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ABSTRACT

The gas fields in Bangladesh discovered so far discovered arc located in the Eastern Part of

the country. As a result gas based power plants, fertilizer factories and industries have been

set up only in the Eastern Part of the country. Non-availability of natural gas is the major

obstacle 10set up industries in the northern region, especially In the divisional city Rajshahi

and its adjacent areas. As a result 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 city Rajshahi which includes design, financial and economic aspects. The study

reviews the present gas supply, demand, transmission scenario l\lld also analyzes forecasted

production, supply, demand and transmission plan. The study also identifies the limitations

of gas supply to divisional city Rajshahi ..

Financial parameters such as Net present Value (NPV), Benefit-Cost Ratio (BCR) and

Internal Rate of Return (1RR) has been calculated on the hasis of 20 years project life. The

analysis is firstly 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 same for pessimistic case are Taka

(1690:746) million, 0.43 and 7.65% respectively. For optimistic case these values are Taka

294.611 million, 1.10 and 16% respectively. The result shows that by applying postage

stamp 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 ease. On the other hand, if revenue is

calculated on distance based wheeling charge then the project is financially viable for base

case and optimistic case and economically viable for all cases.

Sensitivity analysis shows that the project viability largely depends on the power sector gas

demand. With power sector minimum demand the project in not financially viable even with

other sectors maximum demand, On the other hand with power sector maximum demand the

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

INTRODUCTION

Natural gas is a very important national asset for Bangladesh, Use of natural gas in

industries, power plants and commercial units have resulted increased production in

industrial and commercial sectors, thus contributed significantly to overall economic

development of the country. The government of Bangladesh has given importance to

socia-economic development by ensuring the optimum use of natural gas, After

completion of the Jamuna Multipurpose Bridge, a good communication ha, been

established between the capital city to the western wne particularly with Rajshahi,

Bogra, Rangpur, Dinajpur etc. A, a result a congenial atmosphere has been created to

develop different types of industries in the north-west divisional city Raj,hahi.

Natural ga, network has already been extended across the Jamuna River to sllpply gas

up to Sirajgonj and Bogra towns, This is why the desirability of getting gas is being

increased for existing and proposed powcr plants, industrial and domcstic customers

of north-west divisional city Rajshahi. At present negative impact is imposing on

environment and socia-economic condition of Rajshahi and its adjacent areas due to

usc of wood, kerosene, LPG, diesel, furnace oil etc. in industrial, commercial and

household activities.

Govermnent of Bangladesh has planned to install a 3x30 MW power plant in Rajshahi

within December 2010. 'Ihcrcfore extension 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 aftcr

completion of gas transmission pipeline from Sirajgonj to Rajshahi.

Industrialization, soeto-ceonomlc development and pollution free cnvironment of

Rajshahi city will be achicved aftcr completion of this gas transmission pipclinc

project. Socio-economic development of the pcoplc of the north-we,t region of

Bangladcsh will bc possible latcr by providing gas to Natore, Chapainawabganj and

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

I



opportunity of further extension of gas transmission network and development of

infrastructure in the north-west region of the country,

1.1. Objectives

The main objectives of this stl.ldy are as follows:

• Design a pipeline for gas supply to divisional city Rajshahi and its adjacent

areas,

•
•
•

•

Sludy the teclmieal feasibility of the proposed pipeline project,

Analyze financial and economic aspects of the proposed project.

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

distances,

Recommendations to overcome the limitations .

1.2 Methodology

• Review of the present supply, demand, consumption, transmission scenario of

natural gas in Bangladesh.

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

natural ga, in Bangladesh.

• Identify the supply sources, potential consumers, gas demand and possible gas

transmission pipeline 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 of the proposed pipeline project.

2



CHAPTER 2

NATURAL GAS SUPPLY- DEMAND IN BANGLADESH

Natural gas is recognized as an important indigenous hydrocarbon resource III

Bangladesh. It is now the major fuel for power generation in Bangladesh. It is also the

raw materials for production of urea fertilizer and fuel for many industries and

commercial establislunenl. It is an important cooking fuel in metropolitan areas like

Dhaka, Chiltagong, Sylhet, Commilla, Mymensing, Tangail etc. replacing the usual

fuel such a8 wood and kerosene.

2.1 Reserves of Natural Gas in Bangladesh

Gas initially in place (GIlP) is the total amount of gas found initially in a reservoir

when the reservoir is discovered. Reserve is that portion of the GIlP that call be

produced from the reservoir under the present technical and economic conditions.

Reserve estimation is very important for the proper planning of the energy sector of

the country. It is recognized that reserve estimation is a dynamic proceS8 and the

re8erve of a field needs to be updated with the exploration, production and

development activities. Several studies have been made for Bangladesh gas reserve

estimation. A joint team or Hydrocarbon Unit (BCU) or Petrobangla and NOlv,egian

Pettl.,leum Directorate (NPD) eomlaeted the latest study to estimate the gas reserve of

Bangladesh. This joint study was conducted by experts of Norwegian side and those

of Petro bangIa, BAPEX, BGFCL, and SGFL on HCU side. This study estimated the

2P (Proven+ Probable) GllP of the discovered fields as 28.647 TCF and tecoverable

reserve as 20.660 Tcr(l51 . This study contended that using modern technologies and

good reservoir management practices it is possible to achieve a recovery factor of 70-

80% in different 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.

G1IP and reserve of different gas tlelds are shown in the table 2.1.

3



Table 2.1: Summary of Bangladesh Gas Reserve in TCF

Cumulative Remaining

" Vear of GUP Recovory Rocoverable Production R"orvc as
Fieids Discovory (2P) factor% Rcs",vc (2P) Up to on 1st"'. D.cemb.r lanuary

2006 2007
A. Producing, Bakhrabad 1969 1.499 70 1.049 0.662 0.387, l3a'tgora 2006 0.448 70 0,314 0.0256 0,288

3 Beanibamr 1981 0.0243 70 0.017 0.044 -0027
4 Bihiyana 1998 3.145 70 2.390 2.390
5 Fenchuganj 1988 0.404 70 0.283 0,037 0.246
6 Feni 1981 0.185 70 0,130 0.039 0,091
7 Habigonj 1963 5.139 75 3.854 1.396 2.458
8 Jalalabad 1989 1.195 70 0.837 0,362 0.475
9 Kailashtilla 1962 2,72 70 1.904 0381 1.523
'0 Meghnn 1990 0.171 70 0,120 0.035 0085

II Moulovibazar 1999 0.449 80 0.359 0.056 0.303

" Narshindi 1990 0.307 70 0.215 0,068 0.147
13 Rashidpur 1960 2,002 70 1.401 0,398 1.003
14 Said. 1996 0,166 70 0.Jl6 0.048 0,068
IS Snngu 19% 1.031 82 0.845 0.398 0.447

16 Sylhet / 1955 0.684 70 0.479 0, l84 0.295Hnripur

17 Tita, 1962 7,325 70 5.128 2.635 2.493
SlIb Tata1 A 26.4463 19.441 12.672
B. Production
suspended

18 Chattak 1959 0.677 70 0.474 0,026 0.448
to KamIn 1981 0,072 70 0.050 Om7 0.033

Sub-total B 0.749 0.524 6.786 0.481
C. Non
producing

20 Begumgonj 1977 0,047 7' 0.033

" Kutubdia 1977 0.065 70 0,046
72 Senmtanj 1969 0.227 66 0,150
75 Shabajpur 1995 0.665 70 0.466

Sub-total C 1.004 0.695 0.695

Grand Total
28.647 20.660 6.812 13.848(A+D+C)

Saure.' Bangladesh ga, reserve estLmatiooby joint study of Hydro Carbon Unit (HCU) of Petrobangia

and Norwegian Petroleum Directorate (NPD).

(Note: TCF~ Trill;on Cubic Feet)
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•
None producing fields Chauak and Kamta were taken out of production due to

excessive sand and water. Production of l3akhrahad field has also become uncertain

for the same reasons. 4 oul of R wells of Bakhrabad field are only producing at a

reduced rate of 35 MMSCFO and pressure 550 psig to overcome this situation. A

compressor has set up at Bakhrahad Gas Field to increase the gas pressure with a view

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

pipeline.

2.2 Present Production

At present gas is produced by state own enterprise i.e. companies of Petrobangla and

International Oil Companies (I0C). Eighteen gas fields arc producing around 1634

MMSCF gas per day. The present production capacity of 18 gas fields is around 1800

MMSCfO(l] _About 56% of total production comes from the state own enterprises

i.e. from companies of Pctrobangla and remaining 44% from IOC's under Production

Sharing Contract (PSC). The present gas production from different gas fields are

shown in table 2,2.

Table 2.2: Present Gas Production

81 No, of Production Present
Producing Fields Operator wells Capacity Production"0 (MMSCFO) (MMScrO)

I Bakhrabad Gas
I3GFCL 4 34 J2Field

2 Beanibazar Gas
SGFL 2 18 15Field

3 Fenchuganj Gas
BAPEX 2 36 21FicId

4 Habigonj Gas Field BGFCL 9 246 246
5 Horipur Oas Field SOFL 2 10 8

6 Kailashtilla
SGFL 4 74 73(MSTE) Gas Field

7 Kailashtilla
SGFL I 23 25(Sillaca) Gas FicId

8 Meghna Gas field BGFCL I I 1

9 Narshindi Gas BGFCL 2 35 35Field

5
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Table 2.2: Present Gas Production (contd.)

51 No. of Production Present
Producing Fields Operator Capacity Production

co, wells I (MMSCFD) I (MMSCFD'
10 Rashidpur Gas SGFL 6 68 62

Field
II Salda Gas Field BAPEX 2 IJ II

12 Titas Gal>Field BGBeL 15 435 385
Sub total from State own enterprise " 993 9\2

\3 Bangora Gas Field Tullow 2 70 7\
\4 Bibiyana Gas Field Chevron 5 300 294
15 Feni Gas Field Niko 3 7 6

16 Jalalabad Gas Field Chevron 4 230 154

16 Moulovibazar Gas Chcvron 4 100 101
Field

17 Sangu Gas Field Cairn 6 100 96
Enerl!Y

Sub total from lOC " 807 721
Total Production 74 1800 1634
SOUl'"", DOlly "'port of G IC1, a, of Ma)' 27, 2007

(Note: MMSCFD= Million Standard Cubic fect per Day

TIle present gas production from different companies arc also shown in figure 2.1

Figure 2.1: Company wise gas production in Bangladesh in 2006~2007
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BGFCL is the largest ga, production company in Bangladesh whose average daily

production is about 699 MMSCFD.' Chcvron (an IOC) produces second largest

amount of gas. Us daily proJuction from three gas fields is about 549 MMSCFD.

BAPEX is mainly thc exploration company. To strengthen llAPEX financially

government allowed to operate two gas fields, namely Salda and Fenehuganj,

Average cumulative production of these two gas fields are 32 MMSCFD.

The present gas Production by companies as percentage in Bangladesh is shown in

figure 2.2.

CHEVRON

'"

TULLOW

4'
NlKO
0%

BAPEX,. SGFL,,%

BGFCL
'0%

Figure 2.2: Gas ('roduction b}' companies as percentage in Bangladesh (2006_2007)

BGFCL produces 43% of total productions. Chcvron alone produces 34% of the total

productions and cumulative production by IOC is 44% of total production. To meet

the daily demand day by day we are becoming more dependent on IOC's production.

2.3 Pres cut Consumption

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

production of urea fertilizer is about 23-28% and the remaining 32-35% is being used
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by various small industries, commercial customers and domestic mers!I!), About 90%

of total power generation and \'lihole nitrogenous fertilizer production are at presenl

gas based, Future growth of lhe economy in both industrial and agrieullure sectors

will increase the demand for natural gas,

Currently 4 companies of Petrobangla responsible lbr distribulion and marketing of

natural gas on the regional basis. These are:

a. Jalalabad Gas Transmission and Distribution Company Limited (JGTDCL):

Jalalabad Gas franchise Area (JFA), Greater Sylhel.

b, Titas Gas Transmission and Distribulion Company Limited (TGTDCL): Tilas

Gas franchise Area (TFA) , greater Dhaka, greater Mymcnsing and Brahman

Baria.

c. Bakhrabad Gas System Limited (BGSL): Bakhrabad franchise Area (BFA),

Greater Chittagong division excluding Brahmanbaria.

d. Paehimanchal Gas Company Limited (PGCL): Pachimanehal franchise Area

(PFA), Rajshahi division.

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

provided in the table 2.3,

Table 2.3 Downstream Demand and Consumption of Natural Gas

51 Consumer Capacity Consumption % ofTolalNo. (MMSCFD) (MMSCFD) consumnlion
A. Titas Franchisc Area (TFA)

Power

I Ashuganj Power Station 180 90.6 5.591950 M\V), CDC Haripur PS (360 55 52.8 3.25MW)

3 CDCM.ghnaghar PS (450 90 70.6 4.35MW), Ghorasal Power Station

'" 124.6 7.68I (Ca'S)
5 Haripur PS (100 MW) 30 11.9 0.73
6 NEPC (110 MW) 28 15.5 0.96
7 REB (Madhabdyl Ashulia_

)I 8.0 0.4937110MW)

8



Table 2.3 Downstream Demand and Consumption or Natural Gas (eontd.)

51 Consumer JM1acity m COnSUI11Pt~~1\ % of Total
No. MSCFD MMSCFD eonsumotion
8 RPCL PS (\80 MW) 48 37.5 2.31

9 Siddirganj 210 MW PS 52 38,5 2,37

>0 Siddirganj 50 MW PS 14 12.0 0.74

" Tongi PS (110 MW) 20 19.6 1.21
Independent Power

I nrodueer npPI
12 Alpha Power (\0 MW) 2 1.5 0.09

13 AM Energy Ltd. (\0 MW) 4 4.0 0.25

14 Cny Sugar Power (\0 4 3.8 0,23MW'
IS Meghna Energy ( 10 MW) 2 0,9 0.06

16 Partex Power (20 MW) 4 2.4 0,15

IJ Rahim Energy (30 MW) 7 6.3 0.39

'" Shah Cement (\0 MW) 2.5 1.8 0, II
Unie Power, unit-1&2 (40

19 MW) 7 5.5 0.34

fertilizer

20 Ghora,al Urea Fertilizer 45 38.0 2.34faetory(GUFf)

21
Jamuna Fertilizer Co. Ltd, 50 40,9 2.52JFCL)

22 Polash Urea Fertilizer

'" 13.7 0.84Factorv (PUFFl
. Zia l'ertilizer,Co. Ltd,

23 (ZFCL) 50 47.0 2.90

Othel'S (Jndu_trial,
24 Comme~~~al and 600 572.0 35.26

Domeslie
SubTotal 1565 12\9.4 75.17

B. Bakhrabad Franehisc Arca (lIFA)
Powel'

I Ra~~an PS (210+21 0 90 84,0 5, t 8
MW

2 Shikalbaha PS (60 MW) 20 00 0.00

Fertilizer 0.00

3 Chittagonj Urea Ferti li7.er 50 52.5 3,24Factory Ltd, (CUFL)

4 Karnafuli Fertilizer Co. 65 35.0 2.16Ltd. (KAFCO)
Olhers (Industrial,

5 Commercoal and 120 104.8 6.46
Domestic)
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Table 2.3 Downstream Demand and Consumption of Natural Gas (eoutd.)

51
Consumer Capacity Consumption % of TotalNo. (MMSCFD) (MMSCFD) eonsumot;on
SubTotal '" 276.3 17.03

C .. Ialalabad Franchise Area (JF A)
Power

I fenchuganj PS (90 MW) IS 16.6 1.02
2 Kumargaon PS (20 MW) 2 6.6 0.41
3 Shahjibazar PS (30 MW) 14 13.7 0.84

Fertilizer

4 Natural Gas Ferlilizer
IS 16.7 1.03Faeto~GFF), Others (Induslrial, 38 23.7 1.46Commercial and lmm.stie)

Sub Total 95 77.3 4,77
D. Parehimanohal Franohise ArcH (I'FA)

Power, PDB Baghabari PS

'" 23.0 1.42I (]00+71 MW'
2 Weslmont PS (45+45 MW) 20 21.2 I.JI

Olhers (Industrial,
3 Comm~~~~al and 5 5.0 0.31

Domestic
Sub Total " 49.2 3.03
Grand Total 2080 1622.2 100.00

Source: Da,lIy gas rcport ofGTCL as of29.05.2007

(Note: MMSCFD~ Million Standard Cubic Feet per Day)

. Gas consumption in four dilTerenl franchise areas o[various categories of consumers

are shown in figure 2.3.

JFA PFA
5% 3%

TFA
75%

Fig 2.3 : Present Share of Gas Consumption by Different Franchise Areas

10



TGTDCL, the oldest gas markcting company in Bangladesh operates its business in

greater Dhaka area. It consumes 75% of the total daily production. Most of the bulk

consumers are in Titas Franchise Areas, On the other hand Paehimanehal Gas

Company Limited formed in 2001, operating its business in Western Zone. It

consumes only 3% of total daily production. If the entire North and South West zone,

sre brought under gas network then demand and consumption in PFA will be

increased significantly.

2.4 Gas Transmission
At present Gas Transmission Company Limited (GICL) is responsible for operation

snd maintenance of the national gas and condensate grid line. Although, Titas Gas

Transmis~ion & 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 pipeline construction

The Ga!, Transmission Pipeline in Bangladesh after or before independence was

mostly constructed targeting a particular bulk consumer or potential load center.

Following the discovery of gas at HaJipur at Sylhet 8" aD transmission,pipeline was

'eonstructed from Haripur to Fenehuganj in the late fifties for supplying gas to Natural

Gas Fertilizer Factory at Fenchugonj. Almost simultaneously a 4" 00 transmission

pipeline was constructed from Tangratilla to Chhatak for supplying gas from Chhatak

Gas Field to Chhatak Cement Factory. After discovery of Titas Gas Field at

Brahmanbaria the Titas-Narshingdi-Demra 14" 00 gas transmission pipeline was

constructed in 1967-68 for supplying gas to Dhaka City and Naruyangonj area, Based

on the gas available from the Titas Gas Field, important industrial centers were set-up

at A<hugonj, Ghorashal, Narshingdi and Siddhergonj areas. 1be setting-up of Urea

Fertilizer Factory at Ghorushal (UFFC), Palash Urea Fertilizer Factory (PUff),

Thermal Power Plants at Ashugonj, Gh(lrasha! and Siddhergonj were based 011 gas

available from the Titas Gas Field, Exploitation of gas from Habigonj Gas Field

commenced with the supply of gas \0 Shahjihszar Power Plant. A transmission

pipeline from the field was built upto Shamshamagar to supply gas to tea' gardens in

and around '1eliapara, Srimangal and M(lul(lvibazar areas and also to various

II



consumers in Habigonj, Srimangal and Moulvibazar 10WIl.In 1980 a 12" aD ga.~

tran~mission pipeline was conslructed from Habigonj Gas Field to Ashugonj for

supplying gas to Zia Fertilizer Faclory in Ashugonj.

The most significant development in the gas seclor after independence was the

formation of Ilakhrabad 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 ,",orkover ofBK-1 well.

• Installation or' 60 MMCFD capacity Glycol De-hydration Plant.

• Construction of 175 KM long Bakhrahad-Chittagong Gas Transmission

pipeline and 35 Km 24"120"/16"Chittagong Ring Main pipeline (in 1982-

1983)

• Lateral pipelines for supplying gas to Comilia, Chandpur, Feni, Maijdee and

Kaptai.

• 24" 00 78 KM long Bakhrabad-Demra gas transmission pipeline.

• Installation of City Gate Stations at Foujderhat, Chittagong and Dcmra,

Dhaka.

• Gas distribution network for Chittagong, Comilla, Chandpur, Fcni, Maijdee

and Kaptai i.e. in entire Soulh Eastern Zone of Bangladesh.

The Development of Kailashtilla Gas Field in early eightie!, opened avenues for

expansion of ga~ transmission nctwork in the Sylhet area. A pipeline was built from

Kailashtilla Gas Field to Chattak for meeting the demand of that area.

Two more important gas transmission networks were developed simultaneollSlyunder

Second Dcvelopment Project [41.

•

•

174 KM 24" OD North-South (N-S) Pipelinc from Kailashtilla to Ashuganj

with a parallel 6" 00 eondensatefNGLPipeline (in 1991-1993).

124 KM 24" 00 Brahmaputra Basin Pipeline from Ashugonj to Elenga for

delivering ga.~ to grealer Mymensing areas, Jamuna Fertilizer Factory at

12



Tarakandi with a future provision for gas supply to tllC Western Zone of

Bangladesh (in 1990-1991).

2.4.2 Present Gas Transmission

The gas transmission pipeline in Bangladesh have been planned and constructed at

different stages primarily targeting a particular bulk consumer or polentialload center.

In the early development stage of gas sector, the grid concept was possibly nol

visualized. However, depending on specific requirement over tlle years, a national gas

line grid has been developed and is linked to lateral and distribution networks for

serving various gas consumers, Gas Tran.~mission Company Limited (GTCL) was

incorporated in 1993 in the unbundling process of gas sector restructuring 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 transmission

pipelines in their respective franchise areas:

1. Tilas Gas Transmission and Distribulion Company Limited (TGTDCL)

2, 13akhrabad Gas Systems Limited (BGSL)

3. Jalalabad Gas Transmis,ion and Distribution Company Limited (JGTDCL)
, ."

. The transmission and distribution system is currently driven by utilizing Iield
,

pressure, with no intelmediate compressor station except one compressor to boost up

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

national gas transmission grid is shovvTIin table 2.4.

Table 2.4: Transmission Pipeline Constituting the National Gas Grid

51 Name of the Din length Operating Capacity Operating
No, pipeline (inch) (KM) pressure (MMSCFD) Company

(psi)

I Ashuganj- 30 58 1000 375 GTCL
~~abad(A-

2 Ashu:a~j ~) 24 124 1000 300 GTCL
Eleno-'l. BB

3 Ashuganj - 30 37 1000 425 GTCL
Monohordi I
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Table 2.4: Transmi •• ion Pipeline Constituting tbe National G~s Grid (conld.)

(Note: 'MMSCFD= Mlilton Standard Cuble Feet per day)

High pressure gas transmission network of Bangladesh is shoVffiin line diagram 2.4

81 Name of the Dia length Operating Capacity Operating
No pipeline (inch) (KM) pressure (MMSCFD) Company

(psi)
4 Bakhrabad- 24 124 960 350 GTCL

Chittagoni
5 Bakhrabad- 20 69 1000 250 GTCL

Demra
6 Ohanua-Saver 20 60 1000 250 OrCL

7 Habiganj - 12 58 1000 85 TOmCL
Ashugani

8 Habiganj Gas 8 2 1000 50 JGTDSL
Field-
Shajibazar
Power Station

9 Haripur-NGFF 8 43 1000 60 JGmSL

10 Jalalabad Gas 14 15 1135 160 Chevron
Field - KTL II

11 KTL-11 to KTL 14 3 1000 40 JGTDSL
I

12 KTL Kuchai 6 52 1000 36 JGTOSL
I3 Meglma- 8 28 1000 45 BGSL

Bakhrabad
14 Monohordi- 20 65 1000 200 TGTOCL

Narsindi-
Siddirganj

IS Nalka-Bogra 20& 55 1000 250 GTeL
lO

16 North- South 24 175 1000 400 OTCL

17 ~" 30 54 1000 425 aTCLRashodpur-
Ashu,,;n;

18 Salda- 10 14 1000 65 BaSL
Bakhrabad

19 Sangu Gas 20 48 1135 240 Shell-
Pipeline Cairn

20 Titas- Demra 14 82 1000 175 TOTDCL

21 Titas-Narshindi- 16/14 84 1000 220 TGTDCL
Joydebpur

22 Western Zone 301 73 1000 200 OTCL
Pipeline 241

20..
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If the transmission network in figure 2.4 is. carefully analyzed it appears that

Ashugonj is the focal point of the national gas grid. Gas from the Northern Gas Fields

(Beaniba7ar, J"lalabad, Kailashtilla, Moulivibazar, Bibiyana, Rashidpur and

Habigonj) are being transported through the North-South and Rashidpur-Ashuganj

pipeline to Ashugonj Manifold Station of GTCL. From there it is further transmitted

to Titas franchise area (TrA), Bakhrabad franchise area (BFA) and Paehimanehal

franchise area (PFA) through Titas Valve Station-3 (VS-3) , Brahmaputra Sasine

(BB) pipeline and Ashuganj-Bakhrabad (A-B) pipeline. From Bakhrabad Gas Field

Rakhrabad"Chittagongpipeline transports part of the required gas for Chittagong. The

remaining gas for Chillagong Is sllppEedfrom Salda, Meghna and Sangu Gas fields.

Al present there is approximately 1400 Km (4" OD to 30" OD) high pressure gas

transmission pipeline whose capaclly is around 1650 MMSCFD which is marginally

above the present average requirement!].4]. Present transmis"ion capacity and

production capacity is hardly ,uilable for peak demand. North-South, Rashidpur-

A,huganj and Brahmaputra Ba.linpipelines arc presently flowing over their capacity.

To meet tlle projected gas demand and to facilitate gas supply to the North-Western

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

constwcteJ.

-Gas pipeline network is the driving force of our economy. Starting with mmor

pipeline in Chhattak, the pipeline network today brought with i1 numerous

complexities of operation. The future development of the country would depend

largely on the dependable supply of energy, in other words a further development of

the network especially in the Western Zone.

Gas fields so far discovered and developed are located in the Eastern Zones of the

conntry. Consequently, the entire Eastern Zone of the eounlry has been brought nnder

high pressure gas transmission network connecting to the producing gas fields to the

load centers. Marketing companies are providing gas for generation of power,

prodnetion of fertilizer and as fuel to other industries, commercial and domestic

consumers. In the recent past, the existing gas transmission grid has been extended to

the Weslern Zone crossing Jamuna River up to Sirajgollj and Bogra. Diameter wise

total existing pipe line is shown in figure 2.5.
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Figure 1.5: Diameter wise total transmission pipe length in 2006-2007

It shows that most of the transmission pipeline is above 20 inch diameter. Almost 1/3

of the total transmission pipeline is 24 inch in diameter, Careful analysis reveals that

most of the lower, diameter pipes are constructed to gas supply to a particular load

center. Percentage share of pipeline by different companies are shown ill figure 2,6.
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Figure 2.6; Share of total pipe length by different eomlmnies in 2006-2007

It "how.~ that GTCL operate 62% of lran"mi~,ion pipe line which will be increased

day by day as all the new pipeline will he built by GTCL.

Company wise total pipe lenglh 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 Forecast

Different approaches have been adapted [or forecasting gas demand for different

sectors [21,

•

•
•

Power sector gas demand forecast is bascd on power generation expansion

plan up to 2024-2025. This restLH~in a g:a~demand forecast on a power station

by ~tation ba,is.

For fertilizer sector gas demalld a plant hy plant analysi, is cUITie<Joul.

For the non"hulk sedor ( i.e. indll,trialicaptive power, residential/commercial

and transport/eNG) demand forecast is developed on a franchisc area basis.

Thc franchi~e areas u,e<Jfor non-bulk demand forecast arc as follows:

I. Titas Franchi"e area

2, Baghrabad Franchisc area

3. lalalabad Franchise arca

4. Paehimanehol Franehisc arca

5. Somh/South West Franchise area

2.6.1 Power sector gas <Jemand foreea~t

Existing power plant~ gas demand is shown ill Table 2.6.

Table 2.6: Exi~ling PQ"Cr Plant and Gas Demand in MMSC}<'D
Plant 2006_ I ;007. -n008. 2009-2010 2010- I ;011-

2007 2008 2009 2011 2012
A. TFA
Ashuganj (728 mw) '"" "" "" "" "" '""CDC Il~T1pur (360 " ;; ;; ;; " "MW)
CDC Mcghnaghdl '" '" '" '" "" ""(450MW)

Oha,","1 (950 MW) W '" '" '" '" '"Horipur(lOOMW) ;0 ;0 ;c '" ;0 ;0
NEPC(110 MW) '" '" '" '" '" "REB (40 MW) " " " " " "RPCL(180MW} '" " " " " "Siddirgatlj (210 MW) " " " " " "Slddirganj (50MW) " " " " " "Tong;(IIOMW) '" '" '" '" '" '"'"AlphaPower(IO , , , , , ,
MW)
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Table 2.6 : Existing Power Plant and Gas Demand in MMSCFD (contd.)

PI""t 2006. 2007- 2008- 2009-2010 2010- 2011_
2007 2008 2009 2011 20 \2

Mcghn" Energy{lO , , , , , ,
MW)
Parrex Power (20 , , , , , ,
MW)

Rahim Energy (\0 , , , , , ,
MW)
Shah Cement ( 1II '.J " " 'J " '.J
MW)
Dnle Power _unit \& , , , , , ,
2(40MW)
Sub Total 793.5 793.5 793.5 793.5 793.5 793.5
D.DFA
Raw,,,,, (210 + 210 '" '" '" '" '" '"MW)
Shikalbaha (60 MW) '" '" ,. '" '" '"Sub total B' B' B' B' B' B'C.JFA
Fenchuganj (90 " '" " " " 16
M'"
Kumargaon (20 MW) , , , , , ,
Shahjibazar (30 MW) " " " " " "Sub Total " " " " " "D. PFA
eo" Baghabari '" '" '" '" '" '"(100+71 MW)

Weslmont '" '" '" '" '" '"(45+45MW)

Sub Tot.1 ,. '" '" '" '" '"Tot.1 1010.5 1010.5 1010.5 1010.5 1010.5 1010.5
Sourco. Wood Macken"e , PreparatIon and de""lopment of ga., ,oolor mast., plan and watogy fOT
Bangladesh-200S

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

Table 2.7. Gas Demand Forecast for Planned Power Plants in MMSCFD

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

Sidd;rgm~ (120MW) '" '" '" '" '" '"
Siddlrganj Poaking '" '" '" '" '" '"PP(h 120MW)

Chandpur(150 MW) . " " " " "
lIorLp'" (150 MW) - " " " " "Meghnaghat (450 - - n n n n
MW)
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T~ble 2.7. G~s Demand Forecast for Phmned Power Plao', in MMSCFD (contd.)

Plant 2007- 2008- 2009- 2010- 2011- 2012-20]]
2008 2009 21)10 2011 2012

Kh"lno(IOOMW) - - " " '" "Peaking rr

Hh"la(t50MW) - - " " " "
Fench\lganj (90 MW) - " " " " "Phas.2

Norlh Dhaka (450 - - - n n n
MW)

Simjgonj (450 MW) - - - - n n
Dhemmo,a (450 - - - n n
MW)

Tot,l " m m '"' '" '"
So"re<, Wood Mackenlie, Pr.p.,ot,on and development of gas ,ector ",aster plan and ,(,atcgy for
!langladesh_2005

2.6.2. Fertilizer sector gas demand

The present fertilizer capacity in Bangladesh comprises six urea plants owned by

Banglauesh Chemical ]ndustries Corporation (BCIC) and cxport orienteu plant the

Kamaphuli Fertilizer Co. Ltd, (KAFCO) which is a stale-private venture, The

combined urca production capacity of the ,even gas based fettilizer units is about 3.00

million tonnes per arulUm (mmtpa) and daily gas consumption is about 286

MMSCFDfll. Gas demand for existing fertilizer fadories are shown in tahle 2,8.

Table 2.8 Gas Demalld fur Eristing Fertilizer Factory

Name ofthe Plant Locatiun COmmi"lO" CapacLly Avcrage Goo
(mmtpa) con'lLmption

(MMSCFD)

Zia Fertilizer Co. Ltd. Ashuganj 1981 0" '"(ZFCL)

Jamuna Felillizer Co. Ltd, Taraka"di 1991 0.56 "(lFCL)

lire. Fertlli,er Co. Ltd, Ghor ••.,bal t970 0.47 '"(UFCL)

Pola,h Urea Fe[tL\lzer Co, Polash 1985 0.47 "Ltd, (PUFCL) -
Chltmgong Urea I'ertili,er Chittogong 1987 1).47 '"Co, Ltd, (CFCL)
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Table 2.8 Gas Demand fllr Existing I<'ertililcr Factllry (cllntd.)

Name QflhcPlant Location Commi"lOn Capacity Average G.
(mmtpa) consump~~~

MMSCFD
Natural Go., Fertilizer Co. Fenchugao.i 1961 0.47 '"Ltd. (NGI'Cl)

KamaphlLll Fertil".]' Co. Chlttago"g 199,j "n '"LId. (KAFCO)

Total 2,99 m

Source: Wood Mackcn~I., Preparat10nand devdopment of gas sector master pia" and strmegy for
BanglaJcsh.2005

Future gas demand fllr fertilizer sector:

The is~ue for Bangladesh is how to meet thc demand for urea, 11has the option to

import mea from international market or manufacture it domestically. Analysis shows

that installation of a green field urea plant would generate a ncgative NPY at current

gas price for the fertilizer sector. If the gas price were to increase to more eeononlic

levels (USD 3.34/mmbtu) a higher negative :NPV is generated. However economics

alone may not be the deciding factor in the decision to import urea or manufacture it

dome~lically. There arc clearly some benefits associated with allowing this

investment in a new feltilizer plant namely:

•
•
•

It will give a posilive signal regarding the investment climate in Bangladesh .

II will generate new employment 0PPoltunities in the country .

It will create increased domes lie demand for gas. This will in turn provide a

~ignal to upstream snppliers (especially IOC~) that any future ga>,discoveries

could be sold in Bangladesh, In this way, it could be a positive step towards

slimulating domestic exploration and production gas sector activity, Therefon:

"e have assumed that the TArA plant is commissioned by 2010-11, adding

abont 85 MMSCFD demand inlo the syslemPJ Besides the TAT A plant, we

also assume the long awaited replacement of lhe NGFF by the Shahajalal

Fertilizer factory takes place. While lhe proposed capacity of the Shahajalal

Fertili~er plant i~ 1750 tpd, have assmned lhat to take advantage of economics

of scale, a more economic configuration of2500 tpd will be installed. Assume

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

forecast for fertilizer sector up to 2024-2025 is sllown in Table 2.9.
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Table 2.9: Gas Demand Forecast for Fertililcr Sedor Up to 2024-2025

Plam 2005-2006 2010-2011 2015-2016 2020-2021 202)-2026

Avg. Peak A"g. Poak '"' Poak, '", Poak '", P.ok

Lla Fonil"er Co Ltd. ;0 " '" " '" " '" " ;0 "(ZFCL)

Jmuuna Forlili,., Co, Ltd. " " " " " " " " " "(JFCL)

Urea FertillZor C,. Ltd. ;0 " ;0 " '" " '" " '" "(lIFCL)

Polash Urea Fcrtllizer Co. " " " " " " " " " "Ltd, (PUFCL)

Cbiltagong Urea Fcrlili7.er '" " '" " '" " '" " '" "Co. Ltd. (CFCL)

Nalural Go, fertili7<:r Co, '" '" " '" " " " " " "1.t<1.(NGFCq

KJrtlapl1Uli fertilizer Co, % " " "' ;0 "' ,. " ,. "'ltd. (KAFCO)

DAP, Chittagong
" " " " " " " "

TATA ,Cbittagong .. "' "' "' " "' " "' "
Sbobajalal . . . " '" " '" " '"
Total '" '" >0, m '" '" '" '" '" '".-Source: Wood MackenZIe, Preparallon and development 01 gas sector master plan
and ~trategy for Bangladcsh-2005

(Note: Average demand based on 90% capacity utilizalion and peak demand based on
100% plant capacity ul;] ization [21.)
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Figure 2.8: Gas demalld for fertilizer uJl to 2025-2026

At present fertilizer sector ga~ demand is 286 MMSCFD, Figure 2.8 shows that it will
be incrca!,ed up to 386 MMSCFD by the year 2010 and 413 MMSCFD by the year
2015, Ann 2015 fertilizer sector gas demand will be constant.
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CHAPTER 3

PROSPECT OF GAS UTILIZATION IN RAJSHAHI

Natural gas as a cheap. c1e,m fuel lransported by the pipeline will be used by existing

and new power plants, fertilizer l:lCtories, industries, commercial and domestic

consumers as a fuel replacement for diesel, wood, peat, agneultural residues,

3.1 S(lUHeS and Supply Situati(ln t(l Raj~bahi

Natural gas supply to divisional el(Y Rujshahi and its adjacent area would be

dependent on the supply from eastern area. On careful analysis of the national gas

transmission network it appears (hM Al>ll\lganj is (he main hub of the national ga~

grid. Most of the gas [rom !he norlhem gas fields (Beanibazar, Kaila.shtilla, Jalalabad,

Moulovibazar, Bibiyana, Rashidpur, Habiganj ,md Titas ) are transported through the

NOlh-Soulh and Rashidpur-Ashuganj pipeline (0 Ashuganj Gal> Manifold Station

(AGMS) of GTCL. From ACiMS II is further transported to Titas Franchise Area

(TFA) and Pachimanchol Franchisc Arca (PFA) through Brahmaputra Basin pipeline,

Bakhrabad Franchise Arca (BFA) lhrOllgh Al>hllganj-Bakhrabad pipeline. The NOlh-

South and Rashidpur.Ashuganj pipelines are rumling at full capacity. 'Ihe current

average gas transmission scenario through North-South and Rashidpur.Ashuganj

pipeline to AGMS from north-eastern gas fields are gi~ell in Table 3,1.

Tahle 3.1: Gas Transmissi(ln Scenario of North-South and Ra.~hidpur-Ashuganj

Pipeline

Gas Field A\'g. Feed (MMSCFD) Pressure (Psig)

Beanibazar 27 1079

Kailashlilla 7] 1070

Jalalabad 166 1067

Fen~huganj 20 1042

Moulovibazar 101 1024

Biby,ma ]10 981
Rashidpur 62 982
IIabiganj 180 990
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Table 3.1:Gas Transmission Scenario of North-South and Rashidpur-Ashuganj

Pipeline (coutd.)

Gas Ficld A\"g. Feed (MMSCliD) Pressure (Psig)
Titas 200 874
Total lJ39 -
On the way JFA consumed 35 -
fotal Feed To AGMS 1104 -

Gas from AshuganJ Gas Manifold Station can he evacuated through the following
delivery lines.

Midline Valve Station # 3 at Ashllganj

30" 00 Ashuganj-llakhrabad Pipeline

24" 00 Brahmaputra Basin Pipeline

30" aD Ashuganj-Monohordi Pipeline

-87 MMSCFD

-340 MMSCFD

-310MMSCFO

-350 MMSCFD

Total = i089 MMSCFD

llrahmaputra Ba~ill pipeline is the only transporter of gas to the we,tern zone. Now it

is operating at fun capacity of 310 MMSCFD. It delive~ gas to Na~hindi Ghorashal,

Siddirganj, Horipur and Derma through Monohordi- Narshindi-Siddirganj (20" 00 x

65 Km) pipeline. It also supplies gas to various consumers in the Mymensing,

Ki,horganj, Netrokona, Savar, Tarakandi (JFCL), Jamalpur and Tangail areas. It

transports gas to the western wne after meeting the ga, demand along the pipeline

rome, Figure 3,2 8ho\vs the role of Bralunaplltra Basin Pipeline The natural gas

available to the western zone through Brahmaputra Rasin pipeline is essentially the

balance between its capacity and the gas demand in the eastern area, At present only

'SO-IOll MMSCFD gas can be supplied to the western zone through Brahmaputra

lla~in pipeline. Therefore the capacity of the Brahmaputra Basin pipeline is a

constraint for ga8 supply to the western zone. To satisfy the increasing demand of

western zone a parallel pipeline from Monohordi to L1enga would he required, It

requires additional inve~lmellt to constnlet the pipeline. At present gas pressure at

Elenga IS about 600psig. To increase the capacity of dO\~nstream pipeline from

Elenga it needs to boost up gas pressure from 600 psig to 1000psig at Elenga.

Oth.erwise gas at desired pre>sure will nol be available at Rajshahi in spite of pipeline
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construction. If in future entire north and south west zone arc brought under high

pressure gas transmission net\"lrk then cxi,ting gas pipeline over Jamulla Bridge

(30"OD x 6 Km) will be another constraint for gas supply to western zone,

3.2 Potential Gas COllsumcr ill Raj.~hahi Area

Wcstern zone of Bangladesh is a potential area for gas market development. The

possibility of expausion of gus network extending from Nalka to Rajshahi- Je~sore-

Khulnu largely depends on iden(ilication of unchor load i,e. power plant and fertih.ler

factory in that area. Therefore, the study concentrates mainly on the as~essmentl

review of all existing. committed and new power plants, fertilizer factories and

limited concentration on the commercial and domestic loads. Potential gas consumers

in western 70ne depending on the nature and objective of gas use are el,lssified as

follows:

• Bulk customer

).> Power producing customer

).> Fertllizer producing customer

).> Captive power producing customer

• Non bulk eu:;tomer

" Industria! customer

•• Commercial customer

).> Seasonal customer

).> Domestic customer

3.2.1 Power Seetor Gas Demand )<'orecast

Power plunt is the main consumer of gas. Power producing customers are government

i.e. Bangladesh Power Development Board (HPOB) and IPP (Independent power

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

and 3J respectively IJ,lJ.
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Table 3.2 Existing Power l'lants and Gas Demand in Western Zone Area

Source: Dally rcportorRPDB.

SL Localio" Operator Pl.n! Year "' Type of Itl,lallcd ae"emt;" C"
"" 'I ,pc COmnllSSlOtlIruel c.pacily gCapacity Demand

oS (MW) (MW) (MMSCF

"'1 Haghabari PDB cr 1991 Gas 71 7\ 22
2 PDB CT 2001 Gas 100 \00 28
3 Westmo CT 1999 Gas 2 x 45 90 200'

" 4 Ro'ra PDB CT HSO 7 6
5 Bhemmara PDB CT 1976 HSO 3 x 20 54 "

6 Barisal PDB CT 1985 HSD 2 x 20 40 "

Bhola PDB D 1988 HS!) 2 x 3.2 6 "

7 khulna PDB CT - HSD \0 10 -
" PDO CT - SKO 10 10 -
9 PDB CT 1980 SKG 2 x 28 56 -
10 !'DB ST 1973 HFO 60 55 -\1 PDB ST \984 I-irO 110 95 -
12 Wartsilla 8M!'!' 1999 BFO \9 x 6 110 -13 RangJlU! PDB CT 1988 HS!) lx20 '" -14 Sayed ur POE CT 1981 I-ISD I x 20 \8 -

Table 3.3: Planned Power Plants and Gas Demand in Western Zone

Location Operator Plant Type Capacity Planned Gas
Type ,,' (MW) yellr "f demand

Fuel Operation (MMSCFD)
Baghabari PDB CC Gm. 130 2008 26
BM!'!'
Khulna PDB ST G" 197 2009 38
Sim- on- PDB CC G" 450 2009 90
Bo ra POB CT Gas \50 2009 30
Rhola PDB CC Ga.~ 150 2009 30
Khulna !'DB CT Gas 100 2009 20
Sira' on PDB CC Gas 450 2012 90
Bhcramara PDR CC Gas 450 2012 90
Khulna PDB CC Goo 450 2015 90
Rashahi PDE CC G~ 450 20\6 90
Said ur PDB CT Gas \ SO 2018 30
Ba habari PDB C1 Gas 150 2021 30
Barisal PDB CT GM \50 2021 30
Khulna new PDB CC Gas 700 2023 140
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Table 3.3: Planncd Power Plants and Gas Demand in Wcstern Zone (eontd.)

Source, Power 'ector master pl.n updale. Nexant. componenl II.

Location Operator Plnnt T)'pe Capacity Planned Gas
Type of (MW) yenr of demand

Fucl Oncration MMSCFD\
Khulna new PDB CT Gas 700 2023 140
Khulna new PDB CC Gas 700 2024 140
lla habari PDB CT Ga, 150 2025 30
Rang ur PDB CT Gas 150 2025 30
Bheramara rDB CT Gas 150 2025 30

Total Gas demand 1194

3.2.2 Fertilizer sector gas demand forecast in western zone

Urea Fertilizer factorie~ are the second major consumers of natural gas. Ga, demand

largely depends On setting up of fertilizer factory in the western zone for meeting the

demand of vast agricultural land in the western zone of the country. It may be

mentioned here that western ?'one of the country predominantly agro.hased yet no

urea fertilizer factory could be set up du~ to non availability of natural gas in the

region.

Bangladesh Chemical Industries Corporation (BCIC) planned to install a 1700 Ton

Per day capacity urea plant on the west bank of Jamuna Bridge i,e. at Sirajgonj It is

expected that the operation will start from 2010. Besides, it i, also proposed to

construct a 1750 Ton Per Day capacity urea ferti1iler industry at Bhola by 2011.

Executive Committee for National Ecooomic Council (ECNEC) has given approval

for Borcndm Fertilizcr ljmitcd at Bogra. Each of these plants may consume betwecn

45-50 MMSCFD of natural ga>, 11~1,Ga>. supply to Rajshahi will also create

opportunities to set up a feltilizer factory at Rajshahi on the bank of the Padma river.

3.2.3 Industrial scetor gns demand in western zone

There are various medium and small agro-based firm, <lnd factories in the western

wnc. These factories are rice polishing, tobacco, sugar, paper, hrieks, dairy products,

glas, etc. Several others small factoric, are scattered in the region. According to thc
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Bangladesh Bureall of Statistics Rajshahi and Khulna division of we,tern zone ha,

7,765 and 3,100 units of medium and large scale industries respectively.

The indu,trial development of thi.q area is suffering due 10 high transportation cost.

unsteady power supply, \,eak financing, inadequate infrastructure, lack of skilled

manpower etc, Replacement of conventional fuel with nalUral ga< should initiate

development and consequently increasc consumption of natural gas. lndu,tries in

western zone at Sirajgonj, Pabna, Rajshahi, Rangpur, Jessore, Khulna, export

processing zone atlshwardi and Mongla may be the major consumers of natural gas.

Government of Bangladesh (GOB) ha, announced attractive package of incentives for

setting up of industries at Ullara EPZ in Nilphamari.

Banglade,h Small and Cottage Industries Corporation is developing seventeen

industrial estates in the north-western ZOne.Twenty di,tricts are situated in lhe 'outh-

western zone of Banglade,h. Gas supply to this region would boost up the economic

development of the region as ;t will encourage lhe establishment of new business and

expand lhe activities of the exisling ones.

3.3 20-Years Demand Forecast for Rajshahi

.Gas demand in Rajshahi city and its adjacent areas largely depends on the timely

completion of planned powet planls, fertilizer faclories and other industries.

Bangladesh Power Development Board has planed to in,tal! 3x 30 MW power plants

by the end of 2010 and 3xl50 MW power plants by 2016 in Rajshahi.IIIJ. A recenl

slllJy of power ,edor gas demand by Paehimanehal Gas Company Limiled for

Rajshahi area show, that I'DB, Raj,hahi has shorl term plan to install 2x30 MW

power plants by December 2010, medium term plan to inslall 2x30 MW power plants

and another 100 MW power plant< will be installed hy 2016, A recent study of ga,

demand for RaJshahi by GTCL show, that 20 MMSCFD gas demand by 2010 and 45

MlvISCFD gas demand by 2023 [Ill.
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3.3.1 Pessimistic condition

Considering power sector gas demand forecast by Power Development Board,

Rajshahi and incase of industrial demand considering the demand of llogora and

Sirajgonj city. For pessimistic case it is expected (hat in non-bulk sector 12% annual

increment of gas demand up to 5th year and then S% after 5th year of operation.

Cumulative Grusdemand in Rajshahi eity and its adjacent areas for pe.lsilllistic case 1.1

shown in table 3.4-

Table 3.4 Gas Demand of Rajshahi for Low Case

p"~" 1',";11", Non lou!> To"l r,o' Il<;m>nd!
Yea, n'r

MW MM;cm MMSCfD (MMSCfD) MMSCfD
0(200g) " " " "", " " " "",

" " " ""J{201t) '" W " '" 15.0, '" w " ,. 15.6
; '" w " 6.3 16.3• '" W " ,." 17.0, 60 W " " 17.9

8(2016) '"" W " "" 18.~

" W" '" " " 35,S
W W" '" " ID.3 36 J
M ''" '" " 11.1 37, I
M W" '" " 12.0 ""n M" '" " 12.9 Jg,9

" 160 '" " 14.0 40,0

" M" " , 15.1 '"W W" '" , 16.> 42.3

" W. '" " 17,6 4).(,

" W" '" " "" 45.0

'" W" '" " 20.5 '0;

'" M" '" " 22.2 '"" M" '" " 24.0 50,0

" M" ,. " 25.9 5 l. 9

(Nolo: MW~Mega Watl;MMSCFD~ Mitl;"n Slandard Cubic Feel rer Day)

Som",,: i) Powcr >ector gil' d<1n""~ lure,",t" based 0'" lhe pmpmcd I"'Wet pl"n' J"," fouod from Billlgla<i«h

Power Dcyelop""", BoarJ (BPDll).llajshaiH.

ii) NO" bulk gao demand ti,"",,, " b",d on til, ",ce,,' g'" dcmRlld of S''''jgoo, ,nd Bogma c")' ..
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3.3.2 Base eonditifln

For base ease or most likely condition it is expected that ill non.bulk sector 15%

annual increment of gas demand up to 5th year and then 10% after 5(h year of

operation. Cumulative Gas demand in Rajshahi city and its adjacent areas for base

case is shown in [able 35

Table 3.5 Gas Demand of Rajshahi for Base Condition

Pm"" rentii", N"n "nlk T""IIl" D""" I
y", [J,y

MW G", ["'mood I
G"D',""nd G" o",",n" / d.,y MMSCm""l (M""CC\l) (MMSCFfl)

O(lOOg) " " " " "
" 0 " 0 o 0

" 0 " 0 eo
1 (lOll) "" I'" 0 ;0 ""', "" "" " '" 10,', '" 14,4 0 "' '""" "0 1',4 0 '" no, w M' 0 " M"
8(~16) MO 1" 0 <0, '"" M" M' 0 11.1 '""" MO M' 0 11.2 '"
" MO '" 0 "" '"" MO '" 0 '" IJ.l

" MO M' 0 16.1 '"i'(Z~22) ,W &2,' 0 ,n '"'" ,W M' 0 '9,6 '"
" ,W M' 0 M, MO

" MO M' " '" '"'" J90 ,", " '" '"19(1017) ,W i(,4 " '" 11"I
M ''" M' " 'M II! 0
M M" M' " M' '11,1
n '" "" 0 J!.l 1246

(Nole: MW~Mega Watt, MMSCFD- MHiiotl Sl.ind.rd Cuhic Feet P.r Day')

Somee:

i) Power consumpllOn forecasl " bascd on [he proposed po".r pian! dala found from

Bangladc,b Powor Dovolopment Board (UPDU).

ii) Non hulk gas demm,d forecasl LSbased on the recent ga, demand nf S"'jgOLlJ and Sago.a

city.,
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3.3.3 Optimistic ~olldition

For oplimistic casc it L~expected thaI in non-bulk sector 20% annual increment of gas

demand up to 51h year and then 10% after 5th year of operalion. Cumulative Gas

demand in Rajshahl city and its adjacent areas for optimistic case is shown in lable

3.6,

Table 3.6 Gas Demand ofRajshahi for Optimistic Condition

.
Po"" Fa"I"" ~.o"b,lk 10,,1 Gas D,,,,,,,lI O"l',•.

MW G" d"""d I 0" O<m,"~
U" d,,,,,,,, I cl.,y

M.I1SnDd,~ (MMSCFI») (MMSCFD)

OI200~) W W 0 00
• 0 w w 00, w 0 0 00

) (20ll) ow '" w ,w '", w '" w ,. " >0,, W '" W " M', ow '" " " "", ow '" w '"' '", "0 eo, w '" '", "" ~(, ,j " ,n 100.1

'" W" ~(,; 0 ,n 1015

" OW" M' 0 16(, "'J ~
" "" ,ow 0 ,n '0',6
M "" eo, w 10,~ '~6A

" '00 ~6,1 0 no 1~~,4

" ,W ,ow w '" )W6

" 540 i6,4 W ,n III I

" ,W M' W Nl 115,7

" ,W M' 0 '" 11&7

" ."0 M' W )1.5 1219

'" "W 864 W )9.~ 12H

" "W "" W ';0 129.4
n ,w M' W '" m"

(Not" MW~Moga Wall; MMSCFD~ Mil1ioa Standard Cub10Feet Per Day)

SOLl"e:
i) Pow" oon,umpt;o" fo,"<",(" ba."d 011,h. V",po"u pO\,cr pl.,nt dOlOi,,""U fmm Bangl.,d"h 1'01""'

Developm'nl Board (BI'IJIl)

il) Non bulk gas demand fo,"<",( i, based OJ1the recenl gal drmand of Sir;ljg<.>1l1and Bogora ci'}'..
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Demand eurve with time for low ea,e, base ease and most optimistic ease arc shown

in the figure 3.3
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Fig""" 3.3: Ga. Demand of Rajshahi for Pessimistic, Mo.t Likely and Optimistic

Conditioll
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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 nowadays the \lSI' of natural gas increased significantly.

As a resnlt the concept of pipeline dcsign has also changed. Prcscntly pipelinc design

is being done considering the present load as well as the a~sumed ga, load of that

particular area for the next 20 yea,s which i, al80 the effective life oflhe pipeline.

4.1 General Guidelines for Pipeline Design

•
•

•
•

•
•

•
•

Total pipe length should be as minimum as possible

Parallel to thc exi,ting utility ~orridors (bighway, high tension electric
transmission line)

Avoid areas of high population density.

Minimize highways, railways, rivers, canals, ponds, hills and mountains
ermsing to reduce the project cost.

emss highways, railways, rivers, canals, ponds at or elose to 90 degree angle,

Avoid areas of swamps and wetlands, rocky areas, unstable soil, historical

places, environmcntally sensitive areas e,g. mosqne, graveyard, tcmple etc,

Minimize cro,sover of exi.,tingfacilities.

Provide adeqnate eon.-;trnctionarea.

4.2 Brief Description of Pruposcd Pipeline

A pipeline route of 105 KM from Sirajgonj to Rajshahi has been selected for the

proposcd pipeline. It passes through the Sirajgonj, Natore and Rajshahi districts.

lJatikumrul, an important place of Sirajgonj which would be the starting point of the

pipeline.llatikumrul is silllated about 20 Kilometer we,t of Western Bank of Jamuna

Multipurpose Bridge and besides the national highway. There will be a regnlating &

mctcring station at Hatikumrnl. From Hatikumrul pipeline route follows Dhaka-

Natore-Rajshahi highway up to Bonpara which is aboUl 40 KM from the starting

point. On the way it needs to cros.' tbe Atrai river by Horizontal Directional Drilling
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(HDD) method. One valve station needs 10be constructed on each side of Atrai river.

There will be an offtake station at Bonpam for future provision or gas supply to

Natore district and adjacent areas. Ncar Ronpara the pipeline erOS5es the Dhaka-

Natorc-Rajshahi highway and then goes 10Rajshahi. On the midway from I30npara lo

Rajshahi pipeline crosses the Rami River. Horizontal Directional Drilling (HOD)

mdhod will be used to eruss the Daral river. One valve station will he eonslructed on

each side of lhe Baral river. A Cily Gate Station (CGS) will be sel up at Rajshahi.

Purpose of City Gate Slation is to regulate the gas nov" and pressure,

4.3 Major Activities of the Proposed Pipeline

The cosl of major activitie~ or the pl'Oposed pipeline is based on actual cost 01"lhe

relevant activities ofNalka-Bogra Project and Dhaka Clean Tinel Project.

4.3.1 Route surve}'

i\ pipeline route of about 105 KM has been selected for the proposed pipeline. This is

a preliminary pipeline route, Extensive ,urvey needs to finalize the pipeline route. i\

specialized contractor uceds to engage for this purpose. Estimated cost for rOllte

survey is TIc 1.0 million.

-4.3.2 Soil and 5ub soil investigation

Prior to pipeline construction ~oil and sub soil investigation is needed, One suh5urface

inve_~tigalion is needed on average every 5 KM pipeline route, Therefore

approximately 20 subsmface investigations arc needed. Estimated cost for the

subsurface investigalion is Tk. 2.0 million!"

4.3.3 Land acquisiti(ln

Acquisition is the permanent possession of land. Eight meter wide strip along lhe

pipeline route is acquisitioncd. Pipehne is laid along the acquisition land. Eighty four

hectors land i5 required to acquisition along the pipeline route for 105 ktlomeler long

pipeline. Average east of land acquisition is Tk. 1.7 million!' per hector.

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

another two hectors land is required for one City Gate Station at Rajshahi and five
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intennediate valve stations each reqnired 0.125 heelor land, Therefore, a total

(2+2+0,J25'5) hectors = 4.625 hectors land is required for valve, metering &

manifold and City Gate Station (CGS), Usually this land is at or close to the urban

area. Therefore cosl of land acquisition of this land is always higher than the cross.

conntry land. Average eosls of Ihis land are Tk, 7.5 millions I hector.

4.3.4. Land requisition

Requisition i~ the temporary possession of land for the construction period only.

Fifteen meter wide strip at the other end of aC<.juisilionland and along the pipcline

route is requisitioned. After completion of pipeline Coni>truclion requisition land is

handed over to the original land owner, Requisition land is used to provide working

space for construction crew and equipments. 157.5 hectors land is required to

requisition for 105 KM long pipehne Average costs of this land arc Tk 0.177

million/hector/year. In Ihl, ea,e we a",ume two years constnlction period,

4.3.5. Land denlopment cost

For one regulation & metering :;tation al llatikamrul, one City Gate Station (CGS) at

Rajshahi and five intennediale valve stations a total of 4.625 hectors land is required

to developed. Asswne, average height of land development is 4 meters.

Therefore, Total earth filling required

~ 4.625 hector X 4 meter

=4.625.2.47105' (4840x9)110',7639' 4 mJ

=1 85 000 m3, ,
Unit cost of land development is Tk 189.00/ ill] as per Pnblic Works Department

(PWD) standard.

4.3.6 Pipeline construction

Pipeline cOllslruclion including preparalion of Righi Of Way (ROW), hauling of

pipes, stringing the line pipe along the ROW, welding of pipes, Nondestrnctive
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Tcsting (NOT) of weld joints a~ per API standard; joint coating, trenching, holiday

inspection, rcpair of all coating and lowering of pipes, construction and placing of

Set-On-Weight (SOW), back filling, fabrication and installation of pig launcher, pig

receiver, construction and placement of marker post, pigging, hydro test, mobili<:ation

& demobIlization. Rate of pipeline construction is TK 3.5 milliow'KM. This rate is on

the basis of actual cost of pipeline COl15tructionfor Nalka-Bogra Gas Transmission

Pipeline Project.

4.3.7. Ri\"Cr crossing

Horizontal Directional Drilling (HOD) method is used to cross the two major rivers

on the way to pipeline route. These arc Atrai river and Baral rivcr, HDD eros;lng

length of~ach rivcr is about 500 meter, Total cstimated cost for each river crossing is

Tk. 108813 lmllions. This estimation is on the basis of actual cost of Korotora river

crossing on the way of Nalka-Bogra pipeline project at Simjgonj.

4.3.8. Set on weight (SOW)

Fabrication, construction, transportation and placing of concrete block/Set.On-

Weight (SOW) complete in all rc,pecl on 20 inch OD pipe by placing rock shield,

Total estimated cost for SOW i; Tk. 7.304 millions.

4.4 Pipeline Design

The method of delermining the required si~e of pipe for a given pipeline will depend

on a number of interacting technical and economIc criteria. Initial sizing should be

bascd on a simple steady"statc conccpt. A number of formulas havc been developed

for relating pressure drop to gas flow rate, for example Weymouth, Panhandle, Spit

gla,s equation which should be used for this purpose, But for high pressure and long

distance pipel ine Panbandle equation is thc most suitable one,

Moditied Panhandle equation for pipcline si~ing is as follows:

Q",,,,scfd= 0.00128084 ((Pjl-pll! L)O.51• d251

Where,

Qmmsctd = Flow in MMSCFD

PI =Upstream Pre~sure in psia
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PI ~ Downstream Pressure in psia

L= Length of pipcline in milc~

d= Inside diameter of pipe in inch

To calculate pipe wall thickness, following formula i~ used.

t= DP/2YFLJT

where,

-- -- -- -- -- ---- --- ---- -"-- -- -- ---- ------- -- --------- -- -- -- -- ---- -- (4. 2)

t = Pipe wall thickness in mill

p ~ Design pl'essure in psig

D = Oulside diameter of pipe in inch

Y = Minimum yield stl'ength in psig

1'= Design factor

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

T= Temperature derating Jaclor

4.4.1 Minimum yield strength (Y)

The properties of steel used in the construction of pipeline arc divided inlo lV'IOAPI

specifications. 5L for normal quality steel and 5LX for high slrength steels. These

specification~ are now 'lccepted throughout thc world. Table 5,1 gives the strength

properties of most widely used stec!s,

Table 4.1: Strenl:th or Line Pip~ Steel

Specification Grad~ SMYS (pSI)

5L A 30.000

SL B 35,000

SLX X42 42,000

SLX X46 46,000

5LX X52 52,000

5LX X 56 56,000

SLX X60 60,000

SLX X6S 65,000

5LX X70 70,000

SI.X X7S 75,000

(Note' SMYS= SpecifLed Minimum Yield Strength)
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4.4.2 Design factor (I<')and cla~s location factor (L)

American Society of Mechanical Engineers (ASME) suggests desigll factor of o.s.

Location factor arc designated in ASME B31.8 code for high pressure gas

transmission and dislnbution piping are given in table 4.2,

Table 4.2: Location factor (L) for different class Incati"n

Areas Class Location ASME eSA

Desert 1 0.72 0.80

Village 2 0.60 0.72

City 3 0.50 0.56

Metropolitan 4 0.40 0.44

(ASME~Amcr;can Soc;ely ofMcchan;cal Enginccrs; CSA~ Canadian Standard A"ocwhon)

The elrcct of the location factor is to ilJcrea~cpipe wall thickness for a given size and

grade of pipe "" the construction area become:; more populated and the failnre of a

pipeline WQuidbe more serious.

4.4.3 Joint factor (J)

111e joint factor varies with the type of joint used in manufacturing the pipe. For

different manufacturing proce,s joim factor are given in table 4.3,

Table 4.3: Value of joint factor (.J)

Weld type ASME 1331.8

Seamless 1

ERW 1

SAW 1

Butt Welded 0.6

Spiral scam welded 08
(Note: ERW=Electrical Resistance Welding : SAW= Submerged Arc Welding)

4.4.4 Temperature dcrating factor (T)

The temperature derating factor for steel pIpe varies from 1,0 for operating

temperature up to 250"F and 0.87 for an operating temperature of 450°F or above,

Temperature derating factor for different temperature ranges are given in table 4.4
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Table 4.4: Temperature derating factor (1')

Temperature (" F) Value a, per ASME B3 1.8

UplO 250 1.00

251-300 0.97

301-400 0,93

401-450 0.91

451 and above 0.87

4.4.5 Design Calculations

Data:

Gas demand for optimistic scenario = 133 MMSCFO

For Pipeline design assume, 15% additional load than optimistic demand

=133 MMSCFD * 1.15 = 153 MMSCFD

Therefore pipeline should be designed for Qmm,c1" =153 MMSCFD

Upstream pressure, PI = 600 psig =(600+ 14.73) psia = 614,73 psia

Assume Down ~tream Pressure, 1'2= 350 psig =(350+14.73) psia = 364.73 p,ia

L= J 05 KM = 105 * 0.621 miles = 65.24 mile>

Using; equation (4, I)we gel, d= 19.3 inch

l'rom equation (4.2) we gel,

t= DP/2YFLJT

where,

t = Pipe walllhiekness

P = design pres,ure in psig ~ 1135 psig

D = outside dia of pipe in inch =20 inch

Y = minimum yield strength in psig = 60,000 psig (As~ume API 5LX 60 Grade Steel

Pipe)

F= design faelor= 0.8,

Joint Factor, J=l
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L= location factor, it dcpcn(j~ on the route of the' pipeline. For cross-country pipeline

this t;lctor equal (0 0,6 .

T= Temperature derating factor =1 for temperature llpto 250°F,

Therefore using eqU<ltion(4.2) we get, t~ 10.01 mm

Asswne, corrosion allowunce for steel pipe = 2mm.

Hence Pipe Wall Thiekne,~= 10.01m +2 mm= 12,01mm

Compare this ealcnla(ed pipe wall thicknes> to API 5L Line pipe Chart we gel wall

thickness from API chart = 12,7 mm,

The value of design parameters we got from the above calculations arc shown in

table 4.5,

Tnble 4.5: Calculated value of pipeline design parameters

Name or design Parameter:; Value

Outside Pipe Dia (D) 20 inch

Pipe Wall Thieknes~ (t) 12,7 mm

I.Ience in order to supply ga~ to Rajshahi and it5 adjacent areas a pipeline of 20 inch

00, 12,7mm W 1", 105 KM length is (0 be cOllsidered and pipe steel grade is API

5LX 60,

4.5 Pre Construction Activitie."

Prior to the actual eonstrllction process the following pre construction activities

should be performed.

•
•
•
•
•
•
•

Preparation ofDevelopmcn1 Project Proposal(DPP)

Environmcntal Impact A"e8,ment (F.IA)

Land acquisition and requisition

Tender documcnt preparation

Tendering/Bidding

Contract award

I'rocnrement
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4.5.1 Land acquisition and requisiti"n

Normally 8 meter wide strip along the proposed pipeline route is to be a~quisition and

a 15 meter wide strip 011 olle side orthe 3cquisition is to be requisition, A~qllisition is

pcrmanent possession of land 3nd requi~itioll is completely a temporary affai" only

for the eonstnlction period. For v31ve aml scrapper station separate block lands of

required size have to be acquisition, For river crossing separate block lanUs of

required size have to he requisition. The company submit the proposal with requisite

nWTIherof drawings ( mOllza map) showing acquisition and requisition strip in two

distinct ~olors (red for acqui,ition and green for requisition) to respeclive Deputy

Commissioner (DC) office. The process of acquisition and requi;ition in l3anglade~h

I; done through DC office of the respective district. The whole process continlles ill

accordance with ordinance, AClS, Rules & Regulations issued by the Government

from time to lime.

4.6 Construeti"n Activities

Major steps for pipeline construction arc as follows.

4.6.1 Clearing and grading the right of way (ROW)

ROW is eleal'ed of barriers and graded ii)r movement 01' constnlction eqllipment.

malcriais and ultimately construction 01"pipeline.

4.6.2 Stringing

Stringing is aligning the pipe along the ROW ready for ,vehling. l"railOl'.side boom

etc are used for stringing !he pipe, Figure 4,1 shows the ,tringing the pipe along the.

ROW.
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.<'igure4.1: Stringing the pipe nhmg the ROW

4.6.3 Lining-up for welding

When lining-up for welding, pipes ~ho\11dbe placed on timber skid suitably caution~d

on lop and \vilh sufficient clearance under the pipe to facilitate welding. If a length

previously \veldcd pipeline i, lifted or lllO~€dcare ,hould be taken so that damage to

the pipe and coating is avoided.

4.6.4. Welding

Pipe and fitting should he prepared, ",clded, and inspected in accordallce with a

suitahle standard.

• Wclder,lcst
-Welders test is an examillation for the welder, before going to the production

weld. SelectIOn criteria fOl' the welders test arc vi:;ual inspection and NDT

report m accordance with a suitable standard. Mostly follows API 1104

Standard.
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4.6.5 Non Destructive Testing

The follovving NDT methods are commonly used for inspection of welding joints

• Radiographic test

• Ultrasonic lest

• Dye penetrant test

• Magnetic particle te,t

• Eddy current Test

100% of welded joints ~h<Juldbe inspected using radiographic test in accordance with

a slIilable specification whereas Ultrasonic Test (Un, D}e Penetrant Test (I'T),

Magnetic particle Test (MTl has limited use in \velding joint of gas pipeline.

Common welding defecl~ are as follows:

• Porosity

• Clnster Porosity

• Slag inclusions

• Laek offusion

• Lack of penetration

• Internal concavity

• Burn through

• Arc ,trike

• Crack

4.6.6 Night Caps

The open cnd of welded sections 01" pipeline should be closed hy the use of suitable

night caps, to prevent the ingress offorcign bodies into the welded pipe :;ection.

Cros,ing should be constructed by open cut, thrust boring or tunneling methods. Open

cut road crossing should he calTicd out in a manner which minimizes the disruption to

normal traffic flow. Particular attention should be given for warning signs and lights

during the construction of road cm,sing. For thrusl boring drill a hole under the
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roadway without disturhing the road / rail surface. A ca<,ingpipe is placed through the

hole ami thcn the pipeline is placed m,ide the casing. Spacer is used to center the

pipeline \vithin the casing pipe.

4.6.8 Water crossing

Crossing should be constructed by open cut, boring, tUllneling or directional drilling

method. Where water crossings arc installed by open cuI method the pipeline should

he laid at a cover allowing for future bed movement, dredging operation etc.

Temporary flume pipes or other methods should be considered to ensure that there is

no disruption to water flow during cOMtruction. Consideration should he givcn to the

application of a weight coating such as concrete weight coating \0 maintain negalive

buoyancy of the pipe during con<;truetion and when in service. Attention should be

given to maintain the intcgrity of 1100<.1of tidal balTiers during eon3truetion and also

whcn in service.

4.6.9 Pipe coating

All except a portion of about 6 inch of each end 0[' each pipc is often coated in the

factory b~fore delivery to the site. There are three types of coating generally used in

the transmission pipeline. The~e are:

•
•
•

Thre~ Layer Polyethylene Coating (3LPE coating)

Fusion Bonded Epoxy (F13E) Coating

Polyethylene Coaling

• 3LPE coating

Apply adhesive on :.and blast elean pipe surface and then apply epoxy puint of 40-

100 micron over !he adhesive. Finally apply polyethylene coating over the epoxy

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

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

• I.'BE coating

Apply adhesive and epoxy paint over the cleaned pipe snrface. Pipe with this type

of coating lllOSl1yused in rivers, roads & railways crossing.
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Figurc 4.2: Tll1.cc LPF, C"ate(i Pipc

4.6.10 Sct 0" Weight (SOW)

Set on Weighl is placed on 3 LI'E coated pipe in marshy area II prov)(ics negaliv~

huoyaney ii.,ree on pipe surfa(c, l:iglll'~4.4 sl1,)ws a typical ,tl Oil \\c.ight.
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Figurc 4.4: A t}'{Iical S~t On Weight (SOW)

4.6.11 Juiut co,lling

The unenakd external j1(lrIJOnoflile p1]ldine jnill[~ ,hould be pnl\c,ted (0 n ,tan<i,l1<1

ulleas( e~\1ivalcnllo and compatible \vitll (he line pipe coaling, Heat shrink sleeve i~

u,cd for Joml coating.

4.6.12 Trench exellv:ltioll

I'ipclinc ,h(luld IlOfmall)' he laid (n <:llntOlir\vith adequate COVCr(}'plCaliy n,)t Ie"

(han 1.2 meier I'rom Ih~ ground lcvd t1ll11illimiz~dUl\li:ge by third party inlerrel~nc~.
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The tl'ench width should exceed the pipe diameter by ,1 margin which will permit

proper backfilling and compaction. For larger diameter pipes, consideration should be

given to increase the width orthe trench. Trenching is uwally done by excavator.

4.6.13. Inspection of coating and wrapping

Immcdiately before the pipe i, lowered, coating of the whole pipe section should be

examined carefully by means of a holiday detector. Selling 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 ,hould be inspected

for damage such as dents, grooves, notches, arc burns etc. If such damages arc fOllnd

shOldd be rectified by proper method.

4.6.14. Lowering the pipe into the trcnch

When the plpe is lovv'ered into the trench all equipment in contact with the pipe

coating should be sufficiently padded to prcvent damage to the coating. Roller cradle,

or wide belt ,lings should be used and the pipe should be lifted and lowered into the

trench by means of suitable machinery, for example side boom, excavator cte.

Throughout thi, operation care sholiid be taken to avoid damage to the protective

. coating. Also need to be en,ured that overstressing of the pipeline docs not occur

during the lifting and lowering operation.

4.6.15 Backfilling

After the pipeline is lowered into the trench, the excavated soil should be replaced

such that the original soil sequence is preserved, The backfill should be properly

compacted using mechanical mean, if nccessary.

4.6.16 Markel' post

The position of the pipeline should be indicated at suitable intervals by means of

marker posts, These should be at field bend" at all crossings, at changes ill direction

and where practicable and shoold indicate tbe location of the pipeline.
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4.(>.17 Pigging

Pig~in~ is performed to cnsure that the pipeline I, free ii'om iL1I~ln,,1()hslrll~ti('n

Bru,h/cup pig is used to ele~n the inner pipe surface. Gauge r'g IS usnl to check the

pipe ovahl)'. Allh~ ,tagc before tClting and agaill at the stage bcfol'~ nlllllnissionillg.

a ~l1itah1cgauging pig should b~ l'un through th~ pipelinc to pl'Ove the bol'~. Di,lllwtcr

of the gauge plale should be 95% of thc minimllm bore of th~ pipc1in~ or liningo.

Figlll'e 4.3 show, foam pig ill GTCL store yard,

Hgure 4.3: 1"O'lm IJig

4.6.1 RHydrostatic tcst

Hydroslalic Ic,t is performed alier mechanical completion of the pipehne. for hydro

!c.,t waler i, poured into the pipeline scetion. 'I hell pl'c,surized thc pipc1ine by

injecting small amonnt of watcr tluough hand pump, As water in incompl'cssibk

,mall amount of water injection miscd thc prcssurc ,igniticantly. As P~I' API slL\lld.tl'd

minimum hydro lc'l pre"su", shoulJ be 1.5 lillleq of desigll pres.lure I"ypical dc,ig[l

prc~,ure for high prc~,urc gas tral\~l1\is\ion pipcline;n Hanglade<,h i, 11.15psi. I'icllce

hydro tcst pressure is 1,5x 1135 psi = 1703 psi. Aller prcssurizali0ll ,II 1703 psi hold il

for 24 hours, Pressure and Temperature should be recorded on a char! papcl' 1"()l'24
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hours hold period. Ifno significant pressure drops during 24 hours hold period then

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

of hydro lest.
• Before commencing pressurization need to obtain neces~ary permission from

the competent authority, As per gas safety rules deparlment of explosive i~ the

competent au!hority in Bangladesh.

• Prior notification of testing should be given in writing to persons in the

vicinily of the pipeline.
• Prior notification of testing ~hould be given to local police and other

authorities who may be affected.

• Warning notice .~tating "Warning- Pipeline under Test" and "No Parking" type

sign shoulJ be placed at appropriale locations for the duration orthe te,\.

• Patrols should be provided to watch special points of hazard Juring lhe test. ill

particular road, rail and vv'atercrossing and points 0 f public access.

• StanJhy emergency crew sho\lld be available to deal any unwanted situation,

4.6.19. Commissioning

Commissioning i, the flowing of natural gas through the newl} eonslructed pipeline

for first time. Pipeline, valves, fittings, metering etc. are checked and reclilied if

necessary during eommi"ioning.

• Prior to the commissioning the pipeline should be dry up

• Methods available for drying up are:

-Using dry air (compressor) push a series of foam pigs !hrough lhc pipeline

collecting waler untillhc required dryness is achieved.

• The pipeline should he purged of air before the admission of the gas to be

transmiltcd.

• Use inert gas to purge of air.

• After drying up a pipeline can be commi,sioned ,tmight tn gas,
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CHAPTERS

FINANCIAL ANALYSIS OF TIlE PROJECT

To judgc a project li:om financial point of view, we need information about the following:

• Invcstment cost

• Operating recurring cost and

• Benefit from the investmcnt.

Finally, output of the cvahrntion is Nct Pre,el1l Value (NPV), Benefit Cost ralio (BCR)

and Internal RaiC or Return (IRR).

5.1 Calculation of Costs and Benefits

To makc a standard output of the study as per objectivity a project of 3 (three) years

length is considered. The project schedule is shown in figure 5.1. Projecl evaluation

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

benefil [rom the project

5.1.1 Invcstmcntcost

• Pre-conslruction cxpenditure

These are based on the value of requireJ quantity of land acquisition and

requisition for the construction of pipeline. Land development, road sll(vey, soil

investigation, design, drawing, envirollllental impact assessment (EIA) elc.

• Cost of civil construction works

These include probable expenditnre for construction of pipeline and other pipeline

facilities including river crossing by Horizontal Directional Drilling (HOD)

method, functional and residcntial building, boundary wall, internal road. surface

drain, retaining wall, fencing, water supply facililies at Halikumrul and Rajshahi

City Galc Station (CGS) and ins lallation of Supervisory Control and Data

Acquisition (SCADA) system.
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• Machinery, equipment's and materials eo,t.

These include probablc cost of pipes, eo~t of SCADA equipments and spares, pre

shipment inspection cost, transport eo>t, CD VAT, cost of office equipment and

fixturcs.

•

•

•

Transport Nehicles Cost

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

during operational period.

Manpower

Detailed descriptiun with standard salary ~lructure for (he project period

manpower is shu\',n in appendix A

Cost of pipellne construction

Thcse custs include eunstruetion or pipeline and other pipcline related facilihes;

construetiun of cathodic protection sy~tem; installation of manifold, metering &

regl.dating station ; ~onstruetion of COS, cost of construction of set-on-weight;

cost of design, installation, tcsting & commissioning of SCADA system; CD-

VAT for imported materiab; ~ost of fucl and maintenance of vehicle, ofiice rent

etc. Dctail break-up of total investment ~ost i., shown in table 5.1. Year wise

break-up or investmelll eo,t is shown in appendix 13

5.1.2 Operating recurring cost

All costs related to final nUllling or gas transmission pipeline including raw materials,

supplics and spares, duties & taxes, fucl & power, manpower, maintenance & rep<llf etc,

are termed as operating recurring cost. Operating cost is ~alculated on yeady basis. In this

study initially a period of 20 years is considcred for the proposed life of transmission'

pipeline. 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 InHstment cost ( 105 KM, 20 inch OD)

In million Taka
SL No. llescriptiun LC FC Total

•• Pre-construction works
a. Route Survey

105 kill Route survey by local e<)ntraclor 1.000 0.000 1,000
b. Soil ~~ sub surface investigation (20 2.000 0.000 2.000Locations
e. Initial Environmenlal Examination (lEE),
Environmental11llpact As~;%mcnt (EIA) 1.000 0.000 1.000
and Reseulelllent Plan P
d, Resettlem:~t Compensation (l05 10.500 0,000 10.500Establishment
e. Land acquisition

For pipeline eonstrudJon 84 hectors of land
142.800 0.000 142.800is reqnired @Tk 1.7 million I hector

4,625 heCiors land is required for valve,
manifold & metering and City Gate Station 34.688 O.QOO 34.688
(CGS) @Tk.7.5million Ihector

(1) Land Requisition

157.5 Hector of land is required for 2 years
period @ Tk. 0.177 million !heclor/yr. ~ 55.755 0.000 55 755
55.755 million
(g) Land Development Cost
1,85,000 m of land development for valve
station (05 nos.), 1 no. ManiJold and
regulating station at Hatikumrul and Ino. 34.965 0,000 34,965
CGS at Rajiihahi @Tk. 189.00 1m3

Sub Total 282.708 282.708
ii. Construction works

(a) Construction of pipeline amI other
pipeline related facilities

(i) 20 ineh dia 105 km pipeline construction
367.500 0.000 367.500@Tk.3.5llli1lionslkm

(h) 2 Nos river crossing by HOD method
2LOQO 196.626 217.626each of 500 m length on Turn.key basis
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Table S.I : Detail Hreak-up of IU\'estmcnt cost (IDS KM, 20 inch OD)

In million Taka
SLNo. Description LC Fe I Total

(c) Installation 01'01 no. manifold and
rcgulating station at lIatikumrul, 01 no.

24.000 0.000 24.000CGS at Rajshahi and 05 intermcdiatc valvc
stations.
(d) Fabrication, construction and
transportation and placing of concrete block
(Set-on -weight) (as per design and drawing 7.304 0.000 7.304
) cO~i~;te in all respect on 304.8 rnrn OD
line pi e by placing rock shield,
(c) Construction ofep sy,telll 6,000 0,000 6,000
(f)Functional Rllildillg

439 Sq.m OlJice building at Rajshahi 5.486 0.000 5.486

(g) Residential Building
939 sq m Residential and dormitory 12,766 0.000 12.766
building at Rajshahi

(h) Other construction works
i) Boundary wall, Markcr post , watcr 8.716 0,000 8,716
facilities (Multi purpose use) elc,
ii) Civil conslruction for SCADA system 10,700 0.000 10.700
Suh Total 463.472 196,626 660.098

iii. Machinery, Equiprncnts and Materials

(a) (i) Imported materials and Equipment
0.000 1417.500 1417.500ror line pipe

(ii) Imported materials and Equipment
0.000 100.000 100.000for SCADA systcm

(b) Prc-shipment inspection ( 1% of
0.000 15.175 15.175materials cost)

(c),;Y) CD-Vat (45% or lillepipe material 0.000 637,875 637.875costs
(ii) CD-Vat (20 % of SCAD A matcrial

0.000 20.000 20,000costs)
(d) Landing charge, porI dues,
transportation cost to site (7% of material 0.000 99,225 99.225
costs
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Table 5.1 ; Detail Break-up of Investment cost ( 105 KM, 20 inch OD)

In million Tnka
SLNo. Description LC

I
FC

I
Total

(e) Locally procured equipment (office 1.200 0.000 1.200equipment)
Sub Total

2290.9751,200 22R9.775

iv. Transport! Vehieles

Jeep: OSnos (2000-3000 CC) lR,OOO 0.000 IM,OOO
DOllbk cabini'ick up (1500-2500 CC): 01 1.500 0.000 1.500
';0

Sub TOlal 19.500 0,000 \9.500
>. (a) Manpower

Of1icer: J2 Nos 11.727 0.000 11.727
Staff: 12 Nos. 2.999 0.000 2.999
(b) Human resource development 1.375 0.000 1.375
Sub Total 16.101 0,000 16.101

vi. Other costs;

(a) Turn-key design, installation. Testing
0,000 15.700 15.700& commissioning of SCADA system

\'11 , Total Bnse Cost 782.981 2502.101 3285.082
(a) Interest during construclion (5%) 39.149 125.105 164,254
(b) Contingency (Physical + price) 1% 7.830 25.021 32,SSI

~'iii. Tolnl 829.960 2652.227 3482.187

Note: 1. La"d acquisilion a"d requisition c,,,l have been calculated on tnc basis of aclual cosl of Nalka.Bogm
project an,l lhe guamily of land ~a, been liKed as bare minimum base on the Natural Gas Safely rule 1991 (
amended on 2003).

2. Land development cost ~•., heel] prepared on the b""i, ofrublic Works !JOpa,lmcnl (rWD) standard and ratc as
"n 2004,

J, Accomm"dation arca and Estimated c",l for civil construction works have been prepared on lhe baSISof Public
Works Departmcnt (PWD) standard and mte as on 2004 .
4, Cost of mac bincry and equipment~"' beon calculated on the ba,i, nfproportionate valuc of.clual cost of being
implemellted Nalka-Bogra, Ashuganj -Monllnordi project.

5, LC~ Local Currenoy. FC~Foreign Cll[fellcy, Conve"ion Rale. 1,IS$~68.ISToko (May, 2007)
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Figure 5.1: Project Implementation Schedule of Hatikumrul-Rajshahi Project:

Activity 2008-2009 2009 _2010 2010-2011

, , " , M , , , , 0 , 0 , , M , M , , , , 0 M 0 , , M , M , ,
"

, 0 , 0

Survey, land
acquisition &
Reauisition
Surface
development,
building and other
civil works
Design, engineering
and document
preparation
Material
Procurement and
Transoortation
Construction and
River crossing by
HOD
Testing and
Commissioning
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•
5.1.3 Rennuc from the innstment

Wheeling charge from the volume of gas transmission through the pipeline is the only

source of revenue. Presently ill I3angladesh wheeling charge is calcl.llaled on the basis of

postage stamp method. This means lhat wheeling charge depends only on vohmlc of gas

transmission throl1gh the pipeline and independent of distances. The wheeling charge for

!he year 2007 is Taka 0.32/ SCM. The project constru.ction period assume 3 years f!'Om

January 2008 to Decemher 2010. Before completion of the pipeline project natural gas

could !lot be transported, As a result no revenue could earn. The project financial analyslS

assumes that the current wheeling charge of taka 0.32/ SCM is increased by 5% every six

month or 10.25% per alillum. Detmls desCl'iption of revcnuc earning hom wheeling

charge for 20 years period for low case (pessimistic). base case (mo,t likely) and high

case (optimistic) are ~ho""n in table 5,2,5.3 & 5.4 respectively.



Table 5.2; Income from investment (Low case scenario)
(Gas demand for low case scenario is explained in section 3.3, 1.)
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Table 5,3: Income from investment (Ba,c case scenario)
(Gas demand for base case scenal'io is explained in section 3.3.2.)'
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Table 5.4; Income from investment (High case scenario)
(Gas demand for high case scenario is explained ill sectioll 3.3.3.)
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5.2 Project Anal)',;s

After calculation of inveslmenl cost, operating recurring cos! ,md bcneflt anyone or a

combination of the following commonly u,ed tools are applied in thc analysis of a projeel

fl'Omprofitability point ofvicw:

• Net Present Value (NPV)

• Benefit Cost Ratio (BCR)

• lntemal Rate ofRelum (IRR)

The Net Present Value (NrV)

NPV is the diITerenee between lhe prescnt value of all cash inl1ov,'5and present value of

all eush outl1ows, NI'V is the difference between un invcstment's murket valuc and its

cost. NPV of an investment project can be dcrived us tbe difference between the present

value ofbenelits (PVB) and pre,en! valuc of costs (PVC) i.e, NPV= rVB. PVC.

Deci,i(ln Rule:

Accept the projed il'NPV is positive and reject ifit i8 negative.lfNPV is zero it is a

muller of indifference.

The Benefit-Cost Ratio (HCR)

The betlcfit-eost ratio (I3CR) is the present value of an investment's fulure cash inflows

divided by the present value of its cost BeR is derived by dividing presenl value of

benefit (PVB) by prcscnt value oj" cost (PVC) i.e. HeR = PVI3!PVC.

Decl~lOnRule:

If BCR is morc than 1 , accept thc pl'OjecLand reject if it is less than 1 . If BCR equals to

1 it is a matter of indifference.

The Internal Rate of Return (lRR)

IRR is thai diseount rate at "hieh NPV is zero and I3CR is one. lRR does nol depend

upon extcrnally given ~ociaJ rate of di~count. Conversely, what it represents i~ essentially

the average earning power of money used in ptoject over the project life, In the NPV

calculation, wc assume that the discounl rate i5 known and determines the NJ'V of the
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• •prujed. 10 the lRR calculation ''Ie set the present value equal to zero and determme the

djs~Ol1nlratc i.e. IRR There are two possible economic interpretation ofiRR

• The IRR represents the rate of [durn on the umecoveo:d investment balance in

the project.

• The JRR is the rate or return earned on the initial investmenl made in the project

Decision Rule:

Investment decbion i~taken by comparing the internal rale ofrclum of a specific project,

with a cul-ofTratc, which gives tile minimum acceptable ratc at which the capital investeJ

should be compounded.

The cut-off rale ;8 eqllal to the actual rate of interest on long-term loans in the capital

market or to the interest rate paid by the bOITo'Wcr. II"one has to choose among alternative

projects, the one with the highest lRR will be selected, provided this IRR is higher than

the eut"off rale.

IRR should be b'feater 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

und lhe yield of alternative investment opportunilies. For govenmlCnt it would be social

discounr rale.

Formula:

(rb- r)l (rh- r,) =NPVb !(NPVb - NPV,)

Where

" ~ higher discount rate.

" ~ lower discount rate
•; IRR to be calculated

NPV. ~ Net present value ut lower di~eount rate

NPVh Net present value al higher discount rate

lRR can also be calculated by u-,ing the formula:

IRR = ra+ (rb-r,)xNPV ,!(NPV ,-NPVb)
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lRR can al~\l he l;lUnd fr()m the gwph of NPV vs discount rate. The point at which thc

curve intersects the X-axi~ ~how~ IRR, The discount rate at that point (where NPV is

zero) i~the IRR.

5.2.1. Financial project nnaly,is:

Investment cost, operating cost and revenue from wheeling eharge are the basic inpm

parameters for financial analy~i~. lJ~ing all the~e parameter~ Net Present Value (NPV).

Benefit Co~t Ratio (BCR) und lnlernal Rate ofRelum (lRR) is calculated. Calculations of

fimmcial NPV, BCR and IRR for low case scenario (pessimistic) are tabulated in Table

5.5; the same fOT base case scenario (mosllikely) and high case scerrnrio (optimistic) me

shown in table 5.6 and 5.7 l'cspcetivdy, Thc sUlllmary of fmandal analysis i, shown in

Table 5.8.

Table 5.8: Summary of I<'inancial Analy~i~

(Note: Assuming Present postage ~tamp method of wheeling chal'ge)

Pammeter Low Ca5e Scemll'io Base Case Scenario High Case Scenal'io

NPV(F) 1690.746 "656.692 294.611

BCR(F) 0.43 0,78 1.10

IRR(F) 7,65 % 13% 16%

J)iscussion of results:

The result shows that for and high case scenario (oplimi,tic case) NPV is positive, BCR

is gl'cater than J.n and IRR is J6%. Hence the project is financially viable for optimistic

case, Bul in low casc scenario (pessimistic) and base case scenario (most likely) the

project is not financially viable.

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

wheeling charge. This mean" that wheeling charge depcnds only on volume of 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 Eastern side i.e, greater

Sylhet and Comilla division except the connt!"}"sonly offshore Sangu Gas Field which is

in Chittagong. Greater Dhaka, the main gas consumption area of Bangladesh is about

250 KM away from these sources of supply whereas Rajshahi division is about 490 KM

away from the sources. Thus the distance from gas source to Rajshahi is almosllwice the

distance from gas source to Dhaka. In lhis context exactly the same wheeling charge for

Dhaka and Rajshahi is not justified, Wheeling charge shuuld be based on distance travel,

Hy applying the distance based wheeling charge alter completion or lhe proposcd project

and assumes 10.25 % mmual increment,; revenue earning for low case, base case m:d

high case and caleulations of Ilnancial parumeters are shown in appendix D. Summar} uf

financial analysis assuming di~tallce bascd wheeling charge arc shown ill table 5.9.

Table 5.9: Summary of financial an'llysis applyinl: distance bascd wheeling charge

(Note: Assuming distance based wheeling charge)

Parameter Low Case Scenario Ba<;eCase Scenario High Ca,e Scenario

NPV(F) 334.512 t657.260 3559.867

BCR(I') 0.89 1.56 2.20

IRR(F) 13.89 % 19 % 23%

From summary of financial analysis of Tahle 5.8 and Tablc 5,9 we cooclude thaI the

proposed project is financially viable for ba<;c& high casc scenario if distance based

wheeling charge is introduccd instead'of the prcscnt postage stamp mcthod of wheeling

charge.
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Table 5.5: Calculation ufFinancial value ofNPV, HCR, IRR for Low Case
Scenario
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Tahle 5.6: Calculation ofFinancial value of NPV, BCR, IRR for Ba~cCa~c
Sccnnrio
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Table 5.7: Calculation of I<'inancialvalue ofNPV, nCR, IRR for High Case
Scenario
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(Not<: NPV= Net Pre,ent Volue; nCR- !loner,t C,,'l Ratio. tRR= Imernal Rme ofRelurn)
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5.2.2. Economic project analysis:

The availability or scarceness of different goods, services and facilities are different for

different countries. Hence economic values of cost, and earnings are also dim:rent. In

13angladesh Standard Cost Factors (SCI') for different co~ts and valUes are givcn in Table

5.10, 5, II.and 5.12,

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

Sl ltem of cost SCI'
No.

I Pre construction expenditure 0.82
2 Construction 0("works 082
3 Foreign materials 1.22
4 Local materials 0.82
5 Transport vehicles 0.82

6 Managerial Manpowcr 1.00
7 Skilled Manpowel' 0.82
8 Ul15killcd manpo\vcr 0.72
9 Others 0,82

Table 5.11: Item wise Standard Cost ."actor (SCF) for Operatinl: Rceurrinl: Costs

SI. ltem of cost SCF
N9.

I Maintenance cost (local) 0.82
2 Maintcnance cost (toreign) 1.22
3 Fuel and power 0.82

4 Managerial Manpower 1.00

5 Skillcd Manpower 0.82

6 Unskilled manpowcl' 0.72

7 Others 0.82
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Table 5.12: Item wise Standard Cost Factor (5CI<")for Revenuc

SI Itcm of cost SCI'
No.

1 Wheeling charge for gas trunsmission 1.43

Applying the Standard Cost Fadors (SCF) de~cribed above, economic value of

investment cost. operating recurring cost are shown in appendix E and appendix I'

respectively. Detail of revenue earning from wheeling charge for 20 years period for low

case(pessimistic), base case (most likely) and high case (optimistic) are shown m

appendix G.

Required inputs & calculation of NPV(E) & BCR(E) and IRR(E) lor low case scenario,

base case and high case scenario are shown in Table 5.13 ,5.14 and 5.15 respectively,

Sl.lmmary of economic analysis ilssuming poslage stamp method of wheehng charge are

shown in table 5.16.

Table 5.16: Summary of Economic Analysis

(Applying Prescnt Postage Stamp melhod of Wheeling Charge)

Parameter Low Case Basc Case High Case
NPV(E) -1207.780 225,770 11131.013

BCR(E) 0.60 1.07 1.54

IRR(E) 10,40% 16% 19%

The result shows that for base case or most hkely condition the project is economically

viable but not financially viable. For optimistic case the project is both financially and

economically viable but tor pessimistic case the projcct i, neither financially nor

economically viable,

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

assumes 10.25 % annual increment revenue carning for low case, base case ,md high case
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and calculations of economic parameters are ,hown in appendix-H. Summary of

economic analysis assuming distance based wheeling charge are shown in table 5.17,

Table 5.17: Summary of Economic Analysis

(Applying Distance Based Wheeling Charge)

Parameter Low Case Base Case High Case

NPV(E) 731.635 3489.841 6300.330

BCR(E) 1.24 2,15 3.07

IRR(E) 17.19% 23 % 27%

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 wheeling charge is

applied.
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Table 5.14: Calculation of ECODomical value of I\PV, BCR, IRR (Base casc scenario)
To{al

Total Co,{ Revenue Dlscounted
Investmenl Operatlng (AV) (AV) Net Income toml Cost Di,counted (o{al

cost (AV) cost (AV)( (Mi:~:~n (million (mil~~~n Discount (milhon ,_Revenue

Y." (million Taka) mlllion Taka) Taka (aka) Taka holor 15% taka) million taka), , , , , , I , , ,
o 2008) _144.9S0 -144.980 " -144.980 1.0000 .144 980 0,000, -2153,210 _2153.210 " -2153,210 0.S696 -1872.357 0,000, .1267.885 .1267885 " _1267.8&5 0,7561 -958.703 0000, _13.155 -13.155 123.08 109.925 0,6575 -8.650 80.927, _13.155 -13.155 140942 127.787 0,5718 _7.521 ' 80584, -13.155 -13.155 162.04 148.885 04972 -6,540 80,563

• -13,155 .13 155 lS7082 173.927 0.4323 -5,687 80,881, -13,155 .13 155 216.949 203.794 I 0.3759 -4,945 81.559, -13,155 .13 155 500.765 4&7,610 0.3269 -4,300 163,701, -13.155 _13155 563.551 550,396 0.2R43 I -3.739 160,196

'" _13.155 .13.[55 635.211 622.056 0.2472 -3.252 157014

" -13.155 -13.155 717.173 704,018 0,2149 _2.828 154151

" -13.155 -13.155 811.121 797.966 01&69 .2.459 151.604

" .13.155 .13.155 919,046 905.891 016'5 -2.138 149.371

" _13.155 -13.155 14&8.719 1475564 0,1413 -1.859 210.399

" -13.155 -13 155 [677.767 I 1664,612 0.1229 -I 617 206.188

" .13155 .13 155 1893,948 1880,793 0.1069 -1.406 202.396

" -13,[55 -13,155 2141692 2128537 0.0929 _1.222 199019

'" -13,155 _13.155 2305.59 2292.435 0.0308 .[.063 I 186,303

" _13.155 -13.155 3346,297 3333.142 0.0703 -0.924 235,129

'" -13.155 -13.155 37S4.924 3771.769 0,0611 -0.804 231.260

" -13.155 -13.155 4288.856 4275.701 00531 .0.699 227.870

n -13.155 .13.155 4869.115 4855.960 00462 .0.608 224.956

Total -3,038,302 3264,072
NPV~ 225 770
BCR~ 1,07
IRR~ 16%
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Table 5.15: Calculation of Economical ~'alueofNPV, BCR, IRR (High Case Scenario)
Tolal

Investment Operating Torn[ Co,t Revenue Discounted
cost (AV) COSl(AV)( (AV) (AV) Net Income Discount toml COSl Discounted
(million million (MiliJon (million (million Factor (mi~~~n total Re,'enue". Taka) Taka) Taka) taka) T;b.l" 15% "', (million taka), I , , , , • , , ,

• .144.980 I .144980 0 -i44,980 1.000 -144,980 0000, -2iB.21D .2153.210 " _2153.210 0.870 _1872.357 0,000, -1267,885 -i267.885 " -J267.8R5 0.756 -958.703 0,000, -13.155 -13.155 123.0R 109.925 0.658 I -8,650 80,927, -13,155 .13.155 I 142.69 129.535 0,572 -7,521 RI 583, -13,155 -I] 155 166.57 153415 0,497 .6540 82815

• -13,155 ,13,155 195.886 182731 0.432 _5 687 84 687, .13.155 I -13,155 232.162 219007 0376 -4945 87.278

" .13.155 -13.155 1021454 1008.299 0.327 4.300 333,915

0 .13.155 -13.155 [ 140.328 lJ27.J73 0.284 -3.739 324,152

10 _13.155 -13.155 1274.403 1261.248 0.247 -3.252 315,013

" -13.155 .13.155 1425.878 1412,723 0.215 -2.828 306.483

" -13,155 .13.155 I 1597.315 1584,160 0.187 -2,459 298.550

" _13 155 -J3.i55 1791.703 I 1778548 0,163 _2.138 291.202

" _13.155 -13,155 2012.539 1999.384 o 141 -1.859 284.429

" -13.155 _ll155 2263,923 2250.768 O.[23 -1.617 278.224

" -13.155 .13.155 2550,668 2537.513 0.107 _1.406 2P577

" .13.1 55 -13.155 2878441 2865.286 0.093 .1.222 267.482

" I -13.155 .13.155 3253.922 3240,767 0.081 -1.063 262934

" _13.155 -13.155 36~5.003 3671848 0.070 -0.924 258,928

'" -13,155 _13 155 4181.025 4167,870 0061 -0.804 255.462

" -13,155 _1]155 4753,06 4739.905 0,053 -0,699 252.533

" _13.155 -13,155 5414,253 5401.098 0,046 _0608 250.142

Total _3.038.302 4,669.315
NPV~ 1631.013
BCR~ 1.54
IRR~ 19%
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5.3 Sensitivily Analysis

During investigating a new project, naturally the first thing IS to estimate NI'V based on
projected cash flow. The initial set of projections is the ba.\e case. Now, however, lhe
possibility of error in these cash flow projection, is recognized, After completing the hase
ca:;e, it is wished to inve~tigate the impaCl of different assumptions about the fUlure on
the estimates. One way of reengm~mg this investigatiull IS to put an upper and lower
bound on the various compunents of the project In this project, the milin vJriable for
sensitivity analysi~ is power sector ga" demand

5.3.1 Sensitivity analysis with power seetflr minimnm gas demand

Sensitivity analysis has been made for minimum gas demand for power sector with
minimum, base and optimistic gilSdemand for others sectors, The results or the analysis
are shown in table 5, 18.

ddI' . h,,, enSlllVl ana YSlSw!!n power ~ector 11ll11lmUl1leman
Gas Demand NPY BCR JRR
Power sector-minimum -lli90,746 0.43 7,65 %
Other seetors- minimum
Power sector-minimum .1558.079 0,48 8,58 %
Other sectors- base
Power seetor-minimlim .1423.396 0.52 9.37%
Other sectors maxImum

T bl 518 S

5.3.2. Sensitivity analysis with power sector optimi~tic gas demand.

Sensitivity analysis has been made for maximum ga~ demand for power Seclor with
minimum, base and optimistlc gas denuUld for others sectors, The results of the analysis
are shown in tahle 5.19.

1Table: 5.19: Sensitivitvanal 'sis WIt] Dower ~eetor maximum demand
Gas Demand NPY BCR <RR
Power sector-maximum 27.051 1.01 15%
Other seclor~- minimum
Power sector. maximum 159.480 1.05 15%
Other sectors- base
Power sector maximum 294.611 1.10 16%
Other ~ectors- maximum

Cumments: TIle result oflhe sensitivity analysis shows that the project viahility is mostly.
depends on the pOV'iersector gas demand, If power sector gas demand is minimum then
the pwje~t in not fillaneially viable even with other sectors maximum demand, On the
other hand \"ith power sector maximum demand the project is financiall}' viable even
with other sectors minimum gas demand
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CHAPTER 6

CONCLUSIONS ANDRECOMMENDATIONS

6.1 Conclusions

• Applying thc pre~ent postage sUlmp mcthod of wheeling charge for revenue
calculation thc project is financially viahlc only for optimistic casc but
economically it is viable for base case und optimistic ca.>e. On the other hand,
if revenue is calculated on distance based wheeling chargc then the projcct
is financially viable for ba~e case and optimistic casc and economically viable
even for pessimistic C[L<'e

• Average cost of pipeline construction induding materials and conslruction cosl is
US$25,ODO.00/KM/lnch Hence the total inve~tmellt cost required for
Monohordi-E1enga (30" 00, g7 KM) pipeline i~ US$ 65.25 million. Induding
this cost together with the present inve8(ment cost the project is nol
financially viable cvcn for optimistic case.

• Presently only 80-100 MMSCFD gas can be supplied through the Bra1unaputra
Basin pipeline (Ashuganj-Elenga) for we~tern zone, which is also reducing day
by day with the increase or ~;a8 demand along the pipeline route, Supply
secmity to this region should be ensured On priority ba~i, by construction a
loopline from Monohordi to Elenga parallel to the J3ralunaputra Basin pipeline.

• At present pressUl'e at Elenga is about 600 psig. Aftcr completion of Hatiklllllful-
Bonpara-Raj~hahi project pressure at Raj,hahi will be 350 psig and less in further
distances. To increase the downstre,ml pressure and pipeline flow cupacity it
needs to boost up the gas pressure at Eleuga.

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

6,2 Recommendations

• At present rate of wheeling charge gas supply to Rajshahi is not feasihle. Distance
based wheeling charge should be introduced instead of present postage stamp
method ror gas supply to Rajshahi and further distances.
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• To ensure security of gas supply to the western zone a loopline trom
Monohordi to Elenga (87 Km) parallel to Rramaputra R<lsin pipeline needs
to be constructed. Details ~tudy needs to be conducted for this 100pJine
projcet. TIle loopline should be designed to meet the future demand of at least
20 years.

• Gas supply to Rajshahi at desired pressure and to increase the pipeline flow
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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Appcndix- A

Physical Construction Cost

Functional Building: Office Accommodation at Rajshahi

SLNo. Descri tion Physical Quantity
A. office Accommodation
I. Mana cr I x 160ft' 160ft'
2. Dv. Mana er lxlOOft2 JOOft,
3. Asstt En meer 4xlOOlF 640 ft,
4. S<ill 6x60ft" - 960 ft'

Sub-Total: 1860 ft'
B. Allowan~or Toilet, Varenda, Coridor stair case etc, (70% of

office snare
Total (A+B):

3160ft'
- 294m'

C. Security building for 6 Armed security LS 60m'
with Toilet, Kitchen, PC & APC's Room
and onc indenendent MaQine Room

D. Generator Buildin LS 30m'
E. Sccurit Guard Room LS 25m'
F. Gara e LS 30m'

Total C+D+E+F) : 145m'
Grand Total: 439m'

Estimated Total cost = @ Tk. 12,500.00/ m' *439 m' =Taka 5.486 million
Note:

I. Gas flow through lho pipeline to be monitored round the clock As such omce accDmmodmion at Raj,h.hL
lS required
2. It is a key point installation and round the clock ,hill d"ty will he perrmmed. As such [unc!lon"1 building io
required.
3, Accommodation are" arid e'timaled "",t has heen calculated on the basi, or Public Work, Department
(PWD) standard and lale't mlC schedule of2005.
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Appendix B : Total and Yeanvise Investment Cost (Financial) in million Taka

" Total ;nvo"m •• ' C"" In \e" I ('O!lli-'OD'J Co" ;n "cor 2 (2009_2DIO) C." In \.oc J ('010-2011)

No. Item "fwoeks Co,"

Sub Total 660,098 0.000 231.219 378.379

iii. Mochnerie, & Enuinmeots:
a 1m "rted

(1)Import~~~~:..teriahand equipment5
cost for line 1 e 1417,500 0% 0.000 70% 992.250 30% 425,250

(11)Imported ma:;~I, and equipment
cost for SCADA, ,lem 100,000 0% 0000 70% 70.000 30% 30000

(iii) Pre,h'pmcnl in'pecI;on ( 1% of
material cn,t 15,175 0% 0,000 70% 10,623 30% 4.553

(ivJ CD-VAT ( 45%"o[FOB for
lineoloe ett material, 637.375 0% 0.000 70% 446.513 30% 191363

(.J CD;':':T (20% of SCADA
20.000 0,000 70% 14.000 30% 6,000malerial,

(v) Landing charge, C&F ,
Insurance,TransportatlOnca,l elc.(7%
of malerial cost} 99225 0% 0000 70% 69.458 30% 29.768

b Looallv focoeed:
i) Off, e ui ment and fixlures 1 200 100% 1.200 0.000 0.000

Sub Talal 2290,975 1.200 160H43 686,933

Teanspirt ~~~icle." J.ep, Pick op (
i.'. double cobin 19.500 33 33% 6,499 3333% 6.499 33.33% 6.499

,. 3 ~"o ower
i Officer - 12 nos. 11727 33.33% 3.909 33,33% 3.909 33,33% 3.909
ii Staff_ 08 nos. 2,999 3333% 1.000 33 33% 1.000 33.33% 1.000

(b) Hom.n Rosaurce devel0 ment 1,375 3333% 0.458 33 33% 0.458 3333% 0.458

Sub TOlal 16.101 5.366 5,366 5.366

vi. Other eoS!
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Appendix B; Total and Yearwise Investment Cost (Financial) in million Taka

" r.la' ;n••• lm•• ' Co" in Vue I {20U8_l609) C." '" V•• r 2 (106~_2UW) Co" i.~<"'J (26W.26J 1)

No. l1em ofworks CM,

(al co,t of Engineering De,ign&
construclion supervision con'uilancy
for SCADA system and te,ling &
commi«iQnin 15.700 0% 0,000 50% 7,850 50% 7,850

V'I. Total Ba,e Co'l 3285.082 176805 1968.640 1139.634

a) Intere,t durin~ construction .5%\ 164.254 0% 0.000 40% 65.702 60% 98.552

(cl tonlin.encv (1%) 32851 0% 0.000 65% 21.353 35% 11.49R

VllL TUlal of sub lutn" 3482,187 176.805 2055.694 1249,684

• Pipeline construclion and other co>! have been calcuiated on the ba,is of latest e'timated co,1 of A,hugonj- Monohordi Project
•• COSlof machinery and equipment has been calculated on the basis Actual cn,t of Ashuganj- Monohordi Projecl
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Appendh C :Operating Rccurring Cost (Continucd)

"M. Jt~ms of eo,t Y.ar_13 Y.ar_14 Year_15 Year-16

L Raw materials and '" li•• ee " Tol.1 ee " TNa! CC " Tolal ee " Total

','
Imported malerla!" ,upplles and
S ares

" CIF Co,t 0000 1.500 1.500 0.000 11,500 1.500 0.000 1.500 1.500 0.000 1.500 L500

(Ii) CD-VAT 0700 0.000 0,700 0.700 0.000 0,700 0.700 0,000 0,700 0,700 0.000 0.700

~~"C~llyproc~~:dmaterial, and

'" j
su lies and, arcs

(i) Ex-f.ctorv 0.000 0.000 0.000 0.000 0000 0.000 0.000 0.000 0.000 0.000 0000 0.000

ii) VAT 0.000 0000 0.000 0000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0,000
L.nding charge and Transportation

(iii) co,t to ,ite 0,000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0,000 0.000 0.000 0000

Sub Total I 0,700 1.500 2.200 0.700 1.500 2200 0,700 1,500 2200 0,700 1.500 2.200

H. M.o ower I
•j Officers-08 Nos. 1.360 0.000 1.360 I 360 0000 1.360 1.360 ~ 1.360 I 360 0,000 1.360

,"' Skilled Slaff. 08 No" 0.480 0.000 04&0 0.480 0000 0.4&0 0.480 0.000 I 0.480 0.480 0000 0.480

" Unsk,lIed 'taff - 08 Nos. 0,720 0.000 0.720 0.720 0.000 0,720 0.720 0.000 0.720 0.720 0.000 0.720

Sub total II 2.560 0.000 2.560 2560 0.000 2,560 2560 0000 2,560 2.560 0.000 2,560

III. Others cost

"J Maintenance 2.500 5 000 7 500 2,500 5 000 7.500 2,500 5.000 7.500 2,500 5,000 7.500

(0) lntetest 0000 0000 0,000 0.000 0,000 0.000 0.000 0.000 0.000 0000 0,000 0.000

(d M" •• lJineo", 0,500 0.000 0.500 0.500 0.000 0.500 0.500 I 0.000 0500 0500 0000 0500

1"' Taxes ifanv 0.200 0.000 0.200 0.200 0.000 0,200 0200 0.000 0.200 0.200 0.000 0.200

Sub total III 3.200 5.000 8.200 J,200 5.000 s,200 J,200 5.000 8,200 3.200 5.000 &.200

Total opcrOfing co,l 6.460 6.500 12.960 6.460 6.500 12.960 6,460 6,500 12.960 6460 6.500 12.960
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Appendix OJ: Applying distance ba~edwheeling charge ineome from investment for Low
ease scenario

I'o"~r Fert,I,,,,, Non bulk T,ll.lS"' [r,""",;""," To"l
Dernand ,h,,~c I SCM R","",Yea,

MW MMSCFD M~'SCf C. (MMSCi'D) (MMS,",! MMSCF "
Mdl;,m
Toka

Cl(10<>1I) " " " " " " o 32G 0000, 0 " " " 0 " GJIJ 0000, " " " " " " G38? 0000

J (2~1I) '" W J!ilO " '"" 1821000 \475 ~OO 085& I.lJ 09&, 00 W J6l0 " ,"00 2(>44000 %\14000 0,94" 11261~, W W 3650 " " 17l 228?2S~ 5939.280 I ~41 11$.>00

" '" W J610 0 7 [12, lS63994 62ll 994 1.149 lDl4J9, W '" 36,0 " 7.8"8 lillNJ 652161) Ll67 ~J' l'~

S{l~I") ,eo '" ~4~0 " ! i I~ 32161H 12706274 LJ9J .IV),I)I

0 ''" '" ~490 " 9 j 17 3473,j)5 12963.\7.1 I 540 ,(" 957

W ,.
" MOO " 1027S )751401 1J241,461 16~8 637 ]0

" '00 " "'" " II, I00 40515J8 ])J41 578 1871 118,591

" ''" " 0000 0 II ,9i~ 437570, 13&61JOI ,"M SIUI"

n '00 '" 9490 0 1294J 4'm 161 142l""1 2 1" 916945

M ''" '" 9.9G 0 lJ,9SJ 1103 ~21 1459J.822 l.5~9 IOJ7.817

" ''" '" 9'"0 0 lS "" "12 m L5~Ol113 ""6 1110 '06

" ''" '" '''W " 16 310 5953.098 IJ44309a 1 010 1JJ4884

" ''" " 949V " 17615 6449.346 10919,)'" 3 362 15IHI9.'

" ''" '" 9'90 " I~01. 69'3.69] IM3J "9J 1.707 171"63~

" '" 0" "'% 0 10146 1'9~189 169891~~ H87 1%7 ~6J

'" '" " "" " 22 L~" &O'J~124 17.\8912' 4 j06 2246,~9'J

" 'W '" 'l4'l<l 0 lJ 961 &747,054 182)7,0." 4907 1567113

n '" '" "" 0 lS 882 9416&18 189J"818 5477 2?3~ :;9,

(Note: MW~M.g" Wall; MMSCrD~ Milli~n StJndord Cubic Feet Per Dol'; MMSCt:~ Milltoll Standard Cubic Feel;
SCM~ Slandard Cubic Moler)
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Appendix D2: Applying distance ba~ed",heeling charge income from invc~tmcntfor Ba~c
Case Scenario

1'"".,- "",1,,,,[ No"bulk Tol.1 g'" T"n,,";,,,"" To,,1
D,,",,d ,h,,~, R"","u,

0" ''''YO" G""D<""n~ Gal D'mma I D,m""dl
MOO D,mond!

'YO"
(", d,l' Ye" MMSCF TK! SCM m,II",,,

°w Dc",,", hka
(MM\CHl) (MMSCF)) (MM\cm) (MM$O',

~(2008) , " " 0 " " " 31" " "(HI

, 0 0 " 0 0 " 0]5] 0000

, " " 0 " " 0 ~3a9 ~ OOG

] (2011) OW M ](,\0 " , I~ll ~OO \~)5 000 ~ 8,8 lJ3V98

, 00 M 30\0 0 5,150 )~9S "0 ,7'3 7,~ 0,9'6 1"077

, OW M J65~ " !Oil 24L3 \"1 o06J.l~J 1.lf4) 179.11)

" 00 OW 36,0 " 'OM 211,.,91 6425 ~97 I 149 1()9332

, 00 M JOSO 0 8 Ji, 3191936 6841.936 1161 24574]

S(NI") ,'"0 '" "00 0 1G057 3670,727 131&0,717 LJ9J III 14J

, '"0 00 949G " 11,0~2 40J7.SOG 13527 iDa I l40 S9G590

00 '00 M 9490 0 12169 4441.lS0 1J9J I ,&0 1698 &JO,60

M '00 00 MOO " lJ J86 4385737 1437S.JJJ 1.872 162 862

" '00 M 949G " 14 )M 5314.311 14864311 "00 8691>40

" '00 M "" 0 16 191 WI',741 "'GI.J,n 2 176 99344J

14j2D22) '00 '" ",0 0 jJ &16 6lD291) 15992917 2 509 ltJ7)L2

" 000 M 9~90 " 19 59i J Il3.2~R 161>4.l.208 1,7&6 lJQ18JI

00 loG M 9490 0 II 5>8 7868 529 11358129 3 G,~ l>l1C).4S1

" '00 '" ". 0 2J 713 8Ml 38l 18145)82 J.J~2 1729IJ'

" 'OO '" 9'9G " 26~85 ?l2~ '120 1901O,92tl J. )0) I'l')7 ,'lQ

19(10") 'OO OW 9490 0 28.69J 104JJ.OI 19')6J012 4,087 lJIH4l,
OW 'oo '" "'0 0 31 56) Ill20) I 'WLO,3lJ ',,06 l68J ll8,
" '00 " 94~0 0 J4 719 ]167"4 :ll162 J45 4.961 311045J, ,

n 'oo " "" 0 38,191 139395) 2)429579 l477 )"37.~L5,
(No!., MW~Mcga Wall; MMSCFD~ MililOn Standard Cubic Feet Per Day; MMSCF ~ Million Standard Cubic Fcci.
SCM~ Standard CubLc Motor)
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Appendix D3: Applying distance based wheeling charge income from investment for High
Case Seenari(}

To",1 g'" I ,•• ,mi"
Total

Po"., FertllLZtf Non bulk ion ,h,,1l'D'm"dl Yt IXM Inco""

Y", '"Gos d,,,,,,,,d Gos d,m""d '- Gos dc""nd d"",,,," f B,lhOnMW I day IY,,,
D,mll"d

I d,y
Ye"

MM;C> " Tak,
(MMSCHl) (MM\CF) (MM,ICFD)

MMSCI'

0(200i) 0 0 " 0 " " 0320 0000

, " " 0 " 0 " o JIJ 0000

, " " " " " 0 O.)lI'J 0000

3 (2011) '" 14.4 5256 " '"00 1&25000 70SIOOO 0858 172140

, 00 ,n 52,6 " 6000 2100000 J44o.00G 0.946 I~9 ,61

, 00 ", ,2," , "'00 2623000 7SM 000 '"' 232965

, " ,n 5216 , ,M, Jil360~ 84(1<),6<)0 1.1'9 17),%7

, ," ,n ,2,6 " I~ 363 JJlW 320 ?04iJ 32~ L261 324702

R(2016) '00 S6A JIlJ6 " 12442 4141 1M J6iJnlR4 ,m 142R60J

, '" 86,4 )1,)" " 1) M6 499'-J02 )",)1J~2 L,,4~ 1.<9.3(>,

" '" ," llj36 " 15054 54943lJ JJOlO 8Jl I 6~3 17S2J~2

" "" ." 31Sl6 , 16\6<) 6044316 371%~316 1i72 19942J5

n ,.m S(',4 )"3" " 18:116 6"'87<7 3S184.J41 20"' 2lJ4001

n "" M, 31116 , 20 037 1JIJ 622 ]8S49622 2276 2505818

" '" '" 31136 " 21 NI 3044 9i4 3~.\i091l4 2 .<D9 261414'

" "" ,(,4 )L5J(> " 2<.:1':; 3li49,48) 4()J~, '!J ~,76(, J160)26

" '" SoA J ISJ(, , 2607D ~7J4.4JI 41270431 J.050 J567 J69

n '" ,n JI,30 , 29 ).11 I070l.aN 42243,i14 J.)~2 4021,791

" ", '" 3 1136 " 32210 IIl1S (\62 4))14662 J.1U1 'OlU94~

" '" 86.4 ] 1516 , J,497 12910\28 44492,2R 4 0%1 ,II1&lL

" "" 00' 31~36 " J?N1 14252131 457831&' 00' 58" 5S!

" '" eo, JI5J6 " 42,952 '%77 .."'') 4171J,)99 <,961 6&0' 6J6

" "" M, JI~Jo 0 '7.241 11241.1J? 'i1RI'J9 ','71 7572.J!2

(Note: MW~Mega Watt; MMSCFD= Million Slandard Cubic feet Pc, Day; MMSCF ~ Million Siandard Cubic Feet;
SCM~ SI."da,d Cubic Meier)
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AppeJldi~ 04: Cllieullilioll of Fillaneial value ofNPV, nCR, IRR for Low Case
Scenario by applyillg distallce ba~edwheeling charge

inveslmet" Operating To,,1 Cost l)i,oo,,"1< D",,,"",«I
T""I Re,'",", Net ]",,,m, DL!coun' d to"l ,""I,,. CO!lWV) CCIS'(rV) ( (l'V) (PV)(mdl,o" (m,lhon ,,,'''' Cost R,venoc(m,II,ol1 milli"" (Million ~,' T>I:,) lSI'. Imjll,ol1 (",,11'011Taka) T,.,) T>I:,) L.ok,) 'ok,,), , , , , , , ,

o (2008) .IJ6805 .176 30S , .176805 1.000 .176 80S 0000

, _2m\ ,m _2~\1 094 _2m\ 694 n 310 _178R4.14 '".", _124? 684 _11496R4 _114? 684 0156 _9441,1 00.
0

3 (2UlI) -12900 -12960
I3l 09&

110,138 o 6,8 -8528 a7.578

, .12960 .12 %0 IJ9.&\0 0512 .741J 872Q)
Ij261, -12,960 -11-%U III 5 1G2".U 0491 -0 "I &1.21'

, .12.96n .12960 1&9A1? G432 _5 1'1') 874541~,",J9, _129'0 _12960 12I 28~ 0.31~ .H73 &, ~74
2J4 14, -1;1,960 -11.'l60
5GJ 151

49<)191 ~J27 •• lJ3 164 ,JO

, .12.%~ .12900 152 'f'J7 "'" _3,31 160732
56\.957

00 _12960 .12.%U
bJJ 141 &2~383 0.24J .J lUI 15).424

" -12960 -12 %0 m,n m611 G215 -2,lili 1,4.49&

" .]2 %0 .12900 798 256 o 131 .2 U~ II I ';91
811116

" _129Ml -]19W 903 9", ~ ](,j _',112 149«,2
91694\

" _1290~ -",0(,0 '024,8>7 ~,l< I -l.!2) 146.JJ~
1037817

" .ll,96Q .12960
,nol06 11<532~" 0123 .1 594 1<4.073

'" -1296G _ll,%O
IJ1H84

l.m,n4 G,'07 ., ,J~7 142.3JJ

" .]2 %0 .129Ml IjO~ 131 o D9J .1 205 I~I 0'1<)
"l),UY,

" -12,%0 -12%U
111~6.J& 17IJ.U78 o ~81 .1 010 1J9818

'" -IHW -IBM 19~79(,j 195>(HJj 0070 .0907 1377\3

'" .12 %0 _129MJ 22j1 119 O~(,I -<J 791 1J7,V~4
~N"299

" _12%<l _]2 90G 25,4 ill o ~5J .~ 687 IJO Cl'Jl2567173

n -1~96G .j19~~ 19l6.6J5 GO,,, _0,%
,

19JY,I9> m,m

T""I 29JU6G 2,636347

NPV~ -J34,,12

BCR_ n,39
I~R= II 8,\>

(Nolo, NPV~ Net Pre,onl V.lue; BCR= Benefot COSIRallo: IRR= h\IO",al Ral" orRet"m)
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Appendix D6: Calculation of Financial value of NPV, BCR, IRR for High Case
Scenario bv annl' in'" distance based whcclin" char ,

i",,,Im,,, Opmt1"g Tot,1 Co" Tot,1

"" Di"o,,,' n'''''''"lCd fl,,,o",,""'m Rc","", 'ot,1,,~L (f'V) """ ( PV) (rv) (1'\') I","",,(PV) f,"or 15% roL,1Cos, R",,,,,,, , , , ; ; , , ;

" _116805 -l76,~G, .116.8M 1.000 _m IV, G000(1008) 0, -'0",694 .20,56'!4 -2G,1,694 o 870 -1737.560 0,0000, -12'9,6!H -1249£34 _124~,('8' o 756 -944 9~ I 0,0000,
-12,960 .Il %0 1,9 ISO o6'3 .8 521 II J I~5(lOll) Inl4, -12,%0 _12%0 1!6607 om .lAW 114 !OJ199 \67, .1296G -IB60 220o~s OA97 -1;44J I 15a2l232%,, .12.%0 -II%lJ 261 lJ07 lJ ~J2 -j,WJ 11&4<327J.961, -Il %0 _12%11 JII.142 ~ )1(, .~ i12 IU 068H470., -12,960 .I2.96G 1410 (,47 o J17 .4 lJ7 401111-1142i 607, .129@ .12.%G 15~1,~O5 "" -J 6114 4lJ J601594i(>s

'" .12 9,0 -12 %0 116'1,422 0241 -JM 44057~11~2J82

" -12,96tl _129(,0 19i121\ o liS .2.786 ~la,647199~2Jj

" .12960 -12960 2221047 o 1!7 -1,422 41n5122J~ 007

" .12.960 -L2,960
.\0587R

24g291i V16J _2 1% 407.275

" -12.%0 -12,9(,<)
l814741 2S0Uil 0,141 .1 811 397 8Q~

" _11"'0 .12.960 31.\).366 om .U9J J~~12'31"".12[,

'" .12 9,0 -12.960
J\67.Jm J5\~ 409 o 107 -1.335 3SI126

n -1l96~ -12,%0
4(125 791 10lHl2 ""' .LIlJ~ IN,IOO

" .1£%tJ .12,960 4l3798lJ o Oil .1 ()47 )67.7394\50 ~4

'" _12%G .12960 5140i~1 ~ 070 _0,91I J61131SI,la,1

'" -12960 .12 %tJ ISl4628 0061 -0,791 J57.2~~SSn"i!

" .12.%0 -IZ,%O
6MHJ6 66J4.676 O,VlJ .0 6&9 J>J,19J

" .12.%0 -12,960
7071 J32 7>59.422 o ()4~ .0 \99 H',84~

Tot,1 -l,970M\ 6.5.10.\11

N"V= J"" 8';7
llCR~ 210

IRR= 23%

(NOIC:NPV= Net Present Value; aCR= Benefit Cost Ratio: IRR= Internal Rate of Return)
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Appendix E: Economic Valuc oflnvcstment Cost (in million Taka)

SIND. Itcm of works Year 1 M008_2009' Year22009-20101 Year 3 12010-20111

"I SCF I " " 1 SCF1 " 'V I SCF I AV

, Pre_constructioo o~ ooditnre

(a) Route survey 1.000 0.820 0.820 0.000 0.g20 0,000 0,000 0820 0.000

(b)Soili Sub-surface inve5tioation 2.000 0,820 1.640 0.000 0820 0,000 0.000 0.820 0.000

(c)lEE,EIA&RP ] 000 0,820 0820 0000 0,820 0.000 0.000 0.820 I 0000

(d) Reselliemem comnensation 0,000 0.820 0.000 5,250 0.820 4.305 5.250 0.820 4,305

Ie' Land Ac ui,ition I59.739 0,820 I30986 I7.749 0.820 I4554 0,000 0,8~0 0.000

'f) Land Re uisition 0.000 0,820 0,000 27.878 0.820 22.860 '7.878 0,820 22.860

(cr)Land develonmem 0,000 0820 0,000 13,986 0820 11.469 20.979 0.820 17,203

Sub Total 163,739 I34.266 64,863 53 188 54,107 44,368

ii. Const.-uctiOD Works 0.000 0000

(a) Construction of J 05 km 20 inchOD
L cline and 1 eline relaled facilities 0.000 0,820 0.000 183.750 0,820 i50.675 I83.750 0,820 I50675
(b) 2 no, each SOOmRiver crossing by
HDD method 0000 1.220 0000 87,050 1.220 106201 130,576 1,220 159.303

(c ) Installation of manifold &Regulating
station, CGS and Intermcdiate Vaive Station 0.000 0.820 0,000 2400 0.820 1.968 21.600 0.820 I77P
(d) Fabrication, construction, tnlnsportation
and placing of Set-on-welght on 20 ineh 00
iD.iine 0,000 0,820 0.000 3.652 0,820 2.995 3,652 0.820 2,995

'el Construction of CP .vslom 0000 0820 0,000 0.600 0,820 0.492 5,400 0,820 4428

(l) 439 S m Functional buildinff 0.000 0.820 0000 0,549 0.820 0.450 4.937 0820 4.048

'~) 939 sa,m Residential bUlIdin 0.000 0.820 0,000 1277 0.820 1.047 I 1.489 0.820 9.42J
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Appendix E: Economic Value of Investment Cost (in miUion Taka)

SINo. Item of work. Year 1 '2008-2009' Year 2 '2009-2010\ Ycad 2010-2011\

"I SCF I AV " I SCFT '" " I SCF I AV

iv.
Tran .•~i~ vehicle. ;!,"p _5 no•. , Pick up-

6.499 0820 5.329 6,499 0.820 5,329 6.499 QE.Q. .5.32901 no. double cabio

I (a) Man owerl Local,. 0.000 0.000 0,000 0000 0,000

til Officer - 12 no•. 3,909 0.820 3.205 3.909 0.820 3.,05 3,909 0,820 3205

(ii) Staft: 08 no•. 1.000 QE.Q. 0820 1.000 OPO 0.820 1.000 0.820 0820

Ilbl Human Re.ource deve10 men! 0.458 0,820 0,376 0458 0,820 0.376 0.458 0.820 0.376

Sub Total 5.367 4.401 5,367 4.401 5367 4.401

vi. Otber co.t 0.000 0000 0000

(a) Tum-keYn~e~lgn.in.tJlla,~~~ and
comm,,,ionin of SCADA s stern 0,000 1.220 0,000 7,850 1220 9.577 7.850 1.220 9,577

vii. Total Ba.e Co,t 176.805 144.980 1968.643 2081.824 ]]39.635 1177.644

(d) interesl durinITcon,truCllon '5%' 0.000 0,820 0.000 65.70? 0.820 53 876 98552 0.820 80,813

(b) conlln"enev i1%1 0.000 0,820 0.000 ?U53 0.820 17.509 11.498 0,820 9.428

viii. Totallnve,trnent co.t 176.805 144.980 21155.698 2153.210 1249.685 1267.885

• Pipeline construction and other co.1 have been calculated on the bosis of latest e,tirnaled cost of Ashuganj. Monohordi Project

•• Cost of machmery and equipment has been calculated on the basis Actual cost of A.huganj- Monohordl Project
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A(l(lcndix G 3: A(l(llying postage stamp wheeling charge incomc from invcstment (economical) for High Case Scenario

Total gas Transmission Total Tolallnco
Yea, Power FertliJ'er Non bulk Demand ch",~c! SCM Income (Ewnoml,

Gas demand I Ga, demand I Gas demand J Gas demand I '",- Year G. ,,' y~, Mlilion
MW (MMSCFD) (MMSCFl Demand (MMSCFD) (MMSCF) MMSCF <K ,~, MllllOn T,

0(2008 " 0 0 0 " " 0.320 0.000 1-43, " " " " 0 " 0353 0.000
~, " " 0 0 0 0 0.389 0.000 .!-#

3 (2011 •• 14.4 5256 0 , 1825000 7081.000 0.429 86.070 1.43 ", O. 14.4 5256 " 6 000 2190.000 7446 000 0.473 99.7&4 1-43 ", •• 14.4 5256 0 7.200 2628.000 7834,000 0,521 116.433 1.43 "0 •• 14.4 5256 0 8.640 3153,600 8409.600 0.575 136.984 I .43 ", •• 14.4 5256 0 10.368 3784,320 9040.320 0.634 162.351 1.43 ", 540 '" 31536 • 12.442 4541.184 36077.1&4 0.699 714,304 1-43 '"0 ;0" 86.4 31536 0 13686 4995.302 36531.302 0770 797.433 1.43 '"'" ;0' 86.4 31536 " 15054 5494.833 37030833 0.849 891.191 1.43 m

" '" 86.4 31536 " 16.560 6044316 37580.316 0.936 997.118 1.43 '"" ;0" 86,4 31536 " ' 18.216 6648.747 38184.747 1-032 1117.003 1.43 '"B ;0" 86.4 31536 0 20,037 7313.622 38849,622 1.138 1252,939 1.43 '"" ;0" '" 31536 0 22.041 8044984 39580.984 1.254 1407370 1.43 '"" '" 86,4 31536 " 24.245 8849.483 40385.483 1.383 1583.163 1.43 n'
" ;0" 86.4 31536 0 26,670 9734.431 41270.431 1.525 1783.684 1.43 m

" ;0" 86.4 31536 " 29337 10707.874 42243 874 1.681 2012896 1.43 '"'" ;0' 86.4 31536 " 32.270 11778.662 43314,662 1-853 2275.470 1.43 325

" '" eo, 31536 • 35.497 12956.528 44492.528 2.043 2576.925 1.43 368

" '" 86.4 31536 0 39047 14252.181 45788.181 2 253 2923,794 1.43 '"" ;0" 86.4 31536 " 42,952 15677399 47213,399 2.484 3323,818 '0; m
n '"" '" 31536 " 47.247 17245.139 48781.139 2.738 3786.191 1.43 '"

007



Appendix HI: Applying distancc based wheeling charge income from investment (economical) for Low Case Scenario

Total ga, Tr::,mlsslon Total

'"
Tolal Revenue

Y," Po"er Fertilizer Non bulk Demand char e I SCM Revenue (Economical)

Ou
Gas Demand I Gas Demand I Gas Demand Demand I,,' I,/ea, G. I " Idav Year

MW IMMSCFDl "l),1SCF) Demand MMSCFD) (MMSCF) MMSCF OK. Million TK. Million TK.

0
(2008) 0 0 0 0 " 0

~.J20 0.000 1.43 0,000, " " " " " " ~.J5J 0.000 1.43 0000, " " " 0 " 0 o )89 0.000 '" 0,000

32011) '" '" 3650 " 5000 1825.000 5475.000 o S;8 133.098 1.43 190,330, ,. '" 3650 0 5,600 2044.000 5694,000 0946 J52.610 1.43 218232, '" '" 3650 " 6.272 2289.280 5939,280 '" 175.500 I 1.43 250,966, '" '" 3650 " I 7,025 2563.994 6213,994 1149 202.439 1.43 289.488, •• '" 3650 " 7.868 2871.673 6521.673 I 267 234,240 1.43 334.963

3(2016 ,.. " 9490 " 3 812 3216,274 12706,214 '-397 503,15J 1.43 719.506

" "0 " 9490 " 9,517 3473,575 12963575 I j4~ 565 957 1.43 809.319

'" ''" " 9490 " 10.278 3751.461 13241461 j 698 637.343 1.43 911.401

" ''" '" 9490 " lUOO 4051.578 13541.578 un 718.597 1.43 1027 593

" '" " 9490 " 11 988 4375.705 13865.705 2O~4 811.216 '" 1160039

n "" " 9490 " 12,947 4725,761 J4215.761 ""76 916.945 I .43 131J,231

" '" " 9490 " 13.983 5103822 14593,822 25~9 1037,817 1.43 1484.078

" "0 " 9490 " 15.102 5512,128 15002.128 1766 1176.206 1.43 1681.974

" '" " 9490 0 16.310 5953.098 15443,On H5G 1334.884 1.43 1908.884

" "" " 9490 0 17.615 6429.346 15919346 ))62 1517,095 1.43 2169.446

" '" " 9490 0 19024 6943.693 16433.693 ],707 1726.638 1.43 2469.093

" ''" " 9490 " 20,546 7499.139 16989.189 4087 1967,965 1.43 2g14190

'" ''" " 9490 " 22189 8099.124 17589.124 45~6 2246,299 '" 3212 203

" '" " 9490 " 23.965 8747,054 18237.054 ,", 2567,773 I 43 3671.915

" '" " 9490 " 2H82 9446,818 18936.813 ;,<77 2939595 I 43 4203,621

<08



~'=" 0
o • • • 0 N 0 -~.~ 0 - • " • N • • 0 " 0 0 • " "

" 0 0 0 < • N < • N C N • • 0 " 0 • " - • • 0., 0 0 0 " - 0 " - " " • " N ~~" - " - 0 - " N~ g 0 0 d ~• - N 0 - N 0 <, - • - 0 - • - N -0 • - N - 0 0 N N 0 " N N - • • - N 0

'" " N N - 0 - 0 " N - - • - - N < • 0 0 N

~~
" - - " " - N - 0 - - • N - •

" 0 " 0 0 0 " " " 0 0 " " " " " 0 0 0 " - " 0 00 • - • • • • • - - • • • • - - • -, 0 - - • • -• - " " - " " - " " - - " " - " " " - " - " " "

• 0 0 - • N • C • N • • • - N - - N - " - N,• • 0 C 0 - N N " N N - 0 0 0 - N N N N 0 " 0 0 "0 ," 0 0 0 • • - " " - 0 - - " - - " - - - • -"0 > " •
0 d 0 N " < " 0 C • - " - " N - • - - 0 0 - •" • " 0 0 N - N • C C • - 0 " • - • - • N • - • 0

" " - N N " N N - 0 - N 0 " • • N - N • -- - " N N N N " • - " 0

0
.~•
,, U 0 ,• • • N - - - ,- N • ~~,N ,, •,, - ~ • , ,,,• , , , ,,,,,
" " • N • - N - • 0 , "0 0 • 0 0 - - - - - - - - - N - - - - •• " - -,
"",_ " 0 0 0 - • - C C N - N - - • N 0 N " - •• U 0 - < 0 " N 0 - 0 - • 0 N - N " • -- • 0 N :< - - ,- 0 N 0 - - N - " - 0 " N -- ",,
~

0 0 0 " • - - - " N - 0 • - • " 0 0 0 8 •• - 0 • " 0 • - - 0 • N - N • " - 0 0 -0 0 0 0 - 0 0 - 0 • • " 0 N • - • < - - • •C - N - • - N • - • 0 • 0 - 0 " 0 0 " N "" - - - " " N " " " " - D • •
"• " 0 0 " N - " 0 0 - " N - • M " 0 -" • M C,,U 0 " 0 D " N 0 • " - • - 0 N • M " - N

0 - - - - N - 0 " ~,D " 0 - ~0 " " -• • - 0 0 C 00 >, 0 - " " - 0 - " - N 0 • 0 0 N -M • " N D N " • - - 0 " • " M N N - "~~~ - 0 - N " - 0 0 - " 0 0 - • < - • '. • D

~ - N N M 0 " 0 0 - 0 0 - - N • 0 0 " M 0
" " "0•0 - 5

0z ••• " 0 • 0 - N • - • N • • - " " 0 0 •,::c~ 0 0 0 • " • • • N D " 0 " - • • •• 0 0 0 '. N • • - ~0 " 0 - - - " 0 - 0 " - ,"0 "" 0 - - - " " " ~• " - - " < " • -" e " - " " - N C, N N 0 " ",
0

" "
~
,,
0
,C 0 0 0 0 C C 0 0 0 0 0 C C 0 0 0 0 C 0 0 0 0

" 0

" 0

" .C0

",• u - - • • • • • 0 • - - • • • • 0 0 0 0 C

" ;.'" 0 0 - - " " - N - N - " " 0 "0 0 0 N " N N N 0 0 0 0 0 0 - N - N " - - • •-" 0 " " " " • • - - • 0 " " N M 0 • • •, e " - " " " N N N N N N N

0

~
-_ 5•• "0 ,"0 - 0 • • •:D D D • • ;: D -, 00 -, C 0 0 • 0 0 - - - • - - • N N - N N N N
0 " " " 0 " " 0 0 0 • " 0 - - - -- < <, ;;
0

• 0 0 0 0 0 C 0 0 0 0 C C 0 0 0 0 0 C C 0, 0 • • - • • • • • - - 0 • - • • - D • •N " " N N N 0 " " " 0 0 " " -- " G ~ ~, 0 " N

" C " N 0 • - • N 0 • 0 " N " 0 0 • N - 0 0 - N> ~ " N " " " - N " " " " ~" " N

0 0 • 0 •"



•

00000000000000000000000

a-

000

000



n~~n",,,,~~~nn~n,,,nn,,,n,,,'"nnn",,,,nnnnnnnn'n,,,n'nnn'n

"'000

,J~~~~~~~~~~~~~~~~~~~~~~~~~
"



Appendix H5: Calculation of Economical ,'aloe of NPV, BCR and IRR for base case scenario by applying distance based
wheelio" cbar"e.

InveSlment cost Operat:~~co,t ( TotalCoSI TOI.~:~~enue Nelln~~me Ol<counl Dlscoun!e<l Dl<COUnledtotal
Yo. (AV) " (AY) (AV Fact",15% total Cost Revenue

( , , , , , , " ,
o 2008 _144.980 -144.980 0 _144.980 1.0000 _144 9~0 0,000

( -2153.210 .2153.210 " .2153210 08696 -1872.357 0.000, -1261,885 -1261.885 " -1261,885 0.7561 -958.103 0.000, -]],155 -13 155 246,16 233 005 0.6515 .8.650 161.854, _13.155 .13.155 2&1.8&4 268.729 0.5718 -1.521 161168, _13.155 13.155 324.079 310.924 0,4971 -6,540 16LI25

" -13.155 .13.155 374,163 361.008 0,4323 -5 687 161.161, -13 155 -13.155 433 899 420,144 0.3759 4.945 163.119

" .13 155 -13.155 IOOl.529 988,314 0.3269 -4.300 327.402, _13.155 -13,155 1127,103 1 I 13.948 0.2843 -3.739 320393

'" _13.155 -13.155 1270,422 1257.267 0.2472 -3.252 314029

I (( -13.155 .13.155 1434.345 1421 190 0,2149 _2828 308,303

" -13,155 _13.155 I 1622.241 1609086 0,1869 _2459 303.208

" -13,155 -]3.155 1838.092 1824.937 0.1625 -2.138 298.741

" .13 155 -]],155 2977.439 2964.284 0.1413 -1.859 420.797

" _13.155 -13,155 3355,534 3342.319 0.1229 -1.611 412377
(( -13.155 _13.155 3181,895 3774.740 0.1069 _1.406 404,793

" -13.155 .13.155 42~3.385 4270230 0,0929 _I 222 398,037

•• .13.155 -13.155 4611.18 4598,025 0,0808 -1.063 372.607

" -13,155 -13.155 6692.595 6679.440 0,0103 _0.924 410.257

" .13155 -13.155 7569.849 1556.694 0.0611 -0.804 462.520

" -13,155 _13155 8577.713 8564.558 0.0531 .D.699 455,740

n -13.155 .13.155 9738231 9125.076 0.0462 -0.608 449.912

TOlal -3,038.302 6528.142

NPV~ 3489.841
BCR- 2.15
IRR~ 23%

112



App~ndix H6: Calculation of Economical valuc ofNPV, BCR and IRR for high casc sccnario hy applying distance based
wheelin" char<>'e.

Inve,tment Cosi o,~;;a~;~To~~I,SOSI TOlal ~~~enue '" Disc~unl Factor Di,counted Di,counted total
y,. (AY) cost AY AV (AV Income(A Yl 15%) total COSI Revenue, , , , ; • , " ,
, _144980 -144,980 0 _144980 1.000 -144.980 0.000

( -2153.210 -2153.210 0 .2153.210 0.870 _IS72.357 0000, .1267.885 _1267.S&5 " .1267,GG5 0.756 -958,703 0,000, _13.155 -13.155 24616 233.005 0,658 -8,650 161.854, -13,155 _13 155 285.381 272.226 0572 .7.521 163.168, _13,155 .13,155 333.14 319985 0497 -6.540 165,629

• .13,155 -l3.155 391773 37S 618 0.432 _5.687 169.374, -13,155 .13.155 464,324 451.169 0.376 -4.945 174.557

• -13.155 _13.155 2042.908 2029,753 0327 -4.300 667.S30, .13.155 .13.155 2280,657 2267,502 0.284 -3,739 648,305

'" _13.155 -13.155 2548,807 2535 652 0.247 -3,252 630.026

(( .13.155 -13.155 2851.757 283S 602 0,215 -2,828 612,966

" -13 155 -13,155 3194.63 3181.475 0,187 .2.459 597,099

" -13,155 -13.155 3583.406 3570.251 0,163 .2.138 5S2.404

« -13,155 .13 155 4025.079 4011.924 0,141 _1.859 568.859

" .13 155 -13 155 4527.846 4514.69i 0.123 -1.617 556.447,. .13. I 55 -13.155 5101.337 5038.182 0.107 -1.406 545.153

" -13.155 -13.155 5756882 5743,727 0.093 _1.222 534.963

" _13.155 -13.155 6507,844 6494,689 0.031 -1.06J 525,867

" -13.155 -13.155 7370.007 7356852 0,070 -0924 517,856

'" -13 155 .13 155 8362.051 8348,896 0,061 .0804 510924

" .13,155 -13,155 9506.119 9492.964 0,053 -0.699 505,067

" -13,155 .13.155 108n 506 10815,351 0,046 _0.608 500.283

Tolal -3,038302 9,338.632

NPV~ 6300.330
BCR~ 3.07
IRR~ 27%
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Appendix 1.1: Income from investment (Power Sector Low and •.•thcn; Rasc Demand Case)

10,,1 g" T"",,,i,,,,,,, TO[,Irowcr ret"I,,,, No •• bolk D',,'nd! ,h"'Bd Incolne

" SCM

Ye", G~<d,In,,"" Gus ~'''''''" Go> <I"""n<! c.
MW I d,y lYe", (los I d,y d,,",n~I MM,Cl- "

B;II",o
Dcrm",1 v,,, Toka(MMSCrD) (MMSCF) (MMoCrD) (~IMSnl

~(1008) " 0 0 " n 000 ~ 000 o 12~ 0000

, 0 0 " 0 0000 0000 n.ll1 0000

, " " 0 " O~OO O~Q[f ~,J!9 0000

J(2~II) " W 1650 0 , l~lj,Ooo 1')lOoo 0429 M~'9

, 00 co 16JG " 0150 2~98.)50 ~1'8 7~0 0073 77,0)"

, W '" 3650 0 6613 ).<1),563 6OU3563 0\21 19 516

" 00 W 30l~ " 1,00' l171j97 M25,97 ~.5)j 104606

, 00 co 3G,U " I.J45 JI91936 ,g41.936 0,634 122.371

, '00 co 3&,0 0 10.051 3,10121 13),0 117 OM9 104,9"

W '00 '" MOO " II 06), 4011,$00 13,~U(HJ ~ 710 ),95 ),9\

W '00 0; 9490 0 I~ 169 H'15!0 lJ93 I ,&0 "M' J3~.lgO

W '00 '" 9190 0 lJ 326 4885131 14115.111 0,93G J21 43 I

" ,. 0> "" " 14 7i-4 ,314311 14&,4311 IOJ2 4)42).0

" '00 " 9.90 0 I" 1'J7 ,"11,]42 "401.'''. I 1J& "%721

co 'w " 9490 0 In'6 (,501,91) 159n,911 US" 562 656

" '00 " '". " 19 598 715J202 1,(4),02 U8) 601,4),

" '00 '" 9'90 " 21 ~52 186R.~29 173,! 019 1.52\ 15~.226

co '00 " 9490 0 2) 'I) &6>5312 1&145332 16~' '64.617

W 'W '" MOO " 16~85 9.<10nU 190109.0 I 8~] 9987IG

co '00 " 9.9U 0 1R,m W47.1.U12 jW6J.OIZ £00 1116111

ow '00 '" 9490 0 3 I 56] II SIO.JIJ 1WIOJIJ 2.25J lJ41609

" '"" " ." " J4119 1267).)" 12lGB" Hi' 15'02'27

" 'W " '"ow " 3~ 191 1J9J9 ~79 ).J419 51~ 2,138 IglOO)

(Note: MW~MegJ Watt; MMSCFD~ Million Standard Cubic Feet Por Day; MMSCF ~ Milliou Standard CubLcFeot
; SCM~ Standard Cubic Meier)
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A[I[lcndix 1.2: Income from innstment (Po,,"cr Sector Low and others High demand
case)

Tocalgas T,,,,,,m;,,,, ••
I'ow" fertLIL"" Noo b,lk Dem,nd I '''''g' ! Toe,I h",",,,

0,. SCM

y", G.~ C" C" G~\

~W dcm,rul ! dcm,"d! Cia< J,morull .",,,nd ! MMSCf " ~;lIi""Tnk,0., Ow D,,",nd Ow Om
(MMSCFD) (MM,CI-) (MMSGD) {M~SCF)

0(2003) 0 0 " , o 000 ODOG ~ 320 0,000, , , " " 0,000 D000 03D "'00, " " " 0 0000 ""00 O.1&~ o IJOO
3(2~L1) 00 00 3650 " , I~2j ~OO 04»,000 0429 66 549, 00 00 3<iln " " 000 2190000 534<1000 o 473 182~2, 00 00 3'.10 0 7.200 2613 ~oo 6173 000 0511 n1l,, "" 00 36,0 " "'00 J15H~0 630],(,00 ° 01S 110 i2l, "" 00 J6\0 0 IQ.l68 17M 320 74,4320 ~ "34 13.1\10

0 '"" 00 )MQ 0 Il44l 4541 184 3191 184 MIl9 1(,21W, '"0 " 0000 , IJ,6i" 499,30l 1443\ 302 0.11~ )16,1%

00 '00 '" 9'90 " IS~5< 54'14.833 14~M313 ~ 8<9 360613

00 ,"0 W 0000 0 1'.560 604016 1,534316 ~ 936 412112

" '"0 00 0000 , 18 116 6643147 1613i.147 1,0,2 '7l,IQO

D 'W '" 9490 , 20,W7 J31J 61l 1680) 612 I IJ8 141,9)4

00 '00 '" 9490 0 12 041 Rrt44,984 175)4.9!14 Ll54 623.431

" '"0 '" "'" 0 M.MS 3!14?48J 18339433 1.J8J 718 931

" ",0 '" ~190 , 26670 9134431 19124431 l.>~5 830 RG9

" '"0 " 9490 0 29.3)7 lU7QU74 2019J 874 16RI 9,2411

'" ,. '" 9.90 0 32 21~ 11118661 2126a,6(01 1.85) 11I1JI7

" '"0 '" "'" 0 3\.497 129%.\2a ~1<46,5~8 l04J 1300~6.1

'" "'" '" 9490 " )~O<, l4~",181 131<2.181 2253 1516G,1

" 'W '" 9.9~ " .j2,9,~ 15677 J99 2\161399 248< L77l,782

" "'" '" "'" 0 '7l47 17l<l 1J9 2673\ IJ~ 2133 1~",~1I

(Note: MW-Mcga Wall; MMSCF[)~ Milliun Slandard Cubic Feet Per Day; MMSCr - Million Standard
'7 Cubic feel; SCM~ Stand.rd Cubic Meter)
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Appendix 1.4: Calculation of Financial ,'alue of NPV, HeR, IRR (Power Sector
Low & Others High Demand Case)
. Im'''""<1>' 0l"'al'"g T""I Cn" Total Discou"tod ()""""",,d,os, (PV) '06' (PV) (PV) Revcn", N« Incom, D"cOllnl '0'" Co" "".1,~

{m,II;"o ( mHI,"" {~'illio" ("VI ( mHHon F,,'ol (mill",,,
R,,,,,ue

Tak.) T.to) T,k.) (mil",," Tak.) 11% ~,' (mLllLO",., 'ak,, , , , , , , ", -176805 -176.80, MOO .IJ680S , 00' _170~tll 0,000

, .2011694 _2051.694
'"00

-20,5.694 0,370 -17&8454 tl.OOG, .12.49684 .124~ 6i4 ~ 000 -1249,084 0,156 -9'4761 0000, .1296D .12.960 or, j1~ 5J 5~9 ~ 6$~ -s.>2~ 43789

, .12960 .1, %0
'" 2[,2

65.307 ~"2 -741) 4<.766, .1l960 .12960 9l,755 79795 0.497 "" <41 '6 ~\19

" -12,96D .12960 110R2.l ~1 i6J ~.4J2 _5WI 41.~7&, .12.960 _12%0 IJJ 1IG 12~jjO 0.3J6 -4 873 10200

" .12960 _12%~ ](,2 ISO 149,210 0.321 .D' 530JJ, -12,96D -12.960 )1&,1% JGJ 236 ~.,8' -1,(,i I 39.300

W .1296G .12 %0 36D6I8 )47 ,oR 11,247 -J 101 ~907S

" -IBM .12960 411,'" 399212 l)21.' -27M !MII

" .12 %0 .12%~ <72,1~0 '59140 om -1'1' 881&)

" .12 96~ _12%0 5'19J4 02&,97-1 ~ 163 .2 112 &i 3J5

'" .1296G _12%~ 6D.4&7 6W,l7 o 141 .1817 87 912

" .12.%0 .1,960 7l! 9JI 705 ?71 0,12.) -1.,9' 83419

" .12960 .1296<1 &)0&69 ~17,909 0.107 -I J!7 &~9<JJ

" .1296D .12.96G %2411 9'94,7 ""' .1 20, 8? \G5

'" .1196G .12 %0 11I7J17 1104.311 <>,081 .I.O\G 90 ,OJ

" .12.~60 .12900 1300~62 1l~7 IDl 0~7~ '~.%l 91 004

'" .1, %0 _'296<1 1116.G'l 15m O~1 0~61 _01')1 91 "9

" _1296~ -11,%0 11717Rl 111&822 ~ G,] -U,687 93 90.

" -U,96D .12.960 '0),.071 2~62 III QM" -0 j% 9541J

To,,1 .2.97 1.J6G 1,l4UM

NPV= .1,.2] 396

BCRc 0,,2

IRK= 93m

(NOle: NPV= Net PreS""1 Value; RCR= Benefit Cost RatlO; [RR- [nlertla[ RalC ofRctum)
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Appendil'I.5: Income from investment (PlIwer Sector High & Othenl Low demand
ea~e)

T"I.I "os T"ns,"",;oo 10,,1
rD""'" ,eml,,", NOllblll~ O,m,"dl ,h""ei I,,,m,,
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MW ,lomondi dem,n<!! G~\ del11,"' I ",,,,,"d! MMSCF "
~,II;"n

d.), '1,,[ Dom.,," 'M Yeor 1.b
(MMSCFfl) (MMSCF) (MMSOD) (MMSCF)

(I(~Q~8) • " • 0 " " Q)lO QQOO

, " 0 " " " 0 o Jl3 0,000

, " " " " " 0 03&9 0,000

0 W '" 1~16 " ; 00. 1&25 1081 a 429 80Q7Q
2011, 00 '" ",6 " ,,{;OO OM' 7JU~ 047) 97 an
; w 1(4 521, 0 6272 US9 ,~ 1141.22 om 111.418

" "" 14.4 ,~,& " 7 ~11 2561 'l'J16 78199936 11515 Il13J9

0 00 '" 1116 0 H6! 19l1 ,713 81~H72! o 014 141%1

, '"" &0.4 lll16 " 8 81~ ))16,21)0 J4Jll.274 M99 688ml

" '"" !M J I \)6 0 9 ,11 J4JJ.07,5 1500911\ UnG 1M ll5

'" ,"0 ~6.4 311J6 " W l7! J7>I,<o15 35281.461 G,IH9 1l4?2J5

" '"" '"' )15.16 " 11.100 4011 S7i4 J\5n,,~ 0936 944.l<4

" '"" S64 315J6 " II 938 4J7',7Q47 3591 '-105 I OJ~ W5G511

" '"" '00 ) 1536 " 1~,\M1 47157611 )6~H)&1 1.138 1169.478

" '"" M' J 15J6 • 139&l 1I0J,nl19 36639 322 U,-1 '3m 7?2

" '"" '" ] 1516 0 Il WI ,5121217 37043 II! 1.J~3 14l2.JJ-1

" j40 86.4 J I,J(' " 16310 .19\1 ()')7'! 31489 C1'J8 I .\2\ 1620~57

" j~O "" Jm6 0 1761> (i419J~5& 3796, J~G I 6~1 1109.0~7

'" ,40 '"' 31OJ6 " 19.G21 &0416934 J347969J l,g,) 2021 ~J1

'" "" 36,' 31536 " 10,5", 1499 Ig89 3903>,1&9 2J143 2l6<J146

'" '". '"" ]1536 • 2l 1&9 SQ99.ll' J%JS 124 1153 1530,3n

" "" '" 31Sl6 " 13 965 S7'7Q5J9 -1Q2!1,Q54 Hi' liJ,9U

" '". "" J1536 • 1\ S3l ?'46 81&1 <09S>"" 1 73& 31SG,917

(NQ(C; MW~Mega Watt; MMSCFD~ Million Standard Cubic Feel Pcr Day; MMSCF ~ Million Standard
Cubic r •• t; SCM~ Slandard Cubic MeIer)



Appendix 1.6; Income from investment (Power Sedor High & Others Base Demand

Ca~
To"l g'" T"",m,,,,on Total

P"w<, r,rt,I,,,, NOll Dull 00111'""I ,""go! Inco,",

" ,;eM

y,,, Co, Co, 0" Co,

M" ~cm,"d! "", •• nd I "0 dcm,nd I Ml11andI MMSCF "
Billion

~'Y Year 0,111""" ", Y,,, 1,l.
(MMSCl'D) (MMSl'1 {MMSCFD) (MM"CI')

0(200&1 0 " , """ ~JH)O " GJlO 0000

, " , , "00 omo 0 o :J5J ~ 000

, 0 0 0 MOO 0000 " I)JS9 0,000

,
" '" 5256 , '"00 I !25.QOO )081 0419 ~£G7~

1011, 00 14,4 5256 " l.7,O lOOt i,~ 7"~ 7, 04JJ 9a ,61

, 00 '" 5256 , HIJ 24lJ 50J 106') 56J U111 IllJ14

, 00 14A '256 , ;OM 2i7\ 597 SOli '97 o ,75 IlO !l{;

, 00 '" '<216 0 8 745 .11919l6 8441,916 o ('J4 1>1'IJ

, MO "" 4
J 15)6 , 1O.~57 J"7~.Jl7 )5206 iJ OM, 691W)

, 040 '" 31\36 , II06l 4031 ioo 35\JJ 8 o i7~ 176531

CO 'OO ." ] I ,l(; 0 11 16') 4'41 ,SO )'97i 1& OM' 1618<)

" MO SM )),36 , 133S6 43!>.737 J64217' 09]6 9~6.171
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CO ,4G S6-, )15J6 , 16 1~7 \911.74l )74477' 1.I.1a 11GIn7

" I'~ eO' )1,.16 , 17&16 "lGBI7 3~G18,91 1154 111£ \39

CO ,WO "" m)<\ 0 1~.,93 111) 20& J8(;8921 I J8J 1\I06{,J

eo ;w" 8{;.' 11536 0 21 ,,~ 7i6g 529 )9404 11 15~, 17GJ0'1

" OW, 86.4 .11136 " 2J.711 86,5381 """1.38 H8' 191\ (196

" '" 16.' J,5J6 0 26~1, ~520.92G '10,(,92 1.8,3 2L5686]

" '" 86,4 31136 0 ~8 ,"''' 1041l01:! 42009.01 :!,~" 2HlOIl

'" '" M, )1536 " 11 ,6] 11520313 030,(,.11 n,J 2749J51
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Cubic Feet; SCM~ Slatlda,d Cubic Meler)
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Appendix I, 9: Calculation of Financial value ofNPV, BCR, IRR for High Case
Sccnario (Using Postagc Stamp tariff and Including the aycrage cost of Monohordi-
Elcnga Project)
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(Note;NPV~ Net Present Vatue; IlCR~ Bcncr,t Cost Ratio; IRR- Intern.1 Rate or Return)
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Appcndh 1.10; Calculation of J<'inancialvalue ofNPV, nCR, IRR for High Case
Scenario (11sing Distance Based Tariffs and Including the averagc cost of Monohordi-
Elcngn I'mjeet)
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(Note: NPV~ Net Present Value; IlCR~ Benefit Cost Ratio; IRR~ lul.mal Rale of Return)
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