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THE UTILIZATION OF CHNG IN. MASS TRANSPORTATION
1. INTRODUCTION

The natural gas has been used as fuel for transport vehicles
for quite some time. Many countries such as Canada, U.S.A.,
Austria, Italy and New Zealand have been wusing natural gas as
Tfuel for both stationary and vehicular applications in internal
combustion engines. The natural can be considered to be the
fuuth‘mbst common Vehiculdr Cuel alter gasoline, dicsel o
iiqulfied petroleum gas (LPG). It is a lighter-than-air gasecous
Fusl and it can not be liquified_in én uncontrbllqd ambieﬁt. )37
has to be stored in a compressed form so that its volume can Dbe
conveniently handled. The storage pressure 1s normally about
16 MPa (2,400 psi) therefore it is known as “compressed natural
pas (CNG)". When CNG is supplied to the engine, its pressure has
to be reduced to a suitable level® depending on applicaticns.

The utilization of CNG on vehicles operation has many
advantages. There are:

1. Tt burns wore efficiently than liquid fuels.

2. It produces less‘envifonmental pollutants,

3. It is safer because Lhe lighter-than-air property allows
rapid dispersion when leakage occurs.

4. The lower'fiamability‘limit_of 55 (in comparison to 1.5
for LPG)-means that it is less probable for Lhe leaking natural
(ras to:ignite.

5. The engine life is longer since there is. no lublican:

Adilution.
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O, 'The enginé operabion can be very cfflclent and swooth
when bhe natural pas 1s properly used.

/. 1t costs less than any olher vehicular fuels wuscd ab
present. .

llowever, there still exist some disadvantages in using the
natural gas as a vehicular fuel. There are: |

. It is not readily marketed gince it is only available in
the vicinity of the méin»gas pipelines.

2.‘CNG cylinders require suitable location and space Tor
installation. They inevitﬁblyireducé the luggage space and also.
add extra Weight to the vehicles.

3. Training. proGrams have - to Dbe conducted since such
Lechnology is not readily available.

In view of the cduntry economy, the natural gas ‘utilization
In vehicles ié,desirablerfor the following reasons.

1, There exists ar redundant sﬁpply:Aof natural gas in
Thailand with relatively dim prdspect for exporting as liquified
natural gas (LNG),

2. There is a need to diversifyr fuel sources - in the
transport sector. At préSent, our national réfineries are facing
with_a'problem df.excess.demand in diesel fuel while gasoline is
OVéf-supplied.

3. Thailand will be:less dependent on the imported fuels for
vehicular use, |

4. The low cost of CNG will‘dcfinitcly reduce’the‘ operalting
cost,df‘BMTA'ﬁnd’make it to be profitablc; |

_The above bénefits‘ were recognized and the foasibiliﬁy

studies on the CNG utilization ~for BMTA .buses have ',been_
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cstablished under the guidance of Dr. Boontlum Khamapirad-(beputy
inister for  Communicabtion at ULhe tinme ol this project
“initiation). This progranm is now under Lthe management of the
Hangkok Communilty ﬁevelopment Project. The “objective ol this
report i3  to -~ study the utilization of ‘the natural gas to

substitubte diesel Tuel in the BIMTA buses.
2. BACKGROUNDS

CNG has been used as o vehlcular fuel in many countries as
mentioned above. - Many iother countries are now trying Lo
substitute CNG for the petroleum;based fuels. TFor examples, Burma
and Bangladesh have also planned to use CNG in public transpor:s.

There are two methods that the natural gas can be utilized
in internal combustibn engines.

1. Monofuel Engine: The entire fuel supply is‘_natural gas. .
The cdmbustion is'initiated by a spark piug in the same manner ds
in the spark-ignition engine. |

2. Duﬁlfuei.Engine: Two different fuels are used at the same
time. 'The .engine characteristics can  Dbe that - of the
spark-ignition engine or the compregsion-ignition engine. In case
of Thailand, only cpmpression—ignition Qngines_dre gaéd with CNG
und dieséi. There are”two following systlems.

a) CNG Assisted Dieéel Engine: 'This type of{ system uses
diesel fuel-as the mailn fuél.-CNG‘is supplemented [for
a more- complete combﬁstion particularly during
full~load_opefation{ The combustidn charécteristic is

almost the same as the diesel engine. CNG supply at
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full load is U0% and less for part load.

L) Pilot Injoclirion Engine: This type of system can renult
in a more diesel éubstitution of up to 70%. The
natural gas is supplied as the g:lf:xil'l fuel while Lthe
diesel fuel is used as a combustion initiator.

Advantdges' of the monofuel engine overv. the dual{uel
counterpart are as follow.

1. 1t operates more quietly since the combustioh»
characteristic is the.samevas the spark¥ignition engihe, |

2. 'Phere is ‘less chance of improper fuel metering and
supply.

3. As a result of a more complete combustion, les:s
environmental poilutants are emitted.

b, The diesel fuel is completely substituted by the natural
{:;;_TL:';.

5. It has longer life since there are less engine stresses,
less vibration and no lubricant dilﬁtion.

Dualfuel system may be congidered’ to be suifable in a
certain applicafion because of the following advantageé.

1. It is more,flexible in respect to the vfﬁel sﬁpply. 1t
there should be an interuption of the AnAthal gas  supply, ‘the
dua 1 luel engine:caﬁ'always be switcheﬁ-baCk to use diesel fuelf

2. The fuel confainers are lightef.

3. ‘The Qonveféion of existing diesel enginés is simple since
BEH Hucds no éxtensive engine modificatibns.

In spiﬁelof'thé many -advantages of the duaifuel engine over
Hhe monoTuel countérparﬁ, the most suitable éngineS'forléhc BMTA

hises should be monofuel engines. However, it is not possible - to
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convert all BMTA buses to use CNG because of the strategic
unﬂuitability.'lt is estimated thal about 500 buses (out of 5,000
husus) of the ﬁMTA fleet can be converted Lo use CNG with no
appreciablke loss of fIree mileage. The coét‘ of diesel-to-CNu
engine bonversion is estimated to be about 120,000 Baht depending
on bhe models df the;origihal diesel engines.

Several organizations both in the private and 'govermental
‘sectors havevpaidfseriOUS aﬁtention to the study on the CHNG
utilization; The Bangkok Community bDevelopment Project has = done
the feasibility studies since 19855 he Petroleun Authority of
Tﬁdiland (PTT) has alsévinvestigated the possibility of Qsing CNG
in the tfansport sector with some sucéess. The National Energy
Administration has persued several studies in the natural gas
utilization including. the possibity of expanding | the gas
'pipeiinesQ Ali these efforts are aimed at the utilization of CﬂG
in Mass traﬁsportation.

In view of natﬁrai gas refugling stations, a pilot refueling
station was successfully. established at the Southern Banglkok
Powef Plant with a ﬁachniCal _assistance__from' the New Zealand
govermeht'in;i9851 The purpose of this station was to refuel the
expgrimental fleet of 11 CN(G buses. Since 1986; the ‘refﬁeling

station has been moved to Teparak Road, Bang.Pli;'Samut Prakarn.
3. ENGINE COMVERSION
Importing _custoh—built CNG engines -is not econcmically

Vsuitable:beéausé they can be locally converted-from»thé existing

diesel engine. Therefore, it is not necessary to modify the Trest
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of Lhe bus. We shall discuss only the diesel-to-CNG monofuel
engine conversion in this report. |

TThe diesel engine, has high compressioh ratio. Thus, it can
rnot use CNG as fuel withoul some internal  engine modifications.
The fuelr supply system is entirely different. The diesel
injecLion.syStem has tovbe replaced by CNHG fuel supply system.
Figure 1 shows a schematic diagram of the CNG fuel system .of a
Lypieal BMEA bus. The engine conversion coﬁsints of the fellowing
Bhaps,

l;'Lowering the Compression Ratior  Thig is done - by
increasing the clearance volume ol the 'Qombustion chambef. In
praﬁtlce,'it has been found that it is more convehient_to machine
ot Lhe piétbn head than to modifly or redesipgn the cylinder head.
In doing this, only the pistons are disassembled from tlie engine
while the cylinder bléck gah'be left untouched.v The compression
ratié is reduced from 17:11-25:11 to aboubt 13:1

 2.'Modification of the Cylinder Head: The fuel 1lnjectors
mus;t, bé femoved. from the cylinder head so0 -that spark plus
'ndaptors.can be installed. In.thé case ol thé indirect ihjection

diesel englhe,.thé precombustion chambers have to be forced oub.
3. Replacing the Fuel Pump with the  Distributor:  ho

ﬁ@gulineiehgihe‘distributor can be couplcd to the fuei'p&mp'ahaft

with'an'adaptdr. This is»probably cone ol the most critical._parps

mf’fhe modifigation procedufe gsince thc'dieuél'en;iné bloek. huﬁ

ok beén:designed Lo acéommodate-such inst@liation.

M; Installatianof the Gas Carburetor: ‘he 535' carburebor

cin be installed on the inlet manifold with a  suitable adaplor.

Dusbtom-made accelerator linkages are necded for the ailr ‘contrul
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valve.

5. Instdllatign ol ‘the Pressure Rogulators:  Pressure
regulators are needed to reduce the pressure of CNG before ‘il can
be supplied to the carburetor. There ‘are 'two" stages  of
reductions. The firét stage reduces the pressure to about 1 MPa
(150 psi) and the second stage reduces ié further to about
0.1 MPa (15 psi) or a little Dbelow depending on the type of
carburetor. Heat is required for these pressure reductions. This
heat isrsuppliéd from the cooling water that circulates through
the first—sﬁage pressure regulator while the secbnd;suug:
'pressure regulator can adequately extracﬁ heat from thQ
surroundings. These regulators should be installed in the cngine
compurtmeht so that the cooling water can Vbe conveniently
supplied from the engine block.

6. Installation of the' CNG Cylinders: The cylinders are
installed underneath the bus body. Fighre .2 shows a schematic
diagram of this installation in which the heavy cylinders must be
properly distributed. The imbalance  can effect. the  bus
controlability and its pay load distributioﬁ characteristic.

7. Pipihg of the Gas‘Lines: Gas lines on the high pressure
side (see Figure 1) mﬁst ve secamless and made of staiﬁiess steel
- 3106 that can stand a pressure of 22.5'MPa'(1.5 timeé the working
pressure or 3,600 psi). The pas lines with diameter of 8 mm is
quite‘adequate fdr the fuel supply ofra 200~-HIP engine ov deuss.
ALL other fittings must be compalible with these gas iines. Thiz .
pressure tgsts.of-the gas liﬁes are essgntial'to assure Safety.
“hiey are normally done by applying high pressure kerosens or-

diesel o1l into the system. The 01l pressure will drop 1l there
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are any leakage ih the lines. Piping ol the low pressure side
(see Figurevl) can be done in thé sqme'manner but with a lower
ktest; pressure. .

8. Laboratory Engihe Tests: The engine should be tested on a
dynamometer before it is installed én the vehicle. Firstly, the
distributor advance curve must be adjusted to give the optimum
timing at all spéeds. This is where a serious mistake can be
made. An impfoper spark advénce can decreaée>' the enginé
performance'significanﬁly and cause serious engine damages fLrom
detonation and overheating. In the past, .the improber ignition
timing has been overlooked iesulting iﬁ _burﬁt Apiston, cracked
cylinder .head, engine voverheating and piston seizures. The
-opltimum timing at diffefent speeds and loads -can be determined on
the dynamomeﬁer'by varying the timing while keeping all other
parameters constaht.vA typical spark advance tiMing‘curve .for a
converted.Hino_EHlOO engine is shown in Figure 3. Secondly, the
fuel-air mixture must be édjusted on the dynamometer. A rich
mixture results in an incémplete combustion and ’aivhigh .exhaust
temperatqre'whileSa léan miktﬁre‘leads to misfiriﬁg and engine
OVérheatingf The.mixture should be ad justed so fhat the engine
perfdrmancé is equal to that of the original diesei engine.
VUnléss a better cooling system is provided, the engine_should not
 be ad justed to produce more power than the originél diesel
ehgine. Figure 3 also ShQWS perfofmance éurves of a COnferted'
BH100 gngine. They are similar to thoser of the ‘original EH100
diescl enginé as shown‘ in - Figure 4, _Figﬁre. 5 shows carbon
monoxide and hydrocarbon'concentratiéns in . the. exhaust  of th§

sume converted engine which are low in comparison to the gasoline
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and diesel engines. HoWever. the concentration of nitrogen oxides
is expected to be high bul a nitrogen oxide gas analyser was ot
available at the time of these tests.

9. Road Tests: After all the installations and modifications
are complete, the vehicle should be road tested to.see‘ if there

are any unforseen problem.
4. EXPERIMENTAL CNG BU: FLEET

In 1985, the first five BMTA buses were converted to usé CNG
with financial and .tééhnical assistances of the New Zealund
government. Six additional buses were ‘thefeafter converted
locally by Thai-éngineérs. These buses were test ruh on regular-
BMTA bus roufés for about fourvmonths'in 1985. It was iﬂitially
concluded that_nb majof technical problehs were deteqted; By the
end of 1985} many unexpected engine damages were observed. The
engineéring team of the -Department. of Mechénical Engineering,
Kasetsart University, was consulted and inQited to 1investigate
~the case. It wés found that all unexpected damages wefe-gauséd.by
detonation due.to an imbroper ignitioh timing»iand a mechanical
defect ih 7thé ‘distributor drive train. These problems were
rinﬁlly polvad nd the bubuys  wove  road  Loastod ngain o both
regular.BMTA bus. and long;digtance:routes for 10,000 km. It was
concluded in Maréh, 1986, that the CNG bus fleet can be 'opérated
without.CNGQrelétéd problems. |

In June, 1986, a fleet of only four buscs was again‘put into
'regulﬁr services. The buses-were.powered by.converﬁed.ﬂino EH100

engines with‘the]output of 150 HP at 3,000 rpm. During the test .
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run in normal Bangkok traffic conditions both mileage and amount
of fuel wefe‘ monitored. After two months, the average Tfuel
consumption of the fleet was calculated to be 2.5 km per cubic
metre of natural gas at etandard condition (25 deg. C  and
0.1 upa). | |

According to BMTA figures collected at various bus depots,
the average fuel consumption of the ‘,diesel buses is,
Vsurprisingly. 2.5_km per litre of diesel fuel. In term of energy
conbente. one litre of diesel fuel contains about the same amount
of energy as one cubic me tre of.natural gas at~steedarq condition
(35.l86 BTU.per litre in combarison to 37,700 BTU per -cubic
metre). Therefore, the thermal effieiency of the CNG. engine ' is
apparently higher than that of the diesel counterpart since each
CNG bus hes tebcarry approximately 600-800 kg of extra weight,

The inferior efficiency' of the dlesel engine _can be
'prlalned by the fact that most BMTA buses are overloaded. When
the diesel engine has to workiharder than what it weas :designed
for, an extra amount'of'fuel has to be injected. This additional
fuel can net be completely burnt with a limited amount of air in’
theSCOMBustlon-chamber‘since there is not ehcugh vtlﬁe for the
fuel to mix w1th the air. Consequently, there are- some dle el
fuel dloplets that are not oxidized but they are heated to form
_ flne carbon partlculates called “smoke". Unlike the diesel
engine. The CNG englne makes use of 'almﬁst' all air available
since the fuel has more time to form a homogeneous mlxture before
enterlng the combustlon chamber. Tnerefore, the CNG englne of fhe
“same volumeteicncepacity as that of its ‘diesel COunterper; ean

produce]more power without impairing the = fuel consumption. I%
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should be noted that if the DBMTA buses used larger diesel
engines, the fuel consumption would probably decrease because the

engines would work at full load less often.
5, ENGINE PERFORMAMCE AND MAINTAINANCE

During the test run, only buses with HINO EH100 engine
blocks were used because they represented typical buses that aré
~owned by BMTA itself. Two of the converted EH100 engines were
ddjusted optiﬁally on the dynamometer. The CNG éngiﬁe performance
was adjusted to be slightly higher G(han the diesel engine tUo
compensate for_the~extra welight df the CNG bus. However, the CNG
engine could be tﬁned‘to give more power'than the diesel engine
if the natural gas supply to the engine Qaé not limited by a
mixbure coﬁtrol ~valve .of the carburator. The CNG engine
performance Wduld reach its .peak with an elevated ékﬁéust
temperature of about. 720 deg. C which is quite high but
toleratable, When the CNG engine was operéted at  its peak, the
cooling sysfem proved to be inadequate'since iﬁ‘was.noﬁ,,designed
ho‘agcomodété'such.a high output and Va larger »radiétor was
needed;.At maximum output operation,. fhe engine 1life -would_
probaﬁly be significantly shoriened. Cdnsidering all these
probléms thatﬂmay follow, it was declded to adjust»the CNG engine
performance to be compatible with the diesel counterpart.

Since CNG aﬁd gasoline engines are the sahe type of'interna1
combustion eqéines; maintainances are- quite 'similér@. The CNG
engine needs to be tuned up periodically-although_iéss freqdently

Lhan the gasoline engine. During the 10,000-km test run, the CHG
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engines proved to be reliable and needed less altentiong than the
gasoline counterparts. The tune up.procedure for the CNG engine
iz not different from the gasoline engine. In general, the
following important parts need to be periodicaily replaced and/or
:xdjus‘t'ed. |

1. The contact point of the distributor needs to be replaced
every 20,000 km. Its gap must_be ad justed every 5,000 kn.

2. The spark plug gaps need to be‘readjusted every 5,000 km
and replaced everyVZO}OOO km. |

3. The 0il level should be checked every 1,000 km or less.
The 01l and filter change of every 10,000 km is generally longer
Lhian the gasoline and diesel engines because there are  lesy
lubricant dilution and less. impurities to - washed out by the
lubricating dil. After 10,000-km use,,»the lubricating 0il wug
analyzed by.PTT»and-found to be in a useable condition;

4. In moderately dusty atmosphere, the air filter needs o
be replaced every 5;000 km.

5. The rotor, cap and high tension wire of 'the distribubou
need to be replaced only when they are damaged.

At the end of the lO;OOO—km test run, the four engines were
disassembled to be examined for possible damages and the levmi;
of wears. It was found that, in general, wears were smaller than
those in the gasoline and diesel engines. The genéral, condition:
of the CNG engines after the 10,000-km test run are'described in
Table I. Wears of the joufnals and Dbearings were almost
undetectable. The piston ring gaps were widened on an average vof
0.15 mm due to the wears'§f the pistons and the rings themselves.

In contrast, the’valveS'WOre out about twice a& much as those in
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Table I Summary of the Ingine [a] Conditions
After the 10,000-km Test Run

Pistons _ Clean due to complete combustion, no scrapes,

some scalings on the piston heads due to burnt
oll from valve guide leakages.

Piston rings No appreciable wears, the ring gaps widened Dby

by an average of 0.15 mm and no apparent ring
groove wears.

Valves No sign of Dburns, breaking or sticking but

pitted due to excessive heat especilally the
exhaust valves. : ‘

Valve guides No abnormal wearsg.

spark plugs Clean, no aign of abnormal wears, burns or
preignitions.

Cylinder heads . No cracks due to unusual heat concentratio;

~except for a Hino ENM 100 engine [b].

Cylinders and No abnormal scratches or scrapes on cylinder
cylinder blocks walls due to efficient lubrication, o -

appreciable bore wears and no apparent warping.

Journals and Practically the same as before,
Bearings -

Engine oil [c] In useable condition with no apparent diluents

fal.

e o e em i e e s b S G S b b e . s S e e e s e S e Pa S b v e b e e e T b = e am Ak e e e e e e e e . - e e

Isuzu GBDI, Isuzu DA6L4O- and Nino EH100. .

During the test  run, the -engine was overheated due to
radiator hose leakages. The cracks appeared around valve
seats and spark plug holes where heat: concentrations
occured.

SAE 40

The analysis was done by PTT.

Table 11 - Results of Interviews
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the diesel counterparts. This 1s due to the facl that the valve
temperature of the CNG engine 1s generally higher than that in
the diesel engine. The natural gas enters the engine through the
inlet valves in a gaseous form therefore it has a small cooling
effect to the cylinder head énd the valves. Unlike the natural
gas, the diesel fuel is injected into the combustion chamber as
liquid dropléts and they have to absorb heat from the combustion
chamber wall and valves to evaporate. Thus, the temperature of
the diesel engine valves is lower than those in the. CNG engine.
It is concluded +that the CNG engine 1life can ﬂe at least
100,000 km more after conversion without a méjor breakdown oxr

‘maintainance except for the cylinder head.
6. SAFETY

The CNG Dbuses were test run on vregular BMTA bus ‘and
long-distance routes and no CNG-related aCcidénts were reported.
Installations of all gas equipments have been conformed to the
New Zealand Standards. Accidents that can possibly occur are:

1. Gas Leakage: The natural gas is nontoxiec but one can
sUffer‘from suffocation if it replaces_air; A fire ‘hazard may
occur if the concentraticn of the natural gas is more than 5% by
welght. However, in the case of the BMTA buses, accumulation of
the natural gas is qﬁite unlikely‘sinée.it isra- lighter-than-air
‘gas. Thus, it should not accumulate in an open-type bus.

2. Explosion: An explosion can occur as the consequence of
mechanical failures. Since the natural gas has té be ;stered at a

very high pressure, the explosion may cause considerable damages.
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The safty measure 1in this respect has been aésured by the
pressure vegsel ‘test code. All CNG cylinders have to Dbe
hydrdtested at 1.5 times the working pressure (22.5 MPa)., General
inspection and hydrotesting of the cylinders are normally done in
five years following the initial service »date’ and every three
years thereafter. An explosioh proteétibn is also  assured by a
"burst dise" which is installed at the cylinder inlet valve. 'If
'therevshould'be an accidental pressuré_rise. sﬁch as in the case
of fire, the burst disc would rupture to relieve the pressure.
During such accident, there may be é fire hazard but it should be
less damaging than the explosion.

>'3.,Hand1ing Deteriorations One possible danger of the CHNG
bus is the handling deteriorafion of the vehicle due to the extra
welght of the fuelAcylinders and ﬁheip distributions. It has been
experienced during almost one year of experiments tﬁat there was
no problém'ih Vehicleihandling. In fact, the. bus operators {feel
that they actually can handle the CNG ‘bﬁses better than the
diesel counterparts. This is probably due to the smoothness of
the engine operation.

The CNG cylinders are mounted underneath the bus by
strapping them to the chassis as shown in Figures 5 and 6. Straps
were‘designed_such that they are as strong as the substrupturef
The cylinders are sedmless and probably fhe strongest ¢omponents
of the bus,‘They should stay intact in a series> of - collisions.
-Yalves_and gds lines és Well as other high 'preSSure véomponehts
were installed where they can be- prétected from the pOSSible
impéct. The higﬁ pressure lines were strapped tésthe chaséis at

every 0.5 m. OQut of the eleven experimental buses, six buses were
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o ppizd with hijgh pressure oxygen cylinders as  fuel slorage
cylinders. In splte of Lheir hiph weight-to-capacity ratio (130%
ol Lh& specially-built CNG cylinders), they have shown Lo be more
vreliable than the special CNG cylinders. They can be ‘purchased
locally at a low cost of aboul 1,800 Baht per unit of 4O litre
copiielhy which is less than half of the sgpecial CNG cylinders
with the same capacity. Their total weight including' relevunl
structural parts is dboubt 800 kg in comparison to 600 kg for. the
special CNG cylinders.,

The l~}/2—year exferience uil LhQFCNG bug Llecl operation has
mroved that safely measures have been quité adeguate. During Uhe
pmrlud,-ﬂhe buses_were used both on the regular BMIA  buws youtcu
und on the rugged conditions of rural roads. No mechanical
failuresvthat threatened the safety of human lives occured. Small
sas leakages  at the.’gas iine fittings due Lo unskilliul
maintaihances were .detgcteq a few times ‘but they were not
harzardous. These léakdges at the._fittings were due “to an
unukillfﬁl use of fittings during the course of maintainance.
Fuel cylinder valves also failed after repeated use because theyv
were designed to be use for servicing 6nly.

Intervigws'of 100 CNG bus pussengérs -with_ respect .to CHG
uufcty'havc becn-in_the_pdsitive direction as shewn in 'lable 1L,
Thare were few objectidﬂs to Lhé CNG buscs,_in'fuct,vmany people
prefored CHG buses to diesel buses due to lhe quictnegs and vhq
comlort of the CHG buses. Those who paid little attentlon felt ne
diffqrence. A few prefered the diesel busecs over ithe CONG  buses
Fov reasons that there was less chance of Tire hazard.

At the time of ‘thig project initiation, many people had
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ﬂmuntivu impression on the gaseous fuel because they congider ik
Lo be Loo flamable. This jJHPFOLHLlQn CHEE CLanirumul by & series ol
LG acclidents due to improper handlings. It has been one of Lhe
nbjectives of this'project to show the penteral public that the.
paseous fuel can be handled with a high degree of safety. These

interviews indicate thal the attitude of the public has leancd

Loward the positive side of CHG use in vehicles.
V. PRIMARY ECONOMIC . S'TUDIES

Although using CNG is primarily intended for solving the alr
pollution probiems in Bangkok metropolitan area, économy is Lhc
conscequence. Whether using CNG has the cost benefit over diescl
is st11ll widely debated.  Careful Jinvestigations and
cunslderations are needed before Any cbnclusion can be nade iﬁ
Ehis matter. AL the time of writing this.repoft,V.the prices o i
tu@ natural gés and diesel fuel are 70 Baht per million DTU aed
6. 30 Baht per.litre respectively;fThe cnergyr content of dicsel
fuel is apprékimately 35,106 LWy pér litre. Therefore, the - cosi
vl energy per million BIU for diesél can be calculated Lo e
) }79 Baht. The cost advantage factor of the vnatu‘al' 0Ver. dieseld
(uel is 2.56. |

‘he natural gas for vehicular uéé hﬁs”to be compreﬁsed Lo
“reduce its storage volume. TﬁefIGVel ol compression. depends  on
Lhie practical‘limitations.of storage c;llnders and  compreoizoi,

In practice, storage pressure of.ié MPa (2,&00 psi) is used. i
Cbwo natural Cgas o compreussors used :for Lhe  purpous ol bhig

cevaluablion have Lhe rated capacity of 350 cuble mebre per lhour
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ciuch. This capacity is achieved only when the outlet:pressurg ds
.1 BPa, SBince ﬁhe oublet pressure varies with the sLOraEG
c/slinder pressure from 0.1 MPu Lo 1o Mba,  the capaclity Lf bl
nnﬁpreunnr decrcuscs‘to 160 cubic melLre per hour on average., o
Lhe power conéumption of 45 KW, the electricity ‘cost is abous
.80 Baht per cubid-metre of natural gas at gtandard condition;
The producﬁion cost of CNG is the combination.of fixgd and
vitrlable costs. The cost of the natural gas as  well ?au it
oumpression cost are considered to e variaﬁlu cosba,  Tho

variable costs are ﬁhOSe that depend on the volume of aale und:
¢l not bé determined without a definite plun. 1t ié likely Liiak,
Lie nuumber of CNG buses will ihcrease' anuully for 5 yvears a3
shown in Table III. The dailyvaveragevdriving distance - ol unuﬁ
bus 1 ;OO km. The CNG consumption is 2.5 km per cubic:-melf:.
Theréfore, fhe volume of sale of thé natural gas may be estimgtud
ai shown in Table III_baSed on 320 working IQays per year., Ul
Iixed costs of:personei, maintainanée; utilities and'supplies Lo
the refueling station may also be estimated,.lt'shquld .be noted
that the initial cost bf.the refueling station itself has nouib

beeniincluded in this ~calculation. “The total fixed cost is.
estiméted in Table IV whereas tﬁe-total cost ié shown in Table V.

1“ableAVI showvg producpion cost - calculation wusing an ”annuul'
discount fqte of 12%. It was found that the production cost  of
Lhe natural gas i 22,151/5,300 = .18 Baht per cubic metre.

.

Regardless  of © the advantages of CNG over  diesel in
peslormonces and environmental impacts, paybuck. period ol Lhe
dicsel-to-CHu conversion cost may be calculated if we are -only

concerned with the cost advantage of a CNG bus over a diesel bus.
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Variable Costs

Cost
Df I\“y
(Bam/m )

Table IV

Fixed Costs
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Table V

Total Cost .

_._......—-_...-'——-—--—_.—-—n——.-...._.»—-—--—-........'-——_..._._—‘-_._——-——-.—.
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L8y
1988
19849

1990 K

.1)91

9, 98l
10,?40

Compression Total Variable
Energy Cost Cost -
(BahL/m ) (1,000 Baht)
0.8 2,760
0.9 3,332
0.9 I, 864
1.0 9,984
1.0 10,240
Supplies Total Fixed
» Cost -
10 250
15 375
20 iLol .
30 500
30 500
Total Cost
3,010
3,707
"2,268
10, h84
1¢,740
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Table VI Productlon Cost Caleulalion

Preasent Wortl Present Value Present Value
Year of a Discount of Total Cost  .of NG Volume
' Rate 12% (1,000 Baht) Sale (m )
198 0.893 2,688 .o 572
1988 0.797 2,95b 737
1989 0.712 3,751 911 -
1990 0.636 6,668 . 1,628
1991 - 0.567 ' 6,090 : 1,452
Total 22,151 5,300

Present Worth ———-cccommmam e [

Tear of a Discount Conversion Ad justed Annual Adjusted
: Rate . 12% . Cost Conversion Saving  Annual
Cost o Saving
1987 0.893 120.0 107.2 33.3 29.7
1988 0.79Y - - T 33.3 26.)
1989 0.712 - - 33.3 23.7
1990 0.636 - - - 33.3 21.2
1991 0.567 - - 33.3- 18.9
le et e w . - - o - > T T e v v PV M e W S e e Y = e e - A S me e we e et S R S o v - . Lo vm e e et e .
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The Juel cost advantage depends Oq Lthe selling price. of  CNu.
Allhoush Lhe prod.uc;l;ion cost of CNG is 4.18 Balt per cubic me b,
Lhe selling price is most likely Lo be 5.00 Baht per cubic metru{
Therelore, the . annual cost saving ~for BIITA is
(6.39~5.00)x200x320/2.5 = 33,280 Baht per year. Table VII shows
Lhe payback period calculation_pf a‘converted CNG busv using an
mmual discount rate of 129%. Dased' oh the conversion cost  of
120,000 Baht,‘the payback period is about 5 years. Thereflore, a
diesel bus that has less than 5 years of servicé left shouid not

he converted.
A BHYIRONMENTAL IMPACYS

The primary objective of the CNG bus cdhversion program  is
Lo improve the city life Quality with vrespect tdi_environmentél
pollution. Noise andbtéir pollutions are. two maini;parameters
afrecting the city 1life qualityl The péople S living ﬁin Bangkok
metropolitan and surroﬁnding areas have Lo travel by fBMTA :buscs
to and Ifrom their work places on the daily'average of*;2O knm or
aboub one hour of travel. During this one ‘hour, a person is
subjected ‘Lo both noise add air pollutions of the ecity vralfic.
These pollutlons do not 6n1y'affedt one‘svwell being.but also hig
uscrulnéss to  the society.-.The situation can'.ﬁé" improved
mignifiéantly if the diesecl enéines ére subStitutcd. by the VCHG
c.n;aj.n,.ug,-:;. l’l.xe CNG,_enginCS run  smoother thus CLhey prod&c‘d Lo -
viborat Lon and-hoise than the dlesel engines. Thérc is pracltically
Mo umohe‘cmissioh from the CNG engines., "The black . smoke often

causes serious accldents due to visibility impairment. It also
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causes lung cancer.
9, CONCLUSLONS

1. "*he CNG bus fleet can be operated withoub. any seriouus
CH-related problem.

2. ''he thermal efricienoy-of the CHG e¢npgine ig ‘higher Lthan
the diesel engingm

J. The'natqral gas produces  less envirommental pollutanta
sinee LL burns more cl‘i‘lc.’l..«.;'nl;lj’ Lhan ].'Lg_ﬂx.ld Cuels.

i Wears in bhe‘CNG ehgine are generally smaller than Uhose
in Che diesel'engiﬁes.‘

5. Periodical maintainances of the CNG engine are similar to
Lhe gésoline engine: -

6+ The CNG bus.operation has proved that’the’safety measures
bakeh are quite adequate.

7;’Primary economic'studies show that the selling price. ol
Lhe natural gas should be about 5r00 Baht . per cubic metre atl
standard condition. At this price, pay back pepidd Lor

divsel-to-CHG-bus conversion is 5 years.
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