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ABSTRACT

Greater application of alternalive fuels like CNG for transporation sysiems has been
cncouraged and supported by Hangladesh Government. A small reduction in fuel
consumption through use of alternate cheaper fucl, elficient enging and improved
technology can result in substantial savings in fuel bills. Besides cost aspects, the
alternate tuel needs to be environment friendly without major input requirements in
the existing system. As ol date, more than one million vehicles are running with CNG
m the world. Even in DBangladesh, realizing ihe adverse impact of increascd
environnental pollution, CNG has been adopted for public transportation in a big
wiy. A large portion of the public transporl vehicles including buscs, taxis, aulo
rickshaws etc. have been converted inte CNG powered vehicles. This has improved
the air quality in major cities substantially. Application of Natural Gas as fuel for the

railway has hot been addressed vet.

Bangladesh Railway now owns 285 [ocomotives, all run by dicsel. The fuel
consumed during the lasi fiscal year was about 35,759 ntetric tones, costing about
taka 121 crore. As Bangladesh has no oil reserves, alimost the entire amount of Tiguid
fuel consumed annually in the country has to be imported. Since the mid 80°s, a
number of projects were launched in the US, Canadz, and Russia to assess the
viability of the natural gas fueled locomeotive. These projects produced varying
degrees of success and provided valuahble insight for further development, Tn Peru, a
mouniain railway s being operated successfully with a dual fuel engine, which
replaces about 30% of the diesel fuel with natoral gas. Northem Raibways, India is

now conducting trial runs of locomeotives with ceo-friend]ly CNG in different routes.

In light of the above developments, and the uncertainty if world oil market and the
high costs of imported fucl, Bangladesh Railway must look for other options. It is
worthwhile conducting a feasibility study to scc if natural gas can be successfully
used in the railway sector as well. From the financial analysis of this report, it can be
concluded that, cost reduction of CNG powered train is 30% compared to diesel fuel
and Intermal Rate of Return is 50%.  Ihe projeet has also addressed tcchnical,
economic and envirommental issues for implementing natural gas powered

tocomotives for Dangladesh Railway,
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s . CHAPTERI

INTRODUCTION

Bangladesh Railway is one of the larpest and oldest povernment enterpriscs in the
country, playing a vital role in the socio-cconomic development & indusirialicalion of the
country. It was cstablished in 1862 named as Eastern Bengal Railway. Bangladesh
Railway (BR). covering a length of 2855 route kilometers, now owns two types of
locomotives Diesel Electric and Diesel Hydraulic. The total fleet as of 30" June 2007
comprised of 233 Diesel Electric and 32 Diesel Mvdraulic locomotives [1]. Bangladesh
Railway is expected to serve both as 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 utilioy service it has a responsibility to provide transport
facilitics to larpe maumber of passcngers and movement of essential commadities for mass
consumption. BR is also required to provide transport facilities in emergent situations like

food, cyclong, draught ete.

According te report of World Bank {2), Bangladesh Railway has embarked upon a
comprehensive Railway Recovery Programme (RRP). It is supported by the Asian
Development Bank {ATI3) to increase efficiency and cost reduction. The refonn program
includes creation of a new corporate entity for BR. The communication ministry has now
produced a rrilway act taking ADR suggestion. The act is seen as positive indication of

the ministry”s renewed commitment to structural change of BR.

In Bangladesh Raibway, diesel is the enly fuel for Locomotive. Most of the developed and
developing countries introduced electric traction in their railway communication,
Bangladesh cannot implement electric raction duc to huge investment for infrastrocture
and shortage of electricity. According to Gupla [3], average electrification cost is 0.9
million US$ per route kilometer for single line and 1.45 million US$ per route Km for
double line. Magnetic train cannot be considered & viable option yet for BR because it is

still in experimental phase in the developed countries.

e 1)



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 calorific walue 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
cost between diesel locomotive and CNG locomotive, savings will be Rs.23.8 Lac per
vear if CNG locomotive is used. Thus the cost of CNG conversion kit can be recovered in
18 months only giving annul rate of return of 66%. Again It has been reported that dual-
fuelled locomotives could produce full dicsel horsepower with emissions reduction of
65% NOx and 80x .

Bangladesh has the natural gas resource. There is no il reserve in Bangladesh.
Bangladesh imports oil from abroad through Bangladesh Pelroleum Corporation {BPC),
spending a lot of foreign currency. Dangladesh Railway is one of the big customers of
BPC. During the vear 2005-2006 Bangladesh Railway consumed 35,759 Metric Ton
diesel oil only as locomotive luel and expenses around 121 crore laka for locomotive f'ue]-
purpose [1]. If it is possible to conver diesel locomotive o Compressed Natural Gas
{CNG) locomaotive, it could use our natural resource, save money and pet healthier

Bangladesh.

The uncertainty of today’s pelroleum markel with is declining oil reserves, on poing
tensions in oil producing nation, and environmental regularity activity soaring 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 will benefit both the environment and the economy. The incentive loday is not
only fuel economy as before, but by Bangladesh’s commitment to the Kyoto pratocal
peraining to the reduction of greenhouse pases. When increasing energy costs are of
concem, or excessive air pollution and strict emission regulations are an issue,

compressed natural gas (CMNG) or LNG are excellent solutions,

CNG has been successfully implemented in Bangladesh as fuel for motorized
tmnsportation such as cars, trucks and buses. Other modes of heavy transportation like

railway or water ways have hot to been address yet, T is therefore newly to undertake 2



research lo address the viability of using nalural zas as [uel lotr the locomotive of BR. The

technical, economical and regulatory aspects need to be examined.

Objectives:

The chjective of the study has been subdivided as follows:

1. To assess technical options for converling diesel locomolive to nalural gas powerad
locomotive.

2. To assess financial viability of NG powered locomotive in Bangladesh Railway and
comparing with existing sysiem.

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

fueled locomotive or BR should introduce NG powered locomotive

Mcthedology:

To achieve the above objectives the following methods are adopted:

1. Study recent developments around the world in locomolive technology with respect to
fuet usage.

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

3. Study the Technical measures required for NG conversion of locomotives.

4. Study on nature of NG available in Bangladesh and its combustion characteristics

5. Study the opportunities to develop operational infrastructure requirement to oporate
NG powered trains.

6. Conduct Econemic analysis of CNG powered locomotive. For this firstly one
locomotive would be considered and taken data about conversion cost, operating saving
gost and others related cost. A group of locomotive would be considered later in this
report.

7. Study on Emissions and Environmenial Enrichment due to NG powered trains.



CHAPTER 2

REVIEW OF LOCOMOTIVE TECUNOLOGY

A locomotive is a railway vehicle that provides the motive power for a train. The word
originates from the Latin words /oce means "from a place” and mofivus means "causing
motion".The term locomotive enmgine was {irst used in the early 19th century fo

distinguish berveen mobile and stationary steam engines,

A locomotive has no payload capacity of its own, and its sole purpose is to move the train
along the tracks, Traditionally, locomotive’s common function is push-pull operation,
where a locomotive pulls the train in one direction from the front and pushes it in ihe

other direction from he rear end of the train.

According to wikipedia, the free encyclopedia, the first successful locomotives were built
by Comish. Tn 1304 his unnamed steam locomotive hauled a train along the ramway of
the Penydarren ironworks, near Merthyr Tydfil in Wales, UK | Although the locomotive
hauled a train of [0 tons of iron and 70 passengers in five wagons over nine miles (14
km), it was too heavy for the cast iron rails used at the time. The locomotive only ran
three trips before it was abandoned. The first commercially successful steam locomotive
was tack locomotive, The Salamanca, bullt for the narrow gauge Middleton Railway in
1812,

2.1: Types of Locomotive

Lacomotives may generate ihicir power from different fuel such as wood, coal, petroleum
or natural gas or they may take power from an outside source of electricity. It is commen

to classity locomotives by their source of energy. The common ones include:

a) Steam locomotive
b} Diesel locomative
I, Diesel-glectric locomotive
1l. Diesel-mechanical locomotive
1. Dicscl-hydraulic locomotive

¢) Gas turbine locomotive



d) Eiectric locomotive
g) Mapgnetic Levitation (Mazlev train)

M) Hybrid Locomotive

A locomolive has no payload capacity of its own. In contrast, some trains have self-
propelled payload-carrying vehicles. These are not normally considered locomotives and

may he referred to as multiple units, motor coaches or railcars,
2.1.1: Steam Locomotive

In the 19th century the first railway locomotives were powered by steam, usually
generated by burning coal. Because steam locomeotives included one or more steam

engine, they are sametimes referred to as "steam engines”.

dhkrrErd dhr
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Fig 1: steam locomolive

The reciprocating steam locomative is a self-contained power unit consisting cesentially
of a steam engine and a boiler with fuel and water supplies. Superheated steam, controlled
by a throttle, is admilted to the cylinders by a suilable valve arrangement, the pressure on
the pistons being transmitted through the main rod to the driving wheels. The driving
wheels, which vary in number, arc connected by side rods. Steam locomotives are usually
¢lassified under the Whyte system, that is, by the number and arrangement of the wheels.
For example, an engine classilied as 2-6-0, which means, it has onc pair of wheels under
the [ront truck, three pairs of coupled or driving wheels and no wheels under the trailing

truck, In some cases the truck wheels of the tender {fucl carrier) are added.



The steam locometive remained by far the most common type of locomotive until afier
World War TI. Before the middle of the 20th century, electric and diesel-glectric
locomotives bepan replacing steam locomotives. Steam locomeotives are less efficient
thun their more modem diesel and clectric counterpars and require much preater
manpower to operate and service, Hritish Rail higures showed the cost of crewing and
fuelling & steam locomotive was some two and a half times that of diesel power, and the
daily milcage achievable was far lower. As labour costs rose, particularly atier the second
world war, non-sicam technolopies became much more cost-cfticient. Slcam locomotives
were in regular use until 2004 in the People's Republic of China, where coal is a much
more abundant resource than petroleum for diesel fuel. Such locomotives are still in
operation in scotland. The few sicam locomotives that remain in operation in developed
nations are mostly nostalgic relics used chielly io pull tourisl trains. One of the steam
locomative named Fairy Queen, built in 1853 runs between New Delhi and Aiwar in
India and is the oldest steam locomotive in regular {lourist-only) service in the world and

the oldest steam locomotive operating on a mainline.

2.1.2: Diese]l Locomotive

Diese! Locomotive conlains an internal combustion engine. [t requires some type of
power transmission system (o couple the output of the prime mover to the driving wheels.
In the early days of diesel railroad propulsion development electric, hydraulic and
mechanical power transmission systems were emploved with varying degrees of success.
Of the three, electric transmission proved to be most practical. Some diesel-hydraulic

locomotives were manufactured for lower power applications.

Fig 2: Diesel Locomotive



1. Dicscl-cleetric locomotive: Diesel-clectric locomotives were introduced in 1924, and
have become the most widely used tvpe of locomotive. The modern diesel-electric
locomaotive is a self~contained. clcctrically propelled unit. Like the electric locomotive, it
has electric drive, in the form of traction motors driving the axles and controlled with
electonic controls, It also has many auxiliary systems {or cooling, lighting. heating, and
braking. It ditfers from electric locomative principally in that it has its own generating
statton instead of being connected to a remote generating station through overhead wires
or a third rail. The generating staiton consisls ol a large diesel engine coupled to an
alternator or generator that provides the power for the traction motors. These motors drive
the driving wheels by means of spur gears, The ratio of the gearing regulates the hauling

power and maximum speed of the locomotive.

IHESEL MAIN
ENGINE | GOUPLING GENERATOR

/ CGear & pinion

Flexible wirc

TRACTION
MOTOR . Axle

N

Wheel

Fig 3: Basic principle of DE Locomotive



Operation of a Diesel Elcctric Locomotive is described as follows:

1}

2}

3)

4

3)
6)

7)

8)

%

Storage Battery drives the fuel pump which draws fuel oil from the tank and
supplies to the engine
The engine is starled using two starting motors which electric source is supplicd
Trom ihe storage battery.
Engine drives

a. Main generator

b. Auxiliacy generator

¢. Compressor

d. Cooling fim

g, Traction motor blower
Auxiliary generator charges the battery and supplies current to low voltage
circuits,
Low voltage current is supplied to all relays, switches etc through electric cabinet.
The main generater transforms the engine mechanical power into high voltage
glectrical power {nominal rectified voltage 600¥YDC and maximum continuous
current rating 32004 which is senl to two or ihree iraction moiors ocated in cach
truck and geared to the driving axles.
The engineman’s control station includes the control levers, brakes lever and
switches necessary for operating the locemotive.
The clectrical cabinet contains various switches, fuses, contractors and melays
necessary to control the operation of the locomotive.

The engine povernor controls the engine spoeed as directed by the throttlc lever.

107 The load regulater controls the cogine power so that it does not send more or less

power to the main generator than what it should be for each throttle position.

11) The air compressor is connected to the main generator and pumps air only when

recessary.

12)One or two waler pumps mounted on the enging circulate water through the

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

automaticatly eontralled by a thenmostatic switch

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

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



II. Diesel-mechanical locomotive: Diesel-mechanical Jecomotives have a direct
mechanical link consisting of a clutch and a series of gears and shafis between the 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-glectric systems, they

arc only uscd with the smallest locomaotives,

III. Diesel-hydraulic locomotive: The Diesel Hydraulic Locomotive differs from the
Diescl Electric Locomolive only by the transmission system. In diesel-hydraulic
" locomolives the engine drives a torque converer, which uses Mulds under pressure (o
transmit and regulate power to the wheels. Hydraulic drives are widely used in some

countries, such as Germany.

DIESEL H}fdraul I :Tﬂl'qu&
ENGINE | COUPLING ‘I'ransmission Converter
Box

Cardon
/ Shaft

Wheel

Azxle

Fig 4: Basic principle of Diesel-hydraulic locomotive

Starting in the 1940s, the dicsel-powered locomotive began to displace steam power.
Diesel locomotives require considerably less maintenance than steam, with a
correspanding reduction in the number of personnel needed to keep the fleet in service.
The best steam locometives spent an average of three to five days per month in the shop
for routine maintenance and running repairs. Heavy overhauls were frequent, oflen
involving removal of the boiler from the frame for major repairs. In contrast. a typical
diesel locomotive requires no more than eight to ten hours of maintenance per month. and

may mun for many years between major overhauls.



2.1.3: Gas torbine locomotive

A gas murbine-clectric locomotive, or GTEL. is a locomotive that uses a gos turbine to
drive an elecirical generator or alternator. The clectric current thus produced is used to
power traction motors. This type of locomotive was first experimented with in 1920 but
reached its peak in the 19505 to 1960s.

Fig 5: Gas turbine-glectric locomotive

A turbine offers some advantages over a piston engine. The number of moving parts is
much smaller, A turbine of a given power output is also physically smaller than an
equally powerful piston engine, allowing a locomotive to be very powertul without being

inordinately larpe.

Gas lurhine locomotives are very powerful, but also 1end to be very loud, Afer the 1973
oil erisis and the subsequent rise in fuel costs, pas turbine locomotives became
uncconomical to eperate, and many were taken out of service. This type of locometive is

NOW Care.
2.1.4: Electric Locomodive

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 en an

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

10
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Fig & Electric locomotives

While the capital cost of clectrilying track is high, electric trains and locomotives are
capable of higher performance and in some cases lower operational costs than steam or
diese] power. Electric locometives, because they tend to be less technically complex than
diesel-electric locomatives, are both easicr and cheaper to maintain and have very long
working lives. Although highly ecfficient, its use is limited by the cost of eleciric

substations and overhead wires or third rails.

Overhead

Wire Or CONTACT
Third Rail :l SYSTEM
/ Gear & pinion

| Flenible wire

TRACTION
MOTOR Axle

N

Wheel

Fig 7: Basic principle of Electric locomotive



Some electric locomotives can also operate with battery power to enable shor joumeys ar
shunting on non-clectrified linecs or yards. Batery-powered locomotives are vsed in mines
and other underground locations where dicscl fumces or asmoke would endanger crews and
where extemal cloctricity supplics cannot be used doe to ihe danger of sparks igniting

Nammablc gas,

2.1.5: Magnetic levitation (Magley train)

The newest technology in trains is magnetic levitation (maglev). These electrically
powered trains have an open motor which Meats the train above the rail without wheels.
This greatly reduces friction. Special type of track used which create north and soulh
noles alternatively by electro magnitism and moving forward ihe train. Very few systems
are in service and the cosi is very high, The experimental Japanese magnetic levitation
train has reached 531 km/h (361 mph) .

an
k.

e aales T an s mts
o pi <

Ak

Fig 8: maglev train

The first commercial magley trains ran in the 1980s in Birmingham, United Kingdom,
providing a low-speed shuttle service between the airpor and the railway siation. Despite
the interest and excitement, the system was shut down duc to a lack of spare parts and

replaced by wheeled cablecars a few years later.

12



2.L.6: Hybrid Locomotive

A hybrid locomotive is a Locomotive that uses an on-board rechargeable energy storage
system (RESS) and a fuelled power source for propulsion. General Eleciric Company
{GE) unveiled a protorype hybrid locomotive Tor freight trains on May 24™, 2007 in Los

Angeles, California.

Hybrid trains typically are powered either by Fuel Cell technology or ihe diesel-electric
hybrid which reduces fuel consumption through regenerative braking and switching off

the hydrocarbon engine when idling or stationary.

2.2: Recent development on Locomotive

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

Locomotive, They include:

* [nergy Source available

» Mature of the operations

* Emissions

# Installation and operating cosl

s |nfrastructure, ctc.

Taking consideration all these factors, many locomotive manufacturing companies arc
trying to make new types of locomotive. Parry People Movers (locomotive manufacruring
company, UK} make an experimental Locomotive powered by energy stored in a
flywheel. The Aywheel is powcred from an onboard battery-driven motor or internal
combustion engine and is also recharged through regenerative braking. A proposed
alternalive is to recharge the flywheel from external electric motors installed at smtion
stops. Although this would increase installation costs it would substantially reduce the
weight of the vehicles. Parry People Movers have been tested on several railways. The
first inainstream timetable service for the [lywheel locomotive was launched in February
2006 on the short link between Stourbridge junction and Stourbridge Town in the United
Kinpdom.

I3



One of the newest technologies in trains is magnetic levitation {(maglev). Cost of the
maglav train is very high.These electrically powered trains Moats above the rail without
wheels. This greatly reduces friction. [l moves forward with very high speed by creating
north and south pole alternatively between lesin and rail. Avarage speed of magneiic

levitation train s 550 to 700 kmy/h.

General Electric Company’s {GE} engincers are designing a hybrid diesel-elecuric
locomotive that will capture the cnergy dissipated during braking and store it in a series
of sophisticated batlerics. That stored energy can be used by the crew on demand —
reducing fuel consumption by as much as 15 percent and emissions by as much as 50
percent compared to most of the freight locomotives in use today. In addition to
environmental advantages, a hybrid will operate more efficiently int higher altitudes and

up steep inclines.

Dmal fuel Locomotive is the another new type of Locomotive, This type of locomotive
can usc twe type of energy. Dual mede locomoetives can operate using boih electric

{catenary) and diesel power or diesel fucl and gas fuel.

When increasing energy costs are of concern, or excessive air pollution and strict
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
viability of the natural gas fueled locomotive and they already introduced natural gas
powered locomotive in milway communication. Peru unveiled the world's first train
powered by environmentally friendly compressed namral gas (CNG) in 2005. Norhern

Railways, India is now conducting trial runs of locomotives with eco-friendly CNG,
2.3: World Railways Statistics

The world's longest rail line is in Russia. It extends about 5,600 miles {9,010 kilometers)
and connects Moscow and Vladivostok. The total tracks of the world's main railroad
routes would streteh about 730,000 miles (1,207,000 kilometers) about 3.25 times the
distance from the earth to the moon [5]. Some information ahré-ut world railway is given in

table 1 to 3:
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Table 1 Lengih of World Railways

SL. Countey Length of Route Length of per | Length of per
No. {Km) capita {m) Square Km {m)
1 I8 A 226,612 0376 247
2 Russia 87,157 0.610 5.1
3 China 75,438 0.058 i
4 India 63.221 0.058 213
5 Germany 48,215 0.585 1381
& Canada 48,068 1.452 33
7 | Avstralia 38,550 1.902 5.1
3 Argentina 31,902 f.799 11.7
g France 29,370 0.482 538
10 | Brazil 29,295 0.156 3.5
t1 f Japan 23474 0.184 62.6
12 | Poland 23,072 .39% 75.8
13 | South Africa 20,872 0.472 17.1
14 | ltaly 15 460 {1333 662
15 | Mexico 17,665 0.164 92
16 | UK 16,567 0.273 68.6
I7 [lran 8,367 0.122 5.1
18 | Pakistan 8163 0.04% 10.5
19 | Indonesia 6,458 0.026 3.5
20 | Korea (North) 5,235 0.226 435
21 | Myammar 3,955 0.083 6.0
22 | Bangladesh 2,835 0.020 21.0
23 | Irag 2,272 (0.083 53
24 | Malaysia 1,850 0.07% 3.8
25 | SriLanka 1,449 0.072 22.4
26 | Nepal 59 0.002 0.4

Railways play a vital role in communication sector of any country. Rail transportation is
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cheap compare to mad trmnsportation, Some rail transporation statistics have shown in

table.
Table 2: Passenger-Kilometers carried by Railway
Country No. of Passenger-Km
Japan 396,336,000,000
China 363,276,000,000
India 316,728,000,000
Russia 227,100,000,000
Ukraine 70,834,000,000
Bangladcsh 4,160,000,000
MNote:

- Passenger-Km signifies the multiple of number of passengers times their distance
traveled in Km's,
- Japan ligures 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

Couniry No. of ton-Km
United States 1,759,464, 000,004
China 1,242,600,000,000)
Russia 1,195,164,000.000
Canada 279 510,000,000
Tneia 252,588,000, 000
Bangladesh S17.000,000

Note:

- Ton-Km signilies the multiple of tons of freight transporied times their distance

traveled in Km's.

- The figure of Bangladesh very poor as eiher couniries has a bigger geographical area.
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CHAFTER 3

OVERVIEW OF BANGLADESH RATLWAY (BIR)

Bangladesh Railway was established in 1862. It was named Eastern Bengnl Railway.
Construction of 53.11 km of Broad Gauge (BG) line between Darsana and Jahati of
Kustia district was started in November, 1862, First Meter Gauge (MG) line was
construcied from Sam (Pabna) 1o Chilahati (Nilphamari) and Parbatipur to Dinajpur
during the period from 1874 to 1879, Railway connection {Meter Gauge)} berween Dhaka
and Narayangong, a distance of 14.98 km was being constructed by Dhaka State Railway
in 1883, which was later on merged with Eastern Bengal Railway, In 1961, Eastern
Bengal Railway was renamed as Pakistan Eastern Railway. After liberation war in 1971,
it was again renamed as Bangladesh Railway, That time the total route kilomeler was
2858.23 km. In ihe beginning of 21¥ century, BR was beginning construction dual gauge
(DG} line. Now the total route Kilometer of BR is 2855 km, among this 1830 km is MG,
60 15 BG and 365 km is DG [1].

Table 4: Route Kilometer of BR

Year July-June Figurcs are in kilometers
Broad Gauge Meter Gauge Total
[969-1970 1935.16 923.07 2B858.23
1996-1997 182212 B83.89 2706.01
2000-2001 1832.12 93625 276837
2005-2006 182974 660.22 + 365 (DG) 285496

Lp to 1933, there were only steam locometives in Eastern Bengal Railway (Bangladesh
Ratlway}. In 1953, first diese| locomotive was iniroduced in Bangladesh Railway. Al the
time of liberation war, there were 486 locomotive in BR. Among that 343 were steam
locomotive and 143 were diesel locomotive, By the end of the [970s-1980s, Bangladesh
Railway had completely replaced steam locomotives by diesel locomotive. Bangladesh

Railway now owns 285 locomotives, ali run by dicsel.
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Bangladesh Railway is manaécdnﬁf_ 3'5,1?2 r;émmi‘a.tﬁ is Government owned and
Government managed transportation agency of the country. BR now awns two types of
diesel locomotives, Diesel Elcetric and Diesel Hydraulic, both use dicsel as fuel, Heavy
repair and overhauls of diesel locomotives arc done at central locomotive workshop
(CLW), Parbotipur and diesel workshop, Dhaka. Chittagong and Parbotipur. Some

important informationt of BR is given in table 5.

Table 5: lnfoomation of BR

Item Figure
Route Kilometers 2,8354.96 Km
Track Kilometers 4,442 95 K
Number of Stations 454
Passenger Carried por vear 42.3 Million
Tones Carried per year 3.21 Million
Number of Passenger Train 235 / Day
Number of Freight Train 47 / Day
Number of Passenger Coach 1408
Number of Wagon 10,236
Number of Locomotive 285

During 2006-07 Rscal year, total earning of BR was 500 crore laka and total operating
expenscs was 800 crore. Expenses on general administration were 16.25%, repair and
maintenance 33.41%, operation stalf 14.88%, operation fue! 13.25% and others 20.2 1%,
In this situation, Bangladesh Railway has embarked upon a comprehensive railway
fecovery progrem in order to improve its financial performance through increased
cificiency and cost reduction. Asian Development Bank (ADB) is doing work on reform
process of BR [2]. The principle of the reform process is to transfonm DR into a more

commertial organization like corporation,
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Fig 9: Expenses of BR
3.1: Types of Locomotive in HR

From beginning to mid 20™ century, Eastern Rengal Railway (Bangladesh Railway) had
been using only steam locomotive. In 1933, [irst diesel locomotive was introduced in East
Pakistan Railway (Dangladesh Railway), At the time of liberation war {1971), there 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 two types of rail line in Bangladesh Railway; i) meter gauge and ii) broad
gauge. For this reason, two differcnt sizes of locomotives are needed. Both sizes of
locomotive arc diesel locomotive that run by diesel fuel. Those diesel locomotives are
two types i) Diesel Electric li) Diesel Hydraulic. Description of Diesel Electric
Locomotive and Diescl Hydraulic Locometive has given in section 2.1,2 of this repot.

Locomotive position of BR is given in table 6:

Table : Locomotive position of BR

Type of Present Holding
Locomotive Broad Gauge Meter Gauge Total
Dicsel-Electric 63 185 253
Diesel Hydraulic 10 22 32
Total 78 207 285

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



3.2; Encrgy source

Fuel is essential for operation of train services in the railway, Present day the most widely
used fue] in Locomotive in Bangladesh is high speed diescl oil. Bangladesh Railway
import diesel oil from abroad through Bangladesh Perrolcum Corporation (BPC),
spending a lot of forcign cumency. Bangladesh Railway is one of the big customers of
BPC. During the year 2004-2005 Bangladesh Railway consume 35,373 Metric Ton diesel
oil only as locomotive fuel and expenses around 120 crore taka for locomotive fuel
purpose [1]. According to website of BPC, tetal consumption of diesel in Bangladesh is
22, 64,843 Metric Ton. Bangladesh Railway consumes 1.6% diesel of wotal consumption

in Bangladcsh.

3.2.1: Procurement and storage

An agreement has been armanged 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 HSD oil from
Patecnga and Daulatgonj at Khulna. Accordingly milway administration has been
receiving regular supply of fucl oil from the above companies through railway
transportation. At the loading point of above companies Railway Tank Wagons are
loaded in presence of representatives drawn from Mechanical department, Security
department of BR and one representative from the respective oil companies. Afier loading
and sealing the fuel tank, the represcntatives arrange to dispateh the tank wagon to the
respective stockholder to differcnt Loco sheds. List and location of different loce sheds
are shown in appendix-1. Every shed has storage tank for preservation of minimum 15
days oil in hand. All the tank wagons allotted for the respective sheds are decanted into
storage tanks with proper recording in the fuel storage resister. Therc is a system in every
Loco shed for issuing of fuel vil to the Locomotive. Such issue of fuel oil is conducted by

the fuel pump from storage tank through dehydrator.

3.2.2: Properties of HSD Qil

As crude oil is refined, approximately 44% is gasoline, 36% is diesel and the balance is
kerosene, lubricants, ete. The characteristics or a property of diesel fuel is determined by

heat value, specific gravity, flash point, viscosity, volatility carbon residue ete.
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Commercially, by American socicty of lesting and standards, there are three grades or
classifications of automotive diescl fucls. There are known as Grade 1-D, Grade 2-D and
Grade 4-D. At one time there was a Grade 3-D, but that has been discontinued. The
properties ol diesel fuel that used in BR are very similar to Grade 2-D. The required
cetang number of this fugl is minimum 40, The characteristics or properties of diesel fuel

used in Dangladesh Railway are given in table:

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

l. Heat Value 12000 to 14000BTU/Ib
2. Specific Gravity 0.81 10 0.85

3 Minimurm Flash Point 125 deg. F (52 deg. ©)
4, Pour Point 40 deg. F (5 dec. C)

5. Viscosity [Bto5.8csat 100 deg. F
f. Volatility {90% fuel distilled off) 650 deg. F (max)

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

8. [gnition Qualily {cetane number) 40 (min}

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

10 | Carbon Residue {weight %) 0.35%(max)

11. | Sulphur Content (weight %) 0.50%(max)

12. Sediment and water {(weight %) 0.05%(tmax)

3,2.3: Rulcs for Transportation of HSD Oil 2od Explosive

According Lo operating manual of Bangladesh Railway, the rules of attaching of vehicles

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

a) Tank wagon and other vehicles, containing explosives and inflammable liquids , when
cartied by goods trains, shall be marshaled as far away as practicable from the engine and
shall be preceded and followed by not less than three wapgons not loaded with similar

goods, Wot more than three vehicles containing explosives should be hauled by one frain
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and such vehicles shall be close coupled to the adjoining vehicles and to each other. the
divisional superintendent, may, however, permit live vehicles containing explosives to be
hauled by a goods lrain in urgent cases. This must be reported, in due course, to

headquarter, whenever such permission is granted by them.

b) During shunting, vehicles loaded with explosives must be separated from the engine by
at least three wehicles not loaded with explosive or other inflammable goods. This
precaution is not necessary with powder vans, Shunting of such wvehicles must be
supervised by the vard foreman or the station master on dury at station where shunting

stalT is mot provided, who shall be held responsible for the observanee of these orders.
c) l.oose shunting of vehicles containing explosives is strictly prohibited.

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

with vehicles loaded with explosives or dangerous goods.
Cxplosives may be carried subjeet to the Tollowing conditions

a) By mixed train provided;
= That not more than one power van is torwarded by any one train
* That the powder van is preceded and followed by three goods vehicles, not
loaded with explosives or other traffic of an inflammable nature

» That ihe powder van is close coupled to the adjoining vehicles.

b) By goods trains provided not more than five powder vans coniaining explosives shall

be conveyed by any one train.

¢} No explosive shalt be conveyed by passenger train except of the kinds and in the

manner specified in schedule 1 or as authorized in the rules of the red pamphlet.
d) When a train is being marshaled. wagons loaded with explosives may be shunted by a

locometive, only if they are scparated from the engine by not less than three wagons

containing neither explosives nor casily infllammable substance. This precaution is not
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necessary with powder vans. The speed of these movements must be resiricted to five
miles an hour; they must be superiniended by a duly authorized ofticer, wha shall be held
responsible for the observance of these orders. Loose shunts are strietly prohibited with

any vehicle containing explosives.

Natral gas camrying wagon or vehicle would be treated as explosive or dangerous goods.
Those rnules also applicable for CNG tender car or CNG cascade bearing vehicle. 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 wsing aliernating 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; Energy sourcc 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 over the world. This
situation, industries are seeking new ways Lo provide power for fuel hungry, high
horsepower application. In Bangladesh Railway, diesel is the only tuel {or Locometive.

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

By ihe end of the 1970s-1980s, most couniries had completely replaced steam
locomotives due to cost of crewing and fuelling, Bangiadesh is going to produce coal
rom awn mine. Though Bangladesh use it*s own coal as fuel, it would not be viable to
operate stcam Locomotive because of its low efficiency. On the other hand, there is no
steam locomotive in BR. Locomotive manufacturing companies do not interested to make
steam locomotive and it’s spare parls. Finaly, stcam locomotive is not envimment

friendly.

Most of the developed and developing countries introduced electric iraction in their
railway communication, Bangladesh cannot implement electric raction due o huge
investment needed for infrastructure and shorage of electricity. According to Gupta [4],

average clectrilication cost is 0.9 million US$ per route kilometer for single 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 eleciric locomotive in BR,

The newest technology in trains is magnetic levitation {maglev). Very few systems are in
service and the cost is very high. For this reson, it is quite impossible to inlroduce

maglev train in BR because 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 cnergy costs are of concern, or excessive air pollution and strict emission
regulations are an issue, natural pas (NG) is an excellent alternative fuel for locomolive.
Narural Gas is cheap, available and it would able to produced required calorific value like
diescl. Technology of NG power locomotive is also available, Greater application of
allernative fuels for transportation systems has beem encouraged and suppored by
Bangladesh Government as well. Thus it approve that apart from diesel, CNG is the only

viable option for alternative enerpy source for BR.,

24



CHATTER 4

CONVERSION OF LOCOMOTIVE

4.1: History of NG Conversion

Int the mid 1980°s, a number of projects were launched in the US and Canada to assess the
viability of the natural gas fucled Iocomotive. A research project was alttempted by
Bombardiar {Locomotive manufacturing company} to review the use of NG as an
alternative fuel for locomotives. Southwest research institute conducted a similar project
on a two-cylinder EMD ([Clectro-Motive Division of General Motors) engine. A
demonsiration {frem 1992 to 1995 the Burlingten Northern Railroad uscd iwo GM
{General Motors) locomotive were converted to NG operation using dual fucl system
made by EFI [6]. In 1984, Russia started a program 1o develop NG fuelled locomotives.
In 1993, 4 iype of NG fueled locomotive were commissioned in the Russian Railway
Industry. Germany has suceesstully developed 165KW CNG (Compressed Natural Gas)
locometives and tested them in rail yard switching operation. Japan, Finland and Czech

Republic are also designing locomeotives that operate on natural pas [7].

Encrgy Conversion Insurance (ECI) started io develop natural gas and duai fuel
technology in 1985 and has worked on over 80 projects, mostly dealing with liquefied
gas, with Burlington Northern Santa Fe Railway (BNSF). In 2000, they completed a
project creating a 100% compressed natural gas system for the Napa Vallev Wine Train.
ECI (encrgy Conversion Inc.), USA finished a project for a mountain railroad in Peru
where they implemented a GE dual fucl engine, which replaces about 50% of the diescl
fuel with natural gas. According to Reuters; June 17, 2005, LIMA - Peru on Thursday
unveiled the world's first train powered by envirenmentally friendly compressed natural
gas (CNG), On June 18, 2005 Peru’s Yice-President David Waisman visited Ferrocarril

Central Andino, to launch its first diesel loco converted to aperate an compressed natural

gas.

Two cost analysis projects were conducted in the United States hetween 1992 and 1994 to

address this issuc for NG fuelled locomotives. According to a cost analysis assessment



performed by Southeast Research Institute {SwRI1), conversion of small flect to operate on
NG would not be economically feasible. The beneflts trom the cost of fuel and fuelling
imterval would be too small to offset the large cost of capital equipment purchases (e.g.
lecomotive, NG conversion, tender car). Bascd on this reporl. the conversion can only be
profitable if large numbers of locomolives are converted to NG, In 1994, a cost analysis
report was prepared for Burlington Northern Railway (BN) by Indusirial Engineeting 1o
determine ihe fuel cost saving if diesel fuel is replaced by RLM (Refrigeraied Liquid
Methane}. Based on this report, if the RLM was purchased at $0.22 per gallon the cost of
moving BN's coal trains with NG fuelled locomotives would have been $6756 per round
trip, Using straight diesel fuel for the same trip would have been $9774. I'he difference in

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

In a meve to use non-conventional fuels, Northern Railways, India is now conducting
trial runs of locomotives with eco-friendly CNG. A feasibility study and technical repon
on the project was done in July 2004, The report was submitted to and subsequently
cleared for irials by the Research, Design and Standards Organization of India, Afier the
clearances, work on structura! modification and the retro fiking of CNG kits was starled
in November 2004 at Shakurbasii Diesel Shed. They have successfully eonducted trial
runs of railway engines with CNG and trials are now being done on the Delhi-Rohtak and
Delhi-Rewari routes. A report on CNG as an alternate tucl for railway traction, CNG
conversion cost per locomotive Bs. 36 Lac. Comparing operating cost between diesal
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 annu! rate of return of 66% [3].

4.2: Review of NG Fueled Engine Technology

A comprehensive literature search on natural gas fueled engine technology was conducted
to obtain a thorough understanding of the technology. Many ressarch works in this area
had been done and the evolution that have taken place in this area since 2000. Technical
papers relevant to this work are provided in the reference section. NG fueled engine could
be divided into two; one is operated by only gas and another is operated by dual fuel
{dicsel & CNG/LNG). The engine medifications 10 run on 100 percent NG can be
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accomplished by gas mixing or by direct injection. Those operating on dual fuel can be
modified using low-pressure early-cycle injection or high-pressure late<cycle injection

system. 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 WG to the engine through a fuel mixer or an NG
injector in the intake manifold that result in a homogencous mixture, Such a system
requires a spark plug as an ignition source. For optimum operation, exact control of
ignition timing is crucial. The 1iming must be optimized over the entire speed-load range.
Introducing the NG into the intake manifold reduccs the volumetric efficiency and
maximum power of ihe engine. This would make it susceptible to explosion at high load
operation or with changes in the gas composition. During part-lead cperation, the intake
alr mmst be throttled, which results in corresponding brake specilic fucl consumption
losses. Since NG is mixed with the inlake air, some of it is lost during the valve overlap

period of the scavenging process, producing high HC emissions.

[n 1993, MK Rail Corporation introduced MK 1200G switcher locomotive which was a
LNG mone fuel locomaotive powered by a Caterpillar engine {6]. This Caterpillar engine
is a turbocharged, afier cooled, spark-ignited, lean-burn engine producing 1000kW. The
intake gas mixing techmique is used to fecd the LNG to the engine. The low exhaust
emissions of this LNG engine made it aractive for operation in the Los Angeles area, It
should be mentioned that the Union Pacific Railway and Burlington Nonhern Santa Fe
Railway Company have also operaled two of these units in daily switching service in the

Los Angeles area.

h) Direct Injection

NG is directly injected into the cylinder of an cngine in this method. la this case, an
ignition source is also required: a spark plug or a glow plug. NG can be introduced into a

pre-chamber situated in the cylinder head and then ignited. As the mixture burns, it
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cxpands into the main chamber where additional NG may be injected but the overall
air/fuel ralio remains lean. For optimum operation, ignitien timing must be accurately
controlled over the entire operating range. The in-head pre-chamber increases heal
rejection to the cooling water, whick increases fuel consumption, This engine design has
been uscd wo convert a number of small size engines for medium duty on-highway

applications.

Figure {10} illustrates this type of system, Pre-chamber NG engine conversions are’ nat
expected to be applied to locomotives, since rcliable, repeatable ignition with extended
durability can not be achicved. NG can be directly introduced Into the cylinder, This
approach eliminates the need for a pre-chamber. This type of combustion system has been
the subject of much rescarch in autometive applications using spark plugs, but very little
in heavy-duty applications. Tt suffers from several drawbacks. In heavy-dury applications,
spark plug erosion and durability arc majer problems. In addition, 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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4.2.2: Dual fuel combustion system

In dual fuel combuslion system, a conventional dicsel engine can be operated on a
" combination of NG and diesel fuel. Using this system, NG is etther added into (he intake
air stream or directly injected into the combustion chamber. A minute amount of diesel
fuel is then injected into the combustion chamber through a standard diesel injector. The
diesel fuel acts as an ignition source. When NG is added to the air stream, some of the
fuel-aie mixture will go directly into ihe exhaust, increasing the fuel consumption and
hydrocarbon emissions. This is particularly significant in a two-stroke cngine during the
scavenging process. Thercfore, only those systems in which NG is directly injected into

the combustion chamber are considered potential candidates for locomotive engines.

Pilot dicsel injection provides a reliable mode of ignilion compared to conventional spark
ignition, particularly for very lcan mixtures of methane and air. As mentionad previously,
precise contral of spark timing is crucial in spark ignition engines. With pilot diesel
ignition, precise injection timing is not critical and there is less cvele-lo-cycle variation,
resulting in smoother operation, The engines are un-throttled, which reduces the fuel
consumption; however, at light loads the fuel/air ratio becomes very lean, resulting in
poor combustion. Hence, at very low loads the engine will be required 1o operate on 100
percent dicsel fuel. Finally, rctaining the diescl fuel system allows an engine to continue

operation il a fatlure occurs in the NG supply.

a) Low-Pressure Early-Cycle Infeclion

In this system, NG Is injected into the combustion chamber early in the intake cycle. In 2
four-stroke engine, gas injection occurs when the intake valves arc closed, while for the
Iwo-stroke engine ihis take place right after the intake ports are closed. Since NG is
injected at low pressure (approximately [20 psi), iightweight bing, fitting, and
couplings can be used. On the other hand, the early injeciion causes the engine to be
sensitive to gas composilion and may require high-purily NG for cngine operation.
Sensitivity to fuel composition occurs if the mixture is outside the flammability limiis but
still ignites imegularly. Carc must be exercised during the development process to ensure

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

BN starled their expetiments with NG fuclled locomotives in 1983. In that year, BN
modified an EMD medel GP-91 locomotive, powered by a 16-cylinder, 1300 kW, model
567C engime to run on NG {dual fuel) [6]. A CNG highway trailer mounted on a flat car
was used to fuel the engine. On-the-rail tests conducted between 1985 and 1987 proved
that an NG powered locomotive could be operated sately. This experience also illustrated
that the relatively low-cnergy density of CNG makes it impractical for wide-scale railway

usg, explaining why BN's focus shifted to LNG.

In 1995, BN merged with the Atchison, Topeka and Santa Fe Railway Compsany to
become Burlington Northern Santa Fe Railway (BNSI). The new management decided to
lerminate their experiments with SD40-2 dual-fuelled locomotives. At the time this
decision was made, new microprocessor-controlled locomotives were introduced by both
EMD and GEC. These uniis offered dramatic improvements in power, adhesion, reliability,

and fucl consumption, compared to that of D 40-2 units. IN"s exiensive experlence with
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dual-fuelled locomotives clearly demensirates the reliabilily, durability, and safety of
natural gas fuelled locomotives. The ease of operation and performance compared 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 NG into the compression porticn of the cycle requires high pressure
{normally about 3000 psi}y. High pressure is required to overcome compression pressurne
and to provide adequate fuel-air mixing. This system makes the engine less sensitive to
explosion and changes in gas composition, but necessitates stronger tubing, fittings, and
couplings in the NG part of the fuel system. 1t also requires a high-pressure pump. Since
the system wses high-pressure gas injection, the safety issue is the main concern. Any
leakage in the fael system can have calastrophic consequences. Since 1986, SwRI has

been actively invelved in development of such a system for railway applications.
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Figure 14: Cutaway of Lalc cycle Combustion System

In 1986, a model 567B two-cylinder research encine manufaciured by the Electro-motive
Division (EMDY) of the General Motors Corporation was modified for dual fuel operalion
using NG as the primary fuel and diese! fuel as pilot charge to ignite the gas. The project
illustrated that high-pressure, late-cycle gas injection can produce engine performance

that matched that of regular diese] engine with slightly lower thermal efficiency [6).

Tn 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 ihe
use of NG 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 earlicr 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% NOx reduction with low CO and THC emissions.
4.3: Conversion System
This section describes the equipment and the operalion of a system used o converl an

EMD diesel locomotive engine to operate using natural gas as a mitjor enerpy source. The

retrofit system developed uses eleelronic controls, sensors and actuators to monitor
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system vartables and perform the required conrol functions of the dual fucl locomotive
engine. Among the required controls arc gas injection timing and rate, the control of the
diesel pilot level, turbocharger waste pate and a device that causes the engine 10 operate
alternately on half of its cylinders during times of low specific power output. Along with
the addition of controls, changes werc made to the design of the pistons. cylinder heads

and engine air cooling.

4.3.1: Technical aspects requircd

Burlington Northern Railroad’s (BN’s) efforts also brought into focus several issues that
ficeded to be addressed before natural gas locomotion would be truly practical. For the

development discussed in this work, BN stipulated the following requirements | 5

1. Natural gas capability must be provided by 4 means of conversion or adaptation of

existing high-power locomotives:

2. The converted engine must be capable of operating on 100% diesel fucl;

3. The convered engine must be able to withstand locomotive duty cycles;

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

3. The engine must not lose any thermal ciliciency; or, if it can produce 1002 diesel-

rated power, then it must not lose more than 10% thermal elficiency.

Using these guidelines, ECI developed a conversion system for a General Motors EMD
84363 locomotive engine. This engine is a 45°-V, two-stroke, turbockarged, medium
speed diesel, with cylinder conflgurations of 8.

4.3.2: System overvicw

The converted engine is equipped with new elecironic cngine controls, sensors and

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

originals. With the conversion installed, the engine staris and idies on diesel. It retains the
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ability lo operate on full diesel, wiih critical components such as the engine governor and
fuel injectors remaining virtually unchanged. Under normal circumstances, when the
engine throttle handle is placed in notch 3, dual fuel operation automatically takes place.
Engine speed Is conirolled by varying the gas flow to a pressure-timed fuel delivery
system. (ias fuel is deliverced directly to the combustion chamber early in the compression
siroke. Combustion is initiated by injecting a small amount of diesel near top dead center

of the compression stroke [9].

4.3.3: Trunsicnt responsc

In dual fuel operation, a gaseous fuei is mixcd with air and the mixture is inducied into
the engine. The temperature and pressure prevailing al the end of the compression stroke,
a small amount of diesel oil is injccled into the engine using a conventional injection
pump and injector system. This smail amount of diesel oil, hereinafter referred io as pilot
fuel, ignites and consequently ignites the pas/air mixture so that combustion thereof takes

place.

It is desirable to inject the minimum amount of pilot Tuel in order to minimise the
proportion of diesel fuel used since diesel fuel is more expensive than pas. Proctical
experience shows that a suitable ratio at full throttle operation for a typical avtomotive
diesel which it is desired to convert to operate on gas is around 10% diesel oil and 90%

gas in terms of the energy provided by ihe respective fuels.

The mjection of the required amount of pilot Tuel is achieved by positioning a control
member, conventionally referred lo as the rack. It has been found that if the control
member is maintained in a [ixed position to give the desired amount of pilot fuel at full
throttle operation, the amount of pilot fuel injected per stroke of the engine increases
significantly, and sometimes very substantially, with engine speed. The position at which
movement of the contral member of the pump is arrested can be determined, not only on
the basis of engine speed, but also by other operating conditions such as the poesition of

the speed control (ie. throttle) of the cigine, alone or in combination with the cnging

speed.

Howcver, increasing the compression ratio aiso increases the visible smoke emissions at

partial engine loading. The problem of visible smoke is especially acute during transicni
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load and speed changes, i.e., when the locomotive operator advances the throttle {ie.,
moves the throitle to a higher notch position) to call for higher speed and/or greater load
pulling capacity {i.c., locomotive horsepower). A locomotive typically has 8 discrete

noteh settings cailed “notches”.

A system js needed for controlling locomotive smoke emissions and noise during
transient operation wherein the locomotive comprises a throttle drivingly coupled to a
diese] engine, and wherein an operator of the locomative changes a throttie posilion as
required during operation of the locomotive. The locometive has a locometive comroller
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 fuel pressure within the eecumulator and
sending the one or more signals relative such fuel pressure. Tn addition a Tuel injection
controller is in communication with the locomotive controtler, the fucl 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 injecior opens or closes and responsive to which a high
pressure fuel pump increases or decreases the pressure ievel the luel injection system. In
addition, or alternatively, the fuel injection controller may ransmit a signal indicative ofa
plurality of injections in a singlc engine eycle during the transient operation to reduce the

noise emanating from the engine.

4.3.4: System componcnt

Following system component is needed for conversion:

a. (ias [nlet Valves
b. Cvlinder Head

c. Piston

d. Electronic controls
e. Wastepate

I. Pilot Fuel

. Conversion kit

h. Bank 1dling component

36

.



i. Charge Air Cooling component

a. {3as Inlet Yalves

The gos 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 injccted directly into the combustion chamber afier exhaust valves have closed. If
the engine isn’t running on gas mosi of the time, the mechanical valves will canse
problems. For example, the mechanical valves are opcrating constantly, even when the
engine is running under 100% diesel. The design of the mechanical valve allows lube oil
to pass along the valve stem past the valve guide into the gas admission chamber. When
the engine is ofl gas, the backpressure that normally inhibits the passage of il is not
present. The valve lube oil that gets past the guides is then blown into the gas headers by
the aspiration of the engine. These and other difficulties promoted the design effort on the
gas inlet valve. The gas inlet valve fits into the cylinder head much like a diesel infector.
Its purpose Is to control the timing of gas delivery te the combustion chamber and to hold
back the pressure of combustion, Its basic design involves a spring retum poppet valve
with appropriate valve guides and housing so gas can be channeled to the combusiion
chamber when the valve is opened. The gas inlet valve uses an electric solenoid valve to
control compressed air. When energized the solenoid valve allows air pressure 1o act on a
small piston that is atiached to the stem of the poppet valve. The air pressure on the
surface of the piston compresses the valve spring and the valve opens, The gas inlet valve
is therefore electronically controlled, pneumatically actuatcd. Electronic control allows
the valves to be lefl closed during non-gas operating modes. Timing and duration of valve
apening is controlled by the electronic conirol unit. The pas pressure required for the
system 15 5.9-8.6 bar (85-125 psig). The required injection pressure (gas pressure down

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

b. Cylindcr Head

To ipect gas to the combustion chamber, the eylinder head has been manufactured with
an additional port that accepts the gas inlet valve. Apart trom the gas inlet valve porl and
a cutout for gas inlet valve clearance, the cylinder head is unchanged, retaining standard

exhaust valves and other components.
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Fig 15: CCI dual fuel head with electronic gas injector installed

¢. Pision

The piston design is modified to reduce the compression ratio and promote turbulence.
During development, piston designs were tested with the use of a two piece test piston,
allowing a number of crown designs Lo be evaluated. A reentrant Lype of design provided
increased power capacity due to the beter mixing of air and fuel. The ECI piston provides

optimum combustion in the dual fuel engine.

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

d. Electronic controls

Electronic controls are employed to provide the flexibility, performance, and automation
required by a locomotive engine application. The electronic conirol unjt is an enclosure
that contains two microprocessor-based control boards, si gnal conditioning, isolation and
interconnecting hardware. External 1o the electronic control unit is a power supply

assembly, power supply transient filter and additional signal conditioning modules.
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Fig 17: ECI's sophisticated engine control unit {ECU)

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 gcnerate electrical
pulsc infonnation from tarpets located on the fiywheel. The signal timing provides
information the valve sequencer needs to detenmine when and for how long the gas inlet
valves should be energized. These signals are evaluated to insure that they occuer when
expected and that control functions are not being carried oul using faully information. The
valve sequence receives a discrete signal from the main control board telling it io operate.
The valve sequencer in turn responds by returning a status signal indicating that it is
operational. The control signals from the valve sequencer are sent o a solenold driver
board. This board contains fuel injection driver chips that hit the solencid valves with full
voltage until the current reaches a 4A peak and then reduces the current to a holding level
of 1A. 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 MHz with 12-hit analog-to-
digital conversion. This board processes analog signals representing engine speed, load,
temperatures and pressures. It also processes digital input signals represeniing the
position of the throtile handle, load control contactors, valve sequencer status. power
supply status and operalor input. Once the controller has determined that all of the
necessary prerequisitcs have been met, gas operation commences. The controller uses hwo
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 govemor, pilot fuel level and waste gate.
Speed control accomplished by a modified PID algorithm that ramp io the new values for
speed set point and integral when the throttle position is changed. The engine load control
signal is generated by another PID loop hased on predetermined set points and the rate of
gas fucl Now. The load control signal turns on a simple transistor circuit that shunts some

of the power from the existing load control to ground.
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e. Wastegate

The level of excess air required for combustion of the natural gas along with the reduced
efficiency of the combusiion event created the nced for a turbocharger wastegate, The
flow paths of the EMD turbocharger, like other medium speed V—confligured diesal
engines, has two air paths and only one exhaust path. For this reason we chose to instll
the controlling valve on the exhaust stde of the system. The waste gate allows exhaust gas
to bypass the turbine. The dual fuel engine is very tolerant to varying air/fuel ratios, but
wastegating some of the exhaust energy not only reduces the turbine speed but increases
the fuel efficiency of the engine as well. The wastegate is a very simplc gate-type valve
whose operation is either fully open or fully closed, Tn the open position the lNow of the
exhaust bypassing the wurbine is conirolled by an orifice plate. The wastegate 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 fucl control is not as simple as
providing a single stop position for the diesel fuel racks. The rack position must be
adjusted as the engine speed increases to maintain minimumn pilot fuel. To perform 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 io them. As speed increases, the

air pressure is relieved from the cylinders in sequence and the pilot sehing decreases
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accordingly, The diesel injectors are altered only in the way that they are calibrated.
Calibration of the injectors is done al the pilot fuel rack setting 1.880” instead of the

normal 0.780" rack setting.

g. Conversion kit

AT

A

L rldr - hhdadd
Thutak

Tk
4

T TATATTIATIE TIAST xT
IR TNV

Fig 19: conversion kit

Conversion kit contains the fol lowings [10]:

Table 8: Conversion kit list

Gas Supply 1. Shut off valve 2.Gas Filter 3. Pressure regulator 4.
Automated shut off valve 5. Gas flow control valve 6.

DiitTuser 7. Connecting fittings and hose

Sensors 1. Boost pressure 2. Gas pressure 3, Barometer 4.
Speed 5. Kilowatts 6. Governor Position 7. Water
temperature &, Exhaust Gas temp. 9. Knock / vibration

19). Wires and connectors

Electronic 1. Centrol system 2. Control computer 3. Analog
module 4. Systern information screen 5. Amplifier 6.
Knock detection filter 7. Power module 8. Power
relays 9. Driver module 10, Terminals, wire

connections

h. Bank Idling

The operating duty cycle of a Jocomotive 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. Low lead, low speed operation along wilh 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 position. This increases the work that the remaining
cylinders must do. The increased work causes combustion to be ¢leaner and more
cilicient. To implement bank idling we designed linkages thal are spring loaded to the
normal fuel position. When the controller determines that low load condition exists, air
pressure is applied to ong of the two linkages. The air compresses the spring and the
linkage Moats to the no-fuel position. Alter a period of time the air pressure is switched (o
the opposite linkage and the engine then operates oit the opposite bank of cvlinders. The

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

i. Charge Air Cooling

In all turbocharged dicsel locomotives, some sort of heat exchanger is used to control the
temperature of the air exiting the turbocharger. At high loads the intake air temperature is
reduced, which in turn enhances the engine's efficiency. EMD turbocharged engines use
engine jacket watcr in their charge air afier coolers. On locomotives this jacker water
serves two purposes. At low speed and load these heat exchangers work to increase the air
temperalure, enhancing the diescl combustion quality, At high speeds and loads, the heat
exchangers reduce the air lemperature, allowing more air to enter the combustion
chamber. On the dual fuel cngine air tempcratures play & strong role in the level of power
that can be produced before knock occurs. To achieve digsel-raled power, enhanced
aftercooling of charge air is required. The converted locomotive is equipped with
additional radiators, Waler is circulated and cooled from thesc radiators and directed to
the aftercoolers. Thus the air from the turbocharger is cooled to a preater cxtent than with
the standard cooling confliguration and higher power is achieved. In the case of low
engine speed and load, the water flow is no lenger taken from these radiators, but instead
from the outlet of the engine, The engine water is then directed into the altercoolers and

thus heating the air for good combustion.
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4.4: Recommended Conversion System for IR

In the light of the available repons discussed in the previous sections, the dual fue!
combustion system seems to be suitable for Bangiadesh Railway. There are a few points

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

1. Dual fuel engine can also operate using 100% diese! fucl in abscnce of naturni gas or
any problem of gas injection system. As & new user of naturz| gas fucled locomative, BR
may face some problem of gas system. That time locomotive could run by using diesel, In

other system it would not be possible.

2, Spark plug in combustion of high compresston ratio is very new and it is not familiar
to BR. On the other hand, dicsel injector is very familiar to BR which will give morc
confidence in maintenance of dual fhel engine. From that point, AR should prefer dual

fuel system to gas mixing system.

3. Compare to other system, less investment and modilication is needed to convert dual

fuel locomotive from existing dicse! locomotive.

4. In case of high-pressure late cycle injection, the safety issue is the main conéem. Form

the viewpoint of safety; low-pressure carly cycle injection system is preferable.
4.5: Considered items o convert Locomotive of BR

There are some imporant factors that should be considered to start natural gas or duel
fuel locomotive. In this chapter, those factors and opportunities to fulfill the considered

factors would be discussed. The considered factors are as bellows:

1. Engine

2. Infrastructure
a. CNG filling station or LNG production plant
b. CNG / LNG storage system and delivery system
¢. CNG / LNG on-board storage system

3. Natural Gas quality
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a. Desired fuel quality
b. Bangladesh Gas quality

¢, Combustion characteristics

4. Availability of NG in Bangladesh
4.5.1: Engine

A critical decision in the design of a 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 manufuctured or rebuilt, that is, re-menufactured to original
specifications following expiration of their useful life. For rebuilt locomotives, the only

variance from conforming to original specifications is the instailation of retrofit Kits.

There are a variety of technical designs, specifications 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 rcbuild w originai
specilications of locomotive. Tt would appear that, from a cost viewpoint, use of rebuilt
locomotive would be the preferable eption. A drawback for some service applications of
rebuilt locomotives is that the lack of modem elecironics systems that provide improved

control, adhesion and monitoring capabilitics.

Engines used in Bangladesh railway service are classified as either GM {General Motors}
or ALCO {American Locomotive Company), The dominant companies that have supplied
and continue to supply medium-speed diesel engines for the Bangladesh railwavs are the
two (LS. based GM EMD and ALCO. Energy conversien inc., USA, has given
conversion specifications for GM EMD 645 wrbocharged duel fuel engine which is given
in appendix-2 of this report. Bangladesh Railway owns some locomotive of the same

type, which could be converted to duel fuel engine,

4.5.2: Infrastructure

Following infrastructure is required to CNG / LNG powered train:
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a. CNG filling station or LNG production plant
b. CNG/ LNG storage system and delivery system

¢. CNG / LNG on-board storage system

a. CNG filling station or LNG production plant:

The technical and financial feasibility of CNG project stimulated to form a CNG
company named ‘Green Filling Station Company’ in 1987. This company later on
renamed as Rupantarita Prakritik Gas Company Limited (RPGCL) in 1991 to expand its

business including processing of NGL.

The Government adopted some policies for expansion of CNG activities. The major

policies are as follows:

a} Allocation of government land to private investor for CNG purpase
b) Duty free impor of CNG equipment and machinery

¢} Advance income 12x free facility for CNG cquipment and machinery
d) Five o seven years tax holiday

€) Resiructure of gas (ariff for CNG

There are around 200 CNG filling stations in Dhaka city under Titas Gas Transmission
and Distribution Co. Ltd and iotal 240 CNG filling stations all over the couniry. Their
capacity is 450 to 730 m3 / hr at 3000 psi, Cstablishment cost of CNG filling station is
around 3, 00, 00,000 (3 crore), it will be viable if (otal sale of gas 1, 00000 tk / day [11].
Now, CNG price is 16.75 tk / m3.

On the other hand, there is no LNG plant in Dangladesh, It is very new and unknown

technology in Bangladesh. According to RPGCI, (A company of peirobangla) personnel,
LNG production plant would be financially viable if it can sell LNG of Tk 2 billions.
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b. CNG / LNG storage system and delivery system

For an envisaged demonstration, it is judged more Teasible for ihe natural gas to be
purchased from a vendor and delivered either directly to the train consist or into a rail
yard storage tank for subsequent dispensing by railway crews. The pas can be delivered

either at pipeline pressure or as CNG or LNG.

Depending on the operational schedule, natural gas in the LNG / CNG state can be
dispensed either directly to the tender consist in train by a local vendor, or from specially
insulated rail yard storage tanks. Awareness of the specitic cryogenic characteristics of
LNG would need to be emphasized with employees and detailed training prograims

instituted.

Fig 22: ONG tueling station

. CNG / LNG on-board storage system

On-rrain storage of nalural gas in would be via either CNG boitles or specially insulated
LNG tanks. The LNG tanks can either be on-board the locomative {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 sophislicated with multiple safety and protective devices, extensive piping and

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

Fig 24: LNG tender car.

in onder to keep natural gas in a liquid stale, it must be refrigeruted to -200 degress
Fahrenheit. To maintain such low lemperatures the tender car is of a double walled
stainless steel "thermos bottle" design, capable of keeping the LNG cold for as long as 14
days. A heat exchanger aboard the tender car converts the LNG back to a gaseous state,
Gas then flows to the locomotive through flexible hose connection berween the tender
and the locomotive engine. Mo cryogenic fuel is ever transferred onboard the engine.
Safety features built in to (he coupling inhibit the release of gas in the event of train-

tender disconnect.

Based on the tender designed for the Burlington Nonhern Railroad demonsiration, it
would be constructed of a stainless steel inner tank shell surrounded by 15 cm of vacuum

drawn insulation which, in turn, is encased in a carbon steel tank shelt.

On-Board Storage of CHG:

The technolopgy permits the storage of natural gas at high pressure (3000psi) in quantities
sufficient for the operation of a milway locomotive over distance equal to liquid fuel
ranges. T'he natural gas storage tanks are housed in a standard sized SO intermodal
shipping container structure. Size and weight of this tvpe of stomge cascade is
4000X 1650X 1600mm (13.5X5.5X5.25 1t} and 4500k respectively. A standard container
Mat car carrics one or two CNG (ranspor fuel storage containers [12]. This assembly will

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

SL. Options No of Dia. | Length | Capacity / | Weight/ | Weightof | Weight of Total Total volume
No cylinder {in) Cylinder | Cylinder | Cascade Gas (kg) weight occlpied
{Water {in) {cu. meter) (kg} (kg) (k) {cubic ft)
capacity)
1. Cascade of SO(S0WL) | 213 40 12.5 58 2900 438 3338 300
Cylinder
2 Cascade of 50 {60WL) 11 49 15 60 3000 525 3525 450
Cylinder
3 Cascade of 100 (30WL) | 913 40 12.5 58 SR04 B75 6675 00
Cvlinder
4, Cascadc of 200 (30WLY | 9.13 40 12.5 53 11600} 1750 13340 1200
Cvlinder
5 Cascade of 150 48 (6OWI1.) | 9.13 60 18.75 - 4500 630 3130 S0}
inter modal
shipping container
structure

Occupied space (Cyl. Dia + 6 in}




W

Standard floor space of a flat container car is 40 {l X 8 [ with camying capacity of 30 ton.
Due to Bangladesh Railway height resirictions, it can carry up (o 3 {i height container.
Fabricalion ol double walled GI prolcction with mineral wool / glass wool packing is
needed around CNG cascade for isolating CNG storage area. Remaining space afier
building protection wall would be 38f X 6f X 6f, Control system, pressure reducing
valves, piping, cooling system and other auxiliaries would occupy some space (10RX611).
Twoe CNG cascade (13.5 X 5.5 X 5.25 {i) with nccessary conlrols, valves, safety systems,
etc can be connected in series in order to increaw storage capacity. Among all cascade
options (Table: 23), it occupies less space on [latcar and casy for operation &
maintenance, The CNG cascade used confirm to Tollowing specilications:

Capacity: 48 nos X 60 WL (900 cubic meler of gas)

Water capacity: 6{ litres

Number of cylinder: 48 nos

Quter diameter: 232 mm (.13 in)

Wall thickness of cylinder: 7.0 mm

Length: 1515 mm (60 i)

Steel grade: Seamless Chrome Molybdenum Steel

Working pressure: 200 bar

Fig 25: GNG storage bottle cascade
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For dual fuel engine, the consumption of CNG is 40 CUM per hour; hence for bwenty
hours of uninterrupled opcration, a total of 800 CUM of natural gas will be required. A
cascade of 48 cylinders each wilh capacity of 14 Kg can store the required amount of 560
Kg of CM{G, which comes to moere than %00 CUM at a densiny of 0.7 Kg. /JCUM [12]. A
tender car could be 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 allowahle

carrying capacity.

Fig 26: Close up of the tender / iocomotive connection

The CNG transport fuel storage container car or purpose designed railcar would be pulled
directly behind the locomotive. Flexible low-prossure piping connects this car to the
locomotive {or supply of [uel to the locomotive. Pressure regulating valves and a simple
PLC based control and safety system are housed in each of the fuel storage containers or
railcars. Cylinders in cascade are firmly secured in their position to prevent any
movemernt during run. Each container assembly is 2 self=contained locomotive fuel supply
unit. Container cars could be shunted to a regional container refilling facility and then

distributed to trains at each station location.
Recommendation of using CNG OR LNG:
Typically for locomotives, the preferred natural gas medium is liquid natural gas (LNG).

Dwe to its density, five times more LNG can be stored in the same size container (han

compressed natural gas (CNG), saving valuable space and making refueling less frequent.
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There are certain applicetions however which CNG may be preferable. Switch
locomotives for one usually remain close to a station, and can be refilled easily during
long idle periods. Commuter rails may also favor CNG due to their frequent and routine

stops, and their typically close proximity 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 of Tk 2 billions. But
in Bangladesh LNG selling market is very limited. So, it is not possible to build a2 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 Loco shed of castern region of BR like Dhaka.

chitagong, Akhaura, sylhet, Mymensing and Bogra.

Establishment cost of CNG filling station is around 3, 00, 00,000 (3 crore) [11). From
experience, it is found that Establishment of CNG filling station will be viable if total sale
of gas 1, 00000 tk / day. Now, CNG price is 16.75 tk / m3 at STB. One tender car
contains 900 CUM gas. Cost of %00 CUM gas 15,000 tk. So, Eswublish of CNG filling
slation will not be viable. 1t is better to buy gas from private CNG [illing station.

4,5.3; Natural Gas quality

Natural gas is composed principally of methang {CH4), with smaller quantities of other
hydrocarbons, carbon dicxide, 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 encrgy within 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 of methane
and heavies resulis 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 Molare
Nitrogen (323
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Carbon Dioxide 0174
Mecthang 32.241
Lthane 6.500
Propanc 0.551
Iso Butane 0.042
N Butane 0.055
Hexanes + 0.045
Oxygen 0.06%
BTU / cu. ft (Ml/cu, M) 1071.00 {40}

Fugl Quality Requirements for CNG/LNG powered Locomotive according to ECT; USA:

The quality of the natural gas used 1o fuel an ECI converted engine, with respeci to ils

percentage makeup of component gases,

emissions, and longevity of the engine. As a

in higher fuel quality, Of the hydrocarbons listed below, Butime is the most common
variablc to adversely affect engine performance. Hexane is more destructive than Butane,
but is seldom seen at levels high enough to cause concern. ln any case, maintaining

hydrocarbon tevels at or below indicated target levels is necessary for achicving rated

.power performance. Acceptable levels (in
gases arc described below, with the sum of

8%% of the todal fuel mixtare,

will direetly affect the power, efficiency,

general rule, higher meihane content results

Molar percentages) for various component

all nom-meihane hydmocarbons not to exceed

Table 11: Fuel quality requirement for NG Locomotive

FUEL QUALITY REQUIREMENTS - NATURAL GAS

Elementi Tolerance
Methane (CH4) = 02%
NON- METHANE HYDROCARBONS (NMHC)
Ethane < 8%
Propanc < 5%
150 & N Butane,
Pentane,

5

4




Hexane, = 2%
Heptane,
Decane,

combined total

An engine's full rated horsepower can be achieved and actually exceeded if the fuel
mixture is equal to or betier than the indicated tolerances. If percentage levels of elements
other than methane are too high, and raled power is required, then a program must he

implemented to scrub the fuel to desired levels.

Combuostion Characteristics of (Gas:

A high octane (130} fiel, methane exhibits ideal knock characteristics for typical spark—
ignited engines. Unforlunately, the characteristics that make for a good fuel for spark
ignited engines generally make the fuel less desirable for compression ignited engines,
such as the high horsepower diesels we are diseussing. Such fuels reguire an extremely
high compression ratio, or the introduclion of heat energy into the cylinder from an
external source. The compression ratio required to enable methane to compresston ignite
is too high to implement on these engines without seriously compromising engine
reliability and performance. The solution adopted by the ECI sysiem is to use a small
amount of diesel ol as a pilot charge to initiate combustion of the natural gas/air mixture.
Near the boltom of the piston stroke, the natural gas charge is admitted to the cylinder via
the pas inlet valve (GLV), after air is inducted through the air intake ports. The foel is
mixed with the air and compressed as the piston rises. Near the top of the stroke, the pilot
tuel is injected. The dicsel fuel, with its lower ignition temperature, ignites, igniting the
gas mixture along with it. This approach requires a lower compression ratio than
standard, Lo avoid engine knock. As the combustion proceeds from the diesel injection,
pressures spike within the combustion chamber. If pressures become too great,
combustion can be triggered within the unbumnt gas mixiure ahead of the original flame
tront. This so—called auto-ignition causes destruclive knock, A Jower compression ratio
genenally spells lower efficiency, ECI's specially designed piston crowns and cylinder
heads minimize this loss and allow for full dicscl-rated horsepower in either dual fuel or

diese] mode.
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Characteristics of Natura] gas available in Bangladesh:

Two samples are taken from dillerent place and different period. Those are tested or
break down in Bangladesh University of Engineering and Technology (BUET)
laboratory. Break down results are given in appendix D & E of this repon. These two
samples fulfill the required characteristics of Natural Gas thal used as Loecomotive fuel. Tt
can be concluded that combustion characteristics of Naturnl Gas available in Bangladesh

will be very compatible for duel firel Locomotive.

4.5.4: Availability of NG in Rangladcsh

Narural Gas is the main natural resource of Bangladesh. Total remaining natural gas
reserve ol Bangladesh 12.043 TCF in devcloped reservoir. Including rescrve of
underdeveloped reservoir, tolal remaining natural gas reserve is 13.22 TCF. Cumulative
production of natural gas up to end of 2007 is 7.37 TCF. In the fiscal year 2006-07, 562
BCF of gas have been used and among this only 4% gas used for CNG. Now, there are
229 CNG [illing stations all over the country and those consume 47.86 MMCM gas per
month. One CNG convened 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 consumplion would be 0.1SMMCM per monih which is negligible compare to total
gas consumption. Moreover, CNG filling station is available in ali rail junctions or Loco

shed of enstern region of BR like Dhaka, Chittogong, Akhaura, sylhet, Mymensing [1].

4.6: Safety

The handling of natural gas is currently an unknown for the Bangladesh Railway sector.
For this reason, the first concern to introduce natural gas powered train is safety. The law
and order situation of Bangladesh is not good which should be mandatery to intreduced
CNG powered train, because any miscreant activity can easily happencd which can be a
cause of big accident. Although CNG is a flammable gas, it has a narrow flammability
range that makes it an inherently safe fuel. CNG also disperses rapidly, minimizing
ignition risk relative to air and will not pool as a liquid or vapor on the ground. In the
event of a spill or accidental release, CNG poses no threat to land or water, CNG is

primarily Methane, however, which is a greenhouse gas that could contribute to plobal
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climate change if leaked. Strict safety standards make CNG vehicles as safe as Dicsel-
powered vehicles. Dual fuel locomotives should be having following safety featnres to

safeguard against fire in case ol accident:

Pressure reliet devices:

Pressure relief devices are provided to protect against the passible explosion of a CNG
cylinder if il were involved in fire. They are designed to fail and release the cylinder
contents before the cylinder walls rupture, They are incorporated with fusible elements
that are designed 1o soflen and rclease gas at predetermined temmperatare and prevent the

chance of explesion even in worst possible scenario.

Flame Arester:
It prevents any backward travel of flame in case of malfunctioning of valves in

combustion chamber of engine.

Firc Alarmm System:
It detects any smoke and fire through optical smoke deteclors and will give fire alarm in

the driver cab who can take necessary action to shutdown the englne.

Separate Storage;
CNG cylinders shall be stored in separate chamber, completely isolated from cngine

room. lhus making the system firce from firc hazard even in case of any leakage.

(Gas leak detector:
(Gas leak detector senses leakape of CNG inside storage area of CNG and gives signal to
cut off the supply of CNG from cascade to the engine and thus prevents any

conscquential damage.

Ant Climbing Couplers:
Locomotives should be cquipped with anti climbing couplers which will prevent the
climbing of coaches over one anoiher in case of accident, ihus further minimizing the

chance of fire due to collision.
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Track Condition:

Track condition of BR is very poor in some area. On that type of track, excessive
vibration can cause of disconnect coupling and fracture of gas cylinder. Due to bad track
condition and single line, speed of train Is low, As a result iraffic density is very high. For
that reason, sometimes train don't get path and it spend time in idle position or low speed.
In idle position and low speed Duel Fuel engine consumes 100% diescl fuel. it should

take initiative for repair of track.

Hurman lfaelor;
Employees of HR are not familiar to NG powered train. They are familiar to diesel
lechnology and their current practices. May be they would not want to switch from diese!

to CNG. It Is needed to motivate them in favor of NG technology.
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CHAPTER &

ECONOMIC ANALYSIS

For Bangladesh Railway, the greatest motivation to convert to namural gns is fuel cost
saving. Some cost analysis projects were conducted in different countries to address this
issue for NG firelled locomotives, which are described in section 4.1 of this report. These
reports only signity the fuel cost saving thar can be realized by using NG Nellzd
locomotives. Use of NG as the primary fuel also yields cleaner lube oil and reduced
engine wear. This will mean an extended uscful life of the lube oil, fewer ol changes, and
extended economic life of the enginc, all of which result in a greater overall retumn per

locomaotive,

The given cost comparison docs not include the impact of any environmental regulations
on the cost of locomotive diese! engine since there is ne such regulation in ¢ffect, As the
air quality due o exhaust cmissions deteriorates, it is foreseen that Bangladesh would
adapt and implcment 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 cngines must be modified. Such
modifications would drastically increase the cost of a diesel locomotive engine, making

an NG fielled locomotive even more profitable.

3.1: Financial Analysis

In this financial analysis, the following investment costs, loss of railway earnings &

savings would be considered for CNG powered train,

Investment

The investment cost has been worked out based on a Tepon on alternative fuel used in
Indian Railway [3] made in collaboration “M/S Cumnming India Limited”, which is

reputed and established entity in the ficld is of Dicsel and CNG engines. Investment costs

are given below:
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i. Engine conversion cost: One of the major investmenl cost in dual fuel engine is
conversion cost. It includes the costs of conversion kit, major components like cylinder
head, gas inlet valve, clectronic control unit etc, labor and olher items of engine
conversion. Cost of conversion kit of CNG per Locometive is about Tk.40, 00,000/-. The
total cosl of conversion for Dual Fuel Engine including taxes, excise duty, freight and

insurance charges comes to be Tk.50, 00,000/- approx [4].

2. Cast of CNG cascade cyifinders: The cost of CNG cascade along with 96 cylinders is
aboot Tk.25, 00,000/~ and cosl of setup the cascade on a BECT {Bogie Flat Container
Truck} 1, 00,000/-. Thus the total cost to make CNG tender car is Tk.26, 06,000/-,

3. Cost of building CNG filling station: Establishment cost of CNG filling station is
around Tk.3, 00, 00,000 (3 crore) [10]. Tt will be viable if total sale of gas is around
Tk.1, 00000 per day. Current price of CNG is Tk.16.75 per cubic meter,

Loss of earning

Losses of railway eaming after conversion of locomotive are given below:

1. Passenger loss due 1o CNG tender car; An extra bogic is needed for CNG tender car,
As per rule of train eperation, a limited number of bogies could be added in a train. For
this reason, one passenger bogie or container bogie would be reduced from s train for
CNG / dual fuel engine. On average, 30 passengers run in evcry bogie and earning per
passenger per hour is 15 taka [1]. Total loss 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 10% per year. Extra manpower, facilities and maintenance is needed for CNG
tender car. Operating and maintenance cost of CNG tender car would be 3, 00,000¢- per

year.

2. Loss due to CNG fueling time: Fueling time of diesel Locomotive is 30 minutes. On
the other hand dual fuel locomotive's fueling time is 3 hours {CNG filling rate 600
CUM/Mr). Earning will be lost due to taking more time in fueling. Average earning per
train-hour of BR 1s "Ik 4000.
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3. Loss due to shunting of CNG ender car: Tn diesel Locomotive diesel fuel tank is
mounted on the Locomotive, Dut in dual fuel locomotive, CNG tender car is anothei
rolling stock which is coupled behind the locomotive. During shunting and changing of
locomotive it will take more time. Averdge eaming per train-hour of BR is Tk 4000. Let it

will increase 10% in every year.

Savings duc to CNG conversion

The areas of savings due to duel fuel eperation are given below:

1. Fuel cast: This report will compare the cost of Diesel Fuel and dual fuel on the basis
of warking of Locomotives per hour, ONG costs Tk, 16.75/- per CUM in comparison to
the cost of Diesel of Tk.55.00/ per liter. Ong cubic meter of CNG produces
approximately same energy as is produced by one liter of Diescl. Cvery CNG filling
station buys natural gas from Distribution Company at the rawe of Tk.9.75/- per cubic
meter. Let both fuel cost will increase in every year and net savings will be increased
10% in every year, Thus, use of CNG in its pure form may resylt in savings of 60% of
fuel consumption, In dual fugl engine of this report CNG has been proposcd to replace
only 50% of Diesel.

2. Fuel transportation cost; The oil companies like Padma, Meghna and Jamuna have
been nominated by Bangiadesh Railway for supply of HSD oil fram Patenga at
Chittagong and Daulatgonj at Khulna. Accordingly railway administration has been
receiving regular supply of fuel oil from lthe above companies lhrough railway
transportation, The average transportation cost is Tk.0.22 pet liter. In case of CNG, there

15 no extra transportation cost.

3. Lub-Ofl cost: In a locomotive around 492 [iter enging lubricating oil (BP Energal;
SAEC-40) have been used. Price of lubricating oil is 154 Tk per liter. That lub-oil is
changed after every 300 hour nm of diesel engine. The lub oil in a CNG vehicle need not
be changed as frequently, because CNG burms clean than diesel. In natural gas, amount of
heavy hydrocarbon molecule is negligible and the rate of carbon deposition afier burning
of natural gas is smail. For this reason viscosity and transparency of lubricating oil of dual
fizel engine would be sustainable longer than diesel engine. From experience it is found

thai lub-0il should be changed after 500-hour run of dual fuel engine. It 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 maintenimee cost: Cleancr buming characteristics of natural Gas and the
absence of particulates ofien reduce engine wear and lear. CNG engine run more
efliciently than a Diesel powered vehicle, thereby extending the life of the spare parts that
reduce mainienance cost. Due to reduction of carbon soot build-up and cleaner lube ail,

longer intervals between scrvice maintenance can be expected, sometimes doubled.

The objective of this fnancial analysis is to observe the influence of investment,

operation cost and savings in terms of the following parameters,

Net present value (NPV): Tt is the difference between the present value 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),

Benefit cost ratio (BCR): Tt is the ratic of total benefit (o total cost at a particular

discount rate.

Internal rate of return {IRR): 1RR of a cash flow is the discount rate at which the
present value of the cash flow is zero. The concept IRR determines a discount factor that
beecomes the ‘yard stick’. IRR measures the effoctive tate of return earned by an

investment as though the money had been loaned at that rate.

IRR = LDF + {NPV at LDF X (HDF - LDF) + (NPY at LDF — NPY at HDF)}
Where, LDF = Lower discount factor, HDF = Higher discount factor

3.1.1: Analysis for a single Locomotive
Assumptions:
1. A single Locomative is converted
2. Gas purchase from private CNG tf]ling station
3. Average operaling time of locomotive is 400 hour per month
4. Operating life of converted locomotive is 10 years.
3. Average on train running time is 300 hour per month
6. CNG refueling is needed once for two days

7. 50% diesel replaced in dual fuct mode.
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Investment cosi:

Tk.40, 00,000/-
Tk.26, 00,000/~

Cost of conversion kit of NG per lacomotive:
Cost of CNG cascade along with 80 cylinders:
Cost of conversion work including taxes, excise duty,

freight and insurance charges: Tk.11, 00,000/-

Tortal: Tk.77, 00,000/~

Loss of Railway earning per vear:

Loss due to CNG Tender car:  Passenger loss + Maintenance cost of Tender car
= (Tk 430/hr X 300 X 12) + Tk. 5, 00,000 = Tk 21, 20,000/~
(Tk 4000/day X 365) = Tk 14, 60,000/-
(Tk 2000/day X 365) =Tk 7, 30,000/-

Loss due to taking more time of CNG fueling:

Loss due w shunting of CNG Tender car:

(Loss 30 minutes in every day)
Total: Tk 43, 10,000/-

Table 12: Loss of railway eaming (a)

year | % of loss f Loss due to| lossdueto |Loss due to| Total loss of
increased | Tender car fueling time | shunting garning

] 1.00 21, 20,000/- 14, 60,000/- 7, 30,000/ | 43, 10,000/
2 1.10 23,32 000/- 16,006,000/~ 3.03,000/ | 47 41,000/
3 1.20 25,44.000/- 17,52,000/- 876,000/~ | 31,72,000/-
4 L.30 27.56,000/- 18,98,000/- 8.49.000/- | 58,03.000/-
5 1.40 29,68.000/- 20,44,000/- 10.22,0004- | 60,34,000/-
6 1.50 31,80.000/- 21,290,000/~ 10,95,000/- | 65,45,000/-
7 .60 33,92,0004- 23,36,000/- 11,68,000/- |  68,96,000/-
8 1.7 36,04,600/- 24.82,000/- 12,41,000/- | 73,27,000/-
9 1.80 38.16,000/- 26,28,000/- 13,14,060/- | 77,538,000/~
10 1.90 40,28,000/- 27,74,000/- 13,87,000- | §1,89,000/,-
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Savings per year:

Fuel cost savings:
In dual fuel engine, rate of diesel consumption is 40 liter / hour @ Tk 55.64 Including
transportation 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: (40X55.64X400X 12 + 42 2X16.75X400% 1 2)

=1, 06, 82,880 + 33, 02,280

=Tk. 1, 40, 75,760/-
In diesel fuel engine, rate of diesel consumption is 80 liter / hour (@ Tk 55.64 including
rransportation cost, tax & VAT.
Fuel cost per year for diesel locamotive: (80X35.64X400X12)

=Tk. 2, 13, 65,700/~

Fuel cost Savings per year: 21365760 — 14075760 = Tk, 72, 90,000/-

Lub-oil cost savings:
Average operating time of locomotive is 400 hour per month. Change of oil is needed 12
times for duaj foel locomotive and 20 times for diesel locomotive per vear,
Lub-oil cost per year for dual fuel locomotive: (492X154X12)
=Tk, 9, 09,216/-
Lub-oil cost per year for diese! locomaotive: (492X 154X20)
=Tk. 15, 15,360/-
Lub-cil cost Savings per year: 15, 15,360/~ -9, 09.216/- = Tk. 6, (16,144/-

Maintenance cost savings:
Gas fucl decreased engine wear. Due to reduction of carbon soot build-up and cleaner
Inbe oil, longer intervals between service maintenance can be expected.

Let, Maintenance cost savings per year: 1, 00,000/~

Savings of fuel cost: 72, 90,000/-
Savings of lub-oil cost; 6, (16,144/-
Savings of maintenance cost: 1, 00,000/

Total Savings: 79, 96,144/-
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Table 13: Savings due to CNG conversion {a)

year | %oof savings { savings due to | savings due | savings  in | Total savings
inercased CMNG el to lub-oil | maintenance

I .00 72, 00,000/~ | 6,06,144/- 1, 00,000/~ | 79, 96,144/-
p 1.1 B0, 19,000/~ 6,066,758/ 1,190,000/~ 87.95.758/-
3 1.20 87,48,000/- 1.273721- 1,20,0004- | 95,95,373/-
4 1.30 94,77,000/- 787987 130,006/ | 1,03,94,987/~
5 1.40 1,02,06,000/- | 8,48,602/- 1,40,000/- | 1.11,94,602/-
] 1.50 1,09,35,000/- | 9,089,216/ 1,530,000 | 119,94 216/-
7 1.60 1.16.64,000/- | 9,69.830/- 1,60,000/- | 1,27.93,830/-
8 1.76 1,23,93,000/- | 10,30,444/- L, 70,000/~ | 1,35,92,034/-
0 i.20 1,31, 22,0004 | 10,90,060/- 1,80,000/- | 1,43,93,060/-
10 1.50 1,38,51,0006/- | 11.51,674/- 1,20.000/- | 1,51,92,674/-

Table 14: Financial analysis (NPV, CBR) when one locometive converted

{Figure in *000")

Year | Investtnent | Loss of | Total | Total | Discount Total Total
Cost Eamin | Cost | Benefil | Factor | Discounted | Discounted

gs (e 20% Cost Renefit
I 7100 4310 | 12010 7994 1.00 12010 7005
2 0 4741 | 4741 37%6 0.833 3949 7327
3 0 3172 5172 5595 1.694 3589 66359
¢ g 5603 3603 10305 0.57% 3244 a018
5 0 6034 | 6034 11195 0.482 2908 3306
6 0 6545 6545 11994 0402 2631 4822
¥ 0 689G | 6840 12794 0.335 2310 4286
8 0 7327 | V327 | 13592 0.279 2044 3167
9 0 7758 | 7738 | 14393 0.233 1808 3354
10 0 4189 8189 15193 0,194 1589 2947
Total sne? 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 (NPYY = Total benelil — Total cost
= 86704 — 36082
= 50622 Thousand

Benelit cost ratio (BCR) = Total benefit + Total cost
= B6704 — 36082

=24

Table 15: Financial analysis (IRRR) when one locomative converled

(Figure in *3007)

Year | Total Total MNet NPV at  higher |[NPV  at  lower
Cost Benefit Benefit discount rate of 30% | discount rate of 20%%
Discount | NPV Discount | NPV
Factor Factor
I 12010 7996 -4014 1.00 4014 .00 -4014
2 4741 8796 40355 0.769 3118 0.833 3378
3 5172 9595 4423 0.592 2618 0.604 3070
4 5603 10395 4742 0.455 2180 0.579 2775
5 6034 11193 5161 0.350 1806 0.482 2438
6 G345 11954 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
o 7758 14393 6635 0.123 816 0.233 1546
10 3189 15193 7004 0.004 638 0.194 1359
Total 10865 16516

Data is wabulated in table 14 for calculating IRR,
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[RR =LDF + {NPV at LDF X (HDF - LDF) + (NPV at LDF — NPV at HDF)}
=20+ {16516 X (30 - 20) + (16516 — 10865)}
=20+ {(165160) ~ (5651))
=20+2022
= 4922

Where, LDF = Lower discount factor
HDF = Higher discount factor

3.1.2: Analysis for a group of Locomotive
Assumptions:
1. Locomotives would be converted =10 nos
2. Gas re-fueling from own CNG filling station
3. Average operating time of locomotive Is 400 hour per month
4. Operating life of converted locomotive would be 10 years.
3. Average on train running tinie 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 cosi:

Cost of conversion kit for 10 locomotives: Tk.4, 08, 00,000/-
Cost of CNG cascade for 10 locomotives: Tk.2, 50, 00.000/-
Cost of conversion work including taxes, excise duty,

freight and insurance charges for 10 locomotives: Tie. 1,10, 00,000/-
Cost of CNG filling station: Tk.3, 00, 00,004/-

Total: Tk. 18, 60, 00,000/-.

Loss of Railway earning per year:
Loss due to 10 CNG tender car: Tk.2, 12, 00,000/-
Loss due to taking more time of CNG fueling for 10 locomolives:  Tk.1, 46, 00,000/-
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Loss due to shunting of 10 CNG Tender car: Tk.73, 00,000¢-
{Loss 30 minutes in cvery day)

Loss due to maintenance and operating cost of filling station: Tk.50, 00,000;-

Totak: Tk.4, 81, 00,000/-

Table 16: Loss of milway gaming (b)
{Figure in “000%)

year | % of loss | Loss due to| Lossduc |Loss due to| Lossdueto | Total loss

increased | Tendercar | tofueling | shunting filling station | ol earning
1 1.00 21200 14600 F300 3000 48100
p 1.10 23320 16060 8030 5500 52010
3 1.20 25440 17520 8760 6000 57720
4 1.30 27564 18980 9490 6500 62530
5 1.40 20080 20440 10220 0 67340
6 1.50 J1800 21900 10930 FiELY 72150
7 1.60 33920 23360 11680 000 76560
3 1.70 36041} 24820 12410 E500 81770
9 1.80 IBL60 26280 13140 9000 86580
10 1.90 40280 27740 13870 0500 041390

Savings per year:

Fuel cost savings:

In dual fucl engine, rate of diesel consumption is 40 liter / hour @ Tk 55.64 including
transportation cost, tax & VAT and rate of gas consumption 42.2 cubic meter / hour @
975 ax & YAT.
Fuel cost per year Tor dual fuel locomotive: (40X55.64X400X12 + 42.2X9.73X400X12}
=1, 06, 82,880 + 19, 74,900
=Tk, 1, 26, 57,840/
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In diesel fuel engine, rate of diesel consumption is 80 liter / hour @ Tk 55.64 including
transporation cost, tax & VAT,
Fuel cost per year for diesel locomotive: (80X55 64X400X12}
=Tk.2, 13, 65,760/
Fuel cost Savings of 10 locomotives per year: (21365760 — 12657840) X10
= Tk.8, 70, 79,200/-

Lub-oil cost savings:

Average operating time of tocomotive is 400 hour per month. Change of oil is nesded 12
times for dual fuel locomaotive and 20 tines for digse] locomative per ycar.
Lub-cil cost per year lor dual fucl locomotive: {492X154X12)
= Tk. 9, 09,216/~
Lub-oil cost per year for diesel locomative: (492X154X20}
= Tk. 15, 15,360/-
Lub-cil cost Savings of 10 locomatives per year: (15, 15,360/~ -9, 09.216/-) X 10
= Tk.60, 61,440/-

Maintenance cost savings:
(as fuel decreased engine wear. Due to rcduction of carbon soot build-up and cleaner
lube oil, lenger intervals between service maintenance can be expected.

Let, Maintenance cost savings of ten locomotives per year: 10, 00,000/-

Savings of fusl cosi: 8, 70, 79,200/-

Savings of lub-oil cost: 60, 61,440/-
Savings of maintenance cost: 10, 00,000/

Tatal: 9,41, 4).64H-
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Table 17: Savings due to CNG conversion {b)

(Figure in “000™
year | %of savings | savings due to ] savings due | savings in | Total savings
increased CNG fuel ta lub-oil | maintenance

1 1.60 r070 6052 1000 9414]

2 1.10 05787 6668 1100 103555
3 1.20 104495 274 1200 112969
4 .30 113203 &8I 1300 122383
5 1.40 121911 8487 1400 131797
6 1.50 130619 2093 1500 141212
7 .60 139326 9699 1600 150626
8 1.70 148034 10305 1700 160040
0 180 156742 10912 1800 165454
10 1.90 165450 11518 1900 175368

Table 18: Fmancial analysis (NPY, CBR) when ten locomotive converted
(Figurg [n *000%)

Year | Investment | Loss of { Total | Total Discount | Total Total
Cost Carnings [ Cost Benefit | Factor Discounted | Discounted
i 20% | Cost Benchit

I 106000 43100 | 134100 | 94141 | 1.00 154100 94141
2 0 32810 | 52910 | 103555 | 0.833 44074 86261
3 Q 37720 | 57720 | 112969 | 0.654 40058 78400
4 0 62530 | 62530 | 122383 | 0.579 36205 70860
5 0 67340 | 67340 | 131797 | 0.482 32458 63326
é 0 72150 | 72150 | 141212 | 0.402 29004 56767
7 0 TO960 | 76960 | 150626 | 0,335 25782 50460
8 0 81770 | 81770 | 160040 | 0.270 22814 44451
g 0 86580 | 86580 | 169454 | 0.233 20173 39483
10 0 ] 91390 | 91390 | 178868 l 0.194 L7730 34700

Total | 422398 619249
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For calculation datn are tabulated in table 17. Cost and benefit are discounted at 20% as
before total discounted cost is Tk, 422398 Thousand and lotal discounted benefit is Tk.
619249 Thousand.

Net present value {NPY) = Total bencfit — Total cost
=§10249 422308
= 196851 Thousand

DBenefit cost 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 Net NPV  at  higher | NPV at  lower
Cost Benefit Benelit discount rate of 30% | discount rate of 20%
Discount | NPY Discount
Factor Factor
| 154 100 G4141 -39950 1.00 -5995% .00 -47455
2 52910 103555 30645 0.769 38946 0.833 42187
3 5T20 112069 55249 .592 2707 0,694 38343
4 62330 [22383 50833 £.455 27233 0.574 34655I
5 67340 131797 64457 0.350 22560 0.482 31068
é 72150 141212 69062 0.269 18578 0.402 27763
7 7960 150626 - 73606 0.207 15249 0.335 24678
L 81770 160040 T8270 0.159 12445 0.279 21837
g 86580 169454 82874 0.123 10194 0.233 19310
10 01390 178868 87478 0.094 8223 0.194 18671
Total 126176 196853
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Data is tabulated in table 18 for calculating IRR.




-

IRR =LDF + {NPV at LDF X (HDF - LDF) + (NPV at LDF — NPV at HDF)}
=20 + {196853X (30 - 20} = (196853 — 126176)}
= 20 + {(1968530) ~ (70677}
=20 +27.85
—47.85

Where, LD = Lower discount factor
HDF = Higher discount factor
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5.2: Comparison between Diesel & Dual fuel Locomotive

Comparison between dual firel locomolive and existing diesel electric locomative is given

below:

Table 20: Comparison with existing system

COMPARISON OF 1500 HP DUAL FUEL LOCOMOTIVE WITH DIESEL LOCOMOTIVE

Description Diesel Locomotive Duel fuel Locomotive
Fuel Diesel Diese! & Gas
Diesel Gas mtio 100: 0 50: 50
Rating KVA 1250 1250
Rating KW 1000 1000
Investment cost 0 63,50,000/-
Fuel cost
Gas consumption cum/hr {) 422
Diesel consumption liter/hr R0 40
Gas rate N/A 16.75
Diesel rate 55.04 55.64
Fucl cost Tk./hr 4451.2 2932.45
Lubricating oil cost / year 1515360 209216
Total running hour / vear 48010 4800
Lub oil cost / hour 3157 189.42
Maintcnance cost/hr 104.17 333
Total operating cost / hr 4871.07 3205.17
Savings / hour [665.9
Loss of railway earning due to 0 897.92
CNG conversion
Net savings / hour 767.93
Investment cost F700000
Average running hour per month 400
Payback period in hours 8208
Payback period in month 25
Payback period 2 year I month
Annual rate of return 48%

{Without intcrest on invesiment)
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From the above calculations it is noliced that the introduction of dual fuel chgine in
Locomotive results in saving of Th.768/- per Engine hour running as compared to diescl
engine. Considering average Engine running of 400 Hrs per monih, payback period would

be one year and nine month.

But actual oil price is $135 per barrel or Tk.65 per Liter. Bangladesh Government gives
subsidy on diesel oil. BR can buy it from BPC by Tk.55 per liter. If it is calculated using
actual price of diesel, net saving per hour will be Tk.1042 and payback period would be

15 months. If NG is used, foreign currency will be saved,

5.3: Case Study
Two practical cases have been studicd to assess the [(inancial viability of dua! fuel
locomotive, One siudy has been done for passenger train from Dhaka to Chittagong and

other for goods train from Dhaka to Akhaura.

3.3.1: Case Study for passenger train

Name of train: Subormo Express (702)
Engine: 1500 HE / 1120 KW
Date: 05-07-08

Rouie; Dhaka to Chittagong
Length of route; 320 km

Starting time: 4:20 PM

Arrival time: 11:05 PM

Running Time: 6 hour 45 min

No. of Bogic: 19

Total no of T'assenger: 1060

Total diese! consumed: 832 Liter

Rate of Dicsel: Tk.55.64

Total Fuel Cost; Tk 47, 405
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As per practice of Bangladesh Railway, if one extra bogie {5 added with a train more 40
liter diesel should be rationed. Due to attaching a tender car with above mentioned train,
it will consume 892 liter diesel. For CNG powered train, it will consume 446 liter diesel
and 430 cubic meter gas. Gas rate is Tk.16.75 per cubic meter.

Then, total Fuel Cosi: Tk.32, 354

Fuel cost savings per trip:  Tk.15, 052

Operating cost reduction: (13052 + 47405) x 100 = 31.75%

5.3.2: Case Study for goods train

Name of train; Container Train (802)
Engine: 1500 HP/ 1120 KW
Date; 13/14-07-08

Route: Dhaka to Chitlagong
Length of route; 320 km

Starting time; 8:55 PM

Arrival time: 0:25 AM

Total running time: 12 howr 30 min

No. of Bogie: 29

Total diesel consumed: 1158 liter

Total Fue! Cost: Tk.64, 431

Due to attaching a tender car with above mentioned train, it will consume 1200 liter
diesel. For CNG powered train, it will consume 600 liter diesel and 630 cubic meter gas,
Then, total Fuel Cost: Tk.43, 937

Fuel cost savings pertrip:  Tk.20, 494

Operating cost reduction: (20494 + 64431) x 100 = 31.8%



CHAPTER 6

ENVIRONMENTAL ISSUES

Conventionally economic growth implics the growth of goods and services produced in
an gconomy. Econemic Growth has been considered as ihe precondition of human
welfure and development. But the traditional system of ¢slimating economic growth on
the basis of goods and services do not consider environmental effect, But recently the
emergence of the concept of sustainable development made it clear that alternative
methed is needed for estimaiing physical and economic development appropriately Lo
measure standard of living of human being. In this method, the depletion of natural
resources and environmental issues that has impact on sustainable development is taken

into account,

Developing countries like Bangladesh is characterized by a rapid increase of enerpgy
consumption accompanied by a rapid growih of population and economic activities. Thus
the increasing contribution of atmospheric loads of grecnihouse gas to global climate

change is anticipated.
Emissions

In the last few years, emissions reduciion has received tremendous attention. This interest
is twofold: first, its contribution to global warmning and second, concern over particulaie
matter (PM) and niwous oxide (NOx) emissions that affect human health because of° the

particles” toxicity and ground level ozone production.

The Kyoeto Protocol signed to reduce carbon-di-oxide and greenhouse gas emission that is
responsible for increasing global warming, melmation of avalanche and rising sea lovel has
come into force on 17 Febriary 2005, The Protocol has been signed by 141 countries. In
December 1997, the negotiations en the Kyoto Protocol under the United Nations
Cenvention on Climate Change Framework were completcd, The Kyota Protocol put the
39 industriaiised nations under obligation to meet specilic legally binding tarpets for
emissions of six-greenhouse gas i.e. carbon dioxide, methane, nitrous oxide,
hydrofurocarbons, perflucrocarbons 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 lecomotive dicsel engines is the use of NG as an
alternative fuel or in combination with diescl fuel (dual fuel operation). NG is a mixture
of gases typically consisting of at least 90% methane (CH4), along with small amounts of
cthane, propane, nilrogen, carbon dioxide, and trace amounts of other pases. In general,
its composition and chemical properties should provide a clean-buming fuel with lower
emissions than diesel fuel. However, the emission is not solely affected by the fuel
propertics, but is signiticantly influenced by the engine desien and operating conditions.

Tt has been repored that BN's dual-firelled locomotives could produce full diesel
horsepower with cmissions reduction of 65% NOxX. The trade-ofT for such low WO
emissions is high CO and THC (l'otal Hydrocarbon) outputs. The high CO and THC
emission levels are normally characteristic of dual-fuelled engines that have not been
optimized for exhaust emissions. In the carly versions of these modified locomotives, CO

emissions as high as 300% more than diese] engines were reported,

High emissions werc nommally observed because of incomplete combustion of NG.
Recent versions of these locomotives should produce lower CO and THC emissions
because of berter fuel-air ratio, improved electronie controls, and piston head designs that
would enhance the combustion process. Unfornately, limited data are available for NG
fuelled locomotives exhaust emissions. The available data includes those reperied for
BN’s EMD E3B 643-16 and MK1200G locomotives, It should be noted that BN’s units
were converled to improve fuel cconomy with minimurm loss of enging power cutput and
were not optimized for emission reduction. Tahle displays the data acquired for BNs

EMD unit at various speeds and loads [6].

Table 21; Emissions from a Dual-Fuclled EMD Locomotive at Various Speeds

Enginc Power Emissions
Output
Speed | Mod | Tota | Total THC HC CO NOx PM
(ipm) | e L KW | (ghp-he) | (ghp- | (whp- | (gMp- | (whp-

HP hr) hr) hr) hr}
900 DF | 3062 | 2284 7.7 0.8 10 4.2 0.226
o} D | 3082 2299 0.6 0.6 0.191 3.355 | 0.364
815 DF | 2633 | 19462 7.0 0.18 7.0 422 017
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835 | D |2718[ 2028 0.23 0.17 | 025 | 854 | 036
75¢ | DF |2072| 1545 54 025 | 629 | 427 [ 015
750 | D [2057] 1535 0.22 022 | 034 | 814 | 035
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Fig 27: Emissions from diesel & dual fuel engine at 900 rpm

The use of NG fuelled locomotives provides an excellent alternative if the objective is to
reduce NOx emissions. However, CO and THC emissions cannot be ignored. THC
emissions from NG fuelled locomotives were found to consist of 75%-959% unbumed
methane. Alithough methane is a non-toxic pas and its emissions have not been regulated
by EPA or any other environmental agency, its contribution to the greenhouse effect is
comparable to that of CO2.

H a moderate increase in CO and THC emissions is allowed for locomotives, NG fuelled
and/or dual-fuelled locomotives could probably mect the challenge with additional engine
development and the use of oxidizing calalytic 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 Improvement

In urban areas of Bangladesh, wherc more than 20% {more than 50% in Dhaka) of the
population live, levels of motor wvehicle related pollutants  frequently exceed
internationally agreed air quality guidelines, The significant pollutants from dicsel-fueled

vehicles are PM (including simoke) and NO, exliaust, Because diesel engifes operate at
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high air fuel ratios (30:1), they tend to have low HC and CO emissions. They have
considerably higher PM emissions than gasoline-fueled vehicles. The major contribution
of 503 in Dhaka Is coming from mainly high sulfur content in the diesel fucl. At present
BR has a standard for sulfur content of diesel for 0.5% (max), which is very high (Table-

7). On the other hand, natural gas of Bangladesh is free from sulfur.

In an economic evaluation of air pollution in Hangladesh, the World Bank estimated that
nearly 15,000 deaths would be avoided annually (10,800 in Dhaka, 2,060 in Chitragong,
1,020 in Khulna, and 975 in Bogra), il the level of air pollution in Bangladesh four largest
citics reduced to the WHO annual average standard. In addition, there would be an
estimated 6.3 million Fewer cases of sickness requiring medical treatment; and 850
million fewer restricted activily days, respiratory symptom days, cases of lower
respiratory illnesses in children, and other minor sicknesses. The cconomic cost of this
sickness and death Is cstimated to be $200-800 million per year, or (,.7% - 3.0% of GDP
per year [17].

Use of CNG in Railways will go a long way to IMprove our environmental concemns as
the emission gases of CNG engine contains the harmful NOCx, and particulate matter in
considerably reduced quantity which arc mainly harmful for heaith hazards. The
particulate matter is primarily responsible for air pollution of Dhaka City and smog
conditions prevailing during winter over most of the area in Norihern arca of Bangladesh,
which is the main cause for growing incidences of Asthma. The particulate matter wonld
reduce 1o nil in case of CNG engine and thus the incidence of this diseasc is expected to
come down. The reduction in green house effect will improve the global warming

scenario. Similarly, reduction in NOx in exhaust will aiso improve the air quality,

Imission standard of dicsel Locomotive is 12,7 gm/KW-hr of NOxand 0.8 pm/K W-tr of
PM [18]. On the other hand, emission from dual fueled locomotive js 4.2 em/KW-hr of
N and 0.2 gm/KW-hr of PM [6]. Using the practical data of section 5.3.1 of this report,
emission from diesel locomotive per trip would be 96k NOvand 61kg PM., In case of

using same data for dual fuel locomotive, this ligure would be 43kg NOxand 20kg PM.
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CHAPTER 7

CONCLUSIONS AND RECOMMENDATIONS

Following calculations can be made from this study:

[ Use of CNG engine is established in road transpor sectors worldwide and its
papularity is growing in rail sector because of its properties of clean fuel and low cost

compare lo diesel.

[JAmong the options the natural gas fueled engine technology; low pressure carly cycle

of duzal fuel combustion system is betrer for BR,

L1t is possible to use CNG in a dual fuei engine through conversion without any major

modification In the existing system.

[ICost of CNG is less than half as compared to that of diese] for developing same amount
of energy and thus the operating expenses of CNG engine would be lowered by
approximately 30% in a typical dual fuc! engine.

1 Tt is considered two options of CNG fueling. In case of ONG purchase from vendor,
benefit cost ratio {BCR)} would be 2.4 and internal rate of return {IRR} would be 49,22,
On the other hand, in case of establishing CNG fueling station, benefit cost ratio (BCR)
would be 1.47 and intermal rate of reium ([RR} would be 47.85. Afier all, in both cases it
is said that CNG powered train will be profitable.

Lintroduction of CNG has a definite impact on environment improvement. Reduction in
NOx and 50k should result in reducing green house effect and thereby improving global
warming sccnario. Reduction in pariculate marer approximately 50 % in dual fuel

engine should result in reduced smog eMect and thereby minimizing the health hazards.

CIThe investment on CNG kit is paid back in 25 months, thereby expected annual rate of

returmn is 48% excluding subsidy on diesel,
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Advantages over the dicsel engine are well known and are significant. So, the following

steps are recommended:

O Conduct a feasibility study with a view to creating 2 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 technelogy from abroad.

O Set up an in-service demonstration, using an NG fuelled locomotive.

O Transient response of ¢ngine in dual fuel operation bath at parr and full load needs to be

investigated.
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APPENDIX -A

Particulars of Locomotives in Bangladesh Railway

BE class and Type of HP Year | Country / Company | Present
SeTies no. Locomotive {Bhp) | DBuilt Holding
Meter Gauge
MEG-11 (2000) | Diesel-Electric | 1125 | 1953 | USA/GM 15
MEG-9 (2200) Do 875 1960 | USA/GM 36
MEM-14 Do 1200 | 1969/ | CANADA/ALCO 32
{2300/2400) 1978
MEE-5 (3100} Da 300 1971 | UK/E.ELECT 19
MEH-14 (2500) Do 1250 | 1981 [ JAPAN/HITACHI 17
MEG-15 {2600) Do 1500 | 1988 | CANADA/GM 16
MEL-15 (2700} Do 1500 | 1995 | GERMANY/ABB 21
MED-14 (2800} Do 1150 [ 1996 | INDIAALCO i0
MEI-15 (290 o 1500 1999 | KORIA/Hyundai 19
MHZ-5 {3200} Digsz! 500 1980 | HUNGERY/ 11
Hydraulic Gangmavag
MHZ-8 (3300) Do 800 1982 [ Do 11
TOTAL 207
Broad Gauge
BEA-20 (6000) | Dicsel-Electric | 2000 | 1966 | USA/ALCO 14
BEM-20 {5100} Do 2000 | 1970 | CANADASALCO 14
BE-24 (6200) Do 2450 | 1981 | JAPAN/BITACHI 12
BEB-22 (6300} Do 2250 | 1981 | CANADA/ALCO 12
BED-26 (6400) Do 2600 | 2001 | INDIA/ALCO L6
BHZ-4 {7000y Diescl 500 1980 | HUNGERY/ 10
tlydraulic Gangmavag
TOTAL 78
GRAND TOTAL: 285 (D-E:2353 & D-H: 32)
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APPENDIX - B

List of Loco Sheds in BR
East Zone i West Zone
Meter Gauge Broad Gauge Meter Gauge
1. Dhaka 1. Iswardi 1. Parbatipur
2. Akhaura 2. Khulma 2. Bonarpara
3. Mymensingh 3. Rajbari 3. Shantahar

4. Dwangong Bazar

4, Lalmonirhat

5. Kulavra

6. Chittagong

7. Lakshimpur

Total no of Loco Shed in BR:

g5




APPENDIX - C

ECT CONVERSION SPECTFICATIONS - EMD 645 TURBOCHARGED DUAL

FUEL ENGINE
ENGINE TYPE 645- DUAL FUEL TURBOCHARGED
NUMBER CF
B 12 16 20
CYLINDERS
RPM 750 1 900 ) 750 | 900 | 750 | 900 | 750 | 900
BHP 1200 | 1525 | 1830 | 2305 | 2460 | 3070 | 3055 | 3600
BKW 394,84\ 1137.2|1364.6]1718.8| 1834.4 [2239.3| 2278 |26%4.5
EFFICTENCY
BSFC in BTWhp-hr
100% load 7100 | 7270 | 7100 ) 7190 | 7000 | 7020 | 6958 | 7000
75% load 7450 | 7920 | 7350 | 7561 | 7300 | 7950 | 7400 | 8000
50% load 9830 | 9920 | 9950 (10000 9950 | 10750| 9900 | 10000
AIR & EXHAUST SYSTEMS
Intake air temp (77°F)
3B0G | 5000 | 5400 | 7500 | 7380 | 10000 9230 | 12500
CFM
Exhaust temp in (°F) - 715 - 740 - 720 - 700
Exh. volume @ exh.
7980 [ 10500 11340 | 15700 15500 | 20350 | 19380| 25100
lemp CFM
EMISEIONS
NHMC in gthp-hr 0.5 0.8
CO in g/hp-hr 6.4 9.1
NOx in g/hp-hr 4.5 36
COOLING SYSTEMS
Water flow - afier
) 90 90 130 | 15G | 200 | 200 [ 200 | 200
eooler circuit gal/min
8o
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HEAT
RATE

REJECTION

Jacket water

28 BT/ min/ BHD

*After cooler

10,7 BTU/ min/ BHP

* Bascline figures. System details afTect actual values.

FUELING RATES

(Gas [Flow @ 100%

1279 | 205 | 240 | 306 | 318. | 399 | 392 | 466
load {scfim)
Gas Flow (@ 75% load

P28 | 158 | 192 | 236 | 250 | 312 | 320 | 390
(sclmn)
Gas Flow @ 50% load

93 142 | 140 | 212 | 188 | 280 | 233 | 350
(sefim}
Diesel flow @ full load

64 77 96 113 1 128 | 154 | 160 | 192
{gal/ hr)
Pilot fuel volume, roots
o 38 | 4.5 6 | 722, 8 9.6 10 12
injector galshr
Pilot luel volume, std.
o 64 | B25 | 96 [ 125 ]| 128 | 162 ] 16 | 225
injector gal/hr
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APPENDIX-D

Characteristics of Natural Gas Available in Bangtadesh

{Sample 1)

Sampling Date: 27.02.08

Analysis Daie: 10.03.08

Sample Location: Titas RMS of Meghnaghat Powet Plant

Temparature: 78 F  Pressure: 177 psi

Higher Heating Value

Lower Heating Yalue

Lower Heating Value

% Mole YWt

Nitrogen 0.643 1.870
CO2 0.185 0.485
Methane 96.073 91.556
Propane 2.213 3.953
iso Burane 0.455 1.192
N Butane 0.171 0.590
iso Pentane 0.087 0.259
N Pentane 0.049 0212
Hexane 0.031 0.134
Heptane+ 0.052 0.265

0.041 0.245

100 100

5G 0.5811 at ISO condition (15¢ & 101.325 Kpa)
[deal Densiry 0.7119 Keg/m3
Real Gas Density 0.7102 Kp/m3
Mole Weight 16.8344 pm/mol
compressibility 0.9976
Higher Heating Value 38.6939 MJ/sm3

1038.5669 BTU/SCF
34.8814 MJ/sm3
936.2376 BTU/SCF
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(Sample 2)

Temparawre: 79 F

Sampling Daie: 09.03.08

Sampie Location; Pipe line, Dhaka.

Analysis Date: 10.03.08

Pressure: 64 pasi

Higher Heating Value
Higher Heating Value

Lower Heating Value

Lower Ileating Value

l

% Mole %Wt

Nitrogen 0.394 0.656
CO2 0.24] 0.630
Methanc 96.054 91519
Propane 2.4 4.324
iso Butane 0.495 1.296
N Butane 0.164 0.567
iso Pentane 0.083 0.288
N T'entane 0.043 0.184
Hexane 0.028 0.119
Heptane+ 0.042 0.216

0.034 0.201

100 100

5G 0.5812 at ISO condition {15¢c & 101.325 Kpa)
Ideal Density 0.7123 Kg/m3
Real Gas Density 0.7106 Kg/m3
Mole Weight 16.8380 gm/mol
compressibility 0.9976

38.8066 MI/sim3
1041.5916 BTU/SCF
34,9839 MJ/sm3
938.9882 BTU/SCF

| —
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