proceed comparative study on the cost occurring during fuel oil and fuel
gasin avariety of patterns e.g. by road, by rail and by pipeline.

4. Conduct a feasibility study on construction of petroleum warehouse in
other provinces of the upper northern region to support expansion of future.

5. Determine the extent of fuel oil and fuel gas forecast in the upper
northern region which has been increasing each year in holidays to properly prepare

supporting of periodic increasing volume in each period.
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