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ABSTRACT

Greater application of alternati '" fuels like eNG for transportation systems hru:;been

encouraged and supported by l!angladesh Government. A small reductic," in fuel

consumption through use of alternate cheaper fuel, efficient engine and Improved

techn(llogy can result ill substantial savings in fud bills. Resides cost aspects, the

alternate fuel needs to be environment friendly withaul major input requirement, in

the existing system. As of dale, more than one million vehicles arc running with eNG

in the world. Even in Bangladesh, realizing the adverse impact of increased

envlrorunental pollution, CNG ha~ been adopted for public transportation in a big

way. A large portion of the public transport vehicles including buses, taxis, aulo

rickshaws etc. have been converted into CNG powered vehicles. This has improved

the air quality in major cities substantially. Appiication of Natural Gas as fuei for the

raiiway has hot been addressed yet.

Bangladesh Railway now owns 285 locomotives. all run by diesel. The fuel

consumed during the last fiscal year was about 35,759 mdric tone.', costing aooUl

taka 121 crore. As Bangladesh has no oii reserves, almost the entire amount ofiiqllid

fuel con,umed annually in the country has to be imported. Since the mid 80's, a

number of projects were launched in the US, Canada, and Russia to assess the
viability of thc natllral ga, flleled locomotive. These projects produced varying

degrees of succcss and pro, ided ~atllnble insight for fllrther development. In Pcn" a

mountain railway is bcing operated successfully with a duai fuel engine, which

replaces about 50% of the diesel fuel with natural gas, Northern Railways, lndia is

now conducting trial run, of locomotives with ceo-friendly CNG in diftercnt route,.

In light of the aoovc dcvciopments, and the uncertainty if world oil markct and the

high costs of imported fuel, Bangladesh Railway must look for other options, It is

worthwhile conducting a f~a~ibility study to sec if nalural gas can be successfllily

used in thc railway sector as well. from thc financial analysis of this report, it can be

concluded that, cost reduction ofCNG powered train is 30% compared to diesel fuel

and lntel1lai Rate of RClllrn i, 50%. rhe projcct has al~o addressed technical,

economic and environmental Issues for implementing natural gas powered

locomotives for Bangladesh Railway.
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• CHAPTER I

INTRODUCTION

Bangladesh Railway is one of the largest and oldest government enterprises in the

country, playing a vital role in thc socio-economic development & induslrialialion oC[he

counlry. It was established in 1862 named as Eastern Bengal Railway. Bangladesh

Railway (IlR). covering a length of 2855 route kilometers, now owns two types of

locom()ti~e8 Diesel Electric and Diesel Hydraulic_The total fleet as of 30'h June 2007

comprised of253 Die,ell'iec!ric and 32 Diescll-lydraulic locomotives [I]. Bangladesh

Railway is expected to ",rve both a, a commercial enterprise and as a public utility

service. As a commercial enterprise, HR has an obligation to generate sufficient revenue

to meet its cost. As a public utility service it has a responsibility to provide transport

t:1cilitics to largc number of pHsscngcrsand movcment of e,sential commoditie, for mass

con,umption. BR is al~o required to provide transport faei Iities in emergent situation, Iikc

flood, cyclone, draught etc.

According to report of World Bank [21, Bangladesh Railway has embMkcd upon a

comprehensive Railway Recovery Programme (RRP). It is supported by thc Asian

Development flank (AOn) to increase efllciency and cost rcduction. The refonn program

includes creation of a new corporate entity for BR. Thc communication ministry has now

produced a railway act taking ADS suggestion. n'e act is seen as positive indication of

the ministry', renewed commitment to structural change of DR.

In Banglacle,h Railway, diesel is the only fuel for Locomotive. Most ofthc devclopecland

developing countries introduced electric traction in their railway c(}mmunication.

Banglade;h cannot implement electric traction due to huge investment for infrastructure

and shortage of electricity. According to Gupta [3], average electrification cost is 0.9

million US$ per route kilomcter for single line and 1.45 million US$ pcr roUlCKm for

double line. Magnetic train cannot be considered a viable option yet for IJR because it is

still in experimental pha,c in the dcvelopeclcountrie,.



Railway companies would like to convert diesel Locomotive to NG or dual fuel

Locomotive for minimizing cost and reduction of environment pollution. Natural Gas is

cheap, available and it is able to produce the required cal"rific value like diesel.

Technology of NG power locomotive is also available. According to a report on Indian

Railway [4], CNG conversion cost per locomotive Rs. 36 Lac and comparing operating

CO.,tbetween diesel locomotive and CNG locomotive, savings will be Rs.23.8 Lac per

year ifCNG locomotive is used. Thus the co,t ofCNG conversion kit Canbe recovered in

18 months only giving annul rate of return of 66%. Again It bas been reported that dual-

fuelled locomotives could produce lilll dicsel horscpowcr with emissions reduction of

65% NO" and SOx.

Banglade,b has tbe natural gas rcsourCc. There is no oil reserve in Bangladcsh.

Bangladesh im]Xlrts oil from abroad tbrougb Bangladesh Petroleum Corporation (BPe),

spending a lot of foreign currency. 13angladeshRailway is one of tbe big customers of

BPe. During thc year 2005-2006 Bangladesh Railway consumed 35,759 Metric Ton

diesel oil only as locomotive fuel and expenses around 12I crore taka for locomotive fuel

purpose [1]. If it is possible to convert diesel locomotive to Compressed Natural Gas

(CNG) locomotive, it could use our natural resource, save money and get healthier

Bangladesh.

The uncertainty of today's petroleum market with is declining oil reserve" on gomg

tensions in oil producing nation, and environmental regularity activit} ,oaring to new

heights, has industry seeking new ways to provide power for fuel hungry, high

horsepower applications. Among possible alternatives, natural gas stands alonc as the one

fuel that wHi benefit both the envirorunent and the economy. The incentive today is not

only fuel economy as before, but by Bangladesh's commitmcnt to the Kyoto protocol

pertaining to the reduction of greenhouse gases. When increasing energy costs are of

concern, or excessive air pollution and strict emission regulations are an issue,

eomprcsscd natural gas (CNG) or LNG are excellent solutions.

CNG has been successfull} implemented in Bangladesh as fuel for motorized

transportation such as cars, trucks and buses. Other modes of heavy transportation like

railway or watcr ways have hot to been address yet. It is therefore newly to undertake a



research !o address the viability of using na!ural gas as fllel for the locomotive ofBR. The

technical, cconomicaland regulatory aspccts nccd to bc cxamincd.

Objectives:

The objective of the study has been subdivided as follows:

1. To assess technIcal options for converting diesel locomotive to na!ural gas powered

locomotive.

2. To a"ess financial viabilily of NO pmvered 10comOlivein Bangladesh Railway 3Jld

romparing with existing sy,!em.

3. To make recommendations whether BR should continue operation of trains with diesel-

fueled locomotive or BR should introduce NO powered locomotive

Methodology:

To achieve the above objectives the following methods are adopted:

I. Study recent developmen!s around the world in locomo!ive lechnology with respect to

fuel usage.

2. Study the current practice and policy regarding fuel/energy source in Bangladesh

Railway.

3. Study the Technical measures required tor NO conversion of locomotives.

4. S[miy Onnalure ofNG available in Bangladesh and its combustion characteristics

5. St\ldy the opportunities to develop operational infrastructure requIrement to opcra!e

NO powered trains.

6. Conduct Economic analysis of eNG p',wered locomotive. for this firstly onc

locomotive would be considered and taken data abollt conversion cost, operating saving

cost and others related cost. A gro\lP of locomotive would be considered later in this

report.

7. St\ldy on Emissions 3JldEnvironmen!al Enrichment due to NO powered trains.

3



CHAPTER 2

REVIEW 01<'LOCOMOTIVE TECHNOLOGY

A locomotive is a railway vehicle that provides the motive powcr for a lmin. The word

originates from the Latin words loco means "from a placc" and molivus means "causing

motion".The term locomo/ive engine was first u",d in the early 19th century to

distinguish between mobile and stationary steam engines.

A locomotive has no payload capacity of its own, and its solc purpose is 10move the train

along the tracks. Traditionally, locomotive's COmmOnfunction is push-pull operation,

where a locomotive pulls the train in one direction from the front and pushcs it in the

other direction from the rear end of tile lmin.

According to wikipeclia, the free encyclopedia, tile first succcssfullocomotives were built

by Cornish. Tn 1804 his unnamed steam locomotive haulcd a lmin along the tramway of

the Penydarren ironworks, near Merthyr Tydfil in Wales, UK . Although the locomotive

hauled a train of 10 tons of iron and 70 passengers in five wagons over nlnc miles (14

km), it was too hcayy for the cast iron rails used at thc tlmc. The locomotive only ran

threc trips before il wa, abandoned. The first commereially successful steam locomotive

was rack locomotive, The Salamanca, built for the narrow gauge Middleton Railway in

1812.

2.1: Types ofLoeomotive

Locomotives may generate thcir power from different fuel such as wood. coal, petroleum

or natural gas or they may take power from an outside sourec of e1ectricily. It is cOmmon

to classify locomotives b~ lheir source of energy. The COmmonones include:

a) Steam locomotive

b) Diesel locomotive

I. Diesel-electric IOComolive

11. Diesel-mcchanicallocomotive

Ill. Diesel-hydraulic locomotive

c) Gas turbine locomolive

4
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d) Electric locomotive

e) Magnetic Levitation (Maglev traIn)

f) Ilybrid l.ocomotive

A locomotive has no payload capacity of its own. In contrast, some trains have .self-

propelied payload-carrying vehicles. These are not normaily considered locomotives and

may be referred to as multiple units, motor coaches Or railcars.

2.1.1: Ste:um Uwomotive

In the 19th century the first railway locomotives "ere powered by stearn, usually

generared by burning coal. Because ,team locomotives Included one Or more stearn

engine, they are sometimes rclcrrcd to as "steam engines".

Fig I: steam locomotive

The reciprocating steam locomotive is a self-contaIned power unit consIstIng cssentiaily

of a steam engIne and a boiler with fuel and water supplies. Superheated steam, controlled

by a throttle, Is admiUed to the cylinders by a suItable valve arrangement, (he pressure on

the pIstons being transmitted through the main rod to the driving whccls. The driving

whecis, which vary in number, arc connected by side rods. Steam locomotives are usuaily

classified under the Whyte system, that is, by the number and arrangement ofilie wheels.

ror example, an engine classified as 2-6...(), which means, it has one pair of wheels under

the front truck, three pairs of coupled or driving wheels and no wheels under the trailing

truck. In some cases the truck wheels of the tender (fuel carrier) are added.

5



The steam locomotive remained by far (he most common type of locomotive until after

World War II. Before the middle of the 20th century, electric and dlesel-electric

locomotives began replacing steam locomotlves. Steam locomotives are less emdent

than their mOre modem diesel and eleetrlc counterparts and requlre much greater

manpower to operate and service. British Rail figures showed the cost of crewing and

fuelling a steam locomotive was some two and a halftimes that of diesel ]Xlwer,and the

daily mileage achievable was far lower. As labour costs rose, particularly after the second

world war, non-steam technologies became much more cost-emcicnt. Steam locomotives

were in regular use until 2004 in the People's Republic of China, where coal is a much

more abundant resouree than petroleum for dlesel fuel. Such locomotives are stlll in

operation in scotland. The few steam locomotives that remain in operation in developed

nations are mostly nostalgic relics u>ed chiefly to pull lourist trains. One of the Sleam

locomotive named Fairy Queen, built in 1855 runS between New Delhi and Alwar in

India and is the oldest steam locomotive in regllbr (tourist-only) ,ervice in the world and

the oldest steam locomotive "perating "n a mainline.

2.1.2: Diesel Locomotive

Diesel Locomotive contains an internal combustion engine. It requires some type of

power transmission system to couple the output of the prime mover to the driving wheels.

]n the early days of dlesel railroad propulsion development electrle, hydraulle and

mechanical power transmission systems were employed with varying degrees of success.

Of the three, electric tran<;mis;ion proved to be most practical. Some dlesel-hydraulic

locomotives were manufaclured for lower power applications.

fig 2: Diesel Locomotive

6



I. Diesel_electric locomotive: Diesel.e1cctric locomotives were introduced in 1924. and

have become the most wIdely used type of locomotive. The modern diesel-electric

locomotive is 3 self-con13incd. clcctrically propelled unit. Like the electric locomotive, it

has electric drive, in the form of traction motors driving the axles and controlled with

electronic controls. It also has many am.ilIary systems for cooling, lighting. heating, and

braking. It ditTers from electric locomotive principally in that it has its own generating

s13tion instead of being connected to a remote generating station through overhead wires

or a third rail. The generating S13tion consists of a large diesel engine coupled to an

aiternator or generator that provides the power for the traction motors. The,e motor, drive

the driving wheels by means of spur gears. The ratio of the gearing regulates the halliing

p<lwcr and maxImum speed of the locomotive.

DIESEL
ENGINE COlJPLlNO

MAIN
GENERATOR

Fle,ible wire

Wheel

TRACTION
MOTOR

o

Gear & pinion

Axle

Fig 3: Basic prInciple of DE weomotive
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Operation of a Diesel Elcctric Locomotive is described as follows:

1) Storage Battery drives the fuel pump which draw; fuel oil from the tank and

supplies to the engine

2) The engine Is started using twe>starting motors which eleclric SClurceis supplied

from the ste>ragebattery.

3) Engine drives

a. Main generator

b. Auxiliary generator

c. Compressor

d. Cooling fan

e. Traction motor hlower

4) Auxiliary generator charges the battery and ;upplie, current to low vollage

cireuits.

5) Low voltage current is supplied to all relays, switches etc through electric cabinet.

6) The main generator trans/onns the engine mechanical power into high voltage

electrical power (nominal rectified voltage 600VDC and maximum continuous

current rating 3200A) which i, sent to two or three traction motors located in each

truck and geared to the driving axles.

7) The engineman', control ~tation includes the control levers, brake~ lever and

switches necessary for operating the locomotive.

8) The electrical cabinet contains various switches, t\ISCS, contractors and relays

necessary to control tbe operation of the locomotive.

9) The enginc governor controls the engine spced as directed by the throttlc lever.

10)The load regulator ee>ntrolsthe engine pe>\\ierso that it de>csne>tsend more ()f less

pe>werto the main generator than what it should he for each throttle positie>n.

11) The air compre"or i, connected to the main generator and pumps air only when

necessary.

12)One or twe>water pumps me>untedon the engille circulate water through the

engine cooling system. The water Is cooled by a fan and tcmpcrature is

automatically controlled by a thennostatic switch

13) Lubricating oil is circulated through the engine and 011cooler Vla filter and

strainer by one or two oil pumps mounted on thc engine.

8



II. Diesel-mechanical locomotive: Diesel-mechan;cal locomotives have a direct

mechanical link consisting of a clutch and a series of gears and shafts betwecn!he engine

and the wheels, similar to the transmission in an automobile. Because mechanical drives

deliver less power to the wheels than diesel-hydraulic and diesel-electric systems, they

arc only used with the smallest locomotives.

III. Diesel-hydraulic locomotive: The Diesel Hydraulic UJcomotive difters from the

Diesel Electric Locomotive only by the transmission system, In diesel-hydraulic

locomotives the engine drives a torque converter, which uses fluids under pressure to

transmit and regulate power to the wheels, Hydraulic drives are widely used in some

CDuntries, such as Germany.

DIESEL
ENGINE COUPll~(;

Wheel

Hydraulic
Transmission

Box

Axle

Torque
Converter

Cardon
Shaft

Fig 4: Basic principle of Diesel-hydraulic locomotive

Starting in the 1940s, the diesel-powered locomotive began to displace steam power.

Diesel locomotives require considerably less maintenance than steam, with a

corresponding reduction in the number of personnel needed to keep the fleet in service.

The best steam locomotives spenl an average of three to five day, per month in the shop

for routine maintenance and running repairs. Heavy overhauls were frequent, olten

Involving removal of the boiler from thc frame for major repairs. In contrast. a typical

diesel locomotive requires no more than eight to ten hours of maintenance per month. and

may run for many years between major overhauls.

9



2.1.3: Gas turbine locomotive

A gas rurbinc-electric locomotive, or GTEL. is a locomotive that uses a gas turbine to

drive an electrical generator or alternator. The electric current thus produced is used to

power traction motors. This type of iocomotivc was first experimented with in 1920 but

reached its peak in the 1950s to 1960s.

Fig 5: Gas turbine-electric locomotive

A turbine offers some advantages o'er a piston engine. The number of moving parts is

mllch smaller. A turbine of a given POWCtoutput is also physically smaller than an

equally powerful piston engine, allowing a locomotive to be very powerful without being

inordinately large.

Gas turbine locomotives are very powerful, but also tend to be very loud. After the 1973

oil crisis and the subsequent rise in fuel costs, gas turbine locomotives becamc

uncconomical to operate, and many were taken out of service. This type of locomotive is

now rare.

2.1.4: Electric Locomotive

Electric locomotives range from the small type used in factories and coal mines for local

hauling to the large engines used on railroads. Electric locomotives generally have two or

more motors. Power is collected from an electric trolley, or pantograph, running on an

overhead wire or from a third rail at one side of the track.

I 0



Fig 6: Electric locomotives

While the capital cost of clcctrirying lrack is high, electric trains and locomotives are

capable of higher perfonnance and in some cases lower opcrational COSISthan steam or

diesel power. Electric locomotives, because they tend to be le;s technically complex than

diesel-electric locomotives, are both ea,icr and cheaper to maintain and have very long

working lives. Although highly cfficienl, ilS use is limited by the cost of electric

sub,tations and overhead wires or third rails.

Overhead
Wire Or
Third Rail

Flexible wi,'.

CONTACT
SYSTEM

TRACTION
MOTOR

Gear & pinion

Axle

Wheel

o

Fig 7: Basic principle of Electric locomotive
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Some electric locomotives can also operate with battery power to enable shortjoumeys or

shunting on non-electrified lines or yards, Battery-powered locomotives arc used in mines

and other underground locations where diesel fumes or smoke would endanger crewg and

where externai elcctricity supplics cannot be used dlle to the danger of sparh igniting

flammablc gas,

2.1.5: Ma~netic le~itation (Ma~lev train)

The newest technology in trains is magnetic icvitation (maglev). These electrically

po"ered trains have an open motor which float, the train above the rail without wheels.

This greatly reduces friction. Special type of track used which create north and south

poles alternatively by electro magnitism and moving forward the train. Very few systems

are in service and the cost is very high. The experimental Japanese magnetic levitation

train has reached 581 kmlh (361 mph).

fig 8: maglev train

The first commercial magiev trains ran in the 1980s in Birmingham, United Kingdom,

providing a low-speed ,huttle service between the airport and the raiiway station. Despite

the intere,t and excitement, the system was shut down duc to a lack of spare parts and

repiaced bywheeled cablecars a few years later.
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2.1.6: Hybrid Locomotivc

A hybrid locomotive is a Locomotive that uses an on-board rcchargeable energy storage

system (RESS) and a fuelled power source for propuisi\m. Generai Electric Company

(GE) unveiled a prototype hybrid locomotive for freighl trains on May 24"" 2007 in Lns

Angele" California.

Hybrid trains typicaily are powered either by Fuei Ceil technology or the diesel-aiectric

hybrid which reduces fuei cow.umption through regenerative braking and switching off

the hydrocarbon engine when idling or stationary.

2.2: Recent development on Locomotive

There are some key aspecls that need to be considered when selecting commercial

Lneomotive. They include:

• Energy Sourec availabie

• Nature of the operations

• Emissions

• Installation and operating cost

• Infrastructure, etc.

Taking consideration ail these factors, many locomotive manufacturing companies arc

trying to make new types of locomotive. Parry People Movers (locomotive manufacturing

company, UK) make an expcrimenlal locomotive powered by energy stored in a

flywheel. The flywheel is powered from an onboard battcry-driven motor or internal

COmbuslion engine and is also recharged through regenerative braking. A proposed

alternative is 10 recharge the tlywheei from exlernal electric motors inSlalied at station

stops. Although this would increase instailation eosts it would substantially reduce the

weight of lhe vehicles. Parry People Movers have been tested on several railways. The

first mainstream timetabie service for the flywheel locomotive was launched in Fehruary

2006 on the short iink belween Stourbridgc junction and Stourbrldge Town in lhe United

Kingdom.
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One of the newest technologies in trains is magnetic levitation (maglev). Cost of the

maglav train is very bigb.These electrically powered trains floats above the rail without

wheels. This greatly reduces friction. I! move, forward with very high speed by creating

north and south pole alternativcly bctween tmin and rail. Avarage speed of magnetic

levitation train is 550 to 700 kmlh.

General Electric Company's (GE) engineers are designing a hybrid diesel-elcctric

locomotive that will capture thc cncrgy dissipated during braking and store it in a series

of sophisticated battcries. ThaI stored energy can be used by tho Crew on demand -

reducing fuel consumption by as much as 15 pcrecnt and emissions by as much as 50

percent compared to most of thc freight locomotives in use today. In addition to

environmental advantages, a hybrid will operate more efficiently in higher altitudes and

up steep inclines.

Dual fucl Locomotive is the another new typc of Locomotive. This type of locomotive

can usc two lype of energy. Dual modc locomotives can operate using both eleclric

(catcnary) and die",l power or diesel fuel and gas fuel.

When increasing energy costs are of concern, or excessive air pollution and stricl

emission regulations are an issue, natural gas (NG) is an excellent alternative fuel for

locomotive. A number of projects were launched in the US and Canada to assess the

viabilil) of the natural gas fueled locomotive and they already introduced natural gas

powered locomotive in railway communication. Peru unveiled the world's first train

powered by environmentally friendly compressed narural gas (CNG) in 2005. Northern

Railways, India is now conducting tria! runs oflocomotives with ceo-trlcndl) CNG.

2.3: World Railways Statistics

The world's longest rail line is in Russia. It extends abo"t 5,600 miles (9,010 kilometers)

and connects Moscow and Vladi~ostok. The tOlal lracks of the world's main railroad

routes would stretch abo\lt 750,000 miles (1,207,000 kilometers) about 3.25 times the

distance from the earth to the moon [5J. Some information about world railway is given in

table 1 to3:
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Table 1: unglh of World Railways

SL. Country Lenglh ofRolile Length of per Length of per

No. (Krn) capita (m) Square Km (m)

1 U.S.A. 226,612 0.776 24,7

2 Russia 87,157 0.610 5.1

3 China 75,438 0.058 '.1

4 India 63.221 0.058 21.3

5 Germany 48,215 0.585 138.1

6 Canada 48,068 1.452 5.3

7 Australia 38,550 1.902 5.1

8 Argentina 31,902 0.799 1J.7

9 france 29,370 0.482 53,8

10 Brazil 29,295 0.156 3.5

11 Japan 23,474 0.184 62.6

12 Poland 23,072 0,599 75.8

13 South Africa 20,872 0.472 17.1

-"- Italy 19,460 0.335 66.2

-"-
Mexico 17,665 0.164 9.2

~
UK 16,567 0.273 68.6

17 Iran 8,367 0.122 5.1

18 Pakistan 8,163 0.049 10.5

19 Indonesia 6,458 0.026 3.5

20 Korea (North) 5,235 0.226 43.5

21 Myanmar 3,955 0.083 6.0
22 Bangladesh 2,855 0-020 21.0

23 Iraq 2,272 0.085 5.3

24 Malaysia 1,890 0.D78 58

25 Sri Lanka 1,449 0.072 22.4

26 Nepal 59 0.002 0.4

Railways playa vital role in cl>mmunication sector of any country. Rail transportation is
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cheap compare to road transportation. Some rail transpmtation statistics have shown in

table.

Table 2: Passenger-Kilometers carried by Railway

Country No.ofPassenger-Km

Japan 396,336,000,000

China 363,276,000,000

India 316,728,000,000

Russia 227,100,000,000

Ukraine 70,884,000,000

Bangladesh 4,160,000,000

Note:

- Passenger-Km signifies the multiple ofnumbcr of passengers times their distance

traveled in Km's.

- Japan figures are high due to Its high population density and over-reliance on trains

- The figure is higher for China, India and Russia as distances are higher

Table 3: Ton-Kilometers carried by Railway

Counlry NO.ofton-Km

United States 1,759,464,000,000

China 1,242,600,000,000

Russia 1,195,164,000,000

Canada 279,5 I0,000,000

Tmlia 252,588,000,000

Bangladesh 817,000,000

Note:

- Ton-Km signifies the multiple oftons offreight transported time ••their distance

traveled in Km's.

- The figure of Bangladesh very poor as other countries has a bigger geographical area.
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CHAPTER 3

OVERVIEW OF BANGLADESH RAILWAY (BR)

l3angladesh Railway was established in 1862. It was nametl Eastern I:lengal Railway.

Construction of 53.IJ kIn of Broad Gauge (BG) line between Darsana and Jahati of

Kustia district was started in November, 1862. Fir>t Meter Gauge (MG) line was

constructed from Sara (Pabna) 10 Chilahati (Nilphamari) and Parbatipur to Dinajpur

during the period from 1874 to 1879. Railway connection (Meter Gauge) between Dhaka

and Narayangong, a distance of 14.98 kIn was being constructed by Dhaka State Railway

in 1885, which was later on merged with Eastern Bengal Railway. In 1961, Eastern

Bengal RaHway was renamed as Pakistan Ea,tem Railway. After liberation war in 1971,

it was again renamed as Bangladesh Railway. That time the total route kilomeler was

2858.23 kIn. In the beginning of2]'" century, BR was beginning con,lruetion dual gauge

(DG) line. Now the total route kilometer of BR is 2855 km, among this 1830 km is MG,

660 is BO and 365 km Is DO [I].

Table 4: Route Kilometer ofBR

Year July-June Figures are in kilometers

Broad Gauge Meter Gauge 'Iotal

1969-1970 1935.16 923.07 2858.23

1996-1997 1822.12 883.89 2706.01

2000-2001 1832.12 936.25 2768.37

2005-2006 1829.74 660.22 + 365 (DG) 2854.96

Up to 1953, there were only steam locomotives in Eastern Bengal Railway (Bangladesh

RaHway). In 1953, first diesel locomotive was introduced in Bangladesh RaHway. At the

time of liberation war, there were 486 locomotive in DR. Among that 343 were stearn

locomotive and 143 were diesel locomolive. By the end of the 1970s-1980s, Bangladesh

RaHway had completely replaced stearn locomotives by diesel locomotive. l3angladesh

RaHway now Own, 285 locomotives, all run by diesel.



Bangladesh Railway is man~ged-by-3-5,172 r;;gul';;~hitf, is Government owned and

Government managed transportation agency of the country. BR now owns two types of

diesel locomotives, Diesel Electric and Diesel Hydraulic, both use dIesel as fuel. Heavy

rcp~ir and overhauls of diesel locamotlves arc done at central locomotive workshop

(CLW), Parbotlpur and diesel workshop, Dhaka. Chittagong and Parbotipur. Some

impm1ant information ofBR is given in table 5.

Table 5: lnfonnation of DR

Item Figure
Route Kilometers 2,854.96 Km

Traek Kilometers 4,442.95 Km

Number of Stations 454
Passenger Carried per year 42.3 Million
Tones Carried per year 3.21 Million

Number ofPa>senger Train 235 / Day
Number of Freight Train 47/Day
Numocr of Passenger Coach 1408
Numberof\Vagon 10,236
Number of LOGOmotive 285

During 2006-07 fiscal year, total earning of BR was 500 crore taka and total operating

expenses was 800 crore. Expenses an general administration were 16.25%, repair and

maintenance 35.41%, operalion staff 14.88%, operation fuel 13.25% and others 20.21%.

In lhi~ situation, Bangladesh Railway has embarked upon a comprehensivc railway

re<:overy program in order to improve its financial performance lhrough Increased

cffieiency and cost reduction. Asian D<:velopmentBank (ADB) Is doing work on refonn

pmeess of BR [2]. The principle of the reform process is to transfonn DR Into a more

commercial organization like corporalion.
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Fig 9: Expenses ofI3R

3.1: Types of Locomotive in DR

From beginning to mid 20thcentury, Eastern Bengal RaHway (Bangladesh Railway) had

been lIsing only steam locomotive. In 1953, first diesel locomotive was introduced in East

Pakistan Railway (Bangladesh Railway). At the time of liberation war (1971), thcre were

486 locomotive in BR. Among them 343 were steam and 143 were diesel locomotives.

Steam Locomotives were running in BR up to 1981, Bangladesh Railway now owns 285

locomotives, all run by dieseL

There are roiO types of rail line in Bangladesh Railway; i) meter gauge and ii) broad

gauge. For this rea;on, two ditfcrcnt sizes of locomotives are needed. Both sizes of

locomotive arc diesel locomotive that run by diesel fuel. Those diesel locomotives are

roiO types i) Diesel Electric Ii) Diesel Hydraulic. Description of Diesel Electric

Locomotive and Diesel Hydr"ulic Locomotive has given in section 2.1.2 of this report.

Ulcomotlve position ofBR is given in table 6:

Table 6: Locomotive position ofllR

Type of Present Holding

Locomotive Broad Gauge Meter Gauge Total
Diesel-Electric 68 185 253
Diesel Hydraulic 10 22 32

Total 78 207 285

Details of locomotives used in Bangladesh Railway arc given in appendix-A.



3.2: Energy source

Fuel is essential for operation of traIn servIces in the rai Iway. Present day the most widely

used fuel in Locomotive in Bangladesh is high speed dIesel oil. Bangladesh Railway

import diesel oil from abroad through Bangladesh Petroleum Corporation (BPe),

spending a lot of foreign currency. Bangladesh Railway is One of the big customers of

BPC. During the year 2004-2005 Bangladesh Railway consume 35,373 Metric Ton diesel

all only as locomotive fuel and expenses around 120 crore taka for locomotive fuel

purpose [1]. According to website of BPC, total consumption of diesel in Bangladesh is

22, 64,843 Metric Ton. Bangladesh Railway cans limes 1.6% dIesel of total consumption

in Bangladesh.

3.2.1: Procurement and storage

An agreement has been arranged for procurement and supply of high speed diesel (HSD)

oil to Bangladesh Railway for operational purpose. In this connection the oil companies

like Padma, Meghna and Jamuna have been nominated for supplying of HSO oil from

Patenga and Dalliatgonj at Khulna. Accordingly railway administration has been

reec!ving regular supply of fuel oil from the abovc companies through railway

transportation. At the loading point of above companies Railway Tank Wagons are

loaded in prescnce of representatives drawn from Mechanical department, Security

department ofBR and one representative from the respeetivc oil companies. After loading

and sealing thc fuel tank, the represcnl.alives arrange to dispatch the tank wagon to the

respective stockholder to different Loco sheds. Li,t and location of different loco shcds

are shown in appendix-B. Every shed has storage tank for preservation of minimum 15

days oil in hand. All the tank wagons allotted for the respective sheds are dccanted into

storage tanks with proper recording in the fuel storage resister. There is a system in every

Loco shed for issuing offuC! oil to the Locomotive. Stich issue offuel oil is conducted by

the fuel pump from storage tank through dehydrdtor.

3.2.2: Properties ofHSD Oil

As crude oil i8 refined, approximately 44% is gasoline, 36% i8 diesel and the balance is

kcro>cne, lubricants, etc. The characteristics or a property of diesel fuel is delenn;ned by

heat value, specific gravity, flash point, viscosity, volatility carbOn residue etc.
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Commercially, by American society of testing and standards, there are three grades Or

elassitleations of automotive diesel fuels. There are known as Grade 1-0, Grade 2-D and

Grade 4-D. At one time there was a Grade 3-0, but thai ha, been discontinued. The

properties of diesel fuel thai u,ed in BR are very similar to Grade 2-D. The requircd

cetane number of this fuel is minimum 40. The characteristics or properties of die",l fuel

used in Bangladesh Railway are given in table:

Table 7: The characteristics or properties of diesel fuel used in BR

I Heat Value 12000 to 1400013TU/ib

2. Specific Gravity 0.81100.85

3. Minimum Flash Point 125 deg. F (52 deg. C)

4. Pour Point 40 deg. F (5 deg. C)

5. Viscosity 1.8t05.8csatI00deg.F

6. Volatility (90% fuel distilled om 650 deg. F (max)

7. Final Boiling Point 700 deg. F (max)

•• Ignition Quality (celane number) 40 (min)

9. Ash (weight %) 0.02%{max)

10. Carbon Residue (weight %) O.35%(max)

II Sulphur Content (weight %) 0.50%(max)

12. Sediment and waler ("eight %) 0.05%(max)

3.2.3: Rules for Transportation ofHSD Oilllod Explosive

According to operaling manual ofDangladesh Railway, the rules of attaching of vehicles

containing explosives and inflammable liquids 10 good trains are as follows:

a) Tank wagon and other vehiclcs, containing explosives and inflammable liquids, when

carried by goods trains, shall be marshaled as far away as praclicahle fmm the engine and

sllall be preceded and followed by not less than three wagons not loaded with similar

goods. Not more than three vehicles containing explosives should be hauled by one train
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and such vehicles shall be close coupled to the adjoining vehicles and to each other. the

divisional superinlendent, may, however, permit five vehicles containing explosives to be

hauled by a goods lrain in urgent cases. This must be reported, in due course, to

headqum1er, whenever such permis~ion is granted by them.

b) During shunting, vehicles loaded with explosives musl be separaled fmm the engine by

at least three vehicles not loaded Wilh explosive or other inflammable goods. This

precaution is nOI necessary with powder vans. Shunting of such vehicles must be

supervised by the yard foreman or the station master on duty at stalion where shunling

~taffi, not provided, who shall be held resp<:lnsiblefor the observance oflhese orders.

c) Loose shunting of vehicles containing explosives is slrietly prohibited.

According to lraffic manual (part one), the following rules must be actcd up to in dealing

with vehicles loaded with explosives or dangcrous goods.

Explosives may be carried subjccllo lhe following conditions

a) By mixed train provided;

• Thai nOImOre lhan one power van is torwardcd by anyone train

• That the p<Jwdervan is preceded and followed by three goods vehicles, not

loaded wilh explosives or othet trome o[an inllammable nature

• That lhe powder van is close coupled to the adjoining vehicle~.

b) By goods trains provided nol more than five powder vans conlaining explosives shall

be conveycd by anyone lrain.

c) No explosive shall be conveyed by passenger train except of the kinds and in the

manner specified in schedule I or as alllhotized in the rules of the red pamphle!.

d) When a train is being marshaled. wagons loaded wilh explosives may be shunted by a

locomotive, only if they are sepatated from lhe engine by not less than three wagons

containing neither explosives nor easily inflammable substance. This prccaulion is not
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necessary with powder vans. The >peed of these movements must be restricted to five

miles an hour; they must be superintended by a duiy authorized omeer, who shall be held

responsible for the observance of these orders. Loose shunts are strietiy prohibited with

any vehicie containing explosives.

Narural gas carrying wagon or vehicle wouid he treated as explosive or dangerous goods.

Tho,e rules also applicable for CNG tender car or CNG cascade bearing vehieie. One

point is that those rules are very old and applicable when CNG carry as carrying material

not as fuel. ConsIdering the technology advancement in usIng alternating fuel,

Bangladesh Railway should needed to take initiative for changing rules Or introducing

new rules for moving CNG tender car Or CNG cascade bearing vehicle to use CNG as
fuel.

3.3; Euergy SOurce options for BR

Today's petroleum market is unstable with declining oil reserves and on going tensions in

oil producing nation. Environmental regularity activity is going all OVerthe world. This

situation, industries are seeking new ways to provide power for fuel hungry, high

hOr>epowerapplication. ]n Bangladesh Railway, diesel is the only fuel for I.ocomotive.

Bangladesh should find the other options to improve energy source for railway operation.

By the end of the 1970s.1930s, most countries had completely replaced steam

locomotives due to cost of erewing and fuelting. Bangladesh is going to produce coal

from own mine. Though Bangladesh use it'~ own coal as fuel, it would not be viable to

operate steam Locomotive because ofits low efficiency. On the other hand, there i, no

steam locomotive in BR. Locomotive manufacturing companies do not interested to make

steam locomotive and it's spare parts. Finaly, steam locomotive is not cnvirnment
friendly.

Most of the developed and developing countries introduced electric traction in their

railway communication. Bangladesh cannot implement electric traction due to hllge

investment needed for infrastructure and ,;hortage of electricity, According to Gupta [4],

average c1ectrification cost i~0.9 million US$ per route kilometer for ~ingle line and 1.45
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million US$ per route Km for double line. Again, it would need to buy electric

locomotive, because there is no electric locomotive in IlR.

The newe,1 technology in trains is magnetic levitation (maglev). Very few systems arc in

,,,,"vice and the cost is very high. For this reson, It is quite impossible to introduce

maglev train in DR beeausc still now it is In experImental phase in developed country.

Bangladesh has the natural gas resource. There is no oil reserve In Bangladesh. When

increasing energy cost, are of concern, Or excessive air pollution and strict emission

regulations arc an i~,ue, natural gas (NG) is an excellent alternative fuel for locomotive.

Narural Gas is cheap, available and it would able to produced required calorIfic value like

diesel. Technology of NG power locomotIve Is also available. Greater application of

alternative fuels tor transportation systems has been encouraged and supported by

Bangladesh Government as well. Thus It approve that apart trom diesel, eNG is the only

vIable option for alternative energy SOurcefor HR.
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CHAPTER 4

CONVERSION OF LOCOMOTIVE

4.1: History oeNG Conversion

In the mid 1980's, a number of projects were launched in the US and Canada to assess the

viahility of the natural gas fueled locomotive. A research project was allempted by

Bombardiar (Loeomotlve manufacturing company) to review the use of NG as an

alternative fuel for locomotives. Southwest rcsearch institute conducted a sImilar project

on a two-cylinder EM!) (Electro-Motive Division of General Motors) engine. A

demonstration from 1992 to 1995 the Burlington Northern Railroad used two GM

(General Motors) loeom"ti,e were converted to NG operation using dual fuel system

made by EFI [6]. ln 1984, Russia started a program to develop NG fuelled locomotives.

In 1993,4 type ofNG fueled locomotive were commissioned in the Russian Railway

lndustry. Genoany has sueccsslully developed 165KW CNG (Compressed Natural Gas)

locomotives and tested them in rail yard switchIng operation. Japan, finland and Czech

Republic are also designing locomotives that operate on natural gas [7].

Energy ConversIon Insurance (ECl) started to develop natural gas and dual fuel

technology In 1985 and has worked on Over 80 projects, mostly dealing with liquefied

gas, with Burlington Northern ~anta Fe Railway (rlNSF). In 2000, they completed a

project creating a 100% compressed natural gas system for the Napa Valley Wine Train.

ECI (energy Conversion Inc.), USA finished a project for a mountain railroad In Peru

where they implemented a GE dual fuel engine, which replaces about 50% of the diesel

fuel with natural gas. According to Reuters; June 17, 2005, LIMA _ Peru on Thursday

unveiled the world's first train powered by environmentally friendly compressed naturai

gas (CNG). On June 18, 2005 Peru's Vice-President David Waisman vIsited FerroearriJ

Central Andino, to iaunch its first diesel ioeo converted to operate on compressed natural

gas,

T"o cost analysis projects were conducted in thc United States between 1992 and 1994 to

address this issuc for NG fuelled locomotive.l. According to a cost analy:.is assessment



performed by Southeast Research Institute (SwRl), conversion of small ncct to operate on

NG would not be economically feasible. The benefits Irom thc cost of fuel and fuelling

interval would be too small to offset the large cost of capital equipment purcha~, (e.g.

locomotive, NG conversion, tender car). Based on this report. the conversion can only be

profitable if large numbers of locomotives are converted to NG. In 1994, a cost analysIs

report was prepared for Burlington Northern Railway (RN) by Industrial Engineering to

determine thc fuel cost saving if die,el fuel i~ replaced by RLM (Refrigcrated Liquid

Methane). Based on this report, if the RLM was purchased at $0.22 pcr gallon the cost of

moving BN's coal trains with NG fuelled locomotivcs would have been $6756 per round

trip, Using straight diesel fuel for the same trip would have been $9774. rhe difference In

fuel cost alone meant an almost 31% reduction in fuel cost per round trip [7].

]n a move to use non-conventional fuels, Northern Railways, India is now conducting

trial runs of locomotives with cco- friendly CNG. A fea,ibility study and technical report

on the projcct was done in July 2004, The report was submitted to and subsequently

cleared for trials by the Research, Design and Standards OrganLwtion of India, After the

clearances, work 011structural modification and the retro fitting of eNG kits was started

in November 2004 at Shakurba,ti Diesel Shed. They have successfully conducted trial

runs of railway engincs with eNG and trials are now being done on the Delhi-Rohtak and

Delhi-Rewari routes. A report on CNG as an alternate liJd for railway traction, CNG

conversion cost per locomotive RE. 36 Lac. Comparing operating cost betwccn diesel

locomotive and CNG locomotive, Savings will be Rs.23.8 Lac per year if CNG

locomotive is used. Thus the cost of CNG conversion kIt shall be recovered in 18 month

only giving annul rate ofretum of66% [3].

4.2: Review ofNG Fueled Engine Technology

A comprehensivc literature search on natural gas fueled engine technology was conducted

to obtain a thorough understanding of the technology. Many research works in this area

had been donc and the evolution that have taken place in this llrea since 2000. Technical

papcrs relevant to this "ork are provided In the reference section. NG fueled engine COuld

be divided into two; onc is operated by only gas and another is operated by dual fuel

(diesel & eNG/LNG). The engine modIfications to run on 100 percent NG can be



accomplished by gas mixing or by direct injection. Those operating on dual fuel can be

modified u,ing low-pressure early-cyele Injection or high.pre;sure late-cyele Injection

systcm. These technologies are described in the following sub-sections.

4.2.1: Natural Gas combustion system

a) Gas Mixing

Gas mixing is accomplished by feeding NG to the engine through a fue! mixer or an NG

inj«tor in the intake manifold that result in a homogeneous mixture. Such a system

requires a spark plug as an ignition source. for optimum operation, exact control of

ignition timing is crucial. Thc timing must be optimized over the entire speed-load range.

Introducing the NG Into the intake manifold reduces the volumetric efficiency and

maximum power of the engine. This would make it susceptible to explosion at high load

operation or with changes in the gas composition. During part-load operation, (he intake

air must be throuled, which results In corresponding brake specific fuel consumption

losses. Since NG is mixed with the intake air, some of it is lost during the valve overlap

period of the scavenging process, producing high HC emissions.

In 1993, MK Rail Corpora(ion introduced MK 1200G switcher locomotive which was a

LNG mono fuel locomotive powered by a Caterpillar engine [6]. This Caterpillar engine

is a turbocharged, after cooled, spark-ignited, lean-burn engine producing IOOOkW.The

intake gas mixing technique i~ used to feed the LNG to the engine. The low exhaust

emi,sions of this LNG engine made it attractive for operation ill the Los Angeles area. It

should be mentioned that the Union Pacific Railway and Burlington Northern Santa Fe

Railway Company have also operated (wo of these units in daily switching service In the

UlS Angeles area.

b) Direct Injection

NO is directly injected into the cylinder of an engine in this method. In (his case, an

ignition source is also required: a spark plug or a glow plug. NG ean be introduced into a

pre-charnber situated in the cylinder head and then igni(ed. As the mixture burns, it



,

expands into the main chamber where additional NG may be injected but the overall

air/fuel ratio remains lean. for optimum operation, ignition timing must be accurately

controlled OVer the entire operating range. The in-head pre-chamber increascs heat

rejection to the cooling water, which incrcase, fuel consumption, This engine design has

been used lO convert a number of small si7-l:engines for medium duty on-highway

applications.

figure (10) illustrates this type of system. Pre-chamber NG engine conversions are' not

cxpeeted to be applied to locomotives, since rcliable, repeatable ignition with extended

durability can not be achieved. NG can be direcHy introduced into the cylinder. This

approach eliminates the need for a pre-chamber. This type of combustion system has been

the subject of much rcscarch in automotive applications using spark plugs, but vcry liltle

in heavy-duty applications. It suffers from several drawbacks, In heavy-duty applications,

spark plug erosion and durabi Iity are major problems. In add ilion, controlling the amount

of air circulation in the cylinder to provide consistent combustion over the entire speed /

load range presents a significant challenge.
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Pre chamber Gas

Fuellnjecmr Starl of Combu,lion Due to

19niti(tll ~P"'" in Precl1ambcr

Figure iO: Pre-Chamber Spark-Ignited Setup

Figure II: Spark-Ignited Open-Chamber Combustion System
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4.2.2: Dual fuel combustion s~.stem

In dual fuel combustion system. a conventional diesel engine can be operated on a

combination of NO and diesel rueL Using this system, NO is either added into lh~ intake

air stream or directly injeel~d into the combustion chamber. A minute amount of dlesei

fuel is then injected into lh~ combustion chamber through a standard diesel injector. The

diesel fuel acts as an ignition sourec. When NO is added to the air stream. some of the

fuel-air mixture will go directly Into Ihe exhaust, increasing the fuel consumplion and

hydrocarb(}flemissions. This is particularly significant in a two-stroke cngin~ during the

scavenging process. Therefore, only those systems in which NO Is diredly injected into

the combustion chamber are considered potential candidates for locomotive engines.

Pilot diesel injection provides a reliable mode of ignilion compared 10conventional spark

ignition, particularly for very lean mixtures ofmclhane and air. As mentioned previously,

precise control of spark timing is crucial in spark ignition engines. With pilot diesel

Ignition, precis~ injection timing is not critical and there is less cycle-lo-cycle variation,

resuhing in smoother operalion. The engines are un-throltied, which reduces the fuel

consumption; however, at light ioads the fuel/air ratio becomes very lean, resulting In

poor combustion. Hence, at very low loads the engine will be required 10operate on 100

percent diesel fuel. I'inally, retaining the diescl fuei system allows an engine to eonlinue

operation ira failure occurs in the NO supply.

a) Low-Pressure Eariy-Cycle Injection

In Ihis syslem, NO is inj~cted into the combustion chamber early in the intake cycle. In a

four-stroke engine, gas injection occurs when the intake valves are eiosed, while for the

lwo-stroke engine Ihis take place right after the intake ports are closed. Since NO is

injected at low pressure (approximately i20 psi), lightweighl tubing, tilting, and

couplings can be used. On lhe other hand, the early Injection causes the engine to be

sensitive to gas eomposilion and may require high-purily NO for engine operation.

Sensitivity to fuei composition oeellrs if the mixture is outside the flammability Iimils but

still ignites irreguiarly. Care must be exercised during the development process to ensure

adequale compression ralio, combustion chamber design, and amount of intake swirl.
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Figure 12: Low-Pressure Early-Cycle Injection System

BN started their experimenls with NG fuelled locomotives in 1983. In that year, BN

modified an EMD model GP-9l locomotive, powered by a 16-cylinder, l31J1JkW, model

567C engine to run on NG (dual tuel) [6]. A eNG highway trailer mounted on a flat car

was used to fucl the engine. On-thc-rail tests conducted between 1985 and 1987 proved

that an NG powered locomotive could be operated safely. This experience also illustrated

that lhe relatively low-cnergy density ofCNG makes it impractical for wide-scale railway
use, explaining why RN's foeus ,hifted to LNG.

In 1995, BN merged with the Atchison, Topeka and Santa Fe Railway Company to

become Burlington Northern Santa Fe Railway (aNSI). The new management decided to

terminate their experiments with S040-2 dual-fuelled locomotives, At the time this

dedsion was made, new microprocessor-controlled locomotives were introduced by both

EMD and GE. These units offered dramatic improvements in power, adhesion, reliability,

and fuel consumption, compared t" that of SD 40-2 unit>. UN's extensive experience with



dual-fuelled locomotives clearly demonstrates the reliabilily, durability, and safety of

natural ga' fuelled locomotives. The ease of operation and perfOTInancecompared to their

diesel counterparts were witnessed and acknowledged by those who had the opportunity

to operate them.

b) Late-Cycle High Injection Pressure

Late injection of NO into the compression portion of the eycle requires high pressure

(normally about 3000 psi). High pressure is required to overcome compression pressure

and to provide adequate fuel-air mixing. This system makes the engine less sensitive to

explosion and changes in gas composition, but n«essitates stronger tubing, lillings, and

couplings in the NO part ofthe fuel system. It also requires a high-pressure pump. Since

the system uses high-pressure gas injection, the safety issue is the main concern. Any

leakage in the fuel system ean have catastrophic consequences. Since 1986, SwRI has

been actively involved in development of such a system for railway applications.
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Figure 13: Combustion System of Late-Cycle Iligh Inj«tion Pressure
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Figure 14: Cutaway of Late cycle Combustion System

In 1986, a model 567B two-cylinder research engine manufactured by the Electro-motive

Division (EMD) of the Gcneral Motors Corporation was modified for dual fuel operation

using NG as the primary fuel and diesel fuel as pilot charge to ignite the gas. Thc project

illustrated that high-pressure, late-cycle gas injection can produce engine performance

that matched that of regular diesel engine with slightly lower thermal efficiency [6J.

In 1993, SwRI initiated a collaborative industry research program to develop NG engine

technology for u.s. railway passenger and freight locomotives and to illustrate that the

use ofNG can produce lower exhaust emissions. This research program was based on the

earlier work performed in 1986. The latest version of the combustion system named

LaCHIP was a modified model of the earlier design with an enhanced injector system and

a new piston head design. According to SwRI, the new injector and piston head desIgn

can achieve 75% NO" reduction with low CO and THC emissIons.

4.3: Con\'ersion System

This section describes the equipment and the operation of a system used to convert an

EMD diesel locomotive engine to operate using natural gas as a major energy source. The

retrofit system developed uses electronic controls, sensors and actuators to monitor
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system variables and perform the required control functlons of the dual fuel locomotive

engine. Among the required controls ~rc gas injection timing and rate, the control of the

diesel pilot level, turbocharger waste g~te and a device that cause, the engine to operate

alternately Onhalf of its cylinders during times of low specific power output. Along with

the addition of cnntrob, change_,were made to the design of the pistons. cylindcr heads
and engine air cooling.

4.3.1: Technical aspects requircd

Burlington Northern Railroad's (RN's) efforts also brought into focus several issues that

needed to be addressed before natural gas 10000motionwould lie truly practical. For lhe

development discussed in this work, BN stipulated the following requirements [8):

1. Natural gas capability must be provided by a means of conversion or adaptation of
existing high-power locomotives;

2. The converted engine must be capable of operaling on 100% diesel fuel;

3. The converted engine must be able to wilhstand locomotive duty cyeles;

4. The converted engine must produce not less than 90% diesel-rated power;

5. The engine must not losc any thennal cfficiency; or, if it can producc 100% diesel_

ratcd power, then it must not lose more than 10%thermal efficiency.

Using tllese guidelines, Ecr developed a conversIon system for a General Motors EMD

645E3 locomotive engine. This engine is a 45°_V, two-stroke, turbocharged, medium
speed diesel, with cylinder contIgurations of 8.

4.3.2: System overview

The converted engine IS equipped willI new electronic engine controls, sensors and

actuators. Newly designed pistons, cylinder heads and charge air coolers replace the

originals. With the conversion installed, the engine starts and idles on diesel. It retains the
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ability to operate on full diesel, with critical components such as the engine governor and

fuel injectors remaining virtually unchanged. Under nonnal circumstances, when the

engine throttle handle is placed in notch 3, dual fuel operation automaticaliy takes place.

Engine speed is controlled by varying tho gas flow to a pressure-timed fuel delivery

system. Gas fucl is delivercd directly to the combuslion chamber early in the compression

stroke. Combustion is initiated by injecting a ,mali amount of diesel near top dead center
ofthe compression stroke [9].

4.3.3: Tnmsicnt response

In dual fuel operation. a gaseous fuei is mixed with air and the mixture is inducted into

thc engine. The temperature and pressure prevailIng at the end of the compression stroke,

a small amount of diesel oil is injected into the engine using a conventional injection

p"mp and injector system. This small amount of diesel oil, hereinafter referred to as pilot

fuel, ignites and consequently Ignites the gas/air mixture so that combustion thereof takes
place.

It is desirable to Injcct the minimum amount of pilot fuel in order to mInimise thc

proportion of diesel filci used since diesel fuel is more expensive than gas. Practical

e"periencc shows that a ,uitabic ratio at full throttle operation for a typical alltomotlve

diesel which it is dcsired to convert to operate on gas is around 10% diesel 0;1 and 90%

gas in tenns of the energy provided by the respective fuels.

The injection of the required anlOUn[of pilot fuel is achieved by po,itioning a control

member, conventionally referrcd to as the rack. It has been found that if [he control

member ;s maintaincd in a fixed position 10 give the desired amount of pilot fuel at full

throttle operation, the amount of pilot fuel injectcd per stroke of the engine increases

significantly, and sometimes very substantially, with engine speed. The position at which

movement of [he control member of the pump is arrested Can be detennined, not only on

the basis of engine speed, but also by other opcrating conditions such as the position of

the speed control (i.e. throttlc) of the engine, alone or in combination with the engine
speed.

However, increasing the compression ratio also increases the visible smoke emissions at

partial engine loading. The problem of visible smoke is especially acute during transient
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load and speed changes, Le., when the locomotive operator advances the throttle (Le.,

moves the throttle to a higher notch position) to call for higher speed and/or greater load

pulling capacity (Le., locomotive horsepower). A locomotive typically has 8 discrete
notch settings called "notches".

A system is needed for controlllng locomotive smoke emiSSIOnsand nOise during

transient operation wherein the locomotive comprises a throttle drivingly coupled to a

diesel engine, and "herein an operator of the locomotive changes a throttle position as

required during operation of the locomotive. The locomotive has a locomotive controller

for generating and sending a signal in response to a change in the throttle position, and

one or more fuel pressure sensors for detecting a fllel pressure within the accumulator and

sending the one or more signab relative such fllel pressure. In <Idditiona fllel injection

controller is in communication with the locomotive controller, the fuel pressure sensors,

the one or more of the fuel injectors. The fuel injection controller in response to signals

received from the locomotive controller and the fuel pressure sensors generates one or

more signals relative to a fuel injection strategy during the transient operation and

responsive to which a valve in the injector opens or closes and responsive to which a high

pressure fuel pump increases or decreases the pressure level the fllel injection system. In

addition, or alternatively, the fuel injection controller may transmit a signal indicative of a

plurality of injections in a single engine cycle during the transient operation to reduce the
noise emanating from the engine.

4.3.4: System COmPODellt

Following system component is needed for conversion;

a. Gas Inlet Valves

b. Cylinder Head

c. Piston

d. Electronic controls

e. Wastegate

f. Pilot Fuel

g. Conversion kit

h.Bank Idling component
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i. Charge Air Cooling component

a. Gas Inlet Valves

The gas fuel cannot be introduced and mixed with the engine's air inlet because a

significant amount of this air escapes from the engine during exhaust scavenging. Gas

must be injected directiy into the combustion chamber after exhaust valves have closed. If

the engine i"n't running on gas mo"t of the time, the mechanical valves wiil cause

problems. For exampie, the mechanical valves are operating constantly, even when the

engine is running under 100% diesel. The design of the mechanical valve allows iube oii

to pass along the valve stem past the valve guide into the gas admission chamber. When

the engine is off gas, the backpressure that normaliy inhihits the passage of oil i8 not

present. The valve lube oil that gets past the guides i" then blown into the ga" headers by

the aspiration of the engine. These and other difficulties promoted lhe design effort on the

gas inict valve. The gas inlet valve filS into the cylinder head much like a diesel injector.

It" purpose is to controi the timing of gas delivery to the combustion chamber and to hold

back the pressure of eombu~tion. Its basic design involves a spring return poppet valve

with appropriate valve guides and housing so gas can be channeled to the combustion

chamber when the valVe is opened. The gas inlet valve uses an eieetric solenoid valve to

control compressed air. When energized the solenoid valve allows air pressure to ael Ona

small piston lhat i" altached to the slem of the poppet valve. The air pressure on the

surface of the piston compresses the vaive spring and the valve opens. The gas inlet valve

is therefore e1cetronically controlled, pneumatically actuated. Electronic control allows

the valves to be left closed during non-gas operating modes. Timing and duration of valve

opening is controlied by the electronic control unit. The gas pres,ure required for the

system is 5.9-8.6 bar (85-125 psIg). The required injection pressure (gas pressure down

stream of the flow conlrol valve) is both speed- and load-dependent [9].

b. Cylinder Head

To inject gas to the combustion chamber, the cylinder head has been manufactured with

an additional port that accepts the gas inlct valve. Apart from the gas inlet valve port and

a cutout for gas inlet valVeclearance, the cylinder head is unchanged, retaining standard

exhaust valves and other componenl'>.
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Fig 15: ECI dual fuel Meadwith electronic gas injector installed

c. Piston

The piston design is modified to reduce tMeCDmpression ratio and promote turbulence.

During development, piston designs were tested witMthe use of a t\vo pi«e test piston,

allowing a number of crown designs to be evaluated. A reentrant type of design provided

increased power capacity due to the better mixing of air and fuel. The ECI piston provides
optimum combustion in the dual fuel engine.

Fig 16: Eel's Dual Fuel piston on the right.

d. Electronic controis

Electronic CDntrolsarc employed to provide the flexibility, performance, and automation

required by a locomotive engine application. The electronic control unit is an enclosure

that contains two microprocessor_based control boards, signal conditioning, isolation and

interconnccling hardware. External (Q the electronic controi unit is a power supply

assembly, power supply transient filter and additional signal conditioning modules.



Fig 17: ECl's sophisticated engine control unit (ECD)

The "valve sequencer" is one of these control boards. This board has been designed

specifically for timing control of the gas inlet valves. Two sensors generate electrical

pulse infonnation Hum targets located on the flywheel. The signal timing provides

infonnation the valve sequencer needs to de!ennine when and for how long the gas inlet

valves should be energized. These signals are evaluated to insure that they occur when

expected and that control functions are not being carried out using faulty information. The

valve sequence receives a discrete signal from the main control board telling it to operate.

The valve sequencer in turn responds by returning a status signai IndIcating that It is

operational. The control signals from the valve sequencer are sent to a solenoId driver

board. This board contains fuel injection driver chips that hit the solenoid valves with full

voltage until the current reaches a 4A peak and then reduces the current to a holding level

of lA. This creates a high response valve without excessive heat buildup in the valve coil.

The main control processor is a 16-bit board running at 10 /I.1Hz with j2.bit analog.to-

digital conversion. This board processes analog signals representing engine speed, load,

temperatures and pressures. It also processes digital input signals representing the

position of the throttle handle, load control contactors, valve sequencer status. power

supply status and operator input. Once the controller has determined that all of the

necessary prerequisites have been met, gas operation commences. The controller uses two

analog outputs to control the speed of the engine, and the load placed on the generator,

when on gas. Digital outputs control the diesel's governor, pilot fuel level and waste gate.

Speed control accomplished by a modified PID algorithm that ramp to the new values for

speed set point and integral when the throUle position is changed. The engine load control

signal is generated by another PlD loop based on predetermined set points and the rate of

gas fuel flow. The load control signal turns on a simple transistor circuit that shunts SOme

of the power from the existing load control to ground.

39



n._.

l.cl«t.•••1..-
Tomp.

IL

h.,k
S.noor••••S",,'.r

Fig 18: Natural gas delivery system
e. Wastegate

The level of excess air required for combustion of the naluml gas along with the reduced

efficiency of the combustion event created the need for a turbocharger waslegate. The

flow paths of the EMD turbocharger, like other medium speed V-configured diesel

engines, has two air paths and only one exhaust palll. For this reason we chose to install

the controlling valve on the exhaust side of the system. The waste gate allows exhaust gas

to bypass the turbine, The dual fuel engine is very tolerant to varying air/HIe! ratios, but

wastcgaling some of the exhaust energy not only reduces the turbine speed hut increases

the fuel efficiency of the engine as well. The wastegate is a very simple gate-type valve

whose operation is either fully open Or fully closed, In the open position the 110'1'1 of the

exhaust bypassIng the lurbine is controlled by an orifice plate. The waslegate is opened

when the boost pressure from the turbo exceeds a predetermined level.

f. Pilot fuel

Due to the changes in engine speed and load, the pilot fuel control is not as simple as

providing a single stop position for the diesel fllel racks. The rack position must be

adjusted as the engine speed Increases to maintain mInimum pilot fuel. To perfonn this

task, three air cylinders are mounted together such that they provide a linear motion that

increases with the number of cylInders having air applied to them. As speed increases, the

air pre'Sure is relieved from the cylinders in sequence and the pilot setting decreases
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acwrdingly, The diesel injectors are allered only in the way that they are calibrated.

Calibration of the injectors is done a! the pilot fuel rack selling 1.880" Instead Of-tlIC

normal 0.780" rack setting.

Fig 19: conversion kit

Convcr~ion kit contains the followings [IOJ:

Table 8: Conversion kit list

Gas Supply I, Shu! off valve 2.Gas Filler 3. Pressure regulator 4.

Automated shut off valve 5. Gas flow control valve 6.

DilTuser 7. Connecting fittings and hose

Sensors I. Boost pressure 2. Gas pressure 3, Barometer 4.
Speed 5. Kilowalts 6. Governor Position 7. Water
temperature 8. Exhaust Gas temp. 9. Knock I vibration
10. Wires and connectors

Electronic L Control system 2. Control Computer 3. Analog

module 4. System information sereen 5. Amplifier 6.

Knock detection filter 7. Power modulc 8. Power
relays 9. Driver module 10. Terminals, wire
connections

h. Bank Idling

The operating duty cycle of a locomotive changes with the train and route that they are

assigned to; however, typical operation shows that a locomotive spends more than 40% of

the time in idle. Idle speed ranges from 250-300 RPM to 500 RPM in low ambient
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temperatures. ww load, 101" speed operation along with the reduced compressIon ratio of

the dual fuel pIston results in less than optimum diesel combustion. To curb smoke and

reduce fuel consumption at idle and low load conditIons, bank idling is employed. Bank

idling reduces the number of cylinders that are producing power by reducing the fuel rack

of one bank of cylinders to a no-fuel po,ition. This increases thc work that the remaining

cylinders must do. The increased work causes combllstion to he cleaner and more

efficient. To implement bank idling we desIgned linkages that are spring loaded to the

normal tilel posItion. When the controller determines that low load condition exists, air

pressure is applied to one of the two linkages. The aIr compresses the spring and the

linkage floats to the no"fuel position. Arter a period of time the air pressure is switched to

the opp<Jsitelinkage and the engine then operates on the opposite bank of cylinders. The

cycling is maintained during idle, keeping both banks warm and relatively clean.

i. Charge Air Cooling

In all turbocharged diesel locomotives, some sort ofheat exchanger Is u,ed to control the

temperature of the air cxiting the turbocharger. At high loads the intake air temperature is

reduced, which in turn enhances the engine's efficIency. EMD turbocharged cngines lise

engine jacket water in their charge air aftcr coolers. On locomotives thIs jacket water

serves two purposcs. At low speed and load these hcat exchangers work to increase the aIr

temperature, enhancing the diescl combustion quality. At high speeds and loads, the heat

exchangers reduce the air temperature, allowing more air to enter the combustion

chamber. On the dual fuel cngine air temperatures pIa} a strong role in the level of power

that can be prodllced before knock occurs. To achieve diesel-rated power, enhanced

afiercooling of charge air is required. The converted locomotive is equipped with

additional radialors. Water is eirclliated and cooled from thesc radiators and directed to

the aftereoolers. Thus the air from the turbocharger is cooled to a greater cxtent than with

the standard cooling configuratIon and higher power is achieved. In the case of low

engine speed and load, the water tlow is no longer taken from these radiators, but Instead

from the olltlet of the engine. The engine water is then directed into the afiercoolers and
thus heating the air for good combustion.
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Fig 20; ()ual fuel converted Locomotive: Engine
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Fig 21: NO fueled Locomotive in Peru

.OJ



4.4: Reeommended Conver:sioll Systcm for BR

In the light of the available reports discussed in the previous sections, the dual fuel

combustion system seems to be suitable for Bangladesh Railway. There are a few points

in favor of the low-pressure early cycle of dual luel system as follows:

I. Dual fuel engine can also operate using 100% diesel fuel in abscnce of natural gas nr

any problem of gas injection system. As a new user of natural gas fueled locomotive, BR

may face some problem of gas system. That timc locomotive could run by using diesel. In
other system it would not be pos;ible.

2. Spark plug in combustion of high compression ratio Is very new and it is not familiar

to BR. On the other hand, diesel injcctor is vcry familiar to BR which will give morc

confidence In maintenance of dual fuel engIne. From that point, BR should prefer dual
fuel system to gas mixing system.

3. Compare to other system, less invcstment and modification Is needed to convert dual
fuel locomotive from existing dicsellocomotive.

4. In case of high-pressure late cycle injcction, the safety Issue is the main concern. Form

the viewpoint of safety; low-pressure carly cycle injection system is preferable.

4.5: Considered items to convert Locomoti\'e of BR

There are some important factors that should be considered to start natural gas or duel

fuel locomotive. In this chapter, those factors and opportunities to lulfill the considered
factors would be discussed. The considered factors are as bellows:

I. Engine

2. Infrastructure

a. eNG filling station or LNG production plant

b. CNG / LNG storage system and delivery system

c. eNG f LNG on-board storage sy~tem

3. Natural Gas quality
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a. Desired fuel quality

b. Bangladesh Gas quality

c. Combustion characteristics

4. Availability ofNG in Bangladesh

4.5.1: Engine

A critical decision in the design ofa natural gas-fueled railway operation is the choice of

engine or prime mover, installed in the locomotive. NG powered locomotives are

classified as either freshly manufactured or rebuilt, that is, re-manufactured to original

specifications following expiration of their useful life. For rebuilt locomotives, the only

variance from conforming to original specifications is the installation of retrofit kits.

There are a variety of technical designs, specification; and arrangements of locomotives

commonly used in Bangladesh railway. Most of the locomotives used in Bangladesh

Railway are very old. There exists capabIlity in Bangladesh to rebuild to original

specification8 of locomotive. It would appear that, from a cost viewpoint, U8Cof rebuilt

locomotive would be the preferable option. A drawback for some service applications of

rebuilt locomotives is that tbe lack of modem electronics systems that provide improved
control, adbesion and monitoring capablHties.

Engines used in Bangladesh railway service are classified as either GM (General Motors)

or ALCO (American Locomotive Company), Thc dominant companies that have supplied

and continue to supply medium-speed diesel engines tor the Bangladesh railways are the

two U.S. based GM EMD and ALCO. Energy conversion inc., USA, has givcn

conven:;ionspecifications for GM EMD 645 rurbocharged duel fuel engine which is given

in appendix-2 of this report. Banglade~h Railway own, wme locomotive of the same
type, which could be converted to duel fuel engine,

4.5.2: Infrastructure

Follo"ing infrastructure is required to eNG I LNG powered train:



a. CNG filling station or LNG production plant

b. eNG I LNG "lorage systcm and delivery system

c. CNG I LNG on-boatd storage system

a. CNG filling slation or LNG production plant:

The technical and financial feasibility of CNG projecl stimulatcd to form a CNG

company named 'Green Filling Station Company' in 1987. Thi" company iater on

renamcd as Rupantarila Prakritik Ga" Company Limited (RPGCL) in 199I 10expand its

busincss including proces"ing ofNGL.

The G\1Vernment adopted some policie" for expansion of eNG activities. The major
policies are a" follows:

a) Allocation ofgovemment land to private invcsior for CNG purpose

b) Duty free import ofCNG equipment and machinery

c) Advance incomc tax free facility for CNG cquipment and machinery
d) Fivc 10seven years tax holiday

e) Rcstructure of gas larifffor CNG

There are around 200 CNG filling stations in Dhaka city under Titas Gas Transmission

and Distribution Co. Ltd and 101al240 CNG filling "lations all OWr the counlr)'- 'Their

capacity is 450 to 750 m3 f hr at 3000 psi. Establishment cosl of CNG 11Ilingstation is

around 3, 00, 00,000 (3 crore). It will be viabie if lotal sale of gas 1, 00000 tk I day [11j.
Now, CNG price is 16.75 tk 1m3.

On lhe other Iland, tllere is no LNG plant in Bangladesh. It is very new and unknown

technology in Bangladesh. According to RPGCL (A company of pelrobangla) personnel,

LNG production planl would be financially viable iflt can seil LNG of fk 2 billions.
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b. eNG I LNG storage sy,tem and delivery system

For an envisaged demonstration, it is judged more feasible for the natural gas to be

purchased from a vendor and delivcred either directly to the train consist Or into a rail

yard storage tank for subsequent dispensing by railway crews. The gas Can be delivered

either at pipeline pressure or as CNG or LNG,

Depending on the "perational schedule, natural gas in the LNG I CNG state can be

dispensed either directly to the lender consist in train by a local vendor, or from specially

insulated rail yard storage tanks. Awareness of the specil1c cryogenic characteristics of

LNG would need to be emphasized with employees and detailed training progrdlnS
instltuted.
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Fig 22: CNG fueling station

c. CNG I LNG on-board storage system

On-train storage of natural gas in would be via either eNG boltles or specially insulated

LNG tanks. The LNG tanks can either be on-board the locomotive (or power car) in place

of the existing diesel fuel tank or as a separate tender railcar closely coupled to the

locomotive. The tender would have the appearance of a tank Car but, in fact, would be

quite sophisticated with multIple safety and protective devices, extensive piping and

control systems for filling, venting and vaporizing the gas.
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On-Board Storage of LNG:

Fig 24: LNG tender car.

In order to keep natural gas in a liquid state, it must be refrigerated to -260 degrees

Fahrenheit. To maintain such low temperatures the tender car Is of a double walled

stainless steel "lhermos bOllle" design, capable of keeping lhe LNG cold for as long as 14

days. A heal exchanger aboard the tender car converts the LNG back to a gaseous state.

Gas then flows to the locomotive through flexible hose c<Jnnectionbetween the tender

and the locomotive engine. No cryogenic fuel is ever transferred onboard the engine.

Safely features built in to (he coupling inhibit the release of gas in the event of train-

tender disconnect.

Based on the tender designed tor the Burlington Northern Railroad demonslralion, it

would be constructed of a stainless steet inner tank shell surrounded by 15 em ofvaeuum

drawn insulation which, in tum, is encased in a carbon steel tank shell.

On-Board Storage ofCNG:

The technology permits the storage of natural gas at high pressure (3000psi) in quantities

sufficient for the operation of a railway locomotive over distance equal to liquid fuel

ranges. The natural gas storage tanks are housed in a standard sized ISO inlermoda!

shipping container structure. Size and weight of this type of storage cascade is

4000XI650Xl600mm (l3.5X5.5X5.25It) and 4500kg respeclively. A standard conlainer

flat car carries one or two CNG lransport fuel storage containers [12]. This assembly will

contain enough gas for around 45-hour operation of a single locomotive.
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Table 9: CNG Cascade Specifications

;rr Options r No of Dia. Length Capacily I Weight I Wcight of Weight of Total Total volume
No cylinder (in) Cylinder Cyllndcr Cascade Gas (kg) weight occupied

(Water (in) (cu. meter) (kg) (kg) (kg) (cubic ft)
capacity)

I. I Cascade of 50 (50WL) 9_13 I 40 I 12.5 I 58 I 2900 I 43& I 3338 I 300

n Cylinder

ICascade of I 50 (60\VL) I " I 49 I 15 I 60 I 3000 I 525 I 3525 450

n Cylinder
I 100 (50WL) I {1J I ICa,cacie of 40 I 12.5 I 58 I 5800 I 875 I 6675 600

Cylinder

~scadcof 1-200 (50WL) I 9.13 I " I 12.5 I 58 I 11600 I 1750 I 13350 I 1200

" l CvHnder
0 '5. Casc;cie of ISO I 48(60WI.) 19.i3 I 60 I 18.75 I I 4500 I 630 I 5130 I <00

inter modal
shipping container

structure

:1 1:O""pi,d 5P,"' (eyl. 01, +6 '0)
CyJ. Dm.



Standard floor space of a flat GOnlain~rcar is 40 fl X 8 ft with carrying capacily of30 ton.

Due to Bangladesh Railway hcight restrictions, it can carry up to 8 fl heighl conlainer.

Fabrication of double walled G! prolcction with mineral wool / gla,s wool packing is

need~d around CNG cascade for isolating eNG storage area. Remaining space after

building protection wall would be 38ft X 6ft X 6ft, Control system, pressure reduciug

valves, piping, cooling system and other auxiliaries would occupy some space (1OIlX61l).

Two CNG cascade (13.5 X 5.5 X 5.25 Il) with necessary controls, valves, safety >ystems,

etc can be connected in series in order to increa;e slorage capacity. Among all cascade

options (rable; 23), it occupies less space on flatcar and easy fot operation &

maintenance. The CNG cascade used confinn to following specifications:

Capacity: 48 nos X 60 WL (900 cubic meter of gas)

Water capacity: 60 litres

Number of cylinder: 48 nos

Outer diameler: 232 OlIO(9.13 in)

Wall thickness of cylinder: 7.0 mOl

Length: 1515 mOl(60 in)

Steel grade: Seamle>s Chrome Molybdenum Steel

Working pressure: 200 bar

Fig 25: GNG storage bottle cascade
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For dual fuel engine, Ihc consumption of CNG is 40 CUM per hour; hence for twenty

hours of uninterrupled opcration, a total of 800 CUM of natural gas will be required. A

cm;cadeof 48 cylinders each wilh capacity of 14Kg can store thc rcquircd amount of 560

Kg ofCNG, which comes 10more than 900 CUM at a density of 0.7 Kg. fCUM [12]. A

tender car could he store 1800 CUM gas. Total weight of CNG tender Car would be

(4500kg for cascade + 560kg for gas) X 2 nos ~ 10.2 ton which is below the allowable

carrying capacity.

Fig 26: Close up of the tender I locomotive connection

The CNG transport fuel storage container car or purpose designed railcar would be pulled

directly behind the locomotive. Flexible low-pressure piping connects this car to the

locomotivc for supply of fuelta the iocomotive. Pressure reguiating valves and a simple

PLC based controi and safety system are housed in each of the fuel storage containers or

railcars. Cylinders in cascade are firmiy secured in their position to prevent any

movement during run. Each container m;sembly is a self-l:ontained locomotive fuel supply

unit. Container carS GOuldbe shunted to a regional container refilllng facility and thcn

distributed to trains at each station location.

Recommendation of using eNG OR LNG:

Typically for loc<)motives, the preferred natural gas medium Is liquid natural gas (LNG).

Due to its density, five times more LNG can be stored In the samc size container Ihan

compresscd natura! gas (CNG), saving valuable space and making refueling Jess frequent.



There are certain applications ho"ever which (:NG may be preferable. Switch

locomotives for one usually remain close to a station, and can be refilled easily during

long idle periods. Commuter rail.~may also favor CNG due to their frequent and roUline

stops, and their typically close prosimity to available gas supply.

In Bangladesh, there is no LNG production plant. From experienced it has been seen

LNG production plant would be financIally viable if it can sell LNG ofTk 2 billlons. But

in Bangladesh LNG selling market is very limited. So, it is not possible to build a LNG

plant. On the other hand, CNG is more familiar to us. CNG filling station is very simple.

CNG is available in all rail junction or wco shed of castcrn region of BR like Dhaka.

chittagong, Akhaul'a, sylhet, Mymen,ing and Bogra.

Establishment cost of CNG filling station is around 3, 00, 00,000 (3 crore) [Ill. From

experience, it is found that Establishment ofCNG filling station will be viable iftotal sale

of gas 1,00000 tk I day. Now, CNG price is 16.75 tk I m3 at STB. One tender car

contains 900 CUM gas. Cost of 900 CUM gas 15,000 tk. So, Establish ofCNG filling

station will not be viab1e.lt is better to buy gas from prIvate CNG filling station.

4.5.3: Natural Gas quality

Natural gas is composed principally of methane (CH4), with smaller quantities of other

hydrocarbons, carbon dIoxide, and water. A typical breakdown of pipeline natural gas is

given in the table 9 [13]. The non-methane hydrocarbons are known as "heavies";

multiple carbon atoms in their molecules give added molecular weight The added carbon

atoms also provide more available energy willtin their additional atomic bonds with

hydrogen atoms. The heavies. therefore, contribute more BTUs (British Thermal Units)

per volume of gas than pure methane would alone. Gas whose composition or methane

and heavies results in a BTU content of over 1100 BTU per standard cubic foot (SCF) is

known as "hot gas". Hotter gas Is not necessarily better gas for engine use.

Table 10: Characteristics of pipeline natural gas

Component

Nitrogen
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Carbon Dioxide 0.174

Metllane 92.241

Etllane 6.500

Propane 0.551

Iso Butane 0.042

N Butane 0.055

Hexanes + 0.045

Oxygen 0.069

BTU I cu. ft (MJ/cu. M) 1071.00 (40)

Fuel Quality Requirements for CNGILNG powered Locomotive according to ECI; USA:

The qualily of the natural gas used to fuel an ECI converted engine, with respect to its

percentage makeup of component gases, will directly affect the power, efficiency,

emissions, and longevity ofthe engine. As a general rule, higher methane content results

in higller fuel quality. Of the hydrocarbons listed below, Butane i.' tile most common

variable to adversely affect engine performance. Hexane is more destructive than Butane,

but is seldom seen at ievels high. enough to cause concern. In any case, maintaining

hydrocarbon levels at or below indicated target levels is necessary for achieving rated

.power performance. Acceptable levels (in Molar percentages) for various component

gases arc described below, witll the sum of all non-methane hydrocarbons not to exceed

8% ofthe IOtal fuel mixture.

Table 11, Fuel quality requirement for NG Locomotive

FUEL QUALITY REQUIREMENTS _NATURAL GAS

Element Tolerance

Mcthane (CH4) >92%

NON- METHANE HYDROCARBONS (NMHC)

Ethane <8%

Propane <5%

ISO & N Butane,

Pentane,



"H',C,C~~,C,-----------'-------<~2'o/<'o------'

Heptane,

Deeane,

combined total

An engine's full rated horsepo"er can be achieved and actually exceeded if the fuel

mixture is equal to or better than the indicated tolerances. If peJ"\:entagelevels of elements

other lhan methane arc too high, and rated power is require<1,then a program must be

implemented to scrub the fuel to desired levels.

Combustion Characteristics of Gas:

A high octane (130) fuel, methane exhibits ideal knock characteristics for typical spark-

ignited engines. Unfortunately, the characteristics that make for a good fuel for spark

Ignited engines generally make the fuel less desirable for compression ignited engine"

such as the high horsepower diesels we arc discussing. Such fueh require an extremely

high compression ratio, or the introduction of heat energy into the cylinder from an

extemal source. The compression ratio required to enable methane to compression Ignite

is too high to impiement on these engines without seriously compromising englnc

reliability and perfonnance. The solution adoptcd by the Eel system is to use a small

amount of diesel oil as a pilot chargc to initiate combustion of the natural gas/air mixture.

Near the bottom of the piston ,troke, the natural gas charge Is admitted to thc cylinder via

the gas inlet valvc (GIV), alter air is inducted through the air intake pons. The fuel is

mixed wltll the air and compressed as the piston rises. Near the top of the stroke, the pilot

fuei is injectcd. Thc diesel fuel, with Its iower ignition temperature, ignites, igniting thc

gas mixture along with it. This approach requires a lower compression ratio than

standard, to avoid engine knock. k; the combustion proceeds from the diesei injection,

pressures spike within the combustion chamber. If pressures become too great,

combustion can be triggered within thc unbumt gas mixture ahead of the original flame

front. This so-called auto-ignition causes destructive knock. A iower compression ratio

generally spells lower efficiency. Eel's specially designed piston crowns and cylinder

heads minimize this loss and allow for full diesel-rated horsepower in either dual fuel or

diesei mode.
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Characteristics of Natural gas available in Bangladesh:

Two samples are laken from difTcrcnt place and different period. Those are tested or

break down in Bangladesh University of Engineering and Tel:hnology (BUEn

laboratory. Break dnwn results are given in appendix D & E of this report. These two

samples fulfill the required characteristics ofNalural Gas thai used as Locomotive fuel. II

can be concluded that combustion characteristics of Natural Gas available in Bangladesh

will be very compatible for duel fuel Locomotive.

4.5.4: Anilability of NG in Bangladesh

NaUlral Gas is the main natural resource of Bangladesh. Total remaining natura! gas

reserve of Bangladesh 12.043 TCF in dcveloped rcscrvoir. Including rescrvc of

underdeveloped reservoir, tOlal remaining natural gas reserve is 13.22 TCF. Cumulalive

production of natural gas up to end of 2007 is 7.37 TCF. In Ihe fiscal year 2006-07, 562

nCF of gas have been used and amnog this only 4% gas used for CNG. Now, lhere are

229 CNG filling stations all over the wuntry and those consume 47.86 MMCM gas per

month. One CNG converted locomotive could be able to consume 40 CM gas per hour. If

it would possible to convert 10 locomotive and those run 15 hour daily on average, total

gas consllmption would be 0.18MMCM per monlh which is negligible compare 10 total

gas consumplion. Moreover, eNG filling station is available in all rail junctions or Loco

shed ofem;lern region ofBR like Dhaka, ChiltDgong.Akhaura, sylhet, Mymensing [I].

4.6: Safety

The handling of natural gas is currently an unknown for the Bangladesh Railway sector.

For this reason, the first concern 10introduce natural gas powered train is safely. The Jaw

and order situalion of Bangladesh is not good which should be mandatory to introduced

CNG powered train, because any miscreant activity can easily happened which can be a

cause of big accident. Although CNG is a tlammable gas, it has a narrow nammability

rangc that makcs it an inherently safe fuel. CNG also disperses rapidly, minimiling

ignition risk relative to air and "ill not pool as a liquid or vapor 011the ground.]n the

event of a spill or accidental release, CNG poses no tllreat to land or water. CNG is

primarily Methane, however, which is a greenhouse gas that could contribute to global
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>'climate change if leaked. Strid safcty standards make eNG vehicles as safe as Dlcsel-

p()wered vehicle" Dual fllcl locomotives should be having followIng safety features to
safeguard against fire in case of accident:

Pre,sure relief devices:

Pressure relief devices are provided to protect against the possible explosicm of a eNG

cylinder if it were involved in fire. They are designed to fail and release the cylinder

contents before the cylinder walls rupture, They are incorporated with fusible dements

that are designed to soften and release gas at predetermIned temperature and prevent the
chance of explosion even in worst possible scenario.

Flame Arresler:

It prevents any backward travel of flame in case of malfunctioning of valves in
combustion chamber of engine.

fire Alann System:

It detects any smoke and fire through optical smoke detectors and will give fire alann in

the driver cab who can take necessary action to shutdown the engine.

Separate Storage:

eNG cylinders shall be stored in separate chamber, completely isolated from engine

room. thus making the system tree from fire hazard even in case of any leakage.

Gas leak detector:

Gas leak detector senses leakage ofCNG inside storage area ofCNG and gives signal to

cut off the supply of CNG from cascade to the engine and thus prevents any
consequential damage.

Anti Climbing Couplers:

wcomotives should be equipped with anti climbing couplers which will prevent the

climbing of coaches over one another in case of accident, thus further minimizing the
chance offire due to collision.



Track Condition:

Track condition of BR is very poor in some area. On that type of track, excessive

vibration can eanse of disconnect coupling and fracture of gas cylinder. Due to bad track

condition and single line, speed of train is low. As a result traffic density is very high. for

that reason, sometime, train don't gct path and it spend tim~ in idle position Or low speed.

In idle position and low speed Duel Fuel engine consum~s 100% diesel fuel. tt sbould

take inItiative for repair of track.

Human factor:

Employees of HR are not familiar to NG powered train. They are familiar to diesel

teclmology and their current practices. May be they would not want to switch from diesel

to eNG. It is nceded to motivate them in favor ofNG technology.
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CHAPTER 5

ECONOMIC ANALYSIS

For Bangladesh Railway, the greatest motivation to convert to naruml gas is fuel cost

saving. Some cost analysis projects were conducted in different countries to address this

issue for NO fuelled locomotive" whleh are described in section 4.1 of this report. These

reports only signify the fuel co,;t saving that can be realized by using NG fuelled

locomotives. Use of NG as the primary fuel also yields cleaner lube oil and reduced

engine wear. This will mean an extended usctililife of the lube oil, fewer all changes, and

extended economic life of the engine, all of which result in a greater overall return per
locomotive.

The given cost comparison docs not include the impact of any environmental regulations

on the co~t of locomotive diesel engine since there is no such regulation in effect. As the

air quality due to exhaust emissions deteriorates, it is foreseen that Bangladesh would

adapt and implement an environmental regulation identical or similar to that enforced by

the UNEP (United Nations Environment Program) of UN. In order to comply with such a

regulation, new, rebuilt, and existing locomotive engines must be modified. Such

modifications would drastically increase the cost of a diesel locomotive engine, making
an NG fuelled locomotive even more profitable.

5.1: Financial Analysis

In this financial analysis, the following investment costs, loss of railway earnings &

savings would be considered for CNG powered train.

Investmeot

The investment cost has been \\iorked aU! based on a report on alternative fuel used in

Indian Railway [3] made in collaboration "MIS Cummlns India Limited", which is

reputed and established entity in the field is of Dlcsel und eNG engines. Investment C{)sts
are given below:



I. Engine conver.,ion cosl: One of [he major investmcnt cost in dllal fuel engine is

conve"ion cost. It includes the costs of convcrsion kit, major components like cylinder

Ilcad, gas inlct valve, clectronic control unit etc, labor and other items of engine

conversion. Cost of conversiOIlkit of CNG per LocomOlive is about TkAO, 00,000/-. The

total cost of conversion for Dual Fuel Engine including taxes, excise duty, freight and

insurance charges comes to be Tk.50, 00,000/_ approx [4].

2. COSIvf CNG cascade cylinder.,: The cost of CNG cascade along \vith 96 cylinders is

about Tk,25, 00,0001- and cost of setup the cascade on a BFCT (Bogie flat Container

Truck) I, 00,000/-. Thus the tolal cost to make CNG tender car is Tk.26, 00,0001-.

3. Cost of building eNG filling station: Establishmcnt cost of CNG filling station is

around Tk.3, 00, 00,000 (3 crore) [IOJ. H will be viable if lotal sale of gas is around

Tk.1,00000 per day. Current price ofCl\'G is Tk.16.75 per cubic meIer.

LlI.SSlIfearning

Losses of railway earning aller conversion of locomotive are given below:

I. Passenger loss due to CNG lender car: An exIra bogie is needed for CNG tender Car.

As per rule of train operation, a limited number of bogies could be added in a train. For

this reason, one passenger bogie or container bogie wouid be reduced from a train for

CNG I dllal fuel engine. On average, 30 passengers run in every bogie and earning per

passenger per hour is 15 taka [I). TOlalloss is 450 taka per train per hour due to tender

car. Passenger and earning per passenger would increase every year. Let loss would be

increased] 0% per year. Extra manpower, facilities and maintenance is needed for CNG

tender car. Operating and maintenance cost of CNG tender car would be 5, 00,0001- per
year.

2. Loss due /0 eNG fueling lime: Fueling time of diesel Locomotive is 30 minutes. On

the other hand dual fuel locomotive's fueUng time is 3 hours (CNG tilling rate 600

CUMlhr). Earning will be lost due to taking more time in fueling. Average earning per
train-hour ofBR is'J k 4000.

60



3. LOJ'"due 10 shunting of CI'IG ender Car: In die",! Ulcomotive diesel fuel tank is

mounted on the Ulcomotive, But in dual fuel locomotive, CNG tender car is another

rolling stook which is coupled behind the locomotive. During shunting and changing of

locomotive it will take more timc. Average earning per train-hour ofBR is Tk 4000. Let it
will increase 10% In every year.

Savings duc to CNG conversion

Thc areas of saving' duc 10duel fuel operation are given below:

1. Fuel cow.- This report wiII compare the cost of Diesel Fuel and dual fucl on the basis

ofworking of Locomotives pcr hour. eNG costs Tk. 16.751_per CUM in comparison to

the cost of Diesel of Tk.55.00/_ per liter. One cubic meter of CNG produces

approximately same energy a, is produced by one liter of Diescl. Evcry CNG filling

station buys nalural gas from Dislribution Company at the rate of Tk.9.75/- per cubic

meter. Let Ixlth fuel cost will increase in every year and nct savings will be increased

10% in every year. Thus, usc of CNG in its pure form may result in savings of 60% of

fuel consumptiOn. In dual fuel cngine of this report CNG has been proposcd to replace
only 50% of DiescI.

2. Fuel /ransporla/;on COSI:The oil companies like Padma, Meghna and Jamuna have

been nominated by Bangladesh Railway for supply of HSD oil from Patenga at

Chitlagong and Daulatgoytj at Kbulna. Accordingly railway adminislration has been

recciving regular supply of fuel oil from the above companies through railway

lransportatlon. Thc average tranSJXlrtationcost Is Tk.0.22 per liter. In case ofCNG, there
is no extra lTansJXlrtlllioncost

3. Lub-Oil co.'/: In a locomotive around 492 liter engine lubricating oil (BP Energal;

SAE-40) have been used. Price of lubricating oil is 154 Tk per liter. That !lIb-oil is

changed after every 300 hour rUnof diesel engine. The lub oil in a CNG vehicle need not

be changed as frC<juent!y,because CNG bums clean than diesel. In natural gas, amount of

heavy hydrocarbon molecule is negligible and the rate of carbon deposition after burning

of natural gas is small. Por lhis reason viscosily and lransparency of lubricating oil of dual

fuel engine would bc sustainable longer Ihon diesel engine. from experience it is found

that lub-oil should be cbanged aller 500.hour run of dual fuel engine. II saves operating
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cost due to less consumption of lubricating oil. Let lubricating cost will be increased 10%
in every year.

4. Periodic mainlenance cost: Cleaner burning characteristics of natural Gas and the

absence of particulates often reducc engine wear and tear. CNG engine run more

efficiently than a Diesel powered vehicle, thereby extending the life of the spare parts that

reduce maintenance cost. Duc to reduction of carbon soot build-up and cleaner lube oil,

longer intervals between service maintenance can he expected, sometimes doubled.

The objective of this financial anal}si, is to observe the influence of investment,

operation cost and savings in terms of the following parameters.

Net present value (NPV): It is the difference between the present valuc of cash inflows

and the present value of the cash outflows generated by the investment, and discounted at

the assumed hurdle rate (Minimum acceptable rate of return).

Beuefit cost ratio (HeR): It is the ratio of total benefit to total cost at a particular
discount rate.

Internal rate of return (ffiR): IRR of a cash flow is the discount rate at which the

prescnt value of the cash flow is zero. The concept lRR detennines a discount factor that

becomes the 'yard stick'. lRR measures the effective rate of return earned by an

investment as though the money had been loaned at that rate.

lRR = LDF + {NPV at LOF X (HDF - LDF)"'- (NPV at LOF - NPV at HOF)}

Where, LDF =Lower discount factor, HOF =Highcr discount factor

5.1.1: Analysis for a single LllcoQlotin

Assumptions:

1. A single Locomotive is converted

2. Gas purchase from private CNG tIlling stalion

3. Average opcrating time of locomotive is 400 hour per month

4. Opcrating life of convcrted locomotive is 10 years.

5. Average on train running time is 300 hour per month

6. eNG refueling Is nceded once for two days

7.50% diesel replaced in dual tilcl mode.
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Investment cost:

Cost of conversion kit ofCNG per locomotive:

Cost ofCNG cascade along with 80 cylinders:

Cost of conversion work including taxes, excise duty,

freight and insurance charges:

Loss of Railway earning per year:

TkAO,OO,OOO/_

Tk.26, 00,000/-

Tk.l I, 00,000/-

------------._--------,---------
Total: Tk.77,OO,OOO/-.

UlSS due to eNG Tender car: Passenger loss +Maintenance cost of Tender car

= (Tk 450lhr X 300 X 12) +Tk. 5, 00,000 ~ Tk 21, 20,000/_

Loss due to taking more time ofCNG fueling: (Tk 4000/day X 365) ~ Tk 14, 60,0001-

UlSS due to shunting ofCNG Tender car: (Tk 2000/day X 365) = Tk 7, 30,0001-
(loss 30 minutes in every day) , _

Total: Tk: 43, 10,000/-

Table 12: Loss of railway earning (a)

year % of loss Loss doe co Less due to UlSS due to Total loss of
increased Tender car fueling time shunting carDIng

I 1.00 21,20,0001. 14,60,000/- 7,30,000/- 43, 10,000/_
2 1.10 23,32,000/- 16,06,000/- 8,03,0001- 47,41,000/-

3 1.20 25,44,000/_ 17,52,0001 8,76,000/- 51,72,0001-
4 1.30 27,56,0001_ 18,98,000/- 9,49,0001_ 56,03,000/-
5 lAO 29,68,000/_ 20,44,000/- 10,22,000/ 60,34,0001_
6 1.50 31,80.000/- 21,90,000/- 10,95,0001- 65,45,000/-
7 1.60 33,92,000/- 23,36,0001_ 11,68,000/ 68,96,000/_
8 1.70 36,04,0001- 24,82,000/_ 12,41,0001- 73,27,000/.
9 1.80 38,16,0001- 26,28,000/_ 13,14,000/_ 77,58,0001
10 1.90 40,28,0001 27,74,000/_ 13,87,000- 81,89,000/-

63

-



Savings per year:

Fuel cost savings,

In dual fuel cngine, rate of die,el consumption is 40 iitcr / hour @ Tk 55.64 Including

transportalion cost, tax & VAT and rate of gas consumption 42.2 cubic meter / hour@
16.75 tax & VAT.

Fuel cost per year for dual fuel locomotive: (40X55.64X400XI2 + 42.2XI6.75X400XI2)
= I, 06, 82,880 + 33, 92,880

= Tk. 1,40,75,760/-

Tndiesel fllel engine, rate of diesel consumption Is 80 liter / hour@ Tk 55.64 including

transportation COS!,lax & VAT.

Fuel cost per year for diesel locomotive: (80X55.64X400XI2)

=Tk.2,13,65,760/-

Fuel C(lstSavings per year; 21365760 - 14075760 = Tk. 72, 90,000/-

LlIb-oil cost savings:

Average operating tIme of locomo!lve is 400 hOllrper month. Change of oil Is needed 12

times for dual fuel locomotive and 20 times for diesellocomOlive per year.

Lub-oil cost per year for dual fuel locomotive: (492XI54X12)

= Tk. 9, 09,216/-

Lub-oil cost per year for diesel locomotive: (492XI54X20)

= Tk. 15, 15,360/-

Lub-oil cost Savings per year: 15, 15,360/- - 9, 09,2161_=Tk. 6, 06,1441-

Maintenance cost savings'

Gas fucl decreased engine wear. Due to reduction of carbon soot build-up and cleaner

lube oil, longer intervals between service maintenance can be expected.

Let, Maintenance cost savings per year: 1,00,0001-

Savings offuel cost:

Savings of lub-oil cost:

Savings of maintenance cost:

72,90,0001_

6,06,144/-

1,00,000/-

-------------------_._--._-------
Total Savings: 79,96,1441-
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Table 13: Savings due to CNG conversion (a)

year %of savings savings due to ;avings due saVings
"

Total savings

increased CNG fuel to lub-oii maintenance

I LOO 72,90,000/- 6,06,i44/- 1, 00,000/- 79,96,144/-

2 1.10 80,19,000/- 6,66,758/- 1,10,000/- 87,95,758/-

3 1.20 87,48,0001- 7,27,372/- 1,20,000/- 95,95,373/-

4 1.30 94,77,0001- 7,87,987/- 1,30,000/- 1,03,94,987/-

5 lAO 1,02,06,000/- 8,48,6021- 1,40,000/. l,i1,94,602l-

6 1.50 1,09,35,0001 9,09,216/- 1,50,000/- 1,19,94,216/-

7 1.60 1,16.64,0001 9,69,830/- 1,60,000/- 1,27,93,8301

8 1.70 1,23,93,000/- 10,30,444/_ 1,70,000/- 1,35,92,0341-

9 1.80 1,31 ,22,000/- 10,90,060/- 1,80,0001- 1,43,93,0601-

10 1.90 1,38,51,000/_ 11.51,674/- 1,90,000/. 1,51,92,674/-

Table 14: Financial analysis (NPV, CBR) wben one locomotive converted

(Figure in '000')

Y'M Investment UlSS of Total Total Discount Total Total

Cost Eamin Cost Benefit Factor Discounted Discounted

8' @20% Cost Benefit

I 7700 4310 12010 7996 1.00 12010 7996

2 0 4741 4741 8796 0.833 3949 7327

3 0 5172 5172 9595 0.694 3589 6659

4 0 5603 5603 10395 0.579 3244 6018

5 0 6034 6034 III 95 0.482 2908 5396

6 0 6545 6545 11994 00402 2631 4822

7 0 6896 6896 12794 0.335 2310 4286

8 0 7327 7327 13592 0.279 2044 3167

9 0 7758 7758 14393 0.133 1808 3354

10 0 8189 8189 15193 0.194 1589 2947

Total 36082 86704
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For calculation data are tabulated in table 13. Cost and benefit are discounted at 20% as

before total discounted cost is Tk.36082 Thousand and total discounted benefit is

Tk,86704 Thousand.

Net present value (NPV) ~ Total benelit- Total c<Jst

- 86704 - 36082

- 50622 Thousand

Benefit c<Jstratio (HeR) - Total benefit.,. Total cost

= 86704 ~ 36082

= 2.4

Table 15: Financial analysis (lRR) when one locomotive converted

(Figure in '000')

Year Total Total No< NPV " higher NPV " lower

C,,' Benelit 13enefit discount rate of30% discount rate of20%

Discount NPV Discount NPV
Factor Factor

I 12010 7996 -4014 1.00 -4014 1.00 -4014

2 4741 8796 4055 0.769 3118 0.833 3378

3 5172 9595 4423 0.592 2618 0.694 3070

4 5603 10395 4792 0.455 2180 0.579 2775

5 6034 11 195 5161 0.350 1806 0.482 2488

6 6545 11994 5449 0.269 1466 0.402 2190

7 6896 12794 5898 0,207 1221 0.335 1976

8 7327 13592 6265 0.159 996 0.279 1748

9 7758 14393 6635 0.123 816 0.233 1546

10 8189 15193 7004 0.094 658 0.194 1359

Total 10865 16516

Data ls tabulated in table 14 for calculating IRK
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IRR = LOF + {NPY at LOF X (HOF - LDF) -'-(NPY at LOF -- NPY at HDF)}

= 20 + {16516 X (30 - 20) -'-(16516 --10865)}

= 20 + {(165160) ~ (565 I)}

=20+29.22

= 49.22

Where, LOF = Lower discount factor

HOF =Higher discount factor

5.1.2: Analysis for R group ofLlcomotive

Assumptions:

1. wcomotives would be converted =10 nos

2. Gas rc-fueling from Own eNG mllng station

3. Average operating time oflocomotive is 400 hour per month

4. Operating life of converted loc(}motive would be 10 years.

5. Average on train running lime is 300 hour per month

6. CNG refueling is needed once for two days in each locomotive

7.50% diesel replaced in dual fuel mode.

Investment cost:

Cost of conversion kit for 10 locomotives:

Cost ofCNG cascade for 10 locomotives:

Cost of conversion work lnclllding taxcs, excise duty,

freight and insurance chargcs fm 10 locomotives:

Cost of CNG filling station:

TkA, 00, 00,000/_

Tk.2, 50, 00.000/_

Tk.l,1 0, 00,000/-

TkJ, 00, 00,000/_

-----------_._-----------_._---.
Total: Tk.IO, 60, 00,000/-.

Llss ofRllilway earning pcr year:

Loss due to 10 eNG tender car:

UJss due to taking more time ofCNG fueling for 10 locomotives:
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Loss due to shunting of 10 eNG Tender car:

(Loss 30 minutes in every day)

Loss due to maintenance and operating cost of filling station:

Tk.73,00,0001-

Tk.50,00,0001-

Total: TkA, 81, 00,000/-

Table 16: Loss ofrai!way earning (b)

(Figure in '000')

year % of loss Loss due to Loss due Loss due to Los'>due to Total loss

increased Tender car to fueling shuntlng filling station of earning

I 1.00 21200 14600 7300 5000 48100

2 1.10 23320 16060 8030 5500 52910

3 1.20 25440 17520 8760 6000 57720 I
4 1.30 27560 18980 9490 6500 62530

5 lAO 29680 20440 10220 7000 67340

6 1.50 31800 21900 10950 7500 72150

7 1.60 33920 23360 11680 8000 76960

8 1.70 36040 24820 12410 8500 81770

9 1.80 38160 26280 13140 9000 86580

10 1.90 40280 27740 13870 9500 91390

Savings per year:

Fucl cost savings:

In dllal fucl engine, rate of diesel consumption is 40 liter I hour @ Tk 55.64 including

transportation cost, tax & VAT and rate of gas consumption 42.2 cubic meter I hour @

9.75tax&VAT.

Fuel cost per year for dual fuel locomotive: (40X55.64X400XI2 + 42.2X9.75X400XI2)

~ 1, 06, 82,880 + 19, 74,960

~ Tk. 1,26,57,8401-
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In diesel fuel engine, rate of die,el consumptIon is 80 liter I hour@ Tk 55.64 including

transportation cost, tax & VAT.

Fuel cost per year for die,el locomotivc: (80X55.64X400X 12)

~ Tk.2, 13,65,760/-

Fuel cost Savings of 10 locomoti~es per year: (21365760 -12657840) Xl 0

~ Tk.8, 70, 79,2001-

Lub-oil cost savings:

Average operating time of locomotive is 400 hour per month. Change of oil is needed 12

times for dual fuel locomotive and 20 times for die",llocomotive per ycar.

Lub-oil cost per year for dual fucllocomotive: (492XI54XI2)

~ Tk. 9, 09,2161-

Lub-oil cost per ycar for diesel locomotive: (492XI34X20)

~ Tk. 15, 15,3601-

Lub-oil cost Savings ofl0 locomotlvcs pcr year: (15,15,3601--9,09,216/.) X 10

~ Tk.60, 61,440/-

Maintenance cost savings:

Gas fuel decreased engine wear. Due to reduction of carbon soot build-up and cleaner

lube oil, longer intervals between service maintenance can be expcctcd.

Let, Maintenance cost savings often locomotives per year: 10,00,000/-

Savings offue! cost:

Savings of lub.oil cost:

Savings of maintenance cost:

8,70,79,2001.

60,61,440/.

10,00,000/-

Total: 9.41,40.6401-
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Table 17: Savings duc to CNG conversion (b)

(Figure in '000')

year %of savings savings due t" savings due savings I, Totai savings

Increased CNG lild to lub-oii maintenance

1 1.00 87079 6062 1000 94141

2 1.10 95787 6668 1100 103555

3 1.20 104495 7274 1200 112969

4 1.30 113203 7881 1300 122383

5 1.40 121911 8487 1400 131797

6 1.50 130619 9093 1500 141212

7 1.60 139326 9699 1600 150626

8 1.70 148034 10305 1700 160040

9 1.80 156742 10912 1800 169454

10 1.90 165450 I 1518 1900 178868

Table 18: Financial analy~is (NPV, CBR) when ten locomotive converted

(Figure in '000')

Ycar Investment Loss ,f Total Total Discount Total Total

Cost Earnings Cost Benefit Factor Discounted Discounted

@20% Cost Benefit, 106000 48100 154100 94141 1.00 154100 94141
2 0 52910 52910 103555 0.833 44074 86261
3 0 57720 57720 112969 0.694 40058 78400
4 0 62530 62530 122383 0.579 36205 70860

5 0 67340 67340 131797 0.482 32458 63526
6 0 72150 72150 141212 0.402 29004 56767
7 0 76960 76960 150626 0.335 25782 50460
8 0 81770 81770 160040 0.279 22814 44651

9 0 86580 86580 169454 0.233 20173 39483
10 0 91390 91390 178868 0.194 17730 34700

.'-,

Total 422398 619249
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For calculation data are tabulated in table 17. Cost and benefit are di>.counted at 20% as

before total discounted cost is Tk. 422398 Thousand and total discounted benefit is Tk.

619249 Thousand.

Net present value (NPY) = Total benefit - Total cost

= 619249 - 422398

= 196851 Thollsand

Benefit eost ratio (BCR) = Total benefit ~ Total cost

= 619249.,. 422398

=1.47

Table 19: Financial analysis (IRR) when ten locomotives converted

(Figure in '000')

Year Total Total No< NPV " higher NPV " lower

Cost Benefit Benefit discount rate of30% discount rate of20%

Discount NPV Discount

Factor Factor

I 154100 94141 -59959 1.00 -59959 1.00 -47459

2 52910 103555 50645 0.769 38946 0.833 42187

3 57720 112969 55249 0.592 32707 0.694 38343

4 62530 122383 59853 0.455 27233 0.579 34655

5 67340 131797 64457 OJ50 22560 0.482 31068

6 72150 141212 69062 0.269 18578 0.402 27763

7 76960 150626 • 73666 0.207 15249 0.335 24678

& 81770 160040 78270 0.159 12445 0.279 21837

9 86580 169454 82874 0.123 10194 0.233 19310

10 91390 178868 87478 0.094 8223 0.194 16971

Total 126176 196853

Data is tabulated in table 18 for calculating IRR.
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IRR = LOF + {NPY at LDF X (HOP. LDF) + (NPY at LDF - NPY at HOF)}

= 20 + {196853X (30 - 20) ,. (196853 - 126176)}

~ 20 + {(1968530) ~ (70677)}

~20+27.85

~47.85

Where, LDf = Lower discount factor

HDI' =Highcr disc(}unt factor
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5.2: Comparison between Diesel & Oual fuel Locomotive

Comparison between dual fuellocomolive and existing diesel eleclric IOC(lmotive is given

below:

Table 20: Comparison with existing system

COMPARISON OF 1500 HP DUAL FUEL LOCOMOTIVE WITH DIESEL LOCOMOTIVE
Description Diesel Locomotive Duel fuel Locomolive

fuel [)jescl Diesel & Gas
Oiesel Gas ratio 100: 0 50: 50
RatingKVA 1250 1250
RatingKW 1000 1000

Investment cost 0 63,50,000/.

Fuel cost

Gas consumption cum/he 0 42.2
Diesel C(lnsumplion liter/hr 80 40
Gas rate N/A 16.75
Diesel rate 55.64 55.64
Fuel cost Tk./hr 4451.2 2932.45

Lubricating oil cost / year 1515360 909216
Total running hour / year 4800 4800
Lub oil cost / hour 315.7 189.42
Maintenance co,tihr 104.17 83.3
Total operating Cost / hr 4871.07 n05.17
Savings I hour 1665.9

UlSS of railway earnlllg due to 0 897.92
CNG conversion
Net savings I hour 767.98
Investment cost 7700000
Average runnIng hour per month 400

Payback period in hours 8268

Pa back criod in month 25
Payback period 2 year I month

Annual rate of return 48%

(Without intcrest on Investment)
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From the above calculations it is noticed that the introduction of dual fuel cngine in

Locomotivc results in saving of Tk.768!- per Engine hour running as compared to diesel

engine. Considering average Engine running of 400 Hrs per monlh, payback period would

be one year and nine month.

But actual oil price is $135 per barre) or Tk.65 per Liter. Bangladesh Government gives

subsidy on diesel oil. BI{ can buy it from BPC by Tk.55 per liter. Jfit is calculated using

actual price of diesel, net saving per hour will bc Tk.I042 and payback period would be

15 month,. IfNG is lI~ed, foreign currency will be saved.

5.3: Case Study

Two practical cases have bcen studied to asscss the financial viability of dual fuel

locomotive. One study has been done for passenger train tTom Dhaka to Chittagong and

other for goods train from Dhaka to Akhaura.

5.3.1: Case Stud). for passenger train

Name of train:

Engine:

Date:

Rou!e:

Length ofroule:

Starting timc:

Arrival time:

Running T)me:

No. of Bogie:

Total no of Passenger;

Total diesel consumed:

RateofDicsel:

Total Fuel Cost:

SlIbomo Express (702)

1500HP/1120KW

05-07-08

Dhaka to ChiUagong

320 km

4:20 PM

11:05 PM

6 hour45 min

19

1060

852 Liter

Tk.55.64

Tk.47,405
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As per practice of Bangladesh Railway, if one extra bogie is added with a train more 40

iiter diesel should be rationed. [)ue to attaching a lender car with above mentioned train,

il will consume 892 liter diesel. For eNG powered lrain, it will consume 446 liter diesei

and 450 cubic meter gas. Gas rate is Tk.i6.75 per cubic meter.

Then, total Fuei Cosl: Tk.32,354

Fuel cost savings per trip; Tk.15,052

Operating co"t reduction: (15052 -'-47405) x 100 ~ 31.75%

5.3.2: Case Sludy for goods train

Namc of train;

Engine:

Date:

Route:

Length of route;

Starting time:

Arrival time;

Total running time:

No. of Bogie:

Total diesel consumed:

Tolal Fuel Cost:

Container Train (802)

1500HP/1120KW

13/14-07-08

Dhaka to Chittagong

320 km

8;55 PM

9:25 AM

J2 hour 30 min

29
1158 liter

Tk.64,431

Due to attaching a tender car with above mentioned train, it wiil consume i200 liter

diesel. For CNG powered lrain, it will cons lime 600 liter die,ei and 630 cubic meter gas,

Then, tolal Fuel Cost:

Fuei COSIsavings pertrip:

Operating eost reduction:

Tk.43,937

Tk.20,494

(20494 -'-6443 i) x 100 ~ 31.8%
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CHAPTER 6

ENVIRONMENTAL ISSUES

Conventionally economic growth implies the growth of goods and services produced in

an economy. Economic Gro",th has been considered as the precondition of human

welfare and development. But the traditional system of estimating eeooomic growth on

the basis of goods and services do not consider environmental effect. But recently the

emergcnee of the concept of sustainable development made it clear that alternative

method is needed for estimating physical and economic development appropriately to

measure standard of living of human bcing. In this method, the depletion of natuml

resources and environmental issues that has impact On sustainable development is taken
into account.

Developing countries like Bangladesh is chamcter;zed by a rapid increase of energy

consumption accompanied by a rapid growth of population and economic activities. Thus

the increasing contribution of atmospheric loads of grecnhouse gas to global climate
change is anticipated.

Emissions

1nthe last few years, emissions reduction has received tremendous atlention. This interest

is t",ofold: first, its contribution to global warming and second, concern OVerparticulate

malter (PM) and nitrous oxide (NOx) emissions that affect human health because of the
particles. toxicity and ground level ozone production.

The Kyoto Protocol signed to reduce carbon-di-oxide and greenhouse gas emission that is

responsible for Increasing global warming, meltation of avalanche and rising sea level has

come into force on 17 February 2005. The Protocol has been signed by i41 countries. In

December 1997, the negotiations On the Kyoto Protocol under the United Nations

Convention on Climate Change Framework were completed. The Kyoto Protocol put the

39 industrialised nations under obligation to meet specific legally binding targets for

emissions of six-greenhouse gas i.e. carbon dio);ide, methane, nitrous oxide,

hydrollurocarbons, perlluoroearbons and sulphur hexafluoride emission by 5.2 percent
below 1990 levels, between 2008-2012 [16].
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One approach to emissions reduction in locomotive diesel engines is the use ofNG as an

alternative fuel or in combination with diesel fuel (dual fuel operation). NG is a mixture

of gases typically consi,ting of at least 90% methane (CH4), along with small amounts of

ethane, propane, nitrogen, carbon dioxide, and trace amounts of other gases, In general,

its composition and chemical properties should provide a e1ean-burning fuel with lower

emissions than diesel fuel. However, the emission is not solely affected by the fuel

propertics, but is signitlcantIy influcnced by the cngine design and operating conditions.

It has been reported that BN's dual-fuelled locomotives could produce full diesel

horsepower witl) emissions reduction of 65% 'NOx. The trade-off for such low 'NOx

emissions is high CO and THC (rotal Hydrocarbon) outputs. The high CO and THC

emission levels are normally characteristic of dual-fuelled engine, that have not been

optimized for exhaust emissions. In the carll' versions ofthese modified locomotives, CO

emissions as high as 300% mOrethan diesel engines were reported.

High emissions were normally ob",rved because of incomplete combustion of NG.

Recent versions of these locomotives should produce lower CO and ruc emission,

because of bettcr fuel-air ratio, improved electronic controls., and piston head designs that

would enhance the combustion process. Unfortunately, limited data are available for NG

fuelled locomotives exhaust emissions. The available data includes thosc reported for

BN's EMD E3B 645-16 and MK1200G locomotives. it should be noted that BN's units

were converted to improve fuel cconomy with minimum loss of engine powcr output and

were not optimized for emission reduction. Table displays the data acquired for BN's
EMD unit at various speeds and loads [6].

Table 21: Emissions from a Dual-Fuelled EMD Locomotivc at Varlolls Speeds

Enginc Power Emissioos
Output

S"",d Moo Tota Total THC HC CO NO, PM
(rpm) , I KW (glhp-hr) (gIhp- (glhp- (g/hp- (g/hp-

HO h'l h'l h'l h,)
900 OF 3062 2284 7.7 08 10 4.2 0.226
900 0 3082 2299 06 06 0.191 8.355 0.364
835 OF 2633 1962 7.0 0.18 7.9 4.22 0.17



835 D 2718 2028 0.23 0.17 0.25 8.54 0.36
750 DF 2072 1545 5.4 0.25 6.29 4.27 0.15
750 D 2057 1535 0.22 0.22 0.34 8.14 0.35

•

i
!mi•• ions

Fig 27: Emission, from diesel & dual fuel engine at 900 rpm

The use ofNG fuelled locomotives provides an excellent alternative if the objective is to

reduce NOx emissions. However, CO and THC emissions cannOI be ignored. THC

emissions from NO fuelled locomotives were found to consist of 75%-95% unburned

methane. Allhough methane is a non-toxic gas and its emissions have nO! been regulated

by EPA or any other environmental agency, its contribution to the greenhouse effect is

comparable to that of C02.

1f a moderate increase in CO and THC emissions is allowed for locomotives, NO fuelled

and/or dual-fuelled locomotives could probably meet the challenge with additional engine

development and the use of oxidizing catalytic converters Installed in the engine exhaust

system. However, these steps would require additional resources to those already needed

to introduce this type of engine for railway operation.

Environmental Impro'.cment

In urban areas of Bangladesh, wherc more than 20% (more than 50% in Dhaka) of the

population live, levels of motor vehicle related pollutants frequently exceed

internationally agreed air qualily guidelines. The significant pollutants from diesel-fueled

vehicles are PM (including smoke) and NO, exhaust. Because diesel engines operate at
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high air fuel ratios (30:1), the} tend to have low HC and CO emissions. They have

considerably higher PM emissions than gasoline-fueled vehicles. The major contribution

of S02 In Dhaka Is corning from malniy high sulfur content in the diesel fuel. At present

BR has a standard fDrsulfur eDntentDfdiesel for 0.5% (max), which is very high (Table-

7). On the Dtherhand, natural gas DfBangladesh is tree from sulfur.

In an economic evaluation of air pDllutiDnin Bangladesh, the World Bank estimated that

nearly 15,000 deaths would be avoided annually (10,800 in Dhaka, 2,060 in Chittagong,

1,020 In Khulna, and 975 In Bogra), if the level of air pollutiDn in Bangladesh four largest

cities reduced tD the WHO annual average standard. In addition, there would be an

estimated 6.5 million fewer cases Df sickness requiring medical treatment; and 850

mlliion fewer restricted activity days, respiratDry symptom days, cases of lower

respiratory !Iines",s in children, and othet minor sicknesses. 'Ine econDmic cost ofthis

sickness and death Is cstimated to be $200-800 milliDn per year, Dr0.7% _3.0% ofGDP
per year [J7].

Usc of CNG in Railways will go a long way tDimprove our environmental CDneernsas

the emission gases of CNG engine contains the harmful NO,. and particulate matter in

considerably reduced quantity which are mainly harmful for health hazards. The

particulate matter is primarily responsible for air pollution Df Dhaka City and SmDg

cDnditions prevailing during winter over most Dfthe area in Northern area of Bangladesh,

which is the main cause for growing incidences of Asthma. The particulate matter would

reduce to nil in case ofCNG engine and thllSthe incidence of this disease is expected to

come down. The reduction in green house effect wHi improve the global warming

scenario. Similarly, reduction in NO, in exhaust will also improve the air quality.

Emission standard of diesel Locomotive is 12.7 gm/KW-hr of NO, and 0.8 gmfKW-hr of

PM [18]. On the othcr hand, emission from dual fueled locomotive is 4.2 grn/KW-hr of

No,and 0.2 gmlKW_hr of PM [6]. Using the practical data of section 5.3.1 of this report,

emission from die",1 Io<;omotiveper trip would be 96kg NO, and 61kg PM. In case of

using same data for dual fuel locomotive, this figure would be 43kg No,and 20kg PM.



CHAPTER 7

CONCLUSIONS AND RECOMMENI)ATIONS

Following calculations can bc made from this study:

r;; Use of CNG engme is e,tablished in road transport sectors worldwide and its

popularity is growing in rail sector because of its properties of clean fuei and low cost
compare to dieseL

QAmong the options the natural gas fueled engine technology; low pressure early cycle
of dual fuei combustion system is better for BR.

QH is possible to use CNG in a dual fuel engine through conversion without any major
modification in the existing <'ystem.

QCost ofCNG is less than half as eompared to that of diesel for developing samc amount

of energy and thus the operating expenses of CNG engine would be lowered by

approx:imately 30% in a typical dual fucl engine.

Q it is considered two options of CNG fueling. In case of CNG purchase from vendor,

benefit cost ratio (BCR) would be 2.4 and internal rate or return (lRR) would be 49.22.

On the other hand, in case of establishing CNG rueling station, benefit cost ratio (HCR)

would be 1.47 and internal rate ofretum (lRR) would be 47.85. After all, in both cases it

is said that CNG powercd train will be profitable.

[Jlntroduction of CNG has a definite impact on envirorunent improvcment. Reduetion in

NOx and SOXshould result in reducing green house effect and thereby improving global

warming scenario. Reduction in particulate matter approxImately 50 % in dual fuel

engine should result in reduced smog effect and thereby minimizing the health hazards.

E;jTheinvestment on eNG kit b paid back in 25 months, thereby expected annual rate of
return is 48% excluding sub<,idyon dIeseL
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Advantages over the diesel engine are well known and are significant. So, the following
steps are recommended:

o Conduct a feasibility study with a view to creating a consortium and selecting

technology for demonstration in Bangladesh Railway. This consortium will change the

law regarding operation of explosive train, study over the safety matters, collect fund for

conversion and do work transferring technology from abroad.

DSet up an in-service demonstration, using an NG fuelled locomotive.

[l Transient response of engine in dual fuel operation both at part and full load needs to be

investigated.
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APPENDIX_A

Particulars of Locomotives in Bangladesh Railway

BR class and Type of HP Year Country f Company Present
series no. Locomotive (Bhp) Built Holding

Meter Gauge
MEG-II (2000) Diesel-Electric 1125 1953 USAfGM 15
MEG-9 (2200) Do 875 1960 USA/GM 36
MEM-14 Do 1200 1969f CANAOAlALCO 32
(2300(2400) 1978
MEE-5 (3100) Do 500 1971 UKfE.ELECT 19
MEH-14 (2500) Do 1250 1981 JAPANfHlTACHI 17
MEG-15 (2600) Do 1500 1988 CANADAIGM 16
MElrl5 (2700) 0" 1500 1995 GERMANY/ ABB 21
MED-14 (2800) Do I 150 1996 INDINALCO 10
MEI-15 (2900) Do 1500 1999 KORIAlHyundai 19
MHZ-5 (3200) Diesel 500 1980 HIJNGERYf 11

Hydraulic Gao mavag
MHZ-8 (3300) Do 800 1982 Do 11
TOTAL 207

Broad Gauge
BEA-20 (6000) Diesel EI«tric 2000 1966 USAIALCO 14
BEM-20 (6100) Do 2000 1970 CANAOAlALCO 14
BEI-I-24 (6200) Do 2450 1981 JAPAN/HITACHI 12
BEB-22 (6300) Do 2250 1981 CANAOAlALCO 12
I3EO-26 (6400) Do 2600 2001 INDIAIALCO 16
BHZ.4 (7000) Diesel 500 1980 HUNGERY/ 10

Hvdraulic Gangmava"
TOTAL 78
GRAND TOTAL: 285 (D-E: 253 & D-H: 32)
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API'ENDIX - B

I,ist of Loco Sbeds in BR

East Zone West Zone

Meter Gauge Broad Gauge Meter Gauge

1. Dhaka L lswardi L Parbalipur

2. Akhaum 2. Khulna 2. Bonarpara

3. Mymensingh 3. Rajbari 3. Shanlahar

4. Dwangong Bw,ar 4. Lalmonirhat

5. Kulaura

6. Chittagong

7. Laksbimpur

Total no of Loco Shed 1nBR: 14
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APPENDIX-C

ECI CONVERS10N SPECIFICATIONS - E!'.1D 645 TURBOCHARGED DUAL

FUEL ENGINE

ENGINE TYPE 645- DUAL FUEL TURBOCHARGED

NUMBER OF
8 12 16 20

CYLINDERS

RPM 750 900 750 900 750 900 750 900
BHP 1200 1525 1830 2305 2460 3070 3055 3600

BKW 894,84 1137,2 1364.6 1718.8 1834.4 2239.3 2278 2684.5

EFFICIENCY

BSFC in BTUlhp"hr

100% load 7100 7270 7100 7190 7000 7020 6950 7000

75% load 7450 7920 7350 7561 7300 7950 7400 8000

50%1000 9850 9920 9950 10000 9950 10750 9900 10000

AIR & EXHAUST SYSTEMS

Intake air temp (77°F)
5000 7500 10000 125003800 5400 7380 9230CFM

Exhaust temp in ("F) ~ 715 ~ 740 ~ 720 ~ 700
Exh. volume @ exh.

7980 10500 11340 15700 15500 20350 19380 25100lemp CFM

EM1SSIONS

NHMC in glhp-hr 0.5 0.8
CO in glhp-hr 6.4 9.1
NOx in glhp.hr 4.5 3.6

COOLING SYSTEMS

Waler flow ~ afler 90 90 150 150 200 200 200 200cooler ciN:uil gal/min
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HEAT REJECTION

RATE

Jackel water 28 BTU/ min! BHP

•After cooler ]0.7 BTU! min! BHP

• Baseline figures. Syslem details aITect actual values.

FUELING RATES

G" flow @ 100%
'57 205 240 .306 318. 399 392 466load (selin)

Gas Flow @ 75% load
m ". 192 236 250 m ]20 390(sefm)

Gas Flow @ 50% I"ad
95 142 '40 .212 280 3".i88 233(sefm)

Diesel flow@fuilioad
64 77 96 115 ". 154 160 192(gall hr)

Pilot fuel volume, f(){)IS

38 4.5 6 7.22. 8 9.6 " 12injector galthr

Pilot fuel volume, std.
64 8.25 9.6 12.5 12.8 16.2 16 22.5injector gallhr
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AI'I'EI\"DIX-D

Characteristics of Natural Gas Available in Bangladesh

(Sample 1)

Sampling Date: 27.02.08 Analysis Dale: 10.03,08

Sample Location: Titas RMS ofMeghnaghat Power Plant

Temparalure: 78 F Pressure: 177 psi

% Mole %Wt

Nitrogen 0.643 1.070
CO2 0.185 0.485
Methane 96.073 9i.556
Propane 2,213 3.953

iso Butane 0.455 1.192
N Bulane 0.171 0.590
Iso Pentane 0.087 0.299
N Pentane 0.049 0.212
Hexane 0.031 0.134
Heptane+ 0.052 0.265

0.041 0.245

100 100
SO 0.5811 at ISO condition (15c & 101.325 Kpa)

Ideal Density 0.7119 Kglm3

Real Oas Density 0.7102 Kg/m3

Mole Weight i6.8344 gmlmol

compressibility 0.9976

Higher Heating Valuc 38.6939 MJIsm3

Higher Hcating Value 1038.5669 BTU/SCF

Lower Healing Value 34.8814 MJIsm3

Lower Heating Value 936.2376IHU/SCF
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APPENDIX_E

(Sample 2)

Sampling Dale: 09.03.08 Analysis Date: 10.03.08
Sample Location; Pipe line, Dhaka.

Tempararure: 791' Pressure: 64 psi

%Mole %Wt

Nitrogen 0394 0.656
CO2 0.241 0.630
Methane 96.054 91.519
Propane 2.421 4.324
Iso Butane 0.495 1.296
N Butane 0.164 0,567
iso Pentane 0.083 0.288
N Pentane 0.043 0.184
Hexane 0.Q28 0.119
Heptanc+ 0.042 0.216

0.034 0.201

100 100
SG 0.5812 alISO condition (15c & 101.325 Kpa)

Ideal Density 0.7123 Kg/m3

Real Gas Density 0,7106 Kg/m3

Mole Weight 16.8380 gm/mol

C{lmprcssibi lity 0.9976

Higher Heating Value 38.8066 MJ/sm3

Higher Heating Yalue 1041.5916 BTUISeF

Lower l-IeatlngValue 34.9839 MJ/sm3

Lower Heating Yalue 938.9882 BTU/SeF
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