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ABSTRACT

The gas fields in Bangladesh discovered so far discovered arc located in the Eastemn Part of
the country. As a result gas based power plants, ferilizer factories and industrics have been
sct up only in the Eastern Part of the country. Non-availability of natural gas is the major
obslacle to set up industries in the northern region, especially in the divisional city Rajshahi
and ils adjacent areas. As a recsult expected development has not been achieved in the
northern part. Major objectives of this project arc to study the feasibility of gas pipeline to
divisional ¢ity Rajshahi which inciudes design , financial and economic aspects. The study
reviews the present gas supply, demand, transmission scenario and also analyzes forecastod

production, supply, demand and (ransmission plan, The study also identifies the limitations
of gas supply 10 divisional city Rajshahi..

Financial parameters such as Net present Walue (NPV}, Benefit-Cost Ratio (BCR) and
Intcnal Rate of Return (IRR) has been calculated on the basis of 20 years project life. The
analysis is [irstiy done on the basis of present postage stamp method of wheeling charge.
The result of financial analysis shows that NPV, BCR and IRR for base case are Tk,
{656.692) million, 0.78 and 13% respectively. The samc for pessimistic case arc Taka
(1690.746) million, (.43 and 7.63% respectively. For optimistic case these values are Taka
294.611 million, 1.10 and 16% respectively. The result shows that by applying postage
stammp method of wheeling charge the project is financially viable only for optimistic case.
The result of economic analysis shows that the project is economically viable for base case
and optimistic case and not viable for pessimistic case. On the other hand, if revenue is
calculated on distance based wheeling charge then the project is linancially viable for base

tase and optimistic case and economically viable for all cases.

Sensitivity analysis shows that ihe project viability largely depends on the power sector pas
demand. With power sector minimum demand the project in not [inancially viablc cven with
olher sectors maximum demand, On the other hand with power seclor maximum demand the

project is financially viable even with other sectors minimum gas demand.
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CHAPTER 1

INTRODUCTION

Nalural gas 15 a very imporiant national asset for Bangladesh. Use of natural gas in
industries, power plants and commercial units have resulted increased production in
indusirial and commercial sectors, thus contributed signilicantly to overall ceonomic
development of the country. The government of Bangladesh has given importance to
socio-cconomic development by ensuring Lhe optimum use of natural gas. Afler
completion of the Jamuna Multipurpose Brdge, a good communication has been
established between the capital city to the western zone particularly with Rajshahi,
Bogra, Rangpur, Dinajpur efc. As a result a congenial atmosphere has been created to

develop dilferent types of industries in the north-west divisional city Rajshahi,

Natural gas network has already been extended across the Jamuna River to supply gas
up to Sirajgonj and Bogra towns. This is why the desitability of getting gas is being
increased for existing and proposed power plants, industrial and domestic customers
of north-west divisional city Rajshahi. At present negative impact is imposing on
environment and socio-economic condition of Rajshahi and its adjacent areas due to

"use of wood, kerosene, LPG, diesel, furnace oil ete. in industrial, commercial and

household activities,

Government of Bangladesh has planned to install a 3x30 MW power plant in Rajshahi
within December 2010. Therefore exlension of gas infrastructure to the divisional city
Rajshahi and its adjacent areas will act as a positive impact on national economy and
future necessary development. Gas supply to Rajshahi will be possible only after

complction of gas transmission pipeline from Sirajgonj to Rajshahi.

Illdustriaiization, socio-economic developinent and pollution frec environment of
Rajshahi city will be achieved after compietion of this gas transmission pipeline
project. Socio-econommic development of the peeple of the north-west region of
Bangladesh will be possible later by providing gas to Natore, Chapainawabgan) and

Nagaon districts. The completion of this pipeline project will also create the



opportunity of further extension of gas transmission network and development of

infrastructure in the norih-west region of the country,

1.1. Objectives

The maim objectives of this study are as follows;
* Design a pipelme for gas snpply to divisional city Rajshahi and its adjacent

areas.

Sludy the technical [easibility of the proposed pipeline project,

Anatyze [inancial and economic aspects of the proposed project.

* Identify the limitations for gas supply to divisional city Rajshahi and further

distances.

Recommendalions to overcome the limitations.

1.2 Mcthodolopy

Review of the present supply, demand, consumption, hansmission sgenario of

natural gas in Bangladesh.

Review of the forecasted production, demand, supply and consumption of

natural gas in Bangladesh.

Identify the supply sources, potential consumers, gas demand and possible gas
transmission pipelinc construction for divisional city Rajshahi and its adjacent
areas.

* Designing a pipeline for transmission of natural gas to the above areas.

Financial and economic analysis ol the proposed pipeline project.



CHAPTER 2
NATURAL GAS SUPPLY- DEMAND IN BANGLADESH

Natural gas is recognized as an imporant indigenous hydrocarbon resource in
Bangladesh. It is now the major fuel for power gencration in Bangladcsh. It is also the
raw materials for production of urca fentilizer and fucl for many industries and
commercial establishment. It is an important cooking fuel in metropolitan areas like

Dhaka, Chittagong, Sylhet, Commiila, Mymensing, Tangail etc. replacing the usugl

{uel such as wood and kerosene,

2.1 Reserves of Natural Gas in Bangladesh

(as initially in place (GIIP) is the total amount of gas found imtially in a reservoir
when the reservoir is discovered. Reserve is that porlion of the GIIP that can be
produced from the reservoir under the present technical and economic conditions.
Reserve cstimation is very important for the proper planning of the energy seclor of
the country. It is recognized that reserve cstimation is a dynamic process and the
reserve of a [icld needs to be updated with the exploration, production and
_dcvelopmcnt aclivitics. Several studies have been made for Bangladesh gas reserve
estimation. A joint team of Hydrocarbon Unil {HHCU) of Petrohangla and Norwegian
Petroleum Directorate (NPDY) conducted the latest study to cstimate the gas reserve of
Bangladesh. This joint study was conducted by experts of Norwegian side and those
of Petrobangla, BAPEX, BGFCL, and SGFL on HCU side. This study estimaled the
2P {Proven+ Probable) GIIP of the discovered fields as 28.647 TCF and recoverable
rescrve as 20.660 TCF'" | This study contended (hat using modern technologies and
good reservoir management practices it is possible to achieve a recovery faclor of 70-
80% in dilferent gas fields. Based on recent information, cumulative production up to
31 December 2006 is 6.812 TCF and remaining recoverable reserve is 13.848 TCF.

GII' and reserve of different gas fields are shown in the table 2.1.



Table 2.1: Summary of Bangladesh Gas Reserve in TCF

Cumulative | Remaining
3;_. Fields ;:;?;cr;i; GIIP Recovery | Recoverable %rs:tisctinn E:SIE::E 8
. ry | {2[') factor % | Reserve {2 IT} December lanuary
2006 2007
A, Producing
l Bakhrabad 1969 1.499 T 1.049 0.662 0.387
2 Bangora 2006 0.448 0 0.314 0.0256 0.288
3 Beanibazar 1981 0.0243 | 70 0.017 0.044 -0 027
4 Bibiyana 1998 3.145 76 2.390 2.390
5 Fenchuganj 1988 0.404 0 {.283 0.037 0.246
6 Feni 1981 0.185 T0 0.130) (.039 0.091
7 Habigon) 1963 5.139 75 31854 1.394 2.458
it Jalalabad 1980 1.195 0 0.837 0.362 0475
9 Kailashtilla 1962 272 70 1.504 0.381 1.523
10 Meghna 1990 0.171 i 0.120 (.035 0 085
1 Moulovibazar | 1999 (1449 30 $.359 0.056 0.303
12 Narshindi 1590 0.307 70 0215 0.068 0147
13 Rashidpur 1960 2.002 70 1.401 0.398 1.003
14 Salda 1996 0.166 70 0116 (.048 {.068
15 Sangu 19496 1.031 B2 0.845 0.398 0.447
6 |3 1:;;;; 1955|0684 |70 0.479 0.184 0.295
17 Titas 1962 7325 70 5.128 2.035 2.493
Sub Total A 16.4463 19.441 12,672
B. PProduction
suspended
18 Chattak 1959 0677 70 r.474 0.026 0.448
192 Kamta 198] 0.072 70 0.050 8.7 0.033
Sub-fotal B 0,749 0.524 6.786 0.481
C. Non
producing
20 Begumponj 1977 0.047 70 0.033
21 Kutubdia 1977 0.065 T 0.046
22 Semutan] 1969 0.227 b6 0.150
23 | Shabajpur 1995 0.665 |70 0.466
Sub-total C 1.004 1695 0.695
f:fﬁ: g]‘““’ 28.647 20660 | 6812 13.848

Source’ Bangladesh pas reserve estimation by joint study of Hydro Carbon Unit {HCU) of Petrobangta
and Morwegian Petroleum Directorate (NPD]}.

{Mote: TCF=Ttillinn Cubic Feet)



R,
None producing [ficlds Chattak and Kamta were taken out of production due to

excessive sand and water. Production of Bakhrabad field has also become uncertain
for the same reasons. 4 out of 8 wells of Bakhrabad {ield are only producing at a
reduced rate of 35 MMSCFD and pressure 550 psig to overcome this siluation. A
compressor bas sct up al Bakhrabad Gas Field (o increase the gas pressure with a view

to maximize the capacity utilization of Bakhrabad-Chittagonj and Bakhrabad -Demra
pipcline,

2.2 Present Production

Al present gas is produced by state own enterprise 1.e. companies of Petrobangla and
International Oil Companies (I0C). Lighteen gas [ields are producing around 1634
MMSCF gas per day. The present production capacity of 18 gas fields is around 1800
MMSCFDY!  About 56% of tolal production comes from the state own enterprises
i.e. from companies of Petrobangla and remaining 44% from I0C’s under Production

Sharing Contract (PSC}. The present gas production [rom different gas fields are
shown in table 2.2,

Table 2.2: Present Gas Production

g No. of Production Present
4 o Producing Fields Operator weils Capacity Production
‘ (MMSCED) (MMSCFD)
j |Bakhwabad Gas | b (4 14 12
Field
5 E‘-Ieamb azat (ras SGFL ) 18 15
Field
3 |FemchuganyGas | pre |5 36 21
Vield
4 Habigonj Gas Ficld | BGFCL g 2440 246
5 Horipur (Gas Field | SGFL 2 10 2
Kailashtilla
S | (MSTE) Gas Field | SCFL 4 7 73
Kailaghtlla
7| (Sillaca) Gas Ficid | SOFL 1 23 25
8 Meghna Gas field | BGECL 1 1 1
g | Narshindi Gas BGECL |2 35 35
Field




Tabte 2.2: Present Gas Production (contd.)

St No. of Production Present
o Producing Fields Operator weils Capacity Production
' (MMSCFD} (MMSCFD)

1o |Reshidpur Gas SGFL 6 63 62

Field
i1 | Salda (Gas Field BAPEX Z 13 11
12 | Titas Gas Field BGECL 15 435 385
Sub total from State own enterprise 50 993 912
13 | Banpora Gas Field | Tullow 2 70 71
14 | Bibiyana Gas Field | Chevron 5 300 294
15 | ¥Feni Gas Field Miko k! 7 3]
16 | Jalalabad Gas Field | Chevron 4 230 154
16 Mnuluvibazar Gas Chevron 4 100 101

Ficld
17 | Sangu Gas Field Ea““ 6 100 96

Inergy

Sub tolal from 10C 24 BO7 721
Total Production T4 18030 1634

Source. Daity report of GICIL as of May 27, 2007
{(Noie : MMSCYHD= Million Standard Cubic Feet per Day

The present gas production from different companies are aise shown in figure 2.1

T
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200
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Gas Producing Com pany

Mk

Figure 2.1: Company wise gas production in Bangladesh in 2006-2007




BGFCL is the largest gas production company in Bangladesh whose average daily
production is about 699 MMSCFD.: Chevion {an 10C) produces second largest
amount of gas. Us daily production from three gas fields is about 549 MMSCED.
BAPEX is mainly the exploration company. To strengthen BAPEX ﬁnanciall};
government aliowed to operate two gas [ields, namely Salda and Fenchuganj.
Average cumulative producticn of these two gas [ields are 32 MMSCFD.

‘The present gas Production by companics as percentage in Bangladesh is shown in

[Ngure 2.2,

TULLOW

\ BGFCL
D a3%

CHEVRON
3%

CAIRN ENERGY
6%
BAPEX
1%
2%

Figure 2.2: Gas 'roduction by companies as percentage in Bangladesh (2006-2007)

BGFCL produces 43% of total productions. Chevron alone produces 34% ol the total
productions and cumulative production by I0C is 44% of total production. To meet

the daily demand day by day we are becoming more dependent on 10C's production,

2.3 Present Consumption

The bulk of the gas consumption in power gencration is about 45-50% , in the

produchion of urea fertilizer is about 23-28% and the remaining 32-35% is being used



by various small industries, commercial customers and domestic users!'™. About 90%
of total power generation and whole nitrogenous fertilizer production are at presenl

gas based. Futare growth of the economy in both indnstrial and agricullure sectors

will increase the demand for natural gas.

Currently 4 companies of Petrobangla responsible (or distribulion and marketing of

natural gas on the regional basis. These are:

a. Jalalabad Gas Transmission and Distribution Company Limited (JGTDCL):
Jalalabad Gas franchisc Area (TFA), Greater Sylhet.

b. Titas Gas Transmission and Distribution Company Limited (TGTDCL): Titas
Gas franchise Area (TFA), greater Dhaka, greater Mymensing and Brahman
Baria.

¢. Bakhrabad Gas System Limited (3GSL): Bakhrabad franchisc Arex (BEA)},
Greater Chittagong division excluding Brahmanbaria.

d. Pachimanchal Gas Company Limited {PGCL): Pachimanchal franchisc Area
(PFA}, Rajshahi division.

Franchise area wise gas demand of the vadous categories of consumers area wise are

provided in the table 2.3,

Table 2.3 Downstream Demand and Consumption of Natural Gas

Sl Capacity Consumption %% of Total
Consumer a of Tota
No. (MMSCFD) {MMSCED) consumption
A. Titas Franchise Area (TFA)
Fower
Ashuganj Power Station .
1 (950 MW) 180 20.6 5.59
CDC Hazipur PS {360
2 MW) 35 528 3.25
CDC Meghnaghat PS (430
3 MW) 90 70.6 4.35
Ghorasal Power Station
| Grs) 24] 124.6 7.63
Haripur PS (100 M%) a0 11.9 0.73
6 I NEPC{110 MW) 28 15.5 0.96
RER {(Madhabdy/ Ashulia-
T 37110 MW) 11 8.0 0.49




Table 2.3 Downstream Demand and Consumption of Natural Gas (contd.)

51 Consumer Capacity Consumption % of Total
No. {(MMECFIN {(MMSCEFD) consumption
8 | RPCL PS (180 MW) 48 37.5 2.31
% | Siddirganj 210 MW PS 52 38.5 237
10 | Siddirganj 50 MW PS 14 12.0 0.74
11 | Tongi PS (110 MW) 20 19.6 1.21

Independent Fower
producer (IFP)
12 | Alpha Power (10 MW) 2 1.5 0.09
13 | AM Energy Ltd. {10 MW) 4 4.0 0.25
City Sugar Power (10
14 M) 4 3.8 0.23
15 | Meghna Cnergy ( 10 MW) 2 0.9 0.06
16 | Partex Power (20 MW} 4 24 015
17 | Rahim Energy (30 MW) 7 6.3 0.39
18 | Shab Cement (10 MW} 2.5 (W 011
Unic Power , unit- 142 {41
19 | MW) 7 5.5 .34
Fertilizer
Ghorasal Urea Fertilizer
20 Factory (GUFT) 45 380 2.34
Jatnuma Fertilizer Co. Lid,
21 (JFCL) 50 40.9 2.52
Polash Urca Fertilizer
22 Factory (PUFF) 18 13.7 0.84
Zia Fertilizer. Co. Ltd,
23 | (ZFCL) 50 47.0 2.90
Others (industrial ,
24 | Commercoal and 600 572.0 31526
Domeslic)
| Sub Total 1565 1219.4 75.17
B. Bakhrabad Franchisc Area {BFA)
Power
Rawran PS5 (2104210
1 MW) ] 84.0 5.18
2 | Shikalbaha PS {60 MW) 20 0.0 0.00
Fertilizer 0.00
Chittagonj Urea Fertilizer '
3 Factary Ltd. {CUFL) 20 52.5 3.24
Karnafuli Fertilizer Co.
4 Ltd, (KAFCO) 65 35.0 2.16
Others (Industrial ,
5 Commercoal and 120 104.8 6.46
I Domestic)




Table 2.3 Downstream Demand and Consumption of Natural Gas (contd.}

51 Capacit Consumption o
No., | Comsumer (MMSCFD) (MMSCED) ;:,::E::ilm
Sub Total 345 2783 17.03
C. Jalalahad Franchise Area (JFA)
L Power
Fenchuganj PS (90 MW) 18 16.6 1.02
2 | Kumargaon PS (20 MW) 7 6.6 0.41
Shahjibazar PS (30 MW) 14 13.7 0.24
Fertilizer
ral (i ilizer
K ?j;‘m &"‘g;‘}“" 18 16.7 1.03
thers {1 ial
] gumm-.fr:i?:llzt:d I_;cmcstic} 18 233 .46
Sub Total 95 17.3 417
I}, Parchimanchal Franchise Area (PFA)
Power
Bagh i
! fl[;ﬁ'mgma&a)“ ES 50 23.0 1.42
2 | Wesimont PS (45+45 MW) 20 212 1.31
Odhers (Industrial ,
3 | Commercoal and 5 5.0 0.31
Domestic}
Sub Total 75 492 3.03
Grand Total 2080 1622.2 100.00

Source ! Dailly pas report of GTCL as of 29.05.2007
(Note: MMSCFD= Million Standard Cubic Feet per Day)

"Gas consumpiion in four difterent franchise areas of various categories of consumers

are shown in figure 2.3,

“ SR

e e TR S

75%

Fig 2.3 : Prescnt Share of Gas Consumption by Different Franchise Areas
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‘TGTDCL, the oldest gas marketing company in Bangladesh operates its business in
greater Dhaka area. [t consumes 75% of the total daily production. Most of the bulk
consumers are in Titas Franchise Areas. On the other hand Pachimanchal Gas
Company Iimited formed in 2001, operating its business in Western Zone. It
conswmes only 3% of tolal daily production. If the entire North and South Wesl zone,

arc brought under gas petwork then demand and consumption in PFA will be

increased significantly.

2.4 Gas Transmission

At present Gas Transmission Company Limited (GTCLY) is responsible for operation
and maintenance of the nalional gas and condensate grid line. Although, Titas Gas
Transmission & Distribution Company Limited (TGTDCL) and Bakhrabad Gas

System Limited (BGSL) arc also operating and maintaining few old transmission

pipelines.
2.4.1 Overview of transmission pipcline construction

The Gas Transmission Pipeline in Bangladesh after or before indcpendence was
moslly construcled targeting a particular bulk consumer or polential load center.
Following the discovery of gas at Haripur at Sylhet 8" OD transmission pipeline was
- constructed from Haripur to Fenchuganj in the late fifties for supplying gas to Natural
Gas Fertilizer Factory at Fenchugonj. Almost simultancously a 4" OD) transmission
pipeline was constructed from Tangratilla o Chbatak fot supplying gas from Chhatak
Gas Field o Chhatak Cement Factory. Afier discovery of Titas Gas Ficld at
Drahmanbana the Titas-Narshingdi-Demra 14" 0D gas transmission pipeline was
constructed in 1967-68 for supplying gas to Dhaka City and Narayangon) arca. Based
on the pas available from the Titas Gas Field, important industrial centers were sct-up
at Ashugonj, Ghorashal, Narshingdi and Siddhergonj areas. The setting-up of Urea
Ferilizer Factory at Ghorashal (UFFC), Palash Urea TFertilizer Factory (PUIT),
Thermal Power Plants at Ashugonj, Ghorashal and Siddhergonj were based on gas
available from the Titas Gas Ficld. Eaploitation of gas from Habigonj Gas Fieid
cominenced with the supply of gas to Shahjibazar Power Plant. A transmission
pipeline from the ficld was built upto Shamshamagar to supply gas to tea gardens in

and around Teliapara, Srimangal and Moulovibazar arcas and also fo various

11



consumers in Habigonj, Srimangal and Moulvibazar town. In 1980 a 12" QD gas
transmission pipeline was constructed from Hai:igonj Gas Field to Ashugony for

supplying gas to Zia Fertilizer Factory in Ashugonj.

The most sipnilicant development in the pas sector afier independence was the
formation of Bakhrabad Gas Systems Limited (BGSL) which successfully

implemented the following projects.

* Development of Bakhrabad Gas Field ( in 1980-1982). Drilling of 4 {four)

deviation wells and work over of BK-1 well.
» [nstallation of 60 MMCID capacity Glycol De-hydration Plant.
s Construction of 175 KM long Bakhrabad-Chittagong Gas Transmission
pipeline and 35 Kin 24"/20°/16" Chinagong Ring Main pipeline (in 1932-
1983)
Lateral pipelines for supplying gas to Comilla, Chandpur, Feni, Maijdee and
Kapta.
24" 0D 78 KM long Bakhrabad-Demra gas transmission pipeline.

»  Installation of City Gate Stations at Fowderhat, Chittagong and Demra,
Dhaka.

s Gas distribution network for Chitlagong, Comilla, Chandpur, Feni, Maijdee
and Kaplai i.e. in entire South Eastern Zone of Bangladesh.

The Devclopment of Kailashtilla Gas Field in early eighties opened avenues for
expansion of gas ransmission network in the Sylhet area. A pipeline was built from

Kailashtiila Gas Field 1o Chattak for meeting the demand of that area.

Two mere important gas lransmission networks were developed simultancously under

Second Development Project [,

= 174 KM 24" OD North-South {N-5) Pipcline from Kailashtilla to Ashuogan
with a parallel 6" OD condensate/NGL Pipeline (in 1991-1993).

124 KM 24" OD Brahmaputra Basin Pipeline from Ashugon) to Elenga for

delivering gas to greater Mymensing areas, Jamuna Ferilizer Factory at

12



Tarakandi with a futurc prowvision for gas supply to the Westem Zone of
Bangladesh (in 1990-1991).

2.4.2 Present Gas Transmission

The gas tansmission pipelinc in Bangladesh have been planned and constrncted at
diflerent stages primarily largeling a particular bulk consumer or polential load center.
In the carly development slage of gas sector, the grid concopt was possibly not
visualized. However, depending on specific requirement over the years, a national gas
line grid has been developed and is linked to lateral and distribution networks for
serving various gas consumers. (Gas Transmission Cowmnpany Limited (GTCL) was
incorpotated in 1993 in the unbundling process of gas sector resiucturing for owning,
operating and maintaining the high pressure gas transmission pipeline. The ownership
of all such existing pipelines was to be handed over to GTCL in phases. However, at
this stage the following companies are also operating some of the transmnission
pipelines in their respective franchise arcas:

1. Tilas Gas Transmission and Distribuiion Comnpany Limited (I'GTDCL)

2. Bakhrabad Gas systems Limited (BGSL)

3. Jalalabad Gas Transmission and Distribution chmpan}r Limited (JGTDCL)

"The iransmission and distribution syslemn is currently driven by utilizing field
I

pressure, wilh no intermediate compressor station except one compressor to boost up

the gas pressure of Bakhrabad Gas Field. Transmission pipelines constituting the

national gas transmission grid is shown in table 2.4.

Table 2.4: Transmission Pipeline Constituting the National Gas Grid

R | Name of the Dia | length | Operating | Capacity | Operating
No. pipeline (inch) | (KM) | pressure | (MMSCFD) | Company
(psi)

1 | Ashuganj- 30 58 10GD 375 GTCL
Bakhrabad {A- .
B)

2 | Ashuganj - 24 124 1300 300 GTCL
Elenga (BB)

3 | Ashmganj - 30 37 1040 425 GTCL
Monohordi
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Table 2.4 Transmission Pipeline Constituting the National Gas Grid (contd.}

Sl Name of the Dia |length | Operating | Capacity | Operating
No. pipcling {inch) | (KM} | pressure | (MMSCFD) | Company
(psi)
4 | Bakhrabad- 24 i24 960 350 GTCL
Chittagonj
5 | Bakhrabad- 20 05 1300 250 GTCL
Demra
6 | Dhanua-Saver 20 60 1000 250 GTCL
7 | Habiganj - 12 58 1000 85 TGTDCL
Ashuganj
8 | Habiganj Gas 8 2 1000 50 JGTDSL
Field-
Shajibazar
Powcer Station
G | Haripur-NGFF 3 43 1000 60 IGTDSL
10 | Jalalahad Gas 14 15 1135 160 Chevron
Field - KTL II
11 |KTL-IIieKTL- | 14 3 1300 40 JGTDSL
I
12 1 KTL-Kuchai 6 52 1600 36 JGTDSL
13 | Meghna- 8 28 100 45 BGSL
Bakhrabad
14 | Monohordi- 20 65 1000 200 TGTDCL
Narsindi-
Siddirganj
15 | Nalka-Bogra W& | 55 1000 230 GTCL
30
16 | Morth- South 24 175 1000 400 GTCIL
-8)
17 | Rashodpur - 30 54 1000 425 GTCL
Ashugan]
15 | Salda- I 14 1000 65 BGSL
Bakhrabad
19 | Sangu Gas 20 48 1135 240 Shell -
Pipeline Cairn
200 | Titas- Demra 14 82 1000 175 TGTDCL
21 | Titas-Narshindi- | 16/14 | 84 1000 220 TGTDCL
Joydebpur
22 | Western Zone 30/ 73 1000 200 GTCL
Pipcline 244 :
20

(Note: MMSCFD= Million Standard Cubic Feet per day)

High pressure gas transmission network of Bangladesh is shown in line diagram 2.4
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“igure 2.4: Gos Transmission Line Diagram:
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If the transmission network in figure 2.4 is. carefully analyzed 1l appears that
Ashugony is the focal peint of the national gas grid. Gas from the Northern Gas Fields
{Beanibazar, ]alt’lllﬂbﬂd, Kailashtilla, Moulivibazar, DBibiyana, Rashidpur and
Hahigonj} are being transported through the North-South and Rashidpur-Ashugan;
pipeline o Ashugonj Manifold Station of GTCL. From there it is further transmitted
to Tilas franchise area {TFA), Bakhrabad franchise area {BFA) and Pachimanchal
franchise area (PFA) through Titas Valve Stalion-3 (V¥5-3) , Brahmaputra Basine
{BB) pipeline and Ashuganj-Bakhrabad (A-B) pipeline. From Bakhrabad Gas Ficld
Rakhrabad-Chittagong pipeling transports part of Lhe required gas for Chittagong. The
remaining gas for Chillagong is supplied from Salda, Meghna and Sangu Gas f{ields.

Al present there is approximately 1400 Km (4" OD to 30" OD) high pressure gas
transmission pipeline whose capacily is around 1650 MMSCFD which is marginally
above the present average requirement”*. Present transmission capacity and
production capacity is hardly suilable [or peak demand. North-South, Rashidpur-
Ashugan) and Brahmapulra Basin pipclines arc presently flowing over their capacity.
To meet Lhe projected pas demand and to facilitate gas supply to the Norlh-Western

and South-Western Zone of the country a loop line along BB pipeline needs to be

construcied.

-(Gas pipeline network is the driving foree of our cconomy. Starting with minor
pipeline in Chhattak, the pipeline network today brought wilth i1 numcrous
complexitics of operation. The future development of the country would depend

larzely on the dependable supply of energy, in other words a further development of
the network especially in the Western Zone.

Gas ficlds so far discovered and developed are localed in the Eastcrn Zones of the
country. Conscquently, the entire Eastern Zone of the couniry has been brought under
high pressure gas transmission network connecling to the producing gas fields to the
load centers. Marketing companies are providing gas for generation of power,
production of fertilizer and as fuel to other industries, commercial and domestic
consnmers. In the recent past, the exisling gas transmission grid has becn extended to
the Weslern Zone crossing Jamuna River up to Sirajgon) and Bogra. Diameter wise

total existing pipe line 1s shown in figure 2.5.
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Figure 2.5: Diameter wise total transmission pipe lenpth in 2006-2007

It shows that most of the transmission pipeline is above 20 inch diameter. Almost 1/3
of the tolal iransmission pipeline is 24 inch in diameter. Carcful analysis reveals that
most of the lower. diameler pipes are constructed to gas supply to a particular load

center. Percentage share of pipeline by different companies are shewn in figure 2.6.
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Figure 2.6: Share of total pipe lenpth by different companies in 2006-2007

It shows that GTCL operale 62% of transmission pipe line which will be increased
day by day as all the new pipeline will be built by GTCL.
Company wise total pipe Tength in 2006-2007 is shown in figure 2.7.
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Figure 2.7: Company wise total pipe length in 2006-2007
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2.6 Gas Demand Foreeast

Differcnt approaches have been adapted for [orecasting gas demand for diflerent

sectors [2] .

®  Power sectar gas demand forecast is based on power generalion expansion

plan up to 2024-2025. This resulls in a gas demand forecast on a power station
by station basis.
For [ertilizer sector gas demand a plant by plant analysis is camied out,

For the non-bulk sector ( e, industrial/captive power, residential/fcomimercial
and transpori/CNG ) demand lorecast is developed on a franchise arca basis.

The franchise areas used for non-bulk demand forecast are as follows:

1. Titas Franchive area

2. Baghrabad I'ranchisc arca

3. Jalalabad Franchisc arca

4. Pachimanchol Franchise area

5, Bouth/South West Franchise area

2.6.1 Power sector gas demand forecast
Existing power planis gas demand is shown in Table 2.6.

Tabhle 2.6 : Existing Power Plant and Gas Demand in MMSCFD

| Plant 2006- 2007- 2008- | 2009-2010 2010- 2011-
2007 2008 2009 211 2012

A. TFA
Ashuganj (728 mw) L& 150 180 130 1E0 180
CDC Noripur {360 35 55 55 55 55 55
W)
CDC Meghnaghat o0 o0 o0 90 a0 920
(450M W)
Ghorasal {950 MW [ 241 241 241 241 241 241
Horipur (1008 W) 30 in an in a0 30
NEPC{110 MW 25 23 28 28 23 28
RER (40 MW} I i i t1 11 11
RFCL {130 MW} 48 43 45 1§ 48 48
Siddirgan (210 MW) | 52 52 52 52 52 52
Siddirganj (S0MW) 14 14 14 14 14 14
Tong (110MW) 20 20 20 20 20 20
PP
Alpha Power (10 2 2 2 pi pl 2
bW
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Table 2.6 : Existing Power Plant and Gas Demand in MMSCFD (contd.)

Plant 2006- 2007- 2008- | 20092010 2000- 2011-
2007 2008 2008 2011 2012

Meghna Energy {10 2 2 2 2 2z 2

MW

Partex Power { 20 4 4 4 4 4 4

MW)

Rahim Energy (10 7 7 7 1 7 7

MW

Shah Cement { 10 2.5 25 2.5 2.5 15 2.5

MW)

Unic Power -unit 1& | 7 7 7 7 b 7

240 MW)

Sub Total 793.5 793.5 793.5 | 793.5 743.5 793.5

B. BFA

Rawzan {210+ 210 90 o0 90 80 o0 G0

MW

Shikalbaha {60 MW) | 20 0 0 20 20 20

Sub total 110 110 £10 110 110 110

C.JFA

Fenchuganj { 80 16 13 16 16 16 16

MW

Kumargagn (20 MW) | 7 7 7 7 7 7

Shahjibazar {30 MW} | 14 14 14 14 14 14

Sub Total 37 Ly K} 37 37 37

b. PFA

PDB -Baghabari 30 50 30 30 50 50

{100+71 MW

Westmont 20 20 20 m 20 20

(45+4 50 W}

Sub Total T 70 70 i) T 0

Total 1010.5 [0L10.5 | 10105 | 1010.5 10105 (010.5

Source: Wood Mackenzie , Preparation and development of gas sector master plan and strategy for

Bangladesh-20035

Gas demand forecast for planned power plants is shown in Table 2.7.

Table 2.7, Gcas Demand Forecast for Planned Power Plants in MMSCFD

Plant 2007- 2008- 2009- 2010- 2011- 2012-2013
2008 2009 2010 2011 202

Siddirganj (120MWY 1 20 20 20 20 20 20

Siddirgani Peaking 40 40 40 40 a0 40

PP (2x 120MW)

Chandpur(t 50 MW} 24 24 24 24 24

Horpur (150 Mw) - 24 24 24 24 24

Meghnaghat (450 - - 72 T2 72 12

MW)
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Table 2.7, Gas Demand Forecast for Plunned Power Plants in MMSCFD (coatd,)

| Plant 2007- 2008- 2009- 2010- 2011 2012-2013
2008 2009 2610 2011 2012

Khulna (100MW) - - 16 16 16 16
Peaking I'T’
Rhula {150 MW) - = 24 24 24 24
Fenchuganj (30 MW ) 15 15 13 15 L5
Phase 2
Morth Dhaka (430 - - - 72 72 72
MW}
Rirajgonj { 450 MW) - - - 12 72
Bheramara ( 430 - - - 72 72
MW}
Total G 123 235 37 451 451

Source, Waod Mackenzie , Preparation and development of pas sector master plan and steategy lor

Ranptadesh-2005

2.6.2. Fertilizer scetor gas demand

The present fertilizer capacity in Bangladesh compriscs six urea planis owned by

Bangladesh Chemical Industries Corporation {BCIC) and cxport oriented plant the
Kamaphuli Fertilizer Co. Ltd (KAFCO} which 18 a stale-private venture. The

combined urca production capacity of the seven gas based fertilizer units is about 3.00

million tonnes per annum {mintpa} and daily gas consumption is about 286

MMSCIDW. Gas demand for existing [erlilizer fuclories are shown in table 2.8.

Table 2.8 Gas Demand for Existing Fertilizer Factory

Co. Lid, (CFCL)

MName of the Plant Location Commission Capacuty Average Cias

[mmipa) consumplion
fMMSCID)

Zia Pertilizer Co.  Lad. | Ashuganj 1981 053 30

[ZFCL})

Jamuna Feinlizer Co. Ltd. | ‘Tarakandi 1991 .36 47

(JFCL}

Urca Fertilizer Co. Ltd. | Ghorashal 1970 047 Ll

{UFCL}

Polash Urea Fertilizer Co, | Polash 1985 .47 15

Ltd. (FUFCL) ’

Chuttagong Urea lerlilizer | Chittagong | 1987 0.47 50
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Table 2.8 Gas Demand for Existing Fertilizer Factory {contd.}

Name of the Plant Location Commission Capaciry Average Cras
{numtpa) comsumption
(MMECHFD)
Natural Gas Fertilizer Co. | Fenchupanj | {961 0.47 13

Tad, (NGEFCT )

Rumaphuli Fertibizer Co. | Cluttagang | 1994 047 56
L. (KAFC(}

Tolal 299 186

Source: Wood Mackenzie, Preparation and development of pas sector miaster plan and strategy for
Bangladesh-20035

Future gas demand for fertilizer sector:

The issue for Bangladesh is how to meet the demand for urea. It has the oplien to
import urca [rom international market or manufacture it domestically. Analysis shows
that instailation of a green field urea plant would gencrate a negative NPV at current
gas price for the fertilizer sector. If the gas price were to increase to more £cononiic
levels (USD 3.34/mmbiu} a higher nepative NPV is generated. However economics
alone may not be the deciding faclor in the decision to unport urea or manufacture it

domestically. There arc clearly some benclits associated with allowing (his

investment in a new Ffertilizer plant namely:

* Itwill give a posilive signal regarding (he investment climate in Bangladesh.

Tt will generale new employment opportunities in the country.
* It will create increased domestic demand for gas. This will in turn provide a
signal to upstream suppliers {cspecially 10Cs) that any luture gas discovenes
could be sold in Bangladesh. In this way, it could be a positive step towards
stimulating domestie exploration and production gas sector activity, Therefore
we have assumed that the TATA plant is commissioned by 2010-11, adding
about 85 MMSCFD demand into the system.™] Besides the TATA plant, we
alse assume the long awaited replacement of the NGFF by the Shahajalal
Ferjlizer factory takes place. While the proposed capacity of the Shahajalal
Fertilizer plant is 1750 tpd, have assumed that to take advantage of economics
of scale, a more cconamic configuration of 2500 tpd will be installed, Assume

that the [ertilizer factory would be commissioned by 2015-2016. Gas Demand

forecast for fertilizer secior up to 2024-2025 is shown in Table 2.9.
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Table 2.9 : Gas Demand Forecast for Fertilizer Sector Up to 2024-2025

Plant 2005-20046 201¢-2011 15-2016 2020-202| H23-2026

Avg.  Peak | Avg. | Peak | Avg | Peak. | Avg | Peak | Avg | Peak

Zia Ferihizer Co Itd. |50 Y55 |50 [55 |50 [s5 |30 |55 [so |3s
{ZFCL)

Jamuna Ferlilizer Co. Led. | 47 52 47 32 47 5 477 i 47 52
{JFCL)

Urea Fertibzer Co. Lid. | 50 55 50 35 0 55 0 55 30 55
{UFCL}

Palash Urea Ferblizer Co. | 15 17 |5 17 15 17 L5 17 15 17
Ltd, {FUCL)Y

Chillagong Urea Fertilizer | 50 33 50 55 30 55 50 55 50 55
Co. Ld. {CFCL)

Matural Gas Fertilizer Co, | 18 0 18 20 0 o o 0 0 0
Lidd, (NGRCL)

Karnaphuli Fertilizer Co. | 56 62 36 2 56 2 36 62 56 2
E el (KATFCO)

DAT, Chittagong 15 |7 |15 FiF [15 [17 |15 |17
TATA Chittagong - |- B5 |94 [85 [94 |35 |9a |85 |94
Shahajalal - - - - 45 150 |45 50 |45 |30
Total 286 | 316 | 386 | 427 | 413 | 457 | 413 | 457 [ 413 | 457

-Source: Wood Mackenzie , Preparation and development of pas seclor master plan
and strategy for Bangladesh-2005

(Note: Average demand based on 90% capacity utilization and peak demand based on
100% plant capacity utilization )
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Figure 2.8: Gas demand for fertilizer up to 2025-2026

At present fertilizer sector gas demand is 286 MMSCFD. Figurce 2.8 shows that it wil!

be increased up to 386 MMSCFD by Lhe year 2010 and 413 MMSCFD by the year
2015, Afier 20135 fertilizer scctor yas demand will be constant.
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CHAPTER 3

PROSPECT OF GAS UTILIZATION IN RAJSHAHI

Natural gas as a cheap. clean [uel transported by the pipeline will be used by existing
and new power plants, ferlilizer lactories, industrics, commercial and domestic

comsumers as 4 fuel replacement for diescl, wood, peat, agnculiural residues.

3.1 Sources and Supply Situation to Rajshahi

MNatural gas supply to divisional cily Rajshahi and its adjacent arca would be
dependent on e supply from casiern area. On careful analysis of the national pas
transmission network it appears thal Ashuganj is the main hub of the national gas
pgrid. Most of the gas [rom the northemn gas fields (Beanibazar, Kailashtilla, Jalalabad,
Moulevibazar, Bibiyana, Rashidpur, Habigan) and Titas ) are transported through the
Noth-Sculth and Rashidpur-Ashuganj pipeline  to Ashugan) Gas Manifold Station
(AGMS) of GICL. From AGMS 1 is further transported to Titas Franchise Area
{TFA}) and Pachimanchol Franchise Arca (PFA} through Brahmaputra Basin pipeline,
Bakhrabad 'ranchise Arca (BFA) through Ashuyanj-Bakhrabad pipeline. The Noth-
South and Rashidpur-Ashugan] pipelines are ruming at full capacity. The current
avcrage gas transmission scenario through North-South and Rashidpur-Ashuganj

pipeline to AGMS from narth-castern gas fields are wiven in Table 3.1.

Table 3.1: Gas Transmission Scenario of Nerth-South and Rashidpur-Ashuganj

Pipeline

Gas Field Avg. Feed ( MMSCEFD) Pressure {Psig)
Beanibazar 27 1079
Kailashiilla 73 170
Jalalabad 166 067
Fenchugan) 20 1042
Moulovibazar {1 1024
Bibyana 310 981
Rashidpur 62 oy2
Ilabiganj 180 990
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Table 3.1:Gas Transmission Scenario of North-South and Rashidpur-Ashuganij

Pipcline (contd.)

Gas Field Avg. Feed ( MMSCEFD) Pressure (Psig)

Titas 200 874 T
Total 1139 -

On the way JFA consumed 35 -

I'otal Feed To AGMS 1104 -

(Gas from Ashugan; Gas Manifold Slation can be evacuaied through the following

dchivery lincs.

Midline Valve Station # 3 at Ashuganj - 87 MMSCFD
30" OD Ashuganj- Bakhrabad Pipeline -340 MMSCFD
24" OD Brahmaputra Basin Pipcline -310 MMSCFD
30" OD Ashuganj-Monohordi Pipeline -350 MMSCFD

Total = 10689 MMSCFD

Brahmaputra Basin pipeline is the only transporter of gas 1o the weslern zone. Now it
is operating at full capacity of 310 MMSCFD. Tt delivers gas to Narshindi Ghorashal,
Siddirganj, Horipur and Demra through Monohordi- Narshindi-Siddirganj (20" QD x
65 Km) pipeline. It also supplies gas to vatious consumers in (he Mymensing,
‘Kishorganj, Netrokona, Savar, Tarakandi (JFCL), Jamalpur and Tangail areas. Ii
transports gas o the western zone afler meeting the gas demand along the pipeline
route. Figure 3.2 shows the role of Brahmapuira Basin Pipefine The natural gas
available to the western zone through Brahmaputra Basin pipeline is cssentially the
balance between its capacity and (he gas demand in the eastern aren, At present only
'80-100 MMSCYD gas can be supplied to the western zone through Brahmaputra
Dasin pipeline. Therefore the capacity of ihe Brahmaputra Basin pipeline is a
constraint for gas supply i the woslern zone. To satisty the increasing demand of
westerns zone a parallel pipeline from Monohordi to Llenga would be required, [t
requires additional investment to construct the pipeline. At present gas pressure at
Elenga 15 about 600psig. To incrcase (he capacity of downstream pipeline from
Glenga it nceds to boost up gas pressure from 600 psig to 1000psig at Elenga.

Otherwise gas al desired pressure will not be available at Rajshahi in spite of pipeline
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construction. Il in future entire nerth and south west zone arc brought under high
pressure gas fransmission network then existing gas pipeline over Jamuna Bridge

(30"0D x & Km) will be another constraint for gas supply to western zone.

3.2 Potential Gas Consumer in Rajshahi Area

Weslern zone of Bangladesh is a potential arca for gas market development. The
possibility of expansion of gas network extending from Nalka to Rajshahi- Jessore-
Khulna largely depends on identification of anchor load i.e. power plant and fertihzer
factory in that area. Therefore, the study concentrates mainly on the assessment/
review of all existing. committed and new power plants, fertilizer factorics and
limited concentration on the eomumercial and domestic loads. Potential EAs CONSWITIErS

in western zone depending on the nalure and objective of gas use are classified as

followes:

" Bulk customer
* Power producing cusiomer
# Fernlizer producing customer

#  Captive power producing cusiomer

=  Non bulk customer
¥ Industoal customer
¥ Commercial customer
¥ Scasonal customer

¥ Domestic customer

3.2.1 Power Sector G:as De¢mand Forecast

Power plant is the main consumer of gas. Power producing customcrs are government
i.c. Bangladesh Power Development Board {BPDB) and IPP {Independent power

producer). Existing and planned power plants in western zone are given in table 3.2

and 3.3 respectively U2,
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Table 3.2 Existing Power I'lants and Gas Demand in Western Zone Area

5L | Lowation Operator | Plant Year of | Type of | Installed Generatin | Gas
Mo Ty commissioni | Fuel capacity g Capacity | Demand
: i (MW) (MW) {MMSCF
) Dy
1 | Baghabari | PDR Cr 1991 (as 7) 71 22
2 PDB CT 2001 (1as 100 100 28
3 Westmo | CT 1999 Gas 2x45 90 20
nt
4 Bogra POB CT HED 7 6 -
5 | Bheramara PDDB CT 1976 HsD 3x 20 54 -
3] Barisal PDB CT 1985 HSD 2x 20 44 -
Bhola PDB D 1988 HSID | 2x3.2 6 -
7 khulna I'DB CT - HSD 10 10 -
8 PDI3 CT - SKO 10 10 -
9 DB CT 1980 SKO 2% 28 56 -
10 PR ST 1973 HFO 60 35 -
11 I'DB 5T 1984 {0 110 95 -
12 Wartsilla | BMPP 1999 HIO 19x 6 P10 -
13 | Rangpur PDB CT 1988 HSD 1 x 20 I8 -
14 | Sayedpur PDB CT 1941 HSD I x20 18 -
Source: Daily report of BPDB .
Table 3.3 Manned Power Plants and Gas Demand in Western Zone
Location Operator Plant Type | Capacity | Planned Gas
Type of (MW} yeiar of | demand
Fuel Operation | (MMSCFD)
Baghabari PDB CcC Gas 130 2008 206
BMPT
Khulna PDB 5T Gas 197 2009 38
Sirajgon PDB CC QGas 450 2009 90
Rogra 'DB CT Qas 150 2009 30
Bhola PDB CC (ras 150 2009 30
Khulna PDB CT {3as 100 2009 20
Sirajgon PDB CC Gas 45(} 2012 90
Bheramara Ju R CC (Jas 450 2m2 o0
Khulna PDB CC (Gas 450 2015 o0
Rajshahi DB CC (Gas 450 2016 a0
Saidpur DB CT Gas 150 2018 30
Baphabari PDB Ct (Gas 150 2021 30
Barizal I'DB CT {jas 150 2021 30
Khulna new | PDB CC {1as 700 2023 {403
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Table 3.3: Planncd Power Plants and Gas Demand in Western Zone (conid.)

Location Operator | Plant Type | Capacity | Planned Gas
Type ol {MW) year of | demand
Fuel Opcration | (MMSCFD)
Khuina new | PDBR Cr (Gus 700 2023 140
Klutlna new | PDB CC (ias 700 2024 140
Baghabari DB CT (as 150 2025 30
Rangpur PDB CT {ias 130 2025 30
Bheramara 'BhB CT Gus 150 2025 30
Total Gas demand | 1194

Source, Power sector master plan update, Nexant, component 3.

3.2.2 Fertilizer scetor gas demand forecast in western zone

Urea Fertilizer factories are the second major consumers of natural gas. (Gas demand
largely depends on setting up of fertilizer factory in the western zone for mecting the
demand ol vast agricultural land in the western zone of the country. It may be
mentioned here that western 7one of the country predominanily agro-based yet no

urea fertilizer factory could be set up due to non avaulability of natural gas in the

Iegicn.

Bangladesh Chemical Industrics Corporation (RCIC) planned to install a 1700 Ton
Pir:r day capacity urea plant on the west bank of Jamuna Bridge i.c. al Sirajgonj It is
expecied that the operation will starl from 2010. Besides, it is also proposed to
construct a 1750 Ton Per Day capacily urea fertilizer industry at Bhola by 2011.
Executive Commiltee for National Economic Council (LCNEC) has given approval
for Rorendro Fertilizer Timited al Bogra. Each of these plants may consume betwecn
45-50 MMSCFD of natural gas "™ Gas supply to Rajshahi will also create

opportunitics 1o set up a fertilizer (actory at Rajshahi on (he bank ol the Padma river.

3.2.3 Industrial scetor gas demand in western zone

There are various medium and small agro-based firms and factories in the western
zone. These factories are rice polishing, tobacco, sugar, paper, bricks, dairy products,

glass eic. Several others small lactories are scattered in the region, According io the
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Bangladesh Burcau of Slatistics Rajshahi and Khulna division of western zone has

7,763 and 3,100 units ol medium and large scale industries respectively.

The 1ndustrial development of this area is suffering due o high transportation cost,
unstecady power supply, weak [inancing, inadequate infrastructure, lack of skilled
manpower ele. Replacement of conventional luel with natural was should initiate
development and consequently increasc consumption of natural gas. Industries in
westen zone at Sirajgonj, Pabna, Rajshahi, Rangpur, Jessore, Khulna, export
processing zone at Ishwardi and Mongla may be the major consumers of natural gas.
Government of Bangladesh (GOB) has announced attractive package of incentives for

sctting up of industrics al Ultara CPZ in Nilphamari.

Bangladesh Smull and Cottage Industrics Corporalion is developing seventcen
industrial estates in the north-western zone. Twenty districts are situated in the south-
western zonc of Bangladesh. Gas supply to this region would boost up the economic
devclopment of the region as it will encourage the establishment of new business and

expand (he aclivities of the exisling ones.
3.3 20-Years Demand Forccast for Rajshahi

"Gas demand in Rajshahi city and its adjacent areas largely depends on the timely
completion of planned powcr plants, ferlilizer Maclories and other industrics.
Bangladesh Power Development Board has planed to install 3x 30 MW power planis
by the end of 2010 and 3x150 MW power plants by 2016 in Rajshahi./'". A recent
study of power sector gas demand by Pachimanchal Gas Company Limiled for
Rajshahi area shows that PDH, Rajshahi has short term plan to install 2x30 MW
power plants by Deecmber 2010, medium term plan to install 2x30 MW power plants
and another 100 MW power plants will be installed by 2016, A rceent study of gas

demand for Rapshahi by GTCL shows that 20 MMSCFD gas demand by 2010 and 45
MMSCFD gas demand by 2023 13,
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3.3.1 Pessimistiv condition

Considering power sector gas demand forecast by Power Development Board,
Rajshahi and incase of industrial demand considering the demand of Bogora and
Sirajgony city. Yor pes:;imistic case 1t is expected ihat in non-bulk sector 12% annual
increment of gas demand up to Sth year and then 8% after Sth year of operation.

Cumulative Gas demand in Rajshahi city and its adjacent areas for pessumistic casc 18

shown in table 3 4,

Table 3.4 Gas Demand of Rajshahi for Low Case

Veur Power Fertilizer Mum ulb Total ga[;;;mnnd-’ i
bW MMECTD MBMECFD TMSCED) MRS |
(2008} 0 0 0 0.0
1 0 0 b 0.0
2 f D y 0.0 |
H2011) 60 19 0 5.0 15.0 |
4 60 10 0 5.6 156
5 60 0 0 6.3 163
6 60 0 0 7.0 17.0
7 60 T 0 7.9 179
8(2016) 160 10 o 8.8 14.%
9 160 26 0 9.9 355 |
i0 160 26 0 10.3 363 |
It 160 26 0 11.1 37.1 |
|12 160 26 0 12.0 38N
13 160 26 0 12.9 38.9
14 16k 26 1) 14.0 40,0
15 160 26 o 15.1 41
16 160 26 o 16.3 423
17 160 26 0 17.6 436 |
13 160 26 0 19 45.0
19 154) 26 0 205 db 5
20 L& 26 0 222 43 2
21 160 % o 240 50,0
17 160 26 1] 250 i) Y]

{ Note: MW=Mega Wal; MMSCFD= Milliun Standard Cubic Feet Per Day)

dource: i) Power seetor gas demand forecast 15 based on lie proposcd power plant data found from Bungladesh
Power Developmens Board (BPD), %ajshah.

i) Nom buTk gas demand torecist 15 bascd on the recent gas demand of Sumjpon) and Bopora city..
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3.3.2 Base condition
For base case or mast likely condition it is expected that in non-bulk scctor 15%

annual increment of gas demand up to 5th year and then 10% alter Sth year of

operation. Cumulative Gas demand in Rajshahi city and ils adjacent arcas for base

case is shown in lable 3.5

Table 3.5 Gas Demand of Rajshahi for Basc Condition

Puwer lertilizer Mun bulk Totul Ea%ﬁmmnd g
Yerr Gas [emnnd /! Gas Deamandd f day :
wl ' Uy {MMSC Y {323 Dernamnl MMSCED)} MMSCTT

LIRS 1 0 0 an
1 B [t 4 0 no

1 [ 1 ] oo
10200 ) |44 ¥ an %4
4 a0 l44 [H} 58 .z

5 4] 14,4 0 fi fr 2L

& o 14,4 a Th 210

7 W 14 4 1l 87 RN
BL2016) 249 ELE 0 [1EN 48 5
9 40 i34 I} 1.1 4 5

jLL 24} 34 0 132 06

11 2410} LLY 1] 134 51L&

[2 240 L1.E a 157 531

13 241 354 1 Lo 5d A
L4{2021) 3540 624 i} 174 LI
1% 140 624 5 1.4 140

la 300 624 5 21 6 544

17 30 64 0 237 B ]

1% 350 624 LI} 261 853
192027y 540 LI 1 287 151
Pl 540 ka4 1 KRN 118
H 34 Ba 4 [t 347 1211
e 30 BG4 0 352 1246

{ Note: MW=Mega Watt, MMSCI D= Miltion Slandard Cubic Feet Fer Day: )

SouTe:

iy Power consumption forecast is based on the proposed power plant data found from
Dangladesh Power Development Board (BPDI)

iiy Non bulk gas demand forecast 15 based on the recent gas demand of Sirajzon) and Bogora

eity.,
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3.3.3 Optimistic vondition

For eplimistic casc it is expected that in non-bulk sector 20% annual increment of pas
demand up to 5ih year and then 10% after Sth year of operation, Cumulative Gas
demand in Rajshab ¢ity and its adjacent arcas for optimistic case is shown in table

3.6.

Table 3.6 Gas Demand of Rajshahi for Optimistic Condition

) Power Fertilizer Wi bolk Total Gras Demand F Dy
Yoar
MW dg‘Eﬁﬂ;&‘;l’}] Gus Demand ““:ﬂﬂ::gﬂéf‘f MMSUHD

D208 ) [ [ [h0

1 0 G na

2 i 0 LR}
32011 90 144 G 3 %4
4 L] id4 4 al 4

3 Hl 114 t 73 Ha

G Hl 144 L ie PN

7 M1 144 L] 4 14 8

b HO 854 1 134 YR B

Kl 3] B 4 1] 137 LN
10 40 564 iy 151 hon s
I 50 o d ¥ Lt 163
12 540} 864 0 . 3] 1004 6
13 540 Be 4 o 20,0 6.4
14 540 6.4 0 nn %4
15 540 B 4 0 141 11k

L& 340 R 0 7 1131
L7 540 164 4 M3 1137
L& 540 3G 4 0 323 1187
3 0 54 LI} 355 1215
n 540 B4 {1 Jo.0 1254
21 Sdd) R4 0 4510 1294
2 540 64 iy 4711 336

( Note: MW=Mega Watt; MMSCFD= Million Standard Cubic Feet Per Day)

Source:
i} Power consumption farecast 15 based an the proposed power plant data foumd from Bangladesh Power
1}evelopiment Board {BEPIE

ii) Mon bulk gas demand forecust is based an the recent gas demand of Sirajgon| and Bogora city,.
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Demand curve with time for low case, base case and most optimistic casc arc shown
in the figure 3.3
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Figure 3.3: Gas Demand of Rajshahi for Pessimistic, Most Likely and Optimistic

Condition
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CHAPTER 4
PROPOSED PIPELINE DESIGN AND CONSTRUCTION

In earlier days, pipeline design was done considering the present load and 15% to
30% increment of load. But now a days the use of natural gas increased significantly.
As a result the eoncept of pipeline design has also changed. Presently pipeline desipn
is being done considering the present load as well as the assumed gas load of that

particular area for the next 20 years which is also the effective life of the pipeline.

4.1 General Guidclines for Pipeline Design

* Tolal pipc length should be as minimum as possible

Parallel 1o the existing utility corridors (highway, high tension electric
transimission line)

*  Avoid areas of high population density,

Miuimize highways, railways, rivers, canals, ponds, hills and mountains
crossing to reduce the projcet cost.

Créss highways, raitways, rivers, canals, ponds at or close to 99 degree angle.
Avoid arcas of swamps and wetlands, rocky areas, unstable soil, historical
places, environmentally sensitive areas e.g. mosque, graveyard, teniple elc,

*  Minimize crossover of existing facilitics.

* Provide adequate construction ares.
4.2 Bricf Description of Proposcd Pipeline

A pipeline route of 105 KM from Sirajgonj to Rajshahi has been sclected for the
proposed pipeline. It passes through the Sirajgonj, Natore and Rajshahi districts.
Hatikumrul, an imporlant place of Sirajgenj which would be the starling point of the
pipeline. Iatikurnrul is situated about 20 Kilometer west of Western Rank of Jamumna
Multipurpose Bridge and besides the national highway. There will be a regulating &
metering station at Hatikumrsl. From Hatikumrul pipeline route follows Dhaka-
Natore-Rajshahi highway up to Bonpara which is about 40 KM from the starting

point. On the way it needs to cross the Atrai river by Horizontal Directional Dritling
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{HDE) method. One valve station needs 1o be constructed on each side of Atrai river.
There will be an offtake station at Bonpara for future provision of gas supply to
Natore district and adjacent arcas. Ncar Bonpara the pipcline erosses the Dhaka-
Natore-Rajshahi highway and then goes (o Rajshahi. On the midway from Bonpara w
Rajshahi pipeline crosscs the Baral River. Horizontal Directional Drilling (HDD)
melhod will be used to cruss the Baral river. One valve station will be constructed on
cach side of the Baral river. A Cily Gate Station {CGS) will be set up at Rajshahi.

Turpose of City Gate Station is lo regulate the gas low and pressure.,

4.3 Major Activitics of the Proposed Pipcline

The cosl of major activities of the proposed pipeline is based on actual cost of the

relevant activitics of Nalka-Bogra Project and Dhaka Clean Tuel Project.

4.3.1 Route survey
A pipeline route of about 105 KM has been selected for the proposed pipeline. This is

@ preliminary pipeline route. Extensive survey needs to [inalize the pipeline route. A

specialized contractor necds o engage for this purpose. Estimated cost for route

survey is TK. 1.0 million.

"4.3.2 Soil and sub soil investigation
Prior to pipeline construction soil and sub soil investigation is needed. One suhsurface
investigation is needed on average every 5 KM pipeline route. Therelore

approximately 20 subsurface investigations arc needed. Estimated cost for the

subsurface investigation is Tk, 2.0 millions.

4.3.3 Land acquisition

Acquisition is the permanent possession of land. Eight meter widc strip along the
pipeline route is acquisitioncd. Mipehne is laid along the acguisition land. Eighty four
heetors land iy required to acquisition along the pipeline route for 105 kilometer long

pipeline. Averape cost of land acquisition s Tk. 1.7 millions per hector.

For one regulaling and metering station at Hatikumrul two hectors land is required,

another two hectors land i required for one City Gate Station at Rajshahi and five
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mtenmediate valve stations cach required 0.125 hecior land. Therefore, a total
(242+0.125%5) hectors = 4.625 hectors land is required {or valve, metering &
manifold and City Gate Station (CGS). Usually this land is at or close to the urban
area. Therelore cost of land acquisition of this land is always higher than the cross-

country land. Average cosls ol is land are Tk. 7.5 millions / hector.

4,14, Land requisition

Requisition is the lemporary possession of land for the consiruction peried only.
Fiflecn meter wide strip at the other end of acquisition land and along the pipeline
route 1s requisitioned. After completion of pipeline construction requisition land is
handed over to the criginal land owner, Requisition land is used to provide working
space for construction crew and eguipinents. 157.5 hectors land is required to

requisition for 105 KM long pipeline Average costs of this land are Tk 0.177

million/heetor/fyear . In this case we assume two years construction period.

4.3.5. Land development cost

For one rogulation & metering station at Hatikamrul, one City Gate Station {CGS) at
Rajshahi and five intermediale valve stations a tolal of 4.625 hectors land is required
to developed. Assume, average height of land development is 4 meters.,

‘Therefore, ‘T'otal carth {illing required
=4.625 hector X 4 meter

=4.625 * 2.47105 * (4840x9)/10.7639 * 4 m°
= 1,85,000 m*

Unit cost of land development is Tk 189.00/ m® as per Public Works Department
{(PWD} standard.

4.1,6 Pipeline construction

Pipeline construction ncluding preparation of Right OF Way (ROW), hauling of
pipes, siringing the line pipe along the ROW, welding of pipes, Nondestructive
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Testing (NDT) of weld joints as per API standard: joint coating, trenching, holiday
inspection, repair of all coating and loweting of pipes, construction and placing of
Sei-On-Weight (SOW), back [illing, fabrication and installation of pig launcher, pig
receiver, construction and placement of marker post, pigging, hydra test, mobilization
& demobilization. Rate of pipeline construction is TK 3.5 millien/KM, This rate is on

the basis of actual cost of pipeline construction for Najka-Bogra Gas Transmission

[ipeline Project.

4.3.7. River crossing

Horizontal Mirectional Drilling (HDD) method is used to eross the two major rivers
on the way to pipeline route. These arc Atrai river and Baral river. HIDD crossing
lenyth of each river is about 500 meter. Total cstimated cost for each river crossing is
Tk. 108 813 mllions . This estimation is on the basis of actual cost of Korotora river

ctossing on the way of Nalka-Bogra pipeline project at Sirajgonj.

4.3.8. Set on weight (SOW)
Fabrication, construction, transporation and placing of concrete block/Set-On-

Weight (SOW) complete in all respeci on 20 inch OD pipe by placing rock shield.
Total estimated cost for SOW 1s Tk. 7.304 millions.

4.4 Pipelinc Design

The method of delermining the required size of pipe for a given pipeline will depend
on @ number of interacting technical and cconomie criteria. Initial sizing should be
based on a simple steady-statc concepl. A number of fornwlas have been developed
for rclating pressure drop to gas flow rate, for example Weymouth, Panhandle, Spit
glass equalion which should be used for this purpose. Dut for high pressure and long

distance pipeline Panhandle equation is the most suilable one.

Modified Panhandle equation for pipcline sizing is as follows:

Quumzera = 0.00128084 ((P 2Py /Ly *+ ¢ 5 _ (1)
Where,

Qmmschj = FIUW iﬂ MMSCEFD

P = Upstrcam Presgure in psia
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I'; = Downstream Pressure in psia
L= Length of pipeline in miles

d= Inside diameler of pipe in inch

To caleulate pipe wall thickness, following formula is used.
1= DR 2YFLIT e  a C. )

where,

t =Pipe wall thickness in mm

P = Design pressure in psig

D = Quiside diameter of pipc in tnch
Y = Minimum yield strength in psig
F=Desipn factor

L= Location factor, it depends on the route of the pipeline

T= Temperaturc derating factor

4.4.1 Minimum yield strenpth (Y)
The properties of steel used in the consiruction of pipeline arc divided inlo two API

specifications. 5L for normal guality steel and SLX for high sirength steels. These

specifications are now accepted (hrougheout the world. Table 5.1 gives the strength

properlies of most widely uscd stecls.

Table 4.1: Strength of Line Pipe Sicel

Specification Cirade SMYS ( ps1)
5L A 30,000
5L B 35,000

5LX X 42 42,000
5SLX X 46 46,000
5LX X 52 52,000
3LX X 56 56,000
S5LX X o0 60,000
5LX X065 65.000
SLX X70 70,000
SI.X TS5 75,000

(Note' SMY 8= Specified Minimum Yicld Strength)
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4.4.2 Design factor (I) and class location factor (L)
American Socicty of Mechanical Engineers (ASME) suggests design factor of 0.8.
[.ocation factor arc desipnated in ASME B31.8 code fer high prossure gas

(ransmission and distribution piping are given in table 4.2,

Tible 4.2: Location factor (L) for different class location

Arcas ("lass Location ASME CSA
Desert 1 0.72 0.80
Village 2 0.60 .72
City 3 .50 0.56
Metropelitan 4 (.40 (.44

(ASME =American Society of Mechanical Engincers; CSA= Canadian Standard Assoctation}
The eflcet of the location {actor is to increasc pipe wall thickness for a given sive and

grade of pipe as the construction area becomes more populated and the failure of a

pipeline would be more serious.

4.4.3 Joint factor (J)

The joint factor varies with the type of joint used in manufacturing the pipe. For
different manufacturing process joint factor are given in table 4.3,

Table 4.3; Yalue uf joint factor (1)

[ Weld type ASML 1331.8
Seamless 1
ERW 1
SAW 1
Butt Welded 0.6
Spiral scam welded 08

{Note: ERW=Elcetrical Resistance Welding ; SAW= Submerged Arc Welding)

4.4.4 Temperature derating factor (T)
The temperature derating lactor for steel pipe varies from 1.0 for operating
temperature up to 250°F and 0.87 for an opetating temperalure of 450°F or above.

Temperature derating factor for different temperaturc ranges are given in lable 4.4
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Talle 4.4;: Temperature derating factor (T)

Temperaiure (° F) Value as per ASME B31.8
Upto 250 1.00
231-300 0.57
301-400 0.93
401450 : 0.91
451 and above 0.87

4.4.5 Design Calculations

Data:

Gas demand for optimistic seenario = 133 MMSCED

For Pipeline design assume, 15% additional 1oad than optimishic demand

=133 MMSCFI3 * 1.15 =153 MMRSCID

Therefore pipeline should be designed for Qumcw =153 MMSCFD

Upstream pressure, Py = 600 psig =(600+14.73) psia = 614.75 psia

Assume Down stream Pressure, P; = 350 psig =(350+14.73) psia = 364.73 psia
L=105KM =105 * (1621 miles = 65.24 miles

Using equation {4.1) we get, d= 19.3 inch

From equation (4.2) we gel,

t=DP/ 2YILIT

where,

t = Pipe wall thickness

P = design pressure in psig = 1135 psig

D = putside dia of pipe in inch =20 inch

Y = minimum yield strength in psig = 60,000 psig (Assume API SLX 60 Grade Steel
Pipc)

F=design [actor= 0.8,

Joint Factor, J=1

43




L= location factor, it depends on the route of the pipeline. For cross-couniry pipeline
this factor equal o 0.6 .

T=Temperature derating factor =1 for temperalure uplo 250°F.

Therefore using equation (4.2} we get, 1= 10.01 mm

Assume, corrosion allowance lor siee] pipe = 2mm.

Henee Pipe Wall Thickness= 10.01nt +2 mm= 12.0Imm

{Compare this calenlated pipe wall thickness lo API 5L Line pipe Chart we gel wall
imckness ftom APl chart = 12.7 mm.

The value of design parameters we got from the above caleulations are shown in

fable 4.5,

Table 4.5: Caleulated valuc of pipcline desipn parameters

Name ol design Parameters Value
Ctside Pipe Dia (D) 20 inch
Pipe Wall Thickness (t) 12.7 nm

Hence in order to supply gas to Rajshahi and its adjaceni areas a pipeline of 20 inch

0D, 12.7mm W1, 105 KM length i1s lo be considered and pipe steel grade is AP
SLX 60

4.5 Pre Construction Activitics:

Prior 1o the aclual comstruction process the following pre coustruction activities

should be performed.
* Preparation of Development Project Proposal{DPP)
* Envirenmental Impacl Assessment (EIA)
*  Land acquisilion and requisition
*  Tender document preparation
*  Tendering/ Bidding
*  Contract award

= Procuremeni
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4.5.1 Land acquisition and reguisition

Normally 8 meter wide strip along the proposed pipcline route is to be acquisition and
a 15 meter wide strip on one side ol the acquisition is to be requisition. Acquisition is
permanent possession of land and requisition is completely a temporary affir, only
for the construction period. For valve and serapper station scparate block lands ol
required size have to be acquisition. For river crossing separate block lands of
required size have to be requisition. The company submit the proposal with requisite
pumber of drawings { mouza map) showing acquisition and requisition strip m two
distinet colors (red for aequisition and green for requisition) to respective  Deputy
Commissioner (DC) office. The process of acquisition and requisition in Bangladesh
1 done through DC office of the respeetive district. The whole process continues in

accordance with ordinance, Acts, Rules & Regulalions issucd by the Gowvernmenl

[rom time to tone.

4.6 Construction Activitics

Majar steps for pipeling construclion arc as follows.
4.6.1 Clearing and grading the right of way (ROW)

ROW is cleared of barricrs and graded for movement ol construction equipment,

malenals and ultimately construction of pipeline.

4.6.2 Stringing

Stringing is aligning the pipc along the ROW ready for welding. I'railor, side boom

etc are used for stringing the pipe. Figure 4.1 shows the stringing the pipe along the .
ROW.
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Figure 4.1: Stringing the pipe along the ROW

4.6.3 Lining-up for welding

When lining-up for welding, pipes should be placed on timber skid suitably cautioned
on top and with sufficient clearance under the pipe to facilitate welding. 1f a length
previously welded pipeline is lifted or moved care should be taken so that damage to

the pipc and coaling is avoided.

4.6.4. Welding

Pipe and fitting should he preparcd, welded, and inspected in accordance with a
sujlable standard.

= Welders test
“Welders tesl }s an examination for the welders before going to the production
weld. Sclection criteria for the welders test arc visual inspection and NDT

reporl in accordance with a suitable standard. Mostly follows API 1104
Standard.
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4.6.5 Non Destructive Testing

The {ollowing NDT methods are commonly used for inspection of welding jonts

v Radiographic test

= Ulirasonc test

* Dye penetrant test

= Magnetic parlicle lest

= Lddy current Test
100% of welded joints should be ingpected using radiographic test in accordance with
a suitable speeilication whercas Uhrasonic Test (UT), Dye Penetrant Test {PT),
Magnetic patticle Test (MT) has limited use in welding joint of gas pipeline.
Common welding defects are as {olluws:

»  [Porosity

= Cluster Porosity

= Slag inclusions

* |ack of fusion

» Lack of penetratien

* [Internal concavily

* Burn through

* A strike

» (Crack
4.6.6 Night Caps

The open end of welded sections of pipeline should be closed by the use of suitable

night caps, to prevent the ingress of foreign bodies into the welded pipe section.

4,6.7 Roads and railway ¢rossings

Crossing should be consiructed by open cut, thrust bonng or tunneling methods. Open
cut road crossing should be carried out in a manner which minimizes the disruption to
normal traffic [low. Particular atention should be given for warning signs and lights

during the construction of road crossing. For thrust bordpg drill a hole under the
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roadway without disturbing the road / rail surface. A casing pipe is placed through the
hole and then the pipeline is placed mside the casing. Spacer is used o center the

pipeline within the casing pipe.

4.6.8 Watcr crossing

Crossing should be constructed by apen cut, boring, tunncling or directional drilling
method. Where water crossings are installed by open cul method the pipeline should
be laid at a cover allowing for futurc bed movement, dredpging operation ele.
Temporary Mume pipes or other methods should be considered to ensure that there is
no disruplion to water flow during construction. Consideration should be given to the
application of a weight coating such as concrete weight coating to maintain negative
buoyancy of the pipe during construction and when in service. Attention should be

given (o maintain the integrity of flood of tidal barriers during construction and also

when in service.
4.6.9 Pipe coating

All exeept a portion of about 6 inch of each end of each pipe is often coated in the
factory before delivery to the site. There arc three types ol coating generally used n
ihe transmission pipeline. These arc:

»  Three Layer Polyethylene Coating (3LPL coating)

»  Fuysion Bonded Epoxy (I'BL) Coating

= Polyethylene Coating

®  3LPE coating
Apply adhesive on sand blast clean pipe surface and then apply epoxy paint of 40-
100 micton over the adbesive. Finally apply pelyethylene coating over the cpoxy

paint with 10-20 % overlap. Mostly used in the high pressure transmission

pipeline. Figure 4.2 shows 3LPE coated pipe in GTCL store yard.

* JFNE coating
Apply adhesive and epoxy paint over the cleaned pipc surface. Pipe with this type

of coating mostly used in rivers, roads & railways crossing.
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Figurc 4.2: Three LT Coated Pipe
1.6.10 Set On Weight (SOW)

Set on Weight 1s placed on 3 LPL coated pipe in marshy area 10 provides negative

bucyancy loree on pipe surface. igure 4.4 shows a typical set on weight.
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Figure 4.4: A iypical Set On Weight {SOW)

4.6.11 Joint coating : ' e

The uncoated external portion of the ppeline joints should be protecled to a st d
al least equivalent 10 and compatible with the line pipc coatng, Heat sheink sleeve s

used for jount coating.

4.6.12 Trench excuvation

Pipeline should normally be faid o contour with adequate cover typcally not less

than 1.2 meler from the ground Tevel to minimize damage by third party mterlvienge.
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The trench width should exceed the pipe diameter by a margin which will permil
proper backfilling and compaction. For larger diameter pipes, consideration should be

given (o increase the width of the wrench. Trenching is usually done by excavator.

4.6.13. Inspection of coating and wrapping

Immedialely before the pipe is lowered, coating of the whole pipe section should be
examined carciully by means of a holiday detector. Setting an appropriate voltage on
holiday machine, running the machine over the pipe coating and any defect found will
result an audible sound. In addition to holiday detection the pipe should be inspected

for damage such as dents, grooves, nolches, arc burns ete. I such damapes are found

should he rectified by proper method.

4.6.14. Lowering the pipe into the trench

When the pipe is lowered into the trench all equipment in contact with the pipe
coaling should be sufficiently padded to prevent damage to the eoating, Roller cradles
ot wide bell slings should be used and the pipe should be 1ifted and lowered into the
trench by means of suitable machinery, for example side boom, excavator ete.
Throughout this operation care should be taken to avoid damage to the protective

“coating.  Also need lo be ensured that overstressing of the pipeline docs not occur

during the lifing and lowering operation.

4.6.15 BackQlling

Alter the pipeling is lowered into he (rench, the excavaled soil should be replaced

such that the original soil sequence is preserved. The backfill should he properly

compacted using mechanical means if necessary,

4.0.16 Marker post

The position of the pipeline should be indicaled at suitable intervals by means of
marker posts. These should be at field bends, at all crossings, at changes in direction

and where practicable and should indicate the localion of the pipeline.
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4.6.17 Piecing

Piguing is performed to ensure that the pipeline 15 free from intemal obsiraction
Brush/cup pig is used to ¢lean the inner pipe surlface. Gaoge pg s used 1o cheek the
pipe ovality. Al the stage before waling and again at the stage before commissioning.
a suilable gauging pig should be cun through the pipeline to prove the bore. Diameter
of the gauge plate should be 93% of the minimum bore of the pipeline or Httmes.

Figure 4.3 shows foam pig in GTCL store yard.

Figure 4.3: Foawm pig

4.6.18 Hydrostutic test

Hydroslahie test 1s performed after mechanical completion of the pipeline. For hydro
iest water is poured into the pipeline sechion. “Lhen pressurized the pipeline by
injceting small amount of water through hand pump. As water in imcompressible
small amount of water injection raised the pressure signiticantly. As per AP standard
minimum hydro test pressure should be 1.3 tmes of degipn pressure ypical design
pressute for lagh pressure gas transnussion pipeline m Bangladesh is 1135 psi. Henee
hedro test pressure is 1.5% 1133 psi = 1703 psi. Afler pressurization at 1703 psi hold it

for 24 hours. Pressure and Temperature should be recorded on a chart paper for 24

52



hours hold period. If no significant pressurc drops during 24 hours hold penod then

depressurize he pipeline at almospheric pressure and it is said successful completion

of hiydro lest.

Before commencing pressurization need (o oblain necessary permission from
the competent authority. As per gas safety rules department of cxplosive is the
competent authority in Bangladesh.

Prior notification of testing should be given in writing o persons in the
vicinity of the pipeline.

Prior notification of testing should be given to local policc and other
authorities who may be alfected.

Warning notice stating "Warning- Pipelinc under Test" and "No Parking” type
sign should be placed at appropriate locations for the duration of the test.
Patrols should be provided to waich special points of hazard during the test, in
particular road, rail and watet crossing and points of public access,

Standby emergency crew should be available lo deal any unwanted situation.

4.6.19. Commissioning

Commissioning is the flowing of natural gas through the newly constructed pipeline

_ for [irst time. Pipeline, valves, Mtings, metering elc. are checked and reclilied if

necessary during commmissioning.

Prior i the commissioning the pipeline should be dry up

Methods available lor drying up are:
-Using dry air (compressor) push a sencs of foam pigs through the pipeline
collecting waler until the required dryness is achieved.

The pipeling should be purged of ait before the admission of the gas to be

transmitted.
Use inerl gas to purge of air.

After drying up a pipeline can be commissioned siraight 1o pas.
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CHAPTER 5

FINANCIAL ANALYSIS OF TIIE PROJECT

To judge a project from financial point of view, we need information about the lollowing:

»  Invegtmend cost
*  Operating recurring cost and
®  Benpefit from the investment.

Finally, output of the cvaluation is Net Present Value (NPV), Benelit Cost ratio (BCR)
and Internal Rate of Return (IRR).

3.1 Calculation of Costs and Benefits
To make a standard output of the study as per objectivity a project of 3 (three) years

length is considercd. ‘The project schedule is shown in figure 5.1. Project evaluation

process performs on three inputs, these are: investment cost, operating recurring cost and

benefil rom the projeci.

5.1.1 Investment cost
*  Pre-couslruction cxpenditure
These are based on the value of required quantity of land acquisition and

requisition for the construction of pipeline. Land develupment, road survey, soil

investigation, design , drawing, environniental impact assessment (EIA) et

*  Cost of civil construction works
These include probable expenditure for construction of pipeline and other pipeline
facilitics including river crossing by Horizontal Ditectional Drilling (HDD)
method, functional and residential building, boundary wall, internal road. surface
drain, retaining wall, lencing, water supply facilities at Hatikunirul and Rﬂjshahf

City Gate Slalion (CGS) and installation of Supervisory Control and Data
Acquisition {(SCADA) system.

54



" Machinery, equipment’s and materials cost

These include probable cost of pipes, cost of SCADA equipments and spares, pre

shipment inspection cosl, transport cost, CD VAT, cost of office equipment and

fixtures.

* Transport /Vehicles Cost

These cost are calculated on basic requirements for construction period and for

during operationa! period.

*  Manpower
Detailed deseription with standard salary structure for the projeel peniod

manpower is shown in appendix A

= Cost of pipcline constmction
These costs include construction of pipeline and other pipeline related facilities;
construction of cathodic protection system; installation of manifold, metering &
regulaling station ; construction of CGS |, cost of construction of set-on-weight;
cost of design, instaflation, testing & commissioning of SCADA system; CD-
VAT for imported materials: cost of fuel and maintenance of vehicle, ollice rent

etc. Detail break-up of iolal investment cost is shown in table 5.1 . Year wise

break-up of inveslment cost is shown in appendix B

5.1.2 Operating recurring cost

All costs related to final running of gas ransmission pipeline including raw materials,
supplies and spares, dutics & taxes, fucl & power, manpower, maintenance & repair etc.
are termed as operating recurring cost. Operating cost is calculated on yearly basis. In this
study initially a peried of 20 years is considered for the proposed life of transmission

pipeiine. Detailed description of operating recurring costs for 20 years period is explained

in  appendix C.
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Table 5.1 : Detail Break-up of Investment cost ( 105 KM, 20 inch OI))

SL No.

Pescription

In million Taka

LC

K¥C

Total

Pre-construction works

a. Route Survey

105 kin Route survey by local contractor

1.000

0.000

1000

b. S0il and sub surface investigation { 20
Locations)

2.000

{1060

2.000

c. Initial Environmenlal Examination {ICE),
Environmental Impact Assessment (E]4)
and Reselllement Plan (RP)

1.000

0.000

1.000

d, Resettlement Conpensation (105
Establishment}

10,500

0.000

10.560

e. Land acquisition

FFar pipcline construction 84 heciors of fand
is required @ Tk 1.7 million / hector

142.800

0.000

142,800

4,625 heetors land is required for valve,
manifold & metering and City Gale Station
(CG8)Y @ Tk.7.5 million / hector

34.088

0.000

34 688

{fy Land Requisition

157.5 Heetor of land 15 required for 2 vears
period (@ Tk. 0.177 mullion /hectorfyr. =
| 55.755 million

35.755

0.000

55755

(z) Land Development Cost

1,85,000 m* of land development for valve
station { 05 nos.}, 1 no. Manifold and
regulaling stalion at Hatikumrul and 1ao.
CGS at Rajshahi @ Tk. 189.00 /m’

34.965

0.000

34.965

Sub Tolal

282708

282.708

ii.

Construction works

(a) Construction of pipeline and other
pipcline related lacilities

(i) 20 inch dia 105 km pipeline construction
@ Tk. 3.5 millions/ km

167.500

0.000

367.500

(h} 2 Nos niver crossing by HDD method

each of 500 m length on Turn-key basis

21.000

196.626

217.626
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Table 5.1 : Detail Break-up of Investment cost { 105 KM, 20 inch OD)

In million Taka

SL No. Descripti
0 escription Ic T Total
{c) Installation ol {}1 no. manifold and
regulating stalion at Ilatikumrul , 01 no.
C08S al Rajshahi ang 05 intermediate valve 24.000 0.000 24.000
stations.
{d) Fabrication , construction and
transporialion and placing of concrete block
{Set-on —weight) (as per design and drawing | 7.304 0.000 7.304
) complete in all respeet on 304.8 mm QD
line pipe by placing rock shield.
{e) Censtruction of CP sysien 6000 0000 6000
{fFunctional Building
439 Sqm Office building at Rajshali 2486 1 0.000 3486
{2) Residential DBuildiap
9392 5q m Residential and dormitory 12,7766 0.000) 12,766
building at Rajshahi
{h} Other eonstruetion works
i} Boundary wall, Marker post , water| %.716 0.000 .76
lacilities { Multi purpose use ) ete,
ii) Cival construction for SCADA system 10.700 0.000 10.700
Sub Total 403.472 | 190.626 660.098
iii. Machinery , Equipments and Materials
fa) (i) Imported materials and Equipment
o pipe e 0.000 | 1417.500 | 1417.500
(i1) Imported materials and Equipment
for SCADA system .000 | 100.000 100.000
{b) Pre-shipment inspection { 1% of
materials cost) {.000 15.175 15175
(c). (i) CD-Vat (45% of linepipe material
costs) 0.000 637.875 637.875
(i) CD-Vat (20 % of SCADA matcerial
costs) 0.000 20000 20.000
(d) Landing chatge , port dues ,
transportation cost to site (7% of material 0.000 99.225 §9.225
COSts
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Table 5.1 : Detail Break-up of Investment cost { 105 KM, 20 inch QI))

In million Taka
SL No, Description LC FC Total
{e) Locally procured equipment (office 1200 0.000 1.260
equipment) ' ' '
Sub Total 1200 | 2289.775 | 2290.975
iv. Transport! Vehicles
Jeep: 5 nos (2000-3000 CC) 18.000 0.000 18.000
Double cabinMck-up ( 1500-2500 CC) : 01 1,500 0.000 1 500
no
Sub Tolal 19.500 0.000 19.500
Y. (a) Manpower
Officer : 12 Nos 11.727 0.000 11.727
Staff: 12 Nos. 2999 0.000 2.999
{b} Human resource development 1.375 0.000 1375
Sub Total 16.101 0.000 16.101
vi. Other costs ;
{#) Turn-key design. installation . Testing
& commissioning of SCADA system 0.000 15.700 13.700
Vil - Total Base Cost 782,981 | 2502.101 3235.082
(a) Interest during construction ( 5% ) 39.149 125.105 164254
(b) Contingency { Physical 4 price)} 1% 7 830 25071 12 851
Vil Total 829.960 | 2652.227 | 3482.187

Note: 1. Land acquisition and requisition cost have been calculated on the basis of actual cost of Nalka-Bopra

project and the quantity of land has been fixed as bare minimum base on the Nawral Gas Safety rule (991 ¢
amended on 2003).

2. Land development cost has heen prepared on the basis of Public Works Department {PW D) standard and rale as
on 2004 | )

3. Accomnedation arca and Estimated eosl for civil construction works have been prepared on the basis of Public
Works Depactment (FWDY standard and rate as on 2004 .

4. Cost of machinery and equipment has been calewlated on the basis of proportionate value of actual cost of being
implemented Nalka-Bopra , Ashuganj —Monohordi praoject.

5. LC= Local Curreney , FC=Torcign currency , Conversion Rate, 11$%=68.15 Taka § May, 2007)
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Figure 5.1: Froject Implementation Schedule of Hatikumru

1-Rajshahi Project:
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5,1.3 Ilevenue from the investment

Wheeling charge from the volume of gas transmission through the pipeline is the only
source of revenue. Presently in Bangladesh wheeling charge is calculated en the basis of
posiage stamp method. This means that wheeling charge depends only on volunie of gas
transmission through the pipeline and independent of distances. The wheeling charge for
the year 2007 is Taka 0.32/ SCM. The praject construction peried assume 3 years from
lanuary 2008 to Dceember 2010, Befare compietion of the pipcline project natural gas
could not be transported. As a result no revenue could earn. The project financial analysis
assumes that the current wheeling charge of laka 0.32/ SCM is increased by 5% every six
month or 10.25% per annum. Details description of rovenue caming Itom wheeling
charge for 20 ycars period for low case (pessimistic). base casc {most likely) and high

case {optimistic) are shown intable 5.2, 5.3 & 5.4 respectively.
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Table 5.2; Income from investment (Low ease scenario)
(Gas demand for low case scenario 1s explained in seclion 3.3.1.)

LMower Eerilizer Man bull, TL;‘::;:HEL:E Tm:i'ﬂ::“m R::Eﬂ]ue
Year Gas Gag ] (ras Gus _
(MMSCELS | (MMSCR) (MMSCED) | (MMSCF)

DI2NAZY I} L] L] L] 5 4] 0320 (.EI00

1 0 1 u 0 f 1 0.353 PRIl

2 0 0 ] 1] 0 1 ). Q400

o ) Lo 3650 H 5000 1825 $475 {4249 6 549

4 hi) 1 3650 g 5600 g 5604 473 6 305

5 ol 11 630 1 272 2189 24 593028 5l BT T30
& il 1y 3650 I} T02% 21363 Y 62130934 0375 103 219

7 LilH] Ly 3650 0 -t 2571 AT Gadl 6728 0634 167 120

2 140 12 3434 4] 812 32e? BEGA 2716 11 690 |35 948

q 160 & Q0 il q517 3473 54 12963 5373 770 1z147u
J1] | B5¢1 26 2490 i 10278 35144 13241 4al LR LY 3B AT2
11 LW 20 9490 I} L1100 N5k 58 i3541 578 0930 Lbarel
12 160 16 2400 I} (R 43757 13865 05 | 032 405 altd
L3 140 25 90 0 124947 4123 76 14215 T4l 1138 454 47}
_14 1A 28 G404 L 13 983 313,83 14593 822 1.2 S1B 90
13 J1.14] 26 2490 {l 15102 5512013 Lann2, 128 I 353 345101
16 Lid) 26 A0 [ L6310 LN 15443 (0§ 1,535 667 442
17 160 16 Q44903 5 P71l oA 2% 35 15819 346 LGkl 758 548
[} 160 25 U4tk 0 19024 6943 69 Ted33 (3 1.8353 163 114
19 16t 26 U L 20 546 99 19 | G958% | 8% 2,043 953 983
il 168 2i 2450 i 12 1B B .12 IT38 124 1153 1123 150
2l | 4] 26 F490 Il 13965 8147 0% 18237054 1484 1253 EEE'.‘
2 h&0 6 91406 1} 25RE1 9d4k B2 18936 818 21718 46t TOR

{ Note: MW=Mega Wam, MMSCFD= Millign Standard Cubic Feat Per Day, MMSCF = Million Standard Cubic
Feel , %CM= Standard Cubic Moier) :
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Table 3.3; Income from investment (Base casc scenario)

{Gas demand for basc case scenario is explained in section 3,3.2,)°

Poweer Ferhlizer Mo bulk I;:::niﬁj ! ra:ls;::::mn RRJEI?I:I:
Year tias tras tras Cias .
MW Dc:::;:d.-‘ Desr:*:;rl." D:E]:I:nd Del;:}u:rl." D':-I:rg:w MMSCH TE £ 50M I11|-I.LI_.:;H
| (MMSCFD) | (MMSCED (MMECED) | {MMECE)

D098, 1 il L] 0 1 ¥ 1320 {1

1 1} 1 { i 0 0 1353 (IE]E]

2 U] 1 0 { 1] a 0.389 0 Q0o
{21;] 1y Q0 144 5256 i 3 1525 TOEL fh429 B& 070

4 aa l44 3136 0 3750 IR 75 T34 75 0473 uE 561

5 1] i44 5254 ] hGl3 2413 5625 | Tan9503 03511 111314

L 0 144 5256 1 7603 2715 5068 | BOINS9T 1,375 130 326

7 a0 144 3256 I § T4 JIPI D36 | R447.934 r534 W50.713

8 240 REX 1415 [ LG 5T 67T 17686.73 T 350 185

b 240 384 14056 0 11067 4037 TH6 180153 % 0T 194 (02
10 240 x4 [E 311 1 12180 444, 5705 18457 58 0849 443 2l
10 24 354 L4016 1 13 3R4 4885 7375 | 1ER0L T4 1 %30 051
12 M0 384 (E11]] I 14,TH SIT43012 | 19390 3 1032 567217
13 2410} 84 141 & ] 16 LoT SELM2E ) 1992774 1,138 2 640
- 14 300 624 2176 0 ITRla 02 9106 | 29278 o2 | 254 L] B2
L5 30 624 22TH: 0 19 568 T153.1082 | 29930 1] 1,343 bLT3 20
14 kL) a4 Eririi a 21 55N TEOS 329 344,53 1325 1324 479
17 350 B2 22774 f 23713 BAS5 IR | 31430 58 1 a5l 1497047
k] 390 624 TG 1) o080 DALl | 32296 ) 1.853 1694 670
12 J40 b1 31534 ] 2K 6%3 PR3 062 | 42009 0] 2043 HII085
20 340 264 31336 0 31583 11520313 | 43056 31 125) 2749 351
21 3 64 31536 1 34719 13672345 | d4208 34 2454 3k oz
2 40 56 d 31534 I 35191 13939 579 | 45175 58 23R RN )

{ Note: MW=Mcea Watt, MMSCI D= Million Standard Cubic Feet Per Day; MMSCFE = Million

Standard Cubic Feet ; SCM= Standard Cubic Meter)
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Table 5.4;: Income from invesiment (High case scenario)
{Gas demand for high case scenariois explained in section 3.3.3.)

atal Transsmissiun .
Porwer Fertihase Mon bulk Djfl;ml 1.!1Im:g.n: ! II::(::::C
vear s S0
Gt Gas ] Gas Gay
[(MMECFD) | (MMECF} (MSCPDY) | (MMSCTS
M 2I0EY I 0 0 M 1 a | {1700
1 g 0 [t 0 L] ¥ 0333 0 0o
2 N I 0 0 o 0 (2,389 [k Oy
(E;I Iy il 144 5250 i i 1825 R1 0.42% B 070
4 an 44 3256 0 G 0on X100 444 473 99 744
3 H) 14.4 Rpal 1l 7200 2628 T 05 L1648}
& n 4.4 5236 1 B.640 1536 8409 5 (375 136,544
7 M) 14 4 ST54 1 L3368 3784 52 Q00 32 003 Lok 351
E 540 B5 4 11536 f 12442 4547, 1 K4 07T Gerg 714 304
g L=l 364 31534 1 |5 GRG 4505 3024 [ 365303 Q770 797433
i Ay R4 31536 0 15054 5494 83204 | 37030 F (.80 491 191
11 Sd{) 454 J153a 1l L& 560 6043 3150 | 375803 1534 947 113
2 5410 R 4 11534 o 1B 216 GO T4TAY | 31847 1032 L117 (03
13 540 g6 4 31534 i 20037 T3 62224 | IBEAY & L1338 11524939
14 540 B854 11334 ¥ 2041 BOAABRAAT | 39SKT 1254 L467.370
13 540 BG4 31536 £ 24 245 READ 45207 [ 43555 L.183 1387 163
|6 540 B854 11334 I 6700 H34 43121 | 41204 1525 1783 GB4
17 540 BG4 1536 0 M7 LG0T 8743 | 42243 % L 681 2012, B
1% 34 B4 31536 I azIm TIT7E060E § 435147 1853 2275470
19 540 86,4 TR 0 35407 §2056 5270 [ 44025 23 PEELE P
20 540 B5 4 31536 [ EMRIL 14252 1807 | 457R4 2 21253 2823799
21 540 fh g 3536 ] 42 052 L5677 31988 [ 471134 T4 EXrER AL
22 44 B4 155 i 47247 17245 1387 | 487811 2738 746 191

{ Note: MW=Mepa Watt; MMSCFD= Million Standard Cubic Feet Per Dy MMSCT = Miilion Standard
Cubic Feel , S3CM= Stundard Cubic Meter}
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5.2 Project Analysis

Alter calculation of investment cost, operating recurring cost and benefit any one or a
combination of the following commonly used tools are applied in the analysis of a project
from profitahility point of view:

= Net Present Yalue ( NPV)

*  leneht Cost Ratio (BCIR)

» Internal Rate of Return (IRR)

The Net Present Value (NPY)

NPV is the difference between the present value of all cash inflows and present value of
all cash outflows. NPV is the difference between an investment’s market value and its
cost. NPV af an investment project can be derived as t(he difference between the present
value of benelits (PVI3} and present value of costs (PVC) i.c. NPV=PVB- PVC.

Decision Rule:

Accept the project if NPV is positive and reject if it is negative. If NPV is zero it is a

matler of indifference.

The Benclit-Cost Ratio (BCR)

The benelit-cost ratie {BCRY} is the present value ol an investment's fulure cash inflows
divided by the present valuc of its cost. BCR is derived by dividing present valuc of
benefit (PVB) by present value of cost (PYC) i.e. BCR = PVB/PYC,

Decision Bule:

1f BCR is morc than 1 , aceept the project and reject if it is less than 1. If BCR equals to

1 it is a matter ol indifTeronce.

The Internal Rate of Return (IRR)

IRR is {hai discount rate at which NPV is zero and BCR is one. IRR does nol depend
upon cxternally given social rate of discount. Conversely, what ii represents 15 cssentially
the average carning power ol money used in project over the project life. In the NPV

caleulation, we assume (hat the discount rate  is known and determines the NPV of the
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project. In the IRR l::ai-:l.]].ati-::u[?h we set the presenI valuc cqual to zero and determune Lhe
discount rate i.c. [RR There are two possible economie interpretation of [RR
» The IRR represents the ratc of return on the unrecovercd investment balance in
the project.

¢ The IRR is the rate of retum eatned on the initial investment made in the project

Decision Rule:

Investrment decision is taken by comparing the intermal rate of relum of a specific project,

with a cul-off rate, which gives the minimum acceplable rate at which the capital invested

should be cotnpounded.

The cut-off rale is equal to the actual rate of interest on long-term loans in the capital
markel ot to the interest rate paid by the borrower. 1 one has to choose among alternative

projects, the one with the highest IRR will be selected, provided this IRR is higher than
the cut-off rale.

IRR should be grealer than or equal to the relevant discount rale. The relevant discount
rate for a private investor would be the weighted average of the market rate of interest

and the yield of altcrnative investiment opportunities. For government it would be social

dizcount rate.

Formula:

{ rp= 1 W {rp-1a Y = WPV, F(NPVy, - NPV,

Where

I = higher diseount rate.

Ta = lower discount rate

e = IRK to be calculated

NPV, = Net present value at lower discount rate
NPV, = Net present value at lngher discount rate

IRR can also be calculated by using the formula:

IRR = 1, + (rp-r,) xNPV(NPV NPV,
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TRE can also be found from the graph of NPV vs discount rate. The point at which the

curve interscets the X-axis shows 1RR. The discount rate at thal point (where NPV is
zero) is the TRE.

5.2.1. Financial project analysis:

Investment cost, operating cost and revenuc from wheeling charge are the basic input
paramcters for financial analysis. Using all these parameters Net Pregent Value (NPV),
Benefil Cost Ratio (BCR) and Inlermnal Rake of Retum (TRR) is calculated. Calculations of
financial NPV, BCLE and IRI [or low case scenario (pessimistic) are tabulated in Table
5.5; the same lor base case scenario (most likely) and high case scenanio (optimishic) are
shown in table 5.6 and 3.7 respectively. The summary of financial analysis is shown in
Table 5.8.

Table 5.8: Summary of Financial Analysis

{Notc: Assuming Preseni postage stamp method of wheeling charge)

Parameter Low Case Scenario | Base Case Scenario | High Case Scenario
NEV(F) -1690.746 -056.692 294611

BCR(F} (143 0.78 1.10

IRR(F) 7.65 % 13 % 16%

Discussion of results:
The result shows that for and lugh casc scenano {opuimistic case) NPV is positive, BCR
is greater than 1.0 and IRR 13 §6%. Hence the project 1s Minancially viable for optimistic

case. Dut in low casc scenario {pessimistic} and base case scenario (most likely) the
project is not Dnancially viable,

The abeve financial analysis is donc on the basis of present postage stamp method of

wheeling charge. This means that wheeling charge depends only en volume ol gas

transmission through the pipeline and independent of distances, But in Bangladesh most
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of the sources of supply of natural gas (Gas Fields) are in the Fastem side i.c. greater
Sylhet and Comilla division cxeept the country's only offshore Sangu Gas Field which is
n Chittagong. Greater Dhaka, the main gas consumption area of Bangladesh is about
250 KM away from these sources of supply whercas Rajshahi division is about 490 KM
wway from the sources. Thus the distance from gas source (o Rajshahii is almost twice the
distance from gas source to Dhaka. In (his context cxactly the same wheeling charge for
Dhaka and Rajshahi is not justified. Wheeling charge should be based on distance travel.
By applying the distance based wheeling charge after completion of the proposcd project
and assumes 100.25 % annual incremeni 5orevenue carmng for low case, base case a11:d
high case and caleulations of financial parameters are shown in appendix D. Summary :-_'rf

financial analysis assuming distance bascd wheeling charge arc shown in table 5.9.

Table 5.%: Summary of linancial analysis applying distance based wheeling charge

{Note: Assuming distance based wheeling charge)

Paramcter Low Case Scenario | Basc Case Scenario | High Case Scenario
NEV(F) -334.512 1657.260 3559.867

BCR(T} .89 1.56 2.20

IRR{1 13.89 % 19 % 23 %

From summary of financial analysis of Table 5.8 and Table 5.9 we conclude that the
proposed project is financially viable for hase & high case scenario if distance based

wheeling charge is introduced insiead of the present postage stamp method of wheeling
charge.

67



Table 5.5: Calculation vf Financial value of NPV, BCR, IRR for Low Case

Scenarin
It I.'e‘;ln:um Operating Total Cost “Tiotal R e Brel Thscount [hscounted Ljiﬁf;g?md
Year :mrl {! Y mql_( [?V] PV} (P fmillian Inc:m]m { Factar tolal Casl Revenue
T || G | Cew | mle | R e ) O
taka)
| 2 3 4 3 & 7 5
1] -176 BEQ5 =176 B0 f o0 -1 76 505 1.000 <176 805 04000
| 0335 65 -2055 &4 & GO0 -M55.694 0870 =L TRE 454 0400
2 -1.249 684 =240 684 0000 -1249 683 0,756 244 751 0 0ga
3 -12.%4G0 =120960 46 340 53 589 LN -5 528 43 789
4 =12 060 12 60 76 N5 03 345 {4572 -T413 43 bih
5 -12.504 =12 DAt %7750 IENL.1] [t4%7 -6 441 43 612
L] =£2 05l -1 2960 101 219 5259 [+ 43% -5 590 43,727
7 -§2.960 -12900 17120 1=l ba0 0376 - 873 44 037
B -1 960 =12 95 135 948 121988 037 - 238 41 455%
a9 -12.960 <12 950 183979 220414 .25 -3 AR1 30 35
L ~12 960 13 9] g 72 s T2 247 -32m T8 T2
1l 12960 =12 940 155,708 36338 n2s =2 TR& T I
12 -1} 0 =11 4960 405 608 392648 0147 -2,424 T5 R0
13 =12.060 -12 T} 452471 445 513 0183 -2 ™I1H
14 -12 960 - 12,608 518 B9 505 649 0141 -1 827 T3 lab
15 -12.960 -12.560 $84.103 575 143 h123 <l 594 72337
L& =12 950 -2 260 67,447 B34 482 0107 -L.aR7 T1 416
T =12 950 -L3.9640 158 S48 T45 588 0023 -1 M15 T0 545
1% -12 950 -[2.4901) #631719 50 35% 0051 =150 69 929
19 =12 00 =12 950 583 981 G71.023 [HLII] 1007 6] B79
20 -f2950 -12.9¢d) H11 150 1110 190 .04l =0 bt 512
21 =12 060 -12 960 12837 887 127057 0453 B 58 046
22 =200 -1 9403 1460 o8 1436 838 0 [k y =0 596 X N |
Toslel -2 3T1.360 L IR0 61
MW= -1 690,746
BCR= 043
IRR= 7.03%

(Note: NPV=Net Present Yalue ; DCR= Benefit Cost Ratio ; TRR= Internal Rtate of Return)
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Table 5.6: Calculation of Financial value of NPV, BCR, IRR for Basc Case

Scenarie
Operaimg “Tatal Met Dvscounted
Investienl cosl [ Tl Cunt Bewenue Inconue Chscount Thscounled Loral
Wear cusl {PY Py 1BV ] (I} Factor | 5%, fotal Logt Revenug
L 2 3 4 5 L T L 9
(2(?03] =175 805 =176 805 030 -1 805 140600 =170 BUS PRIkl
I 2035 6 <2055 694 000 amssagq | 0 F69 -1787.560 {060
2 -1249 64 =1249 684 o 000 124'5:634 07561 Ad4 ] 0 Wi
K| -12 %60 -2 940 R6 190 T3 110 ha5Ts - 592
4 -12 940 =12.850 08 561 85 &0kl HETIE =141 5 352
5 -12 B6 -12 WA 13314 100 354 0472 A 445 56337
B ~12 950 -12 960 130 8% V17 805 04323 =5 &3 55 560
7 -12. a0 -1 Thalk 5LT1Y 138 733 03759 =] B72 57034
) -12.560 -12 Wl 350 184 TS 1 3280 4237 114,476
Q =12 904 =12 %60 394 092 351132 (h2843 3084 L1z 025
] -12.961( -12.9¢) 444 204 431244 02472 <3204 1053 300
11 -12 940 =12.950 501,519 4B 55% N2149 -2,784 107,794
12 -12.%060 -12.360 £67 217 554 257 01 15540 -2422 Lpa iy
13 -2 980 -12 9 6437 600 729 330 O 1625 =2 104 104 455
14 -12 950 =12040 1041062 10281462 01413 -1.832 147 132
- 15 13 i) -12 Ml |17 D6d 1160 304 114 -1 3wk L4488
16 =12 %60 =12 968 1324 439 1311479 (b, 1312 -1 J&5 141 534
iT -12 960 =i2 960 1297 657 14384 727 RIS -1 3 138 174
1% =12 940 -12 a0 16495 670 THB3 711 1) Dk =1047 13710
1% -12 00 =12 Sl 2433 85 2420 123 00703 Lol L7 Bt
0 12 9460 =260 2740 35 136,39 FasLl BN 167 336
i -EL900 =12950 312 262 30 302 Q.nE3l - GEY 165 357
P =12 el =12 Dl 1600 427 3316 &47 04652 -0,3% 163 071
Tusal -25T0 ad3 2313958
MPYw 556,602
BCR= 07k
IRR= 13%

{Mote: NPW="Mct Preseitt Value ; BCR= Denefit Cost Ratio ; IRR= Internal Rate of Returm)
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Table 5.7: Calculation of Financial value of NPV, BCR, IRR for High Case

(MNule MPY=HNet Present Value ; DCR= Beoelit Cosl Ratio . 1RE= Internal Rate of Retum)
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Scenario
Year Ivestment | Opecaling | Tolal Cost RZ::::L: Met Digepont | Discounted I D'!':-':tl:l-'kd I
il (PYY | gost{ PV} R ) Income( VY Y Tactor 153% | total Cost Revenue
1 2 3 4 5 b 7 B 9
0 =176 B05 -1 M KOS 0 000 =176 B0% 1 Q1K) =176, 805 0 0063
1 “H53, A4 =255 A% 0000 -2055, 0% 0870 =L 78T 580 £ 1001
2 -1H9, G4 =1249 684 .00k -1H49, 044 075k 23] LRI ]
3 =12 960} -i2.960 B 0170 73110 0 (58 -8.521 §h 392
4 1% 940 =124960 W) 784 RG89 1572 T 41 57052
§ -12 560 =12 B0 116 483 103 123 b 4u? < M3 Y] )
& -12.960 -12 964 16 3 1240124 0432 =3 603 9122
7 -12 960 =12 950 162,351 L4939 1376 -4 §T2 LML
8 =13 iy -12.9403 T4 Lk 1,344 327 = 231 T3 507
- 9 =12 960 - 12 iy 757 431 T84 473 (b B -1 4584 16 6RO
11 -2 9] -2 G 291 191 B7B 231 0247 -3 220289
11 =12 96l -12,80d) w7118 984158 0215 -2 786 114 324
12 =12 D60 =12 Dl 117 pos 1104 thd3 187 S pr 208776
i3 -12 80t -12 Dol [252.030 1235 579 153 -2 105 3 634
14 -12 960 =12 D0 1407 30 1394 410 014l -1.832 198 902
15 =12 9650 b2 ) 1581163 1570 2403 N1 -1 393 Lo 562
14 -12 940 =12 950 1743 684 17790,73d 10T -1 385 L0 A13
17 -1 Dly =12 950 012 46 L0934 o9l -4 147 02
14 =12 260 =12 i} 3275 470 2262 510 o081 -7 183 870
19 L2950 -1 2960 2574 475 2563 0a3 10710 -0911 181 052
20 =12 060 -124960 2093 794 20834 (061 Al 192 L 1B.h45
2] -12 w6l =1Z.0460 1927 81 Jh0.858 BO53 -0 R 16,597
22 ~12 Q) =12 Qa0 3726 10| 3713 231 0 046 -0 57K 174 924
Tatal =2.970 645 31,165 256
HWFY= 1M a]l
BCE= LD
IRR= 1&%



5.2.2. Economic project analysis:
The availability or scarceness of different goods, services and facilitics are different for

different countries. Ilence cconentic values of costs and earnings are also diflerent. In

Bangladesh Standard Cost Factors (SCIF) for different costs and values are given in Table
510, 5. .and 5.12,

Table 5.10: Item wise Standard Cost Factor (SCF) for Investment Costs

81 | Ttem of cost SCF
No.
I | Pre-construction expenditure 0.82
2 | Construction ol works 082
3 | Forcign materials 1.22 ]
4 I Local matcrials .82
5 1 Transport vehicles 0.82
6 | Managerial Manpower 1.00
7 | Skilled Manpower .82
& | Unskilled manpower 0.72
9 | Others 0.82

Table 5.11: Item wise Standard Cost Factor (SCF) for Opcrating Recurring Costs

Sl llem of cost SCF
No.

| Maintenance cost (focal) 0.82
2 Maintenance cost (foreign) 1.22
3 Fuel and power (.82
4 Managerial Manpower 1.00
5 Skilled Manpower .52
) Unskilied manpower 0.72
7 Others 0.82
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Table 3.12: Item wise Standard Cost Factor (SCF) for Revenne

Sl Ttemn of cost SCF
No.
1 Wheeling charge for gas transmission 1.43

Applying the Standard Cost Factors (SCF) described above, economic value of
investment cost. operating recurring cost are shown in appendix E and appendix F
respectively. Detail of revenue caming from wheeling charge for 20 vears penod for low
case{pessimistic), base case (most likely) and high case {optimistic) are shown in
appendix G.

Requircd inputs & calcutation of NPV(E) & BCR(E) and IRR(E) for low casc scenario .
base case and high case scenarie are shown in Table 5.13 , 5.14 and 5.15 respectively.

Summary of cconomic analysis assuming poslage stamp method of wheehng charge are

shown In table 5.16.

Table 5.16: Summary of Ecenomic Analysis

(Applying Present Postage Stamp method of Wheeling Charge)

Paramecter

Low Case Base Case High Case
NPV(E) -1207.780 225770 1631.0313
BCR(L) 0.60 1.07 1.54
IRR(E) 10.40% 16% 19%

The result shows that for base case or most Iikely condition the project is econornically
viable bul not financially viable. For optimistic case the project is both financially and

econemically viable but for pessimistic case the project is neither Financially nor

cconomically viable,

By applying distance based wheeling charge after completion of the proposed project and

assumes 10.23 % anmnual increment revenue carning for low case, base case and high case
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and calculations of cconomic purameters are shown in appendix-H. Summary of

cconomic analysis assuming distance based wheeling charge are shown in table 5.17.

Table 5.17: Summary of Economic Analysis

{Applying Distance Bascd Wheeling Charge)

Parameter

Low Case Base Case Iigh Casc
NPV(E) 731.635 3489.841 6300.330
BCR(E) 1.24 2.13 3.07
IRR{L} 17.19 % 23 % 27 %o

From summary of economic analysis of table 5.17 we conclude that the proposed project

is economically viable even for low case scenario if distance based whecling charge is

applied.
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Table 5.14: Calculation of Economical value of NPV, BCR, IRR (Base casc scenario)

Tatal
Total Cost Revenue Driscountad
Investment Operating {AV) {AY) Met Income total Cost | Ddscounted total
cost {AY) costf AV)( (Million (millicn imillion Discount (millicn Revenue
Year (rmillion Taka) | mulion Taka) Taka) takz) ‘Taka) Factor 15% taka) {million taka)
1 2 3 4 5 é 7 8 g
0 (2008) =144 680 -144 980 ] -144.980 JRELETE] -144 980 0,000
] 2153214 -2153 210 0 -2153.210 036946 -1872.357 3.000
2 -1207.885 -1267 385 ] -1267 885 0,756 038,703 0 00
3 -13.155 -13.155 123.08 109925 06573 -3.650 80927
4 -13.155 -13.155 140 42 127787 05718 -7.521 - B0 534
5 -131.155 -13.15% 162 .04 148,823 044972 -6,540 80,563
& -13,153 -13 135 187 082 173.927 04323 -5.687 50.58]
7 -13.133 -13 155 216,945 203.794 (3759 4943 51.559
] -13.153 -13 155 S0.765 487,610 3269 4,304 163,701
9 -13.153 -13 155 583,551 550,396 2843 -3.739 160,186
10 13155 R 635211 6220568 02472 -3.252 157 (114
11 -13.155 -13,153 TITAT3 04008 0.214% -2 828 1534 151
12 -13.155 -13.135 E11.121 707,064 0 1369 -2.459 151.604
13 -1 153 -13.155 619,046 Q03 891 0 1835 -2.133 149.371
14 -13.153 -13.155 1488719 1475 564 01413 -1 859 210399
15 -13.15% -13 1355 [677.767 l6e4.512 01229 -1 617 206, 188
16 -13 155 -13 155 1805,9438 1830.7%33 01069 -1.406 202.3%6
17 -13,155 -13.155 2141 A42 2128 537 (L0929 -1.222 199 0%
18 -13.155 -13.153 230559 2292435 0.G303 -1.063 186,303
19 -13.155 -13.155 3346257 3333.142 00703 (1,624 235,129
20 -13.155 -13.155 3ITE4 92 3771769 0.0l -} 804 231 260
21 -13.155 -13.155 4285 Bie 4273701 G 0531 - 690 227.870
22 -13.153 -13.15% 4869115 4855960 0 0462 -0.608 724,950
Total -3,038.302 3264072
NFY= 225770
BCR= 1.07
1RR= 6%
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Table 5.15:

Calculation of Economical value of NPV, BCR, IRR (High Case Scenario)

Total
Investment Operating Toral Cost | Revenue Discounted
cost (AV) cost [ AW (AV) (AW} Met Tncome Dscount total Cost Dviscountad
{raillion million {Million {million (million Factor (millinn total Revenue
Year Taka) Taka) Taka) raka} Taka) 13% taka) {million taka)

] 2 3 4 3 & 7 3 g

{ 144980 -144 980 0 -144.5%80 1.000 -144 938G 0 oo

] -2133.210 -2153.210 ( -2153.210 1870 -1872.357 0.000
2 -1267 885 -1267.883 0 -1267.8R85 0.736 -938.703 £.000

3 -13.155 -13.135 123.08 109,925 {.658 -8.650 30927
4 -13. 155 -13.155 142.69 129.535 0,572 -7.521 B 583
5 -13.155 =13 [55 166.57 153 415 0.497 -6 540 22 815
e -13.155 -13,155 195,586 182 731 0,432 -5 657 84 RR7
7 -13.155 -13.135 232.162 219 7 0376 -4 845 87.278
8 -13.155 -13.15% E021 454 1608200 0.327 -4 300 333915
9 -13.155 -13.135 | 140328 1127173 0284 -3.739 324,152
10 -13.155 -13.135 1274.403 1261248 N.247 -3.252 315.013
11 -13.155 -13.155 1425.878 1412.723 0.215 -2.528 306483
12 -13.135 -13.155 1397315 1584.160 0.187 -2.459 298550
13 -13 155 -13.155 1791.703 1778 548 0.163 -2.138 291.202
14 -13.155 -13.155 2012539 1999 324 0141 -1.859 284,429
15 -13.135 -13 155 2263.923 2250.768 0123 -1.617 278.224
16 -13.155 -13.15%5 2550.668 2537.513 0.107 -1.406 272577
17 -13.155 -13.135 2878 441 28652306 0.0%3 -1,222 267 482
I3 -13.155 -13.155 3353.922 3240.767 0081 -1.063 262 934
19 -13.155 -13.155 I685.003 1671 B48 0070 ~.924 235028
20 -13.155 -13 155 4181025 4167.570 0 dal -0.804 255.462
21 -13.155 -13 155 475306 4739905 0.053 -0.699 252.533
22 -13.153 -13.155 5414.253 5401098 0,044 -0 6038 250142

Total -3,0538.302 4669313
WEY=  1531.013
BCER= 1.34
IRE= 19%
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3.3 Sensitivily Analysis

During investigating a new project, naturally the first thing is to estimate NPV based on
projected cash [low. The initial sct of projections is the base case. Now, however, the
pussibility of error in these cash flow projections is recognized. After completing the base
case, it is wished to investigate the impact of different assumptions about the future on
the estimates. One way of recognizing this investigation 15 to put an upper and lower
bound on the various components of the project. In this project, the main variable for
senusitivity analysis is power sector gas demand

».3.1 Scusitivity analysis with power sector minimum gas demand

Sensitivity analysis has been made for minimum gas demand f[or power sector with

minimum, base and optimistic gas demand for others sectors. The results of the analysis
are shown in table 5.18.

Table: 5.18: Sensitivily analysis with power sector minimum demand

(as Denand NPV BCE IRR
Power scotor-minimum -1690.746 {0.43 7.65 %
Other scetors- minimum

Power sector-minimum -1558.079 0.48 858 %
{Other sectors- basc

Power sector-minimum -1423.396 0.52 537 %
Othcer seclors- maximum

5.3.2. Sensitivity analysis with power sector optimistic gas demand.

Sensitivily analysis has been made for maximum gas demand for power sector with

minimuni, buse and optimistic gas demand for others sectors. The results of the analysis
are shown in table 5.19.

Table: 5.19: Sensitivity analysis with power scetor maximum demand

Gas Demand NPV BCR IRR
Power scoctor-maximum 27.051 1.01 15%
Other seciors- minimum

Power scetor- maximum 159.480 1.05 15%
Other scctors- base

Power sector- maximuim 294.611] 1.10 16%
Oiher sectors- maximum

Comments: The result of the sensitivity analysis shows that the project viability is mostly-
depends on the power sector gas demand, II' power sector gas demand is minimum then
the project in not financially viable even with other seclors maximum demand, On the

other hand with power scctor maximum demand the project is [inancially viable even
with other seclors minimun gas demand
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CHAPTER 6

CONCLUSIONS AND RECOMMENDATIONS

6.1 Conclusions

* Applymng the present postage stamp method of wheeling charge for revenue
calculation the project is financially viable only for optimistic case but
economically it is viable for base case and optimistic case. On the other hand,
if revenue is calculaied on distance based wheeling charge then the project

15 financially viable for base cuse and optimistic case and economically viable
even for pessimistic case

* Average cost of pipeline construction including materials and construction cost is
US$25.000.00/KM/Inch  Tlence the total invesiment cost required  for
Monohordi-Elenga (30" OD, 87 KM) pipeline is US$ 65.25 million. Including

this cost together with the present invesiment cost the projcet 18 not
finaneially viable cven for optimistic case.

* Presently only 80-100 MMSCIT) gas can be supplied through the Brahmaputra
Basin pipeline (Ashuganj-Elenga} for western zone, which is also reducing day
by day with  the increase of gas demand along the pipciine route. Supply
security to this region should be ensured on priority basis by construction a
loopline from Monohordi to Elenga parallel (o the Brahmaputra Basin pipcline.

* At prescnl pressure at Elenga is about 600 psig. After completion of Hatikumrul-
Bonpara-Rajshahi project pressure at Rajshahi will be 350 psig and less in further
distances. To incrcase the downsiream pressure and pipeling [low capacity it
necds 1o boost up the gas pressure at Elenga.

» Present supply is just meeting the present demand. To meet the future increasing
demand it needs to increase supply rationally. Therefore, planned, work over and
appraisal well on castem gas ficlds should be completed in time.

6.2 Recommendations

* At present rale o wheeling charge gas supply to Rajshahi is not feasible, Distance
based wheeling charge should be introduced instead of present postage stunp
method lor gas supply to Rajshali and further distances.
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*+ To ensure sccurity of gas supply to the western zone a loopline from
Monohordi to Elenga (87 Km) parailel to Bramaputra Basin pipeline needs
lo be censtructed. Details sludy needs o be conducted for this loopline

projcct. The loopline should be designed to mect the future demand of at least
20 years.

Gas supply to Rajshahi at desired pressure and to increase the pipeline Fow
capacity a compressor station at Elenga needs to be considercd. Details
technical and financial study for this compressor station should be conducted.
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Appendix- A
Physical Construction Cost

Functional Building : Office Accommedation at Rajshahi

SI.No. | Description | Physical Quantity
A. office Accommodation
1. Manager 1 x 160fi2 = 1602
2. Dv. Manager 1 x 100 42 = 100 fi2
3. Asstt Engineer 4 x 100132 = 640 fi?
4. Staff 6 x 60 fi? = 960 fi*
Sub-Total: 1860 f*
B. Allowance for Toilet, Varenda, Coridor stair-case cte. (70% of
office spacc)
Total (A+B}:
3160 fit?
= 29dm?
C. Security building for 6 Armed security L8 60m?
with Toilct, Kitchen, PC & APC's Room
and one independent Magine Room
1. Generator Building LS 30m?
E. Security Guard Room LS 25m*
F. Garapc LS 30m?
Total (C+DHE+F) 145m?
Grand Total: 439m?

Estimated Total cost = @ Tk. 12,500.00/ m? *439 ny* = Taka 5.486 million
Mote:

I. Gas flow through the pipeline 1o be monitered round the clock As such office accommodation at Rajzhaht
15 required

2. Itis a key point installation and round the clock shift duty will be perfurmed. As such functional building is
required.

3. Accommodation area and estimated cost has been caleulaied on the basis of Public Works Depariment
(PW) slandard and latest mle schedule of 20035,
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Appendix B : Total and Yearwise Investment Cost (Financial) in million Taka

b | Total investment | CO5tEn Year | {2008-2005) Cost in Year 2 (2005-2010) Cost in Year 3 (2010-2011)
|_No Item of works Cosi
Sub Total 560,053 0.000 281219 375.879
iii. | Machneries & Equipments:
(2} Imporied
{1} Imported materials and equipments
cost for linepipe 1417.500 0% 0.000 T 992,250 3054 425250
(i) Imported materials and equipment
cost for SCADA sysiem 100,000 0% 0 000 70 70000 3% 30000
{iii} Preshipment inspection [ 1% of
material cost 15175 (1% 0.000 T0% 10.623 30% 4.553
(iv) CD-VAT { 45% of FOB for
linepipe erc materials ) H37.875 0% 0000 70% 446.513 30% 191 363
{(v) CD-VAT { 20% of SCADA
materials ) 20.000 0.000 0% 14,000 30% 6.000
v} Landing charge , C&F |
Insurance, Transportation cost ete{7T%
of material cost} 09 3325 0% 000 7% 65458 0% 25768
(b} Locall¥ procured :
(i} Off, equipment and fixtures 1200 100% 1200 0.000 0.000
Sub Total 2250973 1.200 1602843 686.933
Franspirt vehicles , Jeep , Pick up (
iv. | deuble cabin) 19.500 33 33% 6,499 3333% 6,499 33.33% 6,499
Y. (a) Maopower
(i) Officer - 12 nos. 11727 33.33% 3.909 33.3%% 31909 35.33% 3909
{ii} Staff- 08 nos 2.99¢ 33.31% 1.000 33 33% L.Ono 33.33% 100k}
(b Human Resource development 1.373 33.33% 458 33 33% 0.45% 33.33% 0.453
Sub Total 16.101 5.3668 5.366 5.366
vi. | Other cost
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Appendix B ; Total and Yearwise Investment Cost {Financial) in million Taka

Cost in Year 1 {2008-2009) Costin Year 2 (2003-2010) Costin Year 3 (2020-2011)

51 I'otal investmenl
MNo. Tterm of works Crst
{a) cost of Enpincering Dresigné
construction supervision consultancy
for SCADA svstem and testing &
gommissicning 15.700 0%a 0,000 50%a 7.850 0% 7.850
vii. | Total Base cost 32385082 176 803 1968 640 1139.634
fa) Interest during construction -3%) 164234 024 0.000 %% 65.702 60%% 98 552
{e) contigency {1%6) 32 B3l (1% .000 5% 21,333 3% | 1498
viil. | Tutal af sub totals 3482.187 176,305 2055.694 1249654

* Pipeline construction and other cost have been calculated on the basis of latest estimaled cost of Ashugan)- Monohordi Project
** Cost of machinery and equipment has been calculated on the basis Actual cost of Ashuganj- Monohordi Project
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Appendix C :Operating Recurring Cost (Continued)

ﬁ:: Ttems ol cost . Year-13 Year-14 Year-15 Year-16

L Raw materials and supplies LC FE Totat | LT FE Total | LT FE Totel | LC FE Totat
Imporied materials , supphes and

i2) Spares

fi) CIF Cost 0000 | 1.s00§ 1.500 | o.ooo | 1.500 | 1500 | 0.000 | 1500 | 1500 | 0.000 1,500 L.500

(1i) CD-VAT 0700 | G.000 | 0700 | 0700 | 0.000 | 0700 ] 0700 | 0000 | 0700 | 0700 ) 0.000 0.700
Locatly procured materials and

{h) supplies and spares

(i} Ex-factory G000 | 0000 | 0000 | 0.060 | 000G | 0.000 | 0.000 | 0.000 | 0.000 | 0000 | 0060 0.000

{ii} VAT 0000 | 0006 | 0000 | 0000 { 0000 | 0600 | 0.000 [ 0.000 | 0.000 | 0000 | 0000 0.000
Landing charge and Transportation

fiii) cost to site 0.000 | 0.000 [ 0.000 | 0.000 [ 0000 [ 0.000 | 0.000 | 0.000 | 0.006 | 0000 0.000 0 000
sub Total | 0700 | 1500 | 2200 0700 | 1500 | 2200 | 0700 | 1300 | 2200 0,708 1.500 2.200

Ii. Manpowcr

{a) Olficers-08 Naos. 1.360 | 0000 | 1360 | 1360 | 0006 | 1360 | E360 [ O.000 | 1.360 1360 | 0.000 1.360

(b} Skilled 3taff - 08 Mos, 0.480 | 0.000 | 0480 | 0.480 | 0000 | 0430 | 0480 1 0.000 F 0480 | 0480 | 0060 0.480

L Unskalled staff - 08 Nos. 6,720 | 000 | 0720 [ 0720 [ 0000 | 0720 | 0720 | 0000 | 0730 .720 0.000 0.72d
Sub total I 2560 | 0000 | 2.560 | 2.560 | 0.000 | 2560 (2560 | 0000 | 2560 | 25601 0000 2.560

IIL Others cost

| (2) Maintenance 2500 | 5000 | 7500|2500 | 5000| 7.500 | 2.500 [ 5.000 | 7500 2.500| S5.000 7.500

(b Interest o000 | 0000 | 0.000 | 0000 | 0.000 | 0000 | 0000 | G000 | 0000 F 0000 ) 0000 000

{c} Miscellineans 0.500 | 0.000 | 0.500 | 0.500 [ 0.000 | 0.500 | 0.500 | 0.000 [ 0.500 | .500 | 00060 0500

{d) Taxes ifany 0200 | 0000 | 0200 ] 0.200 | 6.000 | 0200 | 0200 | 0000 | 0200 | 02060 | 0.000 0.200
Sub total 111 3.200 | 5000 | 3.200 | 3.200 | 5.000 [ %200 ] 3.200 | 5.000 | 8.200 | 3.200| 5.000 2200
Fotal operating cost 6460 | 6.500 | 12.960 | 6,460 | £.500 | 12.960 [ 6,460 | 6,500 | 12.960 | 6460 ] 6.500 | 12.960
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Appendix D1: Applying distance based wheeling charge income from investment for Low
CASE SCenario

e | v | ey | e T o
MW | MMSCED | MMSCF Gus (MMSCFD) | (MMSLF) MMSCF Tk [‘1‘;:‘;"
O 240K} o o n i o 0 0 320 0000
L o o i ] o ] 353 100
2 o o it ] o 0 i 359 D00
102011 il 10 3650 it 5 00 1825 00O 5475 000 D58 133 (%8
4 Gl Lty 3850 o 5 R0 2kl (W) 5044 000 0.946 152610
5 &0 i 630 o 01m FIED 280 593920 L 442 175,50
3 60 i 3650 0 T02s 2563 954 6213 794 1149 202 439
7 £l M 3650 0 7.868 2871673 6521 673 1.267 234 240
#2416} 160 4 0490 ] gyt2 3216 274 £2706 274 1.397 503151
g 166) 26 9450 i 4517 34TLSTS 12963 575 1 540 565 957
10 L0 6 ) it L 278 3751 461 13241 461 1 6R 637 143
1 160 % 30 o ELI0G 4051 578 | 13541 578 L 872 718,551
12 160 2 4910 o 1984 4375705 | 13865 705 2064 811216
13 1 26 440 0 12947 4725 761 14215 761 2176 318 943
14 160 2 94910 ] 13,4983 51073 822 14503 422 1.500 137,517
15 160 26 P41} 0 15 102 5512 128 L5062 128 2 66 1176 206
16 16l 26 2440 0 16310 5953,098 L5443 (U T 050 1334 504
12 140 26 X 0 17 615 t420346 | 15319346 3362 1517.005
1% 160 2% 9490 )] 19024 £943.693 16433 693 1707 1726 634
15 160 26 4 it 20546 7490 189 | 16989 149 4087 LBST 065
20 160 % 0 ) 0 22 189 BORO 124 | 17589 1M 4506 2246290
n 160 26 DatH] o 23965 R74T054 | 18237054 4067 2567 773
Py L& 26 %) o 25 B2 946 B1E | 18936 818 5477 7939 593

( Note: MW=Mepa Watt; MMSCIFD= Million Standard Cubic Feet Per Da

SCM= Slandard Cubic Meler)
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Appendix D2: Applying distance based whecling charge income from investment for Base

Case Sechario

[ Poraver Fenlizer Hon bulk Toinl gas Ternsmissian Total
Demand charge Revenue
Year Ging Gas Demand Gas Demand /¢ | D o i
Dieminnd ! s LReman Lius ia5 Lm.n Eman mul i
MW da I Y ear Deand day Year MEASCE TR § 3CM Taka
. m{:m} (MMECET) (MMSCEDY | (MMSCE
i 1
02608) o 0 o B 0 o 0320 0 (K1
L 0 B 0 6 B 0 0353 & 000
? { 0 (] )} ¥} (] 389 0 Ne
I{HI1} il 10 3650 ) 5 25000 | 5475000 1353 133 098
4 i L0 3630 i 5,750 ST | 5748 750 0.916 154 077
5 &0 10 3650 o 6 613 213863 | 606356 LIM2 179,173
6 &0 1ib 3650 0 7 6 2775597 | g425 €07 1149 209 302
7 60 L0 3650 n § 743 ersas | 63103 L 267 245 43
&G | 60 26 B o 13057 w0727 | 1EenIn P.397 521 147
% 160 26 2490 o Lot S37800 | 13527 800 1540 590} 590
10 160 6 9440 0 12 180 441580 | 13931 580 | 698 670 SHD
1 160 2% 0404 b 13 386 #4577 | 143751 1472 82 882
12 160 2 o490 ) i4 724 5374311 | 14364311 2 064 867 540
13 160 26 B4 B 16 197 SHIIT42 | 15400742 1276 907 443
W22y | 160 i D 0 17816 6502917 | 15992917 2 509 1137312
15 160 26 9390 0 19 508 7153208 | vesda208 2,766 1304 871
16 160 26 9490 B 21 538 TR68 529 | 17356 520 3050 1500851
17 160 26 YA B 23713 RESS 382 | 1B145282 31362 172 234
18 160 26 o490 0 26085 9520020 | 19010920 1,707 L7420
9o | 160 26 5490 ¢ 28.693 DAL sz on £087 | 2n12442
P 160 26 3420 o 31 563 “513':'3' 1010313 4,506 2683 218
21 160 26 9400 0 34 719 ! mf ¥l 22162345 4967 3020 453
» 180 26 wIw) D 38,191 HRISST | 2340 579 5477 3637005

{ Wote: MW=Meea Walt; MMSCFD= Million Slandard Cubic Feet Per Day, MMSCF = Million Standard Cubic Feel |
SCM= Standard Cubic Meter)
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Appendix D3: Applyinp distance bascd wheeling charge income from investment for High

Case Scenario

Puwver FettilLzer HMaon bulk D:::: dgf::s“ iila?gg%;; I:: ;:: .
Ypar {jag
Gas demand | Gas dermand o Gas demand demnand § . Ballon
&L {day { Wear Dherman] ! day ear MAMASH 1K, Taka
[MMESCFT) (MMSCF} (MMSCFDY} (MMSCF}
QpHIE) ¥ 0 L] ¥ { 0 3320 O Qe
1 0 4] 0 ] 0 L1 0353 00
2 a 1 Q ] ] I 0.3k9 4 Hb
3201} ol 14.4 3256 1 LR IEI] LAZ5 000 TOE] 00G EF .51 4 172 140
4 a0 144 5286 ¢ 600G 2120 HO 7446000 1046 199 547
5 H) 144 3156 1 T2 2ET8 900 TaHd 000 1042 231955
f Gl 144 5236 ] B gy 153 6 84086010 1.149 75T
7 a0 144 5156 0 L0368 3784 320 G040 320 1267 124 702
RE20H6) 540 and 31534 M 12442 4541 1584 IMTI1R4 1397 1428 687
9 5441 B4 KY i Lt 11 644 4993, 302 Iasd1.3m LS4 L5094 kot
1 540 86 4 31336 0 L5054 5494 833 37030 533 15598 1782 382
i1 544 454 31536 0 16 560 addd 316 AT58031s 1 &72 L09g 215
12 S0 B4 2536 o 13 2i% God8 TdT 18184747 2 0ed 2133007
L3 549 864 31536 0 20037 7313 622 B340 822 X278 2505 878
14 540 BS54 11534 ¢ 2211 A044 w84 KyREOR S 2509 2814 741
13 540 LA 3536 1 34,245 Eyan 483 4385 483 2.7 J0%6 33
14 540 464 31536 n 26 6T 9734 431 41270 431 3.0so 3567 368
17 2] R4 Ni3a 0 LY LOT0n2.474 42241874 1562 4025,7492
12 540 BS54 31534 ] 12270 11778 662 43114 2 3T 45540 941
- 1% 540 264 31536 0 35497 L2956 528 44492 528 4 0R7 5153 R51
m Sdq) g5 4 31538 o I 04T 4252 131 45758 181 4 506 SB4T 583
2l 540 26 4 ETEET i 42452 1567730 47213.399 4,967 6T 636
22 9 854 31538 ¥ 47.247 17245132 15TRL 139 sa7d TSTIT&EI}

{ Note: MW=Mepa Watt, MMSECFD= Million Standand Cubic Feet Per Day; MMSCF = Million Standard Cubic Feet ;
SCW= Standard Cubic Meter)
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Appendix D4: Calculation of Financial value of NPV, BCR, IRR for Low Casc

Scenarino by applying distance based wheeling charge

. o Lriscounts | Descoumicd
[:::E'EE.‘:;;I cﬂc{?l&g ( lnﬁll\%ost Tulal Revenue Met Income Duscount d total totak
Year 1 il willi PV (milhan { miThan Factor Cost Revenue
[mkm" rql b:m LTakmn [E.T Y] Taka} 15% | mition [milhon
aj k) a} Laka} taka)

1 1 3 4 3 & T L

01 (208 176 BO3 ~176 ROS o =176 805 (RLITH =176 BOS 0oag
| -2{15%5 524 -20155 it o -215% ham -1 78R 454 €3 1w

2 -124% 584 -1249 R4 0 1249 684 0156 B44 741 HRITLY

gl -12 96d -12 9410 120,138 0R38 -8 518 87578
— 133 (98
- . K - 4

4 12 960 12 o0 152 &3 139550 372 T413 87193
5 -12.8200 -1 960 115 5 162,340 497 -fi 241 41
3 X080 |2 Gad 102439 LR9_4TG b 43 -5 A4 BT 454
T -12 Gad -12 960 234 24 221280 0376 -4 %73 A5 D74

- - 1 i

B 12940 12. 960 50 141 404 191 327 -4 23§ & 530
9 =12 060 L2960 <55.957 552 09t 0284 -1 681 160 732
4] -12 960 128961 G4 383 0247 -3 2N L57.424

637 343
- - -2, 4.4

15 12 960 12 %00 118 307 T 637 31 |3 2,786 154,498
12 =12 M6 =L2 960 211 216 798 156 0187 <2424 L5 657
13 -12 Qe =12 496l 315 345 G003 945 {1163 -2112 149 462
14 -1 960 =12, %66 1037 R17 1024 457 141 -1.827 146,333
L5 =1 2,960 =12 950 1178 206 1163 2da 0123 -1 5494 144 673
14 -12 980} -1 2,50 1934 R34 1321 %24 0107 -1.347 142,433
17 =12 M6l =L2 960 1517095 L1504 135 0093 =1 25 L L 0%

- -1 X - M

14 125(d] 124940 1126 638 iT13.678 1081 1 050 139 358
1 - - g .

q 12 90 12 i 1967 965 1955 M5 (L] 0807 137 758
0 <12 06l -E2 90 2246 799 22331W R 417491 137024
X =12 5] -17 96 2547771 2354 B13 0053 63T 136 092
2 - . 2924, - ,

12 9501 12 %0l 133,595 026635 {46 0 3%6 135211
Total 2071 %6( 26306 547
NPY= 334,312
RCE= 089
IRR= 13 85%

(Nole: NEV= Mt Present Value ; BCR= Denefit Cost Iatio . IRR= Iniernal Rate of Return)
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Appendix D6: Caleulation of Financial value of NPV, BCR, IRR for Hipgh Case

Scenario by applying distance based wheeling charge

Total

Yeur [ovesbment Ciperating Total Cost Revenue Met Discount Thscounied nlsr;l;?tm
el (P cost{ PV (Y} {7y IncumeEY) Factor 15% tolal Cost Revenye
1 2 3 4 5 L] 7 8 9
I[EE:IJDE} -1 805 -170.80% b =1 36805 1,00 -176 303 {F Q0o
I -203 5.0 ~2055 64 o -2055 601 o RTO -1787.560 a0
2 -9, 044 -1249 £54 6 -l 24wl 0756 -ld 941 1,000
LEU?HJ 12,960 412 560 - 159180 | 06es £ 521 113 185
4 -12.4960 -12 Bng 159 567 186 &07 N2 ~T AL 114 103
5 =12 950 -12 960 332083 22010y 0497 - 443 115 825
1] =12 080 -12 950 273,067 261 007 1432 -5.60 L18 443
7 -1% w0 -12960 3174 702 311042 03T -4 72 122 068
b -12 506 =12 940 1428 607 14135 GubT G327 -4 237 467 (114
9 <12 G =12 Oel} 564 865 | 581,205 0284 -1 084 451 Jal
10 2 P60 -12 DG 1782 382 [Tk 422 0247 -3 20w 440575
1t -12.89¢41 12 Gy L 735 L9851 275 nzs -1 TR 428047
12 -F2 950} 12 96l 2914 007 2121 047 0187 -2.422 417 552
13 =12950 -12.9060 3505 RTR 2402015 163 -2 L0k 407274
[4 -12.D60 -12960 2514 74t 2BOL_TE] 111 | 832 397 804
13 -12 ) =12 960 3166 326 153,306 01 -1.593 3RO 124
[ =12 Q68 -12.360 1567 360 3534 409 o7 L3858 35l 126
I7 -12 964 =12 i) 4005 793 A2 §32 0 M3 =1.204 JH08
18 12950 -1 2,860 4550 04 4537 980 111 =1 47 I6T. 13w
b -12 D50 -1 2960 5153451 3140 R 1070 -(h&11 361 137
pa0 -1 940 =12 9% 5247588 5834 Y [L1e]. 71 -0, 79 357289
1 =12 0e03 -12.960 6647 636 G634 675 053 -0 6B 333,193
22 =12 060 -1Le60 7572 182 TE30422 [ 44 0 5 349,845
Total -2.970 a4% B.5300 561
NPY= 3353 347
GCHR=  *0
IRE= 2%

(Mote: NPY= Met Present Yalug ; BCR= Benefit Cost Ratio | IRR= Internal Rate of Fetum)
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Appendix E: Economic Value of Investment Cost { in million Taka)

|

51 No. { ltem of works Year 1 (20{8-2009} Year 2 (2009-2010% Year 3 (2010-2011)
PY SCF AY PV SCF AY Fv¥ SCF AY
i Pre-construction expenditure
(a) Route swvey 1000 | 0.820 | 0.820 0,000 {1.820 0.000 0.000 0 820 0000
{b}Soil Sub-surface investization 2000 | 0820 ] 1640 0000 0 320 0.000 0.000 0.820 (.000
(c) IEE, ETA & RP 1000 | 0820 0220 0 000 0.820 0.000 0000 0.820 { 006
{d) Resettlement compensation 0000 | 0820 [ 0.004 5250 0.820 4.303 5.250 0820 4,305
{e) Land Acquisition 159.739 [ (0.820 | 130986 17.74% | 0.820 14 554 0.000 0.824) 0,000
{f) Land Requisition (.000 0.320 0.000 27878 0.820 22,860 27878 0.820 22360
{z} Land development 0,000 | 0820 0000 13,9386 0 §20 11.465 20.97% 0.820 17.203
Sub Total 163.739 134 268 64,863 53 188 34107 44.368
ii. Construction Works .00G { (00
{a) Construciion of 105 km 20 inch OD
pipcline and pipeline related facilities 0.000 { 0.620 ) 0.000 183.730 j 0.820 | 130675 183,730 | 0.820 | 150675
f &) 2 nos each 500m River crossing by
HDD method ooog | 1220 NG0D §7.050 1,220 | 106 201 130,876 | 1.220 | 159303
{¢ ¥ Installation of manifold &Regulating
station, CIGS and Intermediate Yalve Station naono | 0820 0,000 2 400 0.820 1268 21,600 0.820 17712
{d} Fabrication, construction, transportation
and placing of Set-on-weight on 20 inch OD
pipeline 0.000 {0,820 | 0.000 3652 {0,820 2.993 3.652 0.820 2.995
(e} Construction of CP systom Q000 | 0820 | 0.000 0,601} 0,820 0,492 5400 0.820 4428
{f} 439 5q_m Functicnal building 0000 | D820 [ 0000 0.549 0.820 0.430 4.937 0 EZ0 4.048
(g) 93% sg.m Residential bwlding, 0.000 | 0820 0,000 1277 0.820 1.047 11.439 0.820 2.421
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Appendix E: Economic Value of Investment Cost ( in million Taka)

5t No. | Item of works Year 1 (2008-2009% Year 2 (2009-20110) Year 3 (2010-2011)
Py ’ SCF AY Py SCF AY PY SCF AV
Transpirt vehicles , Jeep - 5 nos. , Pick np-
iv. 01 no. { double cabin) 6490 | BRI | 5329 6495 0820 3328 £.494 Q.820 ] 5329
v. (a} Manpower { Local) 0G0 0000 0.00) 0 000 {000
{1y Officer - 12 nos. 3.900 | 0.820 ) 3203 3.909 0.820 3.205 3.509 0.820 3205
{ii) Staft- 08 nos. 1000 | 0.8200 ] 0820 1.000 0,820 820 1040 0820 0820
{b) Human Resource development 0458 | 0.520 | 0.376 0458 | 0820 | 0376 0458 | 0.820| 0376
Sub Total 5,367 4441 3.367 4.401 5 367 4.401
¥i. Dther cost {1000 0 0oo 0060
fa) Tum-key design, installation and
commissioning of SCADA system 0000 | 1.220 |  0.000 3.850 1 220 B.577 7.850 1.22G 8577
Yii, Taotal Base Cost 176.805 144980 | 1963.643 2081824 | 1139635 177644
{a} interest during constuction (5%} 000 | 0820 | 0.000 65702 0820 33 RB7h 0§ 552 | 0.820 | 80813
{b) conungency (1% 000 | 0820 | 0000 21353 0.820 17504 11.458 0.820 9428
viii. Total Investment Cost 176.803 144.980 | 2055.698 2153210 | 1249685 1267855

* Pipeline construction and pther cost have been calculated on the basis of latest estimated cost of Ashuganj- Monohordi Project

** Cost of nachinery and equipment has been calculsted on the basis Actveal cost of Ashuganj- Monohord Project
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Appendix G 3: Applying postage stamp wheeling charge income from investment (economical) for High Case Scenario

Total gas Transmission Total Total Inca
Year Power Fertiizer | Won bulk Diemand charge / SCM Ineome { Econortic

Cias demand /| Gas demand £ G Gas demand / Gas demand / SCF

as .
day _ Year Demand day Year Million

MW {(MMECED) {MMSCE) {MMSCFDY (MMSCF) MMSCFE TK. Taka Million Tt

D{2008) 4] { 0 0 0] 0 0320 0,000 1.43

1 1] 0 1 0 0 0 0353 0.000 1.43

2 ] 4] 0 4] [E { 0.389 0.000 143
201N o0 14.4 5256 ] 5 1825 0 TOE1 000 (429 86070 1.43 12
4 qr i4.4 5256 ] i DO 2190 [H} 7446 0010 0473 99 T84 1.43 14
3 a0 14.4 5256 ] 7.200 2628.000 TER4.000 0,521 116,483 | 1.43 16
& G 14 .4 5256 0 £.640 3133600 £40%.600 0,575 126984 | 1.43 12
7 a0 144 5258 ] 10368 3784.320 940320 634 142,351 1.45 23
g 340 26 4 31536 0] 12 442 4541 184 36077 184 0.699 714,304 1.43 102
o 540 264 315336 q 13 6B 4045 302 36531307 0 7 TO7 433 143 114
1 5S40 Rh.d 31534 a 15054 5494 853 37030 833 0. E40 891,191 143 127
11 54{) 64 Ats36 ] 16 560 6044 316 37580316 1936 997118 1.43 142
12 340 6.4 31336 1] 18.216 6048.747 34184.747 1.032 11170603 | 143 159
13 540 854 31538 0 20,037 7313622 IRE40.622 1,138 1252039 | 143 179
14 5400 Rh 4 31536 0 22041 44 984 JR5E0 984 1.254 1407370 | 1.43 2411
15 340 364 11536 0 24.245 BE42 483 40385.483 1.383 1583163 | 1.43 226
16 540 86.4 31538 { 26,670 9734.431 41270431 1,523 1781684 | 1.43 235
17 S400 264 31536 [ 29337 10707 874 422435 8§74 1.681] 2012 806 | 1.43 287
18 240 56.4 11536 4] 32.270 11778.662 43314.662 1.853 2275470 [ 1.43 345
19 540 g6 4 31536 0 35497 12956528 44497 528 2.043 2576925 | 1.43 368
20 549 86.4 31536 ] 30047 14252181 45788181 2253 2023794 | 1.453 418
21 540 £6.4 31538 0 42,952 167730 47213390 2484 3323818 | 145 475
22 540 86 4 31536 i} &7 247 172453139 487E1.150 2,738 3786191 | 1.43 541
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Appendix Hl: Applying distance based wheeling charge income from investment {economical) for Low Case Scenario

Towalgas | Transmission Total gop | Total Revenue
Y ear Power Fertilizer Non bulk Demand | charge /SCM Revenue {Economical)
Gas
Gas Demand/ | Gas Demand / Gas Demand | Demand /
day Year Gas { day Year
MW {MMSCFD) {(MMSECE) Demand | (MMSCED} (MMSCF) MMSCF TE. Million TE. Million TEK.
a
(2008 0 0 0 0 0 9 0420 0.000 | 1.43 0.000
l 0 0 g 0 f 0 0323 0.000 1.43 0 Do
2 i 0 0 a 4] 0 1879 0.0014} | 43 0.000
320113 &l 10 Il { 5 000 1825.000 5475 000 0 B3R 133098 1.43 190,330
4 [ 10 3650 o 5.600 2044000 3694000 0 946 152.610 1.43 218 232
5 60 3] 3630 0 6.272 2289280 5939280 1042 175,500 1.43 250,968
3 &0 11 3650 o 7025 25363.994 6213004 1148 202,439 1.43 289488
7 &l 10 3650 ) 7868 2871.673 6521.673 I 267 234,240 1.43 3349463
5(2016) | 160 26 9420 ] g gl2 1216274 12706.274 1.3%7 S03.151 §.43 719.506
g 160 26 G400 0 9,517 3473575 12963 575 L 540 565 957 1.43 300,319
10 160 26 9440 0 102738 3751461 13241 461 | 658 637.343 1.43 911.401
11 160 26 94590 o 11500 4051.57% 13541.578 1 72 718597 1.43 1027 5393
12 160 26 @490 0 1] 983 4375705 13865705 2064 511214 143 11606 39
13 160 26 84840 ] 12.947 4725761 14215761 175 216.945 i.43 1311.231
14 1640 26 5450 0 13.583 Jl03 822 145453 322 2 50% 1037517 1.43 1434078
15 160 26 2450 { 15102 5512.128 15002128 I 7a6 1176208 .43 1681.974
16 160 26 2450 i) 16.310 S953.098 15443.093 3050 1334884 1.45 1908 584
17 150 26 o430 0 17.615 429,346 15919 344 1362 1517.095 1.43 2169.445
18 160 26 o490 0 19024 £4943.653 16433.693 1.707 1726638 1.43 2469053
1% 160 26 G454 0 20.548 7499189 16582.189 4087 1967.965 1.43 2814 190
20 160 26 9490 1] 22 189 8099124 17589.124 4 56 2246290 143 3212 208
21 Led 26 G480 ] 23.065 F747.054 18237.054 4987 2567773 1 43 3671.015
22 160 26 2499 0 25.832 0446 818 [§936.818 3477 2939 3495 1 43 4203.621
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Appendix H5: Caleulation of Economical value of NPV, BCR and IRR for base case scenario by applying distance based

wheeling charge.
Investment cost | Operating cost { |+ Total Cost Total Revenue Met income Dhscount Dizcounled Dnscounted total
Year (AY) AY) (AV) {AV) (AV} Factor 1 5% total Cost Revenue
1 2 3 4 3 & 7 8 g
{ (2008) -144 980 -144 980 0 -144 980 1.0000 -144 980 00010
] -2153.210 =2153.210 a -2153 214 0 36596 -1872.357 0.000
2 -1267.885 -1267.885 0 -1267.B85 7561 -958.703 {000
3 -13.155 -13 155 246.16 233 005 0.6575 -3.630 161.854
4 -13.15% -13.1535 281.834 268,729 05718 -7.521 161 168
5 =13.155 -13.153 324079 310524 0.4972 -6.540 16].125
5 -13.155 -13.15% 374.163 361008 04323 -5 687 161.751
7 -13 155 -13.155 433 §99 420,744 0.3759 -4.045 163119
B -13 155 -13.135 [0 529 938374 f.3269 -4.300 327.402
9 -13.155 -13.153 1127.103 1113.948 .2843 -3.738 320 393
16 -13.155 -13.155 1270422 1257.267 02472 -3.252 il4 029
il -13.155 -13.155 1434343 1421 190 0.2149 -2 828 308303
12 -13.155 -13.155 1622.241 | 509 086 0.1865 -2 450 303.208
13 -13.155 -13. 155 1838092 1824.937 0.162% -2.138 298.741
t4 -13 155 -13.155 2977.43% 2964284 0.1413 -1.859 420.797
13 -13.155 -13.153 355534 3342.37% 1229 -1.617 412377
16 -13.133 -13.155 37587.895 3774740 0.106% -1.406 404,793
17 -13.155 -13.155 4283.383 4270 230 0.0%29 -1 222 3vg.037
18 =13 135 -13.153 461118 43498.025 0.080% -1.063 372.607
19 -13.155 -13.153 6692.595 H679.440 0.0703 -0.924 470.257
20 -i3 155 -13.155 7569849 7536.604 0.06i11 -0.504 462.520
21 -13.155 -13 155 8577713 B564.338 0531 -0.6499 455,740
22 -13.155 -13.1533 9738 231 0723076 0.0462 -0.60% 445,912
Total -3,038.302 $528.142
NPV= 3439841
BCR= 2.13
[RE= 23%




Appendix H6: Calcutation of Economical value of NPV, BCR and IRR for high case scenario by applying distance based

wheeling charge.
Iovestment cost Operating Tital Cost Total Revenue Met Discount Factae Driscounled Discounted total
Year (AY) cost [ AV} {AYV) (AN Incoinel AV) (13%) total Cost Reveoue
1 2 3 4 5 ] 7 5 g
0 -144 980 -144.930 0 144 980 .00 -144.980 0.000
1 -2153.210 -2133.210 0 -2133.210 0.570 -1872.357 0 G0
2 -1267.885 -1267.885 ] -1267.883 0.756 8358703 0.000
3 -13.155 -13.155 246 16 233.005 0.638 -8.650 161.854
4 -13.1535 -13 153 255351 272.226 0571 -7.521 163.168
5 -13.133 -13.135 333.14 319 985 0497 -6.540 165.629
& -13 145 -13.155 301 773 ITR AR 0432 -5.687 164.374
7 -i3.155 -13.155 454,124 451,163 1376 =1.945 174557
B -13.155 -13.155 2042 908 2025.733 0.327 -4.300 f67.230
g -13.155 -13.153 2280657 2267502 0.284 -3.739 048,303
[4] -13.13% -13. 853 2545807 2535 652 0.247 -3.252 630.026
i -13.155 -13.155 2851.757 2838 602 0215 -2.828 612,966
12 =13 133 -13.155 319463 181475 0.187 -2.459 597.059
13 -13.133 -13.155 3583 406 3570251 0.163 -2.138 582.404
14 -13.155 =13 155 4025079 4011.924 (141 -1 859 568.850
1% -13 155 =13 155 4527 844 4514.691 123 -1.617 556447
16 -13.135 -13.155 5101.337 5088.182 0.107 -1.406 545153
17 -13.15% -13.133 5756 BR2 5743727 0.053 -1.222 534963
18 -13.135 -13.155 63507 844 6494083 0.08] -1.063 525867
19 -13.153 -13.155 7370.007 7356 852 0.070 -0 924 517.856
20 -13 133 -13 155 8362.051 8348 .896 0.061 - 804 510 %24
21 -13. 155 -13.155 9506119 0497 944 0053 -0.659 305.067
22 -13.155 -13.155 1 (}§28 506 ENa13 351 0.046 0608 500.283
Total -3,038 302 9,338.632
HPV= 4300330
RCR= 307
[RR= 2T
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Appendix 1.1: Income from investment {Power Sector Low and gthery Base Demand Casc)

I otal gas Transmissicn Taal
Tower Fertilizer Mo bulk Dmand £ charge f Ineome
¥ SCM
Vear Gas demand | Gasdemand || Gy demand | OF _ —
it ! day ! Year Demand { day Yeur MM SCT 1K Toka
[MMSCFD) [MMSCF} (MMSCFLD (MMSCE)
L IE I} It LI} [t 11 006 000 0320 (3 )]
1 ¥} 4] 0 5 [ 0 R3] 03533 e
2 L] 0 0 LI} LRIl A1 L] [ O
2001 1] 1 3650 Ll 3 T30 5475 000 0429 5 549
4 L] Lo 1630 I3 3750 200R.750 5T4R 750 473 TTA0
5 la] i 3850 ] G513 2413563 G063 503 032y B9 556
& L1 1 3850 1 T.h0d PLERRE 0425 347 0373 1 666
7 Gl Lo K11] [ B.745 LD 936 fRd 930 (hed4 122871
B 160 I 3500 5 10,057 3670 727 130727 [h&% 144,945
Q 16 Al Dnl M) 1 11962 4037, 800 13527, 30H) 0770 205 19%
HL L& 15 490 i} P L A4 L 580 13931 380 ra4e 335280
I 16l il 9140 4] 13 186 4585 T37 14375737 0930 351 431
12 160 16 401 N 14 724 3374311 14844 311 LRELY] 434 §20
13 1] 25 G0 i} 16 1%7 911,742 TR0, 742 1138 456 Ta2
14 160 26 9490 4] (e 11 65028917 15992917 l.254 568 656
L5 180 26 W) 1 19 538 7153 208 168543 208 1,583 051,435
& Lewl] it 2490 1} 21 558 TRAR_ 520 17358 514 1.32% 750226
17 160 28 G400 0 23713 B635 382 LE145 382 L 681 RGN T
th 160 1% 2450 1] 26085 QR0 A0 19010920 1 853 0B T
14 bl 25 490 0 25 Y 10473,002 1We3012 2043 1156 21
il 160 26 2490 g 31563 L1520.303 21010313 153 1341 &0
H 18 P13 0 ) 1 34719 12672 345 21162,345 Z d&d 1560327
12 Lt 16 S5 [+ L1 138353 579 23429 57% 173t 1818 507

{ Wote: MW=Mega Wat; MMSCFD= Million Slandard Cubic Feet Per Day; MMSCF = Million Standard Cubic Feet

; SCM= Standard Cubic Meter)
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Appendix 1.2: Income from investment (Power Scetor Low and others High demuand

Case)
I Total gas Transmissum
ower Tertilizes Man hulk pemand ¢ clhatge ! Totnl Incoe
¥r, SOM
Year Gas Gaz Gas Gies
MV d“'g:;“’ o Bl "”:1‘:;“’ P sl wmser T® Hilkion Ttka
(MMSCEDY | (MMSCT (MMSCTD) | {MMSCF)
0{2008) fl 0 L] L] 0 G0 LRI (k3200 000
1 1 a il 1] (300K 700 0353 0400d
2 ¥ Iy [ 0 0aga [IFs]1a] 0384 0 1180
JIABLIY Gl ¢ 3650 o 5 TR (0 3475000 0420 &6 544
4 50 0 3A50 L] LRLIN 219000 SE40 00G 0473 T8 262
5 1] 19 3nh0 1 7.200 2628 000 5278 000 52l 92755
f &l 10 3650 1] B &40 3151 600 GR03.G00 0TS 110 823
7 al 1 3530 0 10,368 784 320 7434 320 0 734 RERINI
S 160 LG a0 L] 12442 454] 1584 R191 154 (ha% 162 180
9 160 26 Q490 Ml 13,68 490% 302 L4485 302 0.7M 316,190
12 (1.1 26 24490 U] 15034 5404 533 14754 853 0343 JaG 628
11 Lialh i 9404 4 16560 GIGE el [ 13334 31n {1536 411 172
2 J1.14] P el 1 18215 af48 747 LGL35. 747 1.3 472,100
13 160 26 2490 [ AET 7313 022 16803 422 L 138 Ja1v34
14 160 26 94490 0 22041 Rt 934 17333954 .25 623487
15 160 1t ) 0 24345 BR49 453 18330 483 1383 718 93]
L& 160 i 480 1 16 &70 T34 434 19724 431 1.325 330 869
iT - 160 26 490 I} 35T 17874 20197 874 1 681 262417
18 Lt 26 Yyl 0 Ly il L1778 A2 212680602 1.85] 1187 317
19 L0 b 94 4] 354097 F2056.528 23440,528 2043 1300 042
p 140 15 3450 il M7 14252181 13792.181 2253 1516 052
21 L& 26 L) U] 42,952 15677 390 25167 309 T agq LT71,782
i &0 26 94X 4] a7 247 FT245 132 26735 13% 2738 HrEAT

{ Note: MW=bMeza Watl: MMSCFD= Million Standard Cubic Feet Per Day, MMSCF = Million Standard
7 Cubic Feet ; SCM= Standard Cubic Meter)
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Appendix L4: Caleulation of Financial value of NPV, BCR, TRR (Power Sector
Low & Others High Demand Case)

) Irclx[s ?#,T;l E&?ﬁ.{% T”?;,Iﬁw RE:EL: Mt l!mlume Dhscount L::i?gg;d DIS:;TI“:L-I
Yoar (mallinn ¢ millian (Miffion (') { million Factor P Ty Hevenus
Taka) Taka) Taka) (Tg:}':;:;“ Takat L% wakaj '[‘:‘;ll{l;?“
| 2 k| 4 5 G 7 B

U] -176 8035 -176.805 0,000 176 BOS 1 G -176 803 0,000
b <2055 894 -2055.694 0000 -A0p34 04 &M -1784 454 0.0003

2 -124% 634 -124% &34 o nen 245,684 0750 944 741 1 o0ng
3 =12 96 12080 66 519 53 589 0658 -3.324 43 TE%
4 -12 950 12 %60 73 33 &8.302 572 -T413 44,768
3 ~12 360 12960 91755 0 T0E 0,497 i 44] 44 099
& 12,596 12060 L6 %23 o7 243 0432 -5 559 41870
T 12040 -12 %60 131510 1240 550 k376 -4 873 S0 208
] =12 960 -12 964 162 120 145 23 0327 - 138 53033
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1 -129&0 212 D60 1) 628 M7 el 1,247 -3 01 B9 075
n -12.060 12 960 412173 o212 F21s -1 78n B4.617
12 .12 %60 12960 472,140 459 140 0187 -2AM BE 283
13 12960 12960 541914 AE9T4 01463 =2 112 88135
14 -12950 -1 D o487 a1l 527 0141 -1 827 B7 912
15 ~12.000 «12 96l 118931 5 o o123 -l 2% 419
14 ~12 %00 <1296 210 840 £§7.509 o107 -1 3487 43 503
17 12960 -12.050 947 417 49 457 1M3 1205 B 505
18 ~12 960 =12 560 117 317 1104 357 X1 1,050 90 503
1 -12.080 -12 G0 1300 152 1287 112 o7 0907 GL oo
20 212 BAO -2 98 1516052 1501002 Qaal -0 9247y
21 -12 960 12,960 1971 183 1758 B22 LINTEY -(h087 93 904
22 -12.960 =12080 2075 071 2062 111 01, (kdtr -0 506 95453

Tatal -2.971.350 1,547 054
HWRY= 413 394
BCR= 052
ILR= 93T

{MNote: NPY= Met Present Yalue ; BCR= Benefit Cost Ratio ; [RR= Internal Rate of Return)
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Appendix 1.5: Income from investment (Power Secter High & Others Low demand

caye)
Tital pas | Transmisgion Total
Movrer Fertilbizer Man bulk Demand ! charge ¢ Income
W SCh
ear Cius Gas Chas Gas )
| dmmar | | G ) i | vt | e | me | S
(MMSCFDY | (MMSCF) (3IMSCHDY | (MBSCE)
O 2008y [ I} [ 4] [+ I} 03m IR
| a 0 0 ] 4 0 1353 00wy
2 I L] 1 T 1 1 0380 .00
w:?l gl % 144 5156 0 5 000 1825 7081 04z 26 070
4 a0 144 2% 1 500 204 T 0473 97 327
5 Elll 144 5236 ] Ha71 219 2% 754528 0521 L11478
f 90 14.4 S350 (¥ TS 1363 38 | TELR9R3G (1575 127 379
7 ] 144 3250 N T ihl 2RTIATZE | H127 6728 f63d 145 21
B 540 Rid 31535 0 B3l2 J2162736 | 34752274 G99 GEEO7L
@ 540 an4 31338 0 Q517 34735755 | 35009 575 07T Thd 215
19 540 fo.4 31536 Tk 10278 J751 4615 1 35287.46] 4% 240235
11 5441 Bt 4 Jida 0 11.100 4051 STR | 35587378 %34 034 744
12 540 B4 31535 ] 11 988 4375147 | 35911705 1 032 L0503 5i1
13 540 E& 4 1356 LI 12547 4725 Tall | 36241740 1135 1i65.478
14 540 B 4 31535 0} 13983 SINZRNY | 3639 422 1.254 §302 TE
15 540 Bhd 31334 N 15102 SR 0277 | 370«E 128 LIRS 1452334
[N 540 fad 31536 (¥ 16310 SOET AT | 37480 044 152% L0 23T
17 540 B d 133G 0 ITal% (29 3458 | 37965 340 b 681 109027
1 540 56 d 31536 0 19024 G443 604 | 38479 6593 1.853 021 4%
14 540 86 31538 i} 20,546 400 1832 | I9035 144 23 2260 84n
0 5400 BG4 31536 1) 21189 B0 124 3Mi35 114 22453 25300852
21 a0 L 31336 L] PARSL] BTAT 0539 | 40257054 2 4R4 2R354
12 540 B 4 31536 o 25 B2 Dddn §152 | 400E2 BN 2738 BRI

{ Note; MW=Mega Watt; MMSCFD= Million Standard Cubic Feet Per Day; MMECE = billion Standand
Cubic Feet ; SCM= Standard Cubic Meter)
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Appendix L.6: Income from investment (Power Sector High & Others Base Demand

Case)
[ Total gas | Transtussion Total
Priwer Fertilizer Mo bulk Dremand ¢ charge ! Income
¥r SCM
Year Gaz Gas Cras s .
| dommner | e ||| g | sl | ppce ||
(MMSCFDR | (MMSLE) {MMECFD) | (MMSCTY
ne2o08 LI 1 0 (00 AT 0 320 L]
| 0 o 0 LIE)] 80 I 353 DRI
2 ] 1 i (e 00 0 Lk Q.m0
(zc?l 1y a0 144 234 q § 0040 1825060 TOR1 0414 &6 FH)
4 Qi 144 8256 1) 5,750 098 TH) T334 75 (473 QR 561
5 90 144 5254 1 a6l 2413563 | TAD 563 5N 113314
f 0 144 5156 0 T ok 2175597 | EON 597 Q0TS 130 B2
T Ll 44 A256 [t 3745 M91936 | #4197 G634 151713
g 540 an 4 534 ] 19,057 3670727 | 3520673 0 oy 607 Dok
a 40 Bod 31536 ] L1 ez 4047 RO 155718 T 776 531
1n 540 16 4 11536 { e [ 4441 580 | 35977 5B 1 By 265 B4
11 S B4 EIRE ¢ L3356 AKE5.TI7 | Jsd2l T 0916 She 377
L2 540 BS54 31835 I 14734 S3T4 31T | JeR0 3L 1.032 L0789 723
13 sS40 264 31536 ] 14 197 91174 | Fa T 133 1207 727
14 Sdi) S 4 N6 b L7 Bib 4502917 | 3WMEH2 1254 E352 539
15 540 R&4 31534 1 19595 TI53 208 | 3369 21 1333 1516 667
16 5401 264 3536 0 21554 TEGR 528 | 39404 53 1.525 1703 041
L7 540 Bt 31534 i 23713 BESS 381 | AULLER 1681 LO15 96
1B 540 46.4 3i536 a 26083 w0020 | 4105692 1353 2156 241
L 40 i, 4 31536 It 18 643 PO4TI0ET | 4200000 2043 2433 083
il 340 854 1538 1 3L 563 11520313 | 4355631 2253 2749 35§
21 S40 264 31536 0 Ty 12672 345 | 44208 34 1484 2162
22 540 Bp.1 11334 1 35191 LI030.579 | 4547558 2738 1529 627

{ NMote: MW=tega Watr; MMECFD= Million Slandard Cubic Feet Per Day, MMSCF = Million Standard
Cubic Feet ; SCM= Slandard Culbic Maeter)
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Appendix I. 9 : Calculation of Financial value of NT'V, BCR, IRR for High Case
Scenario (Using Postage Stamp tarifl and Including the average cost of Monohordi-

Elenga Projecet)
Year in:;s;:?jut ln;ﬁg‘:g‘;‘ﬂf G’:;;T]g Tustal R::::Lc Flet DHscount | Duscounted Dlg?;':llﬂm
Hmkum"fl' M&nuhnrd!: PV Cosl {PVY (V) Tncome(P"y) | Tacior 15% | wotal Cost Revenue
Rajzhahi Elenga Proj
T'roj
1 1 3 4 5 & T g 9
0 -} TR RS - 50H) st -1a77 47] 0 oo -G7TAT L Do -laT1 471 1000
1 <0055 604 « 1300, h0k -3%56.360 040 =3556 360 F47a -3192_ 4B7 (hA30G
2 -1249 684 -1 50H) B -2T50 330 i e -Xran 350 0.750 <2079 o) a4gn
k] -1 Tl =12 968 26 07 T30 a5K -8 521 56 591
q -1 296 =12 Dl g T84 346 B24 0572 =110 57052
5 =12 Bl -b2 960 116 483 13533 14597 -h 43 51912
] -12 950 12,9460 136 384 124 024 {432 =500 59232
7 12960 =12 9050 162 351 149 39§ 0376 - 472 RIS
5 =12 940 =12 964 714 704 T8 544 0327 <4 237 133 807
9 =l2 950 =12 960 57 413 T84 4T3 {284 -1.634 X26 680
i1 -12 96 =124960 RS0 BTR 231 0247 <1204 2289
il =12 940 -12 960 907 118 QR4 134 Fays -1 186 214 314
11 -12,96H] =12 B4k 117 9 110 (143 0157 -2 421 208 774
i -12 6l 12,90 1252000 1239979 0163 <2106 M3 818
14 -b2 960 12,5400 1.3 1304410 1 141 -1 B2 198 902
15 =12 960G -12.960 1583 163 1570203 0,123 -1 593 194 562
14 =12 9460 -12 %60 1787684 17724 o107 -1.38% [P0A13
I7 12,560 -12 8560 017 $06 [EerR ] 0493 -1.104 187 050
18 =12 050 -l2 9480 1315 470 2252510 Hogk |7 1RS 87O
% 12,950 -12 ol 2676 675 25639603 {1070 -pu L&L.058
20 -2 G -12 00 +pE 74 200 B34 a1 -0 T2 179 643
21 =12.8960 -2 9ad 1121 318 3310 %54 1053 41 GREY 17h 557
12 -l2 950 -12.260 ST LG 3173231 W& -0, 599 174924
Toial =6 4910957 3,265 156
WPY= -3 5,701
BLR= 047
TRE= ¥

{Mote: NPV Net Present Value
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BCR= Benelit Cost Ratio ; IRR= Internal Rate of Retam)




Appendix Li0: Calculation of Financial value of NPV, BCR, IRR for High Case

Scenario {(Using Distance Basced Tariffs and Including the average cost of Monohordi-

Elenga Project)

Investricnt T —
v |per | TG | o | mwcon | (S | v | P s | 205
Feayshiahy _unnlmrd:- e PV} (V) Incomef Yy 15% okl 'ast Hevenue
Proj Elenga Pr
1 p: 3 4 3 f T | 9

T {2008) -176 BitS -1 30H fiB6 -16TT 471 0 -1677.471 1000 -laTT 471 Rl

1 2055 6™ -1 500 A4 -3556,300 0 -3556 360 0470 -3092 447 01 (WICk

1 -1249 6584 -1500 A6h =Z750.350 0 -2T50.5350 0,750 20T G0 Qom
320110 -1 960 =12 950 17314 159 180 1 658 -4 52l F13185
4 -1 2,900 - 12 Wl | 56T LB a7 Qs =7 410 113103
3 -12, iy =12.4560 717 965 220005 a4y - 443 115 525
L 12080 12,5900 273007 261007 0432 -5 603 L1R 443
7 =12 9] -12 G 124 702 3l 142 0376 -1,472 122 Und
L =12 Ml -12960 428,641 1115 647 rizy 4237 447014
4 =12 960 -12 G0 1504 BES 1581 903 0284 -3.084 453 360
4] -12 060 -12 960 |74 382 1769 422 247 =324 440 578
11 -12 960 =12 9af Joud 135 1981 275 02k -2 746 42R 647
12 12,960 <2860 | 3914007 2331 047 ole7? -2 432 A§7.052
13 12 ik -12950 150% 378 2492918 ¥ 143 Brlil 407 274
L] 12,9641 -2 960 2814.741 2801,781 0141 -1,832 397,504
15 -12 Ga0 =12 94l 1166326 353360 o123 -1 553 89124
16- -124960 =12 960 I567.340 3554 408 1107 -1 385 IBL 236
17 12 960 S12960 | yene tan 412 332 0093 =13 374 100
32 -13 080 =132 950 4550 34 4337 980 oL i a7 367 139
k) -1 .90 =12 360 £153 85§ S1anAH 0076 -t 362,137
i -12.%0 =12.960 447 5H 834 628 B0l - 752 51289
A 12960 -12960 6647 636 6634074 nes3 A bRy 153193
i =12 900 -12 Sl 577 181 7559412 0.0k -1 550 149,549
Tal £910937 | 6530511

L

BPY= 380445
gLk~ 054
IE= 14%

{Note: NPV=Net Present Value ; DCR= Benefit Cost Ratio ; IRR= Internal Rate of Return}
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