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ABSTRACT

Titas Gas Transmissiun & Distribulion Co. LId., a company 01' l'elrobungla wllieh is the

largest di~lribulion imd markeli~g company of Bangladesh (72% market share) distributes

and market~ natural ga, in Dhaka City and 21 regional oftiee, outside Dbuka City. 7 (seven)

Sale~ "nd Re\'cnlle zone olliec" exist in Ohaka City and there are 21 (twenty one) region;ll

Sale~ olliees out~iJe Dhaka City. eaeh having morc or le~s 50,000 Domestic Gas Customerb.

Currcntly there mc ne"rly 8,00,000 domestic consumcrs in the abov~ ;lreas of Dbaka City

and the tol.<llnumber of Jomestic consumers in the Tila~ Franchise area is 10,97,478 (up to

December. 2006). Thcse consuillcrs are paying bills on monlhly nat r;lte lariiT under" Self

Billing Process"

TGTDCL inlroduced ~OIllCPre-paid Gas metcrs in Banani are" of Dhaka City as a pilot

project. Under thi~ projcct 1000 Pre-paid Gas melers have been procured, instulleJ and

commissioned in thc cu>;tomcl' premiscs, One of the objeetivcs of this projcel wOl'k i~ to

undertakc financial analysis of using Pre-paid Gas meters. financial paramelers such as nct

prcscnt valuc (NI'V), bcncfit co,t ratio (IlCR), internal ratc of rcturn (/RR), Pay b"ck pcriod

and di,coull1ed pay back period and nveruge accounting return (AAR) havc been calculated

oll (he ba,is of 20 year project life, The analysis is firstly done for 10,000 dome,tic

etlS(OIncr~.Then it is sc"lcd up to ,,11all thc domestic eustomcrs in TilaS Franchise area. The

results of fiLlancial analysis infcl' financial feasibility of the projcct. Sensibility an;llysis is

also made by varying the pammeters such as Gas price, investmcnt cost, ga~ consumptions

through the proposed meters which ore thc guiding fadors of financbl indicalors (NPV,IRR,

BeR. Pay bad. period, discounted pay back period and AAR). Scnsilivity is madc

eonsidcnng thc worsl condition, the besl condition and intcrmediate condition. Le;s

variation ]11 Jinancinl parameters for different condilions indiente that thc projcct is le~s

sensilive (Ic~, risky), Thc amoanl of waste gas for dome~lic conSllmer~ has ;1150becll

caleulilled li,r not using thc gu.' mctering sys(cm. Thc amount of waste g;l" for ;Ill thc

domestic cUSlOlllersin Titas Franchisc urea ure calculated a~ Tk, 30.73 crorc all~ually.

xiii



CIIAI'TER _I: INTRODUCTION

Natllral G", i> lhe mO,l import~nl nalum! resource of Ilan!ll~dcsh_ It has cxtcnded its

diversified W,C5ill Power plants, !'ertiiizer factories as a feedstock, differenl Commercial,

Indll.,lrial. Domestic und many other IISC;.The avcrage daily production "f !;USficld~ in

t1seul ye~r 2005-2006 is 1500 MMSCF ~l1dyearly productioll i; 540 fiCF (Petrohull!;!a

201l5.2006). Therc arc Jour separate dislribulioll companies that arc engagcd in .<upplying

N~tllfal Gas to di ITcrel1tt}pes of cu,lomers ill different reglons_These companies arc Titn,

Ga; l'nlllsllli"i"n und Distribution Company Limiled (fGTDCL), Bakhrahad Ga;

Systems Limited (BGSI"). Jalalahad G~s Transmission ~nd Distribution Company Limitcd

(JG1IJCL) and Pashchimanchal Gas COl11p~nyLimitcd (I'GCL). rhey construct and

Ilundlc distrih"tioll linc, and conduct marketi,,!; activilies, Table- 1,1 shows ;alient

featurc; (,I' thcsc dislribution eompan ies.
Tabte- 1.1: Natural Gas Distribution companies inllangladesh

Name of Year of Controlling Tota! pipe Total no of Annual Gas

lhc cstnbli,hmcnt areaS ICllglhin tbe customer, sales (201l4)

company Ilclw<Jrk(up (Up lo Dec, her

to 2004) 2006)

km

TGTIlCL 1964 Dhaka Division 8,476 11.81,218 275,8

including

13rallinanbaria

BG~L 1980 Cilillagoll,i 5, I 15 3,69,139 "'
Division

excluding

IJrahmanbuna

JG rJ)SL 1986 Gn:uter Sylll~l 2295 1.00,878 21.3

Di,\ricl

I'GCL IY99 Nortllwcst 219 24,416 17.53

rc!;ioll.

(~Ulirec:An,"unl report 2004-2005& ,"OlllhIy report, January 2007 of I'clrobangla)



Titas Gu; T & D ee,. Ltd (TGTDCL) is the olde••t and largest gas Inurketing company

>upplying 72% of the total gas eOIl-'Llll1cdin thc countl)'. TGTDCI. has a franchisc arca

"~IClldingov"r Ihe area Cllstof tli~ J,11llLLna-Padma river system. e.~eluding the Sylhct and

Chitlagong divisi\1n••. but inciliding Brahmanbaria. TGTDCL is incorporated on 20'h

Novembcl'l9(,8. The company i., working under Ihe supervision of the corporate body

nmHed Pell'obangla and the Adlllinistrali,'c Ministry- Ministry of P\1wer. loncrgy &

Mineral RC'Ollrces. SOlilce' 01"gas supply of TGTDCL arC Titus. Habiganj, R~>hidpur,

Biallib.l/ar. Kail",htila, Jalnlabad & Narshingdi Gas Iields. lly the cnd of June 2006, the

company had under its uperation n network of 9,8 I6.29 km pipcl inc, which incillde<Jubout

735 ~m transmission. 383 km di,llibution and rest fec<JerIHainsand ,ervicc lillcs. By the

elld of JUIlC2006. the company Iwd n customer base of 11.10,175.Among the bLlI~

custumcrs of TGIUCL, there are 24 power (including private) and 4 fertili7er plants.

Duriilg the 2005"2006 tinaneial year. TGTDCL sold 358.957 bcfga> t" its eust"mers. "I'

which po"'er alld fertililer plant; consumed 157.32 bef and 48,705 bef respectively. The

large dumestie ell~tomer base ofTGTI)CL aec"unled f"r about 38.162 bcf ga5. TG'I"DCI.

is laying !leWpipe liLle,every year to meet the increasing demand for ga>.The company

has been making remarkable contribLltiontowards the economic progress of the country.

During the 2005-2006, TGTDCL earned sales revenue ofTk.3408 erore and a net prof,t of

T~,206.40 eror~, which is 38.04% higher than the previou,; year. The company provided

68.44J n~WcOllnection,;.which ISY.79% higher than Ihe previous year, The 'y,telll 10"

dLJl'illgthe period "as (,.47%, which wa, 0.59% les> than II1~previou, year indicating a

~avill~ or rk.17.0 erore. TGTDCL ha, pl'Oduced e_governance systcm for providing

improved an<J transparent services to industrial ClIstOl11ers,enabling the pro,pectivc

eustomcrs to know the Intc,l position uf llieir appl ieations on weD,ite.

The di,co~er)' of large reserve of natural gas ha, stimulated demand lor this clean, cost-

en"cdive cnergy source, resulling in rising investment and rapi<Jexpansion oftransmissioll

and distributi[lO network;. Gus metering qualily has become a erilical issue for

tmn'l",rlati"n and di,tribLltion companics ovcr tbe Inst decade, The main reasons for this

LSSUearc higher cnergy costs, tile adaptation of the inJLlstr)' to deregulated market,

lhroughout lile world, (he need for fair dealing betwcen buyer alld scller and the increasing

involvemellt ofolliei,,1 measuring aulhorities. As it plays a dired role in <Jeterminingtile

re"CI1l,e, of gns companie" mdering i, a vitnl runction reqlliring optimal accurncy nnd

dependability,
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1.1 I'resent seeml rill llf g'ls Il.etedn:: system in Bangladesh.
In llal1gl~dcsh. four markcling companies are sclling nutural gas to the CUSlomersof

dillerellt nature such us- I'ower, krtili,er, Ica garden, seasonal (I"orcxamplc-brick lield).

eNG. indll~lry. COlllnwrcial und domcstic. Except domcstic, for ull other customer;,

mcter, arc used l"or1isc~1measurement of natural gas. Posl-paid analOglLemetc" are used

101'nwa.,uring the quantity of gns supplied, Thc relatcd cuslomcr is billed multiplyillg thc

gns quantity at slandard condilion with the gas lariff applicable for thnt pal'ticulnr

custumcr. TGTDCI. ,upply gas to all types of customcl'S mentioned abovc e~eept lea

gmdell, All types "I' customers cxcepl domestic arCbilled knowing lhe gas quanlities from

mcters. 't 0 very few nlents, such ns flals. mete]s hnvc becn installed in case of domestic

cuslumel".

Though thc qual11ilyof gilS used by a single domcstie cu~tomcr using a double burner IS

tow (Iestcd lo"d or 21clllilr a, esllmated by the load survey COll1miUccof TGTDCI,), due

to the I~rge numher (10,97,478 up to Junc, 2006 In 't ilas franchise area) of domeslic

eW,lomers. thc tOlal amount ofga., consumed by the,c customers is high comprising 11%

of Ihe 101,,1amOU1l1of g"; consumed, Day by day lhc numbcr of domestic customers is

increa.,in!l at a fllstcr nltc. Tbe main problem, of un-mctercd domcslie customers arc

wa,lage "i' !;llSal1d collection or dues, If !lou can be ,old in eredil throu!;h a reliable

system. the waslage of gas ean be leduced and tilere will be 110dues to the clL,tomer,.

Wilh a view (0 thc above mallcr, Tilas Gus T&D Co. Ltd has takel1 a pilot Pl'Ojcc!al

lJal1nniarea in Dhak~ cily. Under tili, project. il has i",wlled t000 mcters in t000 kilehen,

at tilis r~sidcntiat arc", Tile fcalures of the pilol arc describcd below,

Timeline ,Jul1',2005 to September.OS

NlImbel' of Units: 1000

Location : Banani, Dhaka,

Fill,lllcier : TCiTDCL

Supplier , Hang£hotl Beta-A£iz & Co lV.

Mcter Spccif,cali@s:
Type: Diaphram meler

Model: 0-1.6 A

Qmax~25m3! hr

Qmin~ 16dm3! hr

3



1>l11ax~IOOKpa

II is ncccssary to focus "0 V,lriom, merits and difficulties. customer's satislaclion,

di,'nti,lu~tlon, ~h~nge in revcnue clc ~xperieneed in the project. Moreover, it i, Ileeessal'y

tu eonducl tinancial analysi;.

1.2 Objcclj\'cs or tile projed

(i)To \tucly the j u.,lineat;on of pre-paid ga, melering ,yslem.

(ii) '1'" cst imute the amount of wasted gas (if any) by domc,lie eustlllners.

(ii i1 'I he viabil ity of pre-paid ga, melering system for domeslie customcrs,

1.3 MctlLodology

I) [)~lail study onllc pre-paid gas melcring pilot project
_ )I, 1nnl1cr of il1lplcmentolion, related IitemlUre,
_ Cu,IS involved and rcvenues camcd
_ Cu,lom~r Iced baek
_ i-.stimalion of was led gas by flal-mle eu,lomer,.

11)Finaneiul mmlys;;,

4



CIIAI'TEn-2: BRIEF OVERVIEW 01' GAS MARKETING

NalllrJI ga, has divcr>llied use, AI o"e e~tremc, it is uscd in " largc '1"anlity for a po,",cr

plant, whercas a single dOllle"ti~CUSlomeral olher eXlremc u,~s it ina v~ry small 4u~ntity.

In tllis chapler, the variolls types of Cll:;tOIt\Crsaccording 10presslIrc, flow rate ~nd type of

gas lIse~will be clarified. 11\is chapler will aJ$Ocontain gas salc" gas purch~se, rc,cnlle

~nd other slati,ties,

2.1 C1""ilieati"l1 of ga8 users
Depending on lhc nuture "nd objeelive of the gas use, customer~ arc ci""ified as follows.

Al-Non-l3l1lk Customer

I) Domeslic cu,lomer

(il Domesti~ mctcred

(ii) DOlllesti~ull_mctcred

2) COl\lm~rcialcust{)mer

J) IndUslrialcuslomcr

4) S~asOllal~lIstOlller

5) Tea-,tale customer

(,l CNG

Il) [llll~ cu,lolller

7) Power producing

R)Fert;li£er producing customer

'J) Caplivc power produ~ing customer.

Dcflnillon ~nd characteristic, of various lypes of customers urc a, rollow;:

I. UOlllCSCic cuslomer

This type of CIIstolllCr>include- House/Building uses a; a ""ident, Flal/Colonies of

v~ri(lu, OOVCI'Illl1enllSel11iGoverlll1lcnllAulon(lLTIOUSorgunilalioll and Hostel,

Laboratories, Cunteen, Hospital, Me", Child home, Hermitage, Tomb, Charitable

org.lI1inlliol18.Dom~sti~ cuslomers ean be divid~d inlo two elassc,

5



(i) Domcstic mctercd

(ii) Domcstic ltll"rndcred.
Domc,tic metcrcd custumers, IIITlta' (,as franchi,e area, most ofthc dQlTIesticcll,tomcl"'

arc lllHllctered, Very lew domcstic cmaomers arc melcrcd. In many nat" mctcrs have

been inslallcd lhrough which gJS is delivercd and billed un tilC ba,is of consumption,

thrOllghlhe mdcrs.
D()me~tic ull-Illc!crcd customer;: Excepl some mctered customers, all olher dOlllc,tic

cu,tOITIcr,are ,upplicd gns without melcrs. Ga, bill, are madc on lhe llat rute bJsi, u,

thcr~ >Ire'10meIer:<,for l1leu,urelll~nlof gu, consumplion.

2. Commercial Customer
1 hi, type ()t"c",lomers includc, the lollowing.

I, Hotcl, and Re,identiaIHotcl,

2, ~hops. Faetorie~ which arCproducing Ioweell11eat

3. Re,laurants/Chinese R~slaurants, Canteen, und Teu-slalb

4. Chira, Mori producing liJdory

5, Private elinie;.Lallormorie;,!-Io,pilals

6. COlllmunltyCentcr,

7. ~lIaeb. Kababghor:<,
8, 13akeric,. Cunfectioncrie,. Chocolates. Chanaehurc. ~hcmaie. Iliscuit producing

1"eJ<)ric,(I'land operated)
9. SllOp!l'uttcry/Ceralllie/Paint/Mcdicine producing factories (I'land operated)

HI.Distilled waler/LJiclng and I'rintil1g1LallndryrfanneryfSlmri producing factory (Hand

operaled)
11.lce/lcc eream producing faclory (without machine).

I. Small and Cottage indu,trics ,iluated ill Bangladesh Smull and Cottage tnduSlrie,

Corporation (13SClC) inJu~lrial e,latc.

2, Machine opcrated factory inslftlled personally or wilh lhe help oi" various moncy-

lending organlzalions like Shilpa l'ori,laptar, i:lank of Sl:lall Indu,lries & Colluge

(BASIC) etc.

6



3. I.ar!;c scale industry!f~etorY/[)f!;anil~liol\and hotel, which are usin!; boiler, gencrator

",
4. Faclorics. which ~rc prodLL~ingbri~k, tiles, ccr~mic. rclr~ctory. centcnary and

clcctri~al, and othcr> goods by (11a~hinc.

5. Machinc uperated icc/icc-crcam producing factorics.

4. Sc:t~onal Customer

I. SC~")l",1manual bri~k produc ing factories.

2. Scasol1nltob~ceo leafdryiLlg factory.

3. Sca~"nal ;ugar canc and fruit pioccs~ing industrie;.

~. TC:t-St3Ie Customcr: Tca-slale customer.; are thosc who usc gas for tcalcaf drying

proCC,;1ng and I'clalcd works (c"ccpt gencrator for POWCI'generation).

6. eNG (COllll,rcssctl N'ltural Ga~)

eNG cus\Onlcrs ale thosc which compress natural gas 10 highcr prcSSUl'c(from 50 p,ig to

3000p,ig)

7. Powcr Protlocing Cnstomer: PQWCI' stalion owned by Bangladcsh Powcr

Dcvelopmcn\ Board. ill large scalcs any othcl' Govcrnment und nOI\-Govel'llmcnt

Eleetriclly (jenel'ating Plant, using NaWl'al Gas. Powcr producing eu~tom~l'; arc Gov\.,

Indcl'clldenl Pow~r ProduceI' (II'P), Small Indercnd~nt Pow~r Produccr (SIPP) and

Captive lndcpendcnt Power ProducCI'(CII'!'),

8. Fcrtililcr Protlucing Customer: Governmcnt and non_Govcrnmcnt Fertilizer

producing raetorie, thaI an::u,ing Nalul'lliGas as fcedsto~k.

9. C:lpti,'e I'owcr Customer:
Cu,lomels who are pl'Odllcingpower for thcir own lise with gas Gcnerator using NallL",1
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Tariffl'ate; for dim:renl Customer bases wilh different are shown in lhe table-2.1.

Table-2,1: Iliffereul Customer Base.,

l'ypes of customer 'jmilrrat~

(Tk/m3)

A. Non 11"lk 1, Dome,llc a. Domestic 4.5~

,uslOmer metcred

b. LJ(lmeslic Double Burner:

un_metered Tk 400/monlh

(flat rate) Single Burner:

fk 350/montb

2. Commercial 8.23

J Industrial 5.23

4 Seasonal 5.23

5. Tea-slate 5.23

6. CNG 2047

II. Bulk 7 Power producing GovL 2.61

'1I,lomer CUS\(lmer 11'1' 4Al

CII'I' 3.73

SIl'l' 3.73

8. Fertililer producing 2.24

9. Caplive power producing 3.73

(Source: Bnnglade;h Gazelte- order published on January, II. 2005 )

2.2 Natll,.,lI Ga' Customer Base

Four markcting companies that are supplying not"ral gas to different eu;tomcrs ;n

dilTercnt lcgions of Bangladesh are TGTDCL, 13GSL, JGTDCL, and PGCL TGTDCL is

the larges! gos markcliag company in Bangladesh. The second largc~t gas market;"g

company in lJaaglnde;h is BGSL. JGl DeL aad PGeL are third and lourth re~peeliyely,

The,e companies ,upply gas to their rcspeclive franchi~ areas, Different lypes of

customcr, handled by tom mn,l"e!iag companies (up 10 December, 20(6) ale shown in tile

lablc-2.2
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1'able- 2.2: (;3' euslomer status of four markelill~ coml"mics
(lip I" December 2006)

C"le!;oryof Titas G", llakhrabad Jalalab~d Wcstga, 1'01,,1

Customer, "rca """ area arca

POWCI' (including " 5 ) ) )5

11'1'.UPI'. SIP!')

l'crlilizcl' " J I ~ S

Captive p"w~r 053 102 28 G 589

Industry 3.735 957 42 OJ 4,776

COllll\\crci,,1 8.947 3,851 876 159 13.833

Tca gardcn ~ I 89 ~ 90

I3riek Iielu 12 I ~ ~ ~ 12

CNG 99 26 5 5 135

Domes(ic 11.~1.218 3,69,139 1,00,8n 24,416 1(,,75,651

To(al 11,94,492 3,R084 1.01,922 24,631 1(,,~5,12'J

(Sourc~: Pc(robangla, 2007)

Tile nlilubers of ~lLstolllerS ilanuled by TGTIlCL in dilTercn( entegmy arc ,howo io Ihe

Tablc-2.3

T'Lblc-2.J: Ga, Cu~lomer Slatus ofTG1'DCL

(Source: Mon(hly report, J~Oll"ry 2007 of I G1 DCL)

CalCgory of customcrs Tolal No of customers as on 3 IDec. 2006

Power 10
11'1'.SlI'l' 06
UPI' 08
Fertilizer 04

Inuu,trial 3,735

CNG 99

C()l11mcr~ial &.947

Sea'Ollal 12
Domestic 11,~ I ,21&

Captivc 053

"I ot~1 11,94,492
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Table 2.3 show, lhat TGTDCI. handles a large nllmber of domestic customer base of

II.~ 1.21~(\IP to Dec. 2006). TGTDCL ,1Ipplics gas to 4 G"vt and 14 non-govt power

piant, whicilsl.pply electricity 10natioLlalgrid. In TGTDCL fran~hi,e ar~a, ga, is ,upplied

to 4 l"crlilizer lac(ories. '1he I1\II11bcrof captive power customer, (those which produce

electricity lor lheir own use). which r~eeive gJ\ Irom '('jtm. Ga,. is 453. There are 3,735

InduSiI'bl. 8.947 ~omll\er<;laiand 99 CNG customers In Tila, Gas franchi,c arCa.

2.3 GllS sales and Illlrelmse by Titus Gas
Gas sales ar~ Incrca,llIg every year. The actual figures of ga' sales and gas purchase lor

lhe lilla,,~lal year 200S.l006 were 10164.52MMCM & 10875.g0 MMCM respcctively.

Gn; salc, in dilTercnt eategory are showl1in the !abi~-2.4

Table-2.4: Gas sales Jnd purchl,"c by TGTDCL (2005-2006)

(Source: Annual report 2005-2006 "fTUTDC I,j

Category or ~lI;tOl1le" Aetual ~;cs Aclual purchase
MMCM (MMCM)

Power 4.754.70 S.090,39

Fertilizcr 1J7Q.19 1,475.6t

industrial 1.509,67 1614.25

eNG 154.50 165.05

C01l\Illercial 93.')6 100,51

Sea,"nal ~ ~

DOI1l~,tic L 122.07 1,155.72

Caplive 1,150,43 1.229.92

Tolal 10,164,52 10,875.80

II i, me111ion"bkIhat lhe !;rowth rate oj"gJ' ;ales was 11,47% wilh respect to previous FY
2004-2005,

rhc ga, saks in diITercl11category are also shown in the following figure-2.1
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Clndultiel

OeNG
.Comm ••••••1
OSH •••••1
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Figure -2.1: Category "ise 8lISconsumption (2005-2006)

Except in fmili7,er soetor, gu wes ofTOTDCL irK:rc:lsed during Iha FY 200'.2006 in

comparison ",ith FY 2004 -2005.The (Xl~arison of BItSsales in these two financ:ial yem

islhov.T1 ill the figure -22.

_ __ eow__ ' \ Doon-k ~ _ CH(>

-- I-I:I

I

I:I
I
I.,-, I,-- I

• l- • • ••••••

I

Mal1trt Sl'uI", ofG., M.rketI"Il CompltD~

Rdzrti\'onlfIl\:et shares offour conrplluies on tbe basis of gas A!es (MMCM) for the FY

2005-2006 are sho•••.n in the figure -2,3
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l:I IOILU.

Figun: .2.3: Gas $des oHour IDlIIUtingcompanies for the FY 200~.2006

In !!pileof the ~ effort of the compmy to colloct ~ gas bills during tile rear,

due to unsatisfllCtOf}'n:cli.zllljon of ~ from !he disoonnected, litig:mt and Gt»vsemi-
00\1 customen: arrear re\'emJe S100d III 1328.711cron: whim is equhlllent to 4.42 ITIOrrths'

gas bill. Arn:m" gas bills llllI shown in the 14b1e-2.$

Tabl&-2.5:

",,-c;;::o.;oC' o.r"_:.;;:::::O-'C"'"Oltal"",'C'ro=.'T"''''':;;.O',---------
POB

Prh 1lle "'eI"
FertiliT.er
1tJ:luS1rial
CNG

CCIllolk'ic:i1ll

s-.J
00""'"
C lhoe
To",..,'''''N._

2911.21
127.56
113.14
503.64
926
311.10
4,72
342.51
1~.34
I S61.411
232.70
I 211.711

SOIIml;Annual report200S-2006 ofTGTDCL
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CHAPTER _]: OVERVIEW OF GAS METERING PRACTICE IN nTAS GAS
T& D CO. LTD.

When metering is used for billing purposes, the essential value sought is the energy

consumed. To obtnin this value, Ihe \'olume at reference conditions must be kno"'"ll.This

information is then processed manually using the average volumetnc calorific value to

obtain the corresponding energy.

A mctenng chain Includes one or more primary sensor corresponding to auxiliary

flIDetions of processing and correction. Htstory and experience have confirmed the

superiority of dIrect volume measuring systems (meters). These meters measure the

volume of a given gas, which is then computed and shol'm on an mdex (Totahser)

(\\'ww.oc1ans com), In this chapter, classification of gas meters, their working principle,

advantages and disadvantages and selecting criteria will be discussed.

],1 Classification ofGlU Meters

Based on Wide use, two broad classes of mclers are used to measure gas volumes

produced, transported, bought and sold: 1) posItive displacement 2) inferential. Posibve

displacement meters include the diaphragm and rotary. Inferential meters include the

onfice and turbine. Other mclers such as the mass flow, quanto, ultrasonic melers are no!

widely used,

].2 Brief description ofdilTerrnt meters

3.2.1 Positive DI~plll«menl Meters

Positive displacemcnt meters measure the gas quantity passing throngh them by alternately

filling and emptymg one or more chambers in sequence, Each chamber's volume is known

and the operating cycles are COWltedto gel the gas \'olumc passed, This class of meter

mCllSur~stotal flowing \'olumes by repeatedly filling and discharging fixed volumes,

Many diff~reot designs are al'ailable; ho"ever they are divided into three broad classes, In

the first class ISthe meter in which ORewall is ofa flexible mnterialthal movcs to dispJnce

th~ \'olume with no leakagc into anoth~r chamber. An exampJe of thIS lype IS thc

dIaphragm mll1er. In the second class are meters in which a mechanical sen! is used

between movable and stationary walls. The rotary meter is an example of this class, The

13



third class employs a capillary element, an example being the capillary seal meter used for

liquid measurement.

a) Diapbmgm Displacement Mete!'!!

'The moot oommon example of this meter is tlIll domestic gas mater. These meters are

produced with a 0_rating range from 0- 1.6 to 0- 10 with operating pressure 0.4 bar

llrld this ill the most widely used positive displllCeRlelltmeter for gas applications. The

operation of this meter is simple and prm~, having beBllin service for over 100 years. In

this type ofmele!" there are two cluunbers alternately fill and empty, •.••ith slide valves at

the top of the meters controlling the flow to the chambers. The gas volume is obtained

through a mechanirnl linkage mechanism, I'obich connects the diaphragm motion to the

mechanical readout system, where the number of displacements is counted. Mecbanirnl

reliability is very high. In TGTDCL system this type of~ is being over 30 years. Due

to their production in large quantities, they are inexpensive to purchase. The positive

displacoment meter C!IIlalso be used fur commercial and small industrial applicalions;

however they are used for low to medium flow rates and are limited to low pressure. The

diaphragm meter is shown in Figure-3.1

I Gl-JliJ\ 1000
1l,",I~"',"dDld~l~..,," <;~."",",p,

•••...•-.._,~..•,.•.•.-

Figure--3,I: Positive Displacemenl Diaphragm Meter

(Source: Oas book of actaris I wwy,'aclans. Com)
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Advantages of positive displacement meters s"' a$ follows:

I) Cheap

2) Well tned 3I1d proven

3) High reliabihty

4) Very good range nbility
Disadvantages of positive displacement meter5 lire as folillws:

I) MalfWlclion will stop flow

2) Low-pressure operation

3) Bulky for large volume flows

4) Pulsallons introduced into the flow
5) Very easy for gas pilferage by making a leak or hole into the diaphragm.

OUTeR'llt Residential Meters:

Different types of dlaphragrn meters are used to measure volume of natural gas for

domestic customers. Some of these are described below.

I) Gallus 1000 Residcnt131 Diaphragm Gas Meters:

Basic Features

Compact SiLC

0.1 dm-' cyclic volume

G 1.6

Design:

Acstheuc and robust design

I,ong-loon accuracy and safety

Ready for remote reading and data management

Gallus 1000 is a very oompaet residential gas meter designed to mcasure accurately

volumes of natural gas, LPG and all non-corrosive gases.

During the prelimullIT)' test controls on the lest benches, the meters are lested litQ••••,

.2Q ••~" and Qm•• ,
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Operating Prindple:

Gallus 1000 is a positive displ!ll:ement diaphragm meter with a built-in twin.chamber

measuring unit Each chamber is eqmpped with a Dexiblc, gas light diaphragm, which is

displaced by the dilTerentialbetween inlet and outlet pressure. Tho gns cotors one sido of

the diaphragm pan whde on the other side IIcomes out through a separate port on the

vaJI'e. When one side is full, the rotating mono. \'alve mows on to the next position,

allowing gas to fill the empty side,
A transmission gear and a mecltatllcal staffmg box transfer the reciprocating motion to the

mechanical retrofit table index
The measuring unit IS housed in a gas- tight, alununium casing.

Technical Characteristics:

TecllOicalCharactenstics are shown m the table-3, 1

Table-3.t: Technical Characteristics of gallus 1000 Diaphragm meter

Gas Type NG I LPG I All non corrosive gases

Cychc Volume .7dm

Operating temperature -20clO+50c

Storage temperature -40 cto+(,(J c

Maximum operating pressure L5 bar

Metering range Q•• 0016mflu

Q•••,~ 3 m'l hr

Pulse generator Standard 0.01 m'l pulse,
Optional 0.\ n/I pulse or I m'/pulse

Pulse transmitter Rctrofittable LV-system, ]2 \'dc ma.x-

lOrnAmax standard 0.0\ m'f pulse, 0, I m'l

pulse or I m'f pulse upon request.

Casing matena! aluuminium with aluuminium Ofsteel

shells

(Source: Gas book of actans I wm\:' actarls. Com)
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2) Gallus 2000 Residential Diaphragm Gas Meters:

Basic Features:

Compact size
1.2 dm. cyclic volume
Range G 1.6,02.5, &

Del;jgn:

Long-term accuracy and safety
Ready for rtmlOtereadinll and data llllIIIllgement
Gallus 2000 is a very compact residential sas meter designed to measure accurately

volumes of natural sas, LPG 8lId all non-corrosive gases.
During the preliminary test controls on the sonic n07.7Jetest benches, the meters are tested

at Qm;., .2Q...", and Q••••.

Gallus 2000 residential gas meter is shown in figure 3.2

•
F1gure3,2: GaUous2000 mideotial glUmeter
(Source: Gas book ofactaris Iwww.actaris.Com)
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Technical Characteristics:

Tedmical Characteristics are shown in the 1001,,-3,2

Table-3.2: Technical Characteristics of gallus 2000 Diaphragm meter

G.T , NG / LPG / All non corrosive .~
C••'Clic Volume 12dm
o eratin tern era/ure _20clo+50c
Stora e tern eratme _40clo+60c

MaAlmum operaling pressure ,5 bar for steel versIon
1.5 bill"fQr A1urruruum version

Metering r[lflge o 1.6 : Q,";. - 0.016m / Ilr
Q,",,= 3 m'l hr ,
02.5 ; Q.,;n= 0,025m' I hr
Q"",= 4 m'/ hr
04: Qmi.= O.04m'/ hr
Q....= 6 m'/Ilr

Pulse generalor Standard 0.01 m / pulse,
tional 0,1 m'/ n~lse

Pulse transmitter Retrofittable LF-system, 12 vdc max-
lOrnA rna" standard 0.01 m'/ nulse

(Sourcc; Oas book ofactaris I ww\v,actaris, Com)

RFJ G6 _ RC';ldentiai Diaphragm Gas Meters:

Basic Features:

Compact si7"

2 dm' cyclic mlllm"

Range 0 L6. 02,5, 04, G6

Design:

Long-term ilCcuracy and safely

Ready for remote reading and data management

Robust construction

Environment rriendly



RFI G6 is a very compact residential gas meter designed 10measure accurately \'olumes of

natural gas, LPG lind all non-oorrosive gases.
During the preliminary test controls on the sonic nozzle test benches, the meters are tested

at Q •.•" , .2Q""" and Q-,

RFlG6 residenual gas meter is shown in figure 3,3

Fiaure 3.3: RFIG(; n:aideJIt1lllll3 meter

,
I
I
,
I

I
I
I

I

fj'.,,;.,;,
II;

",.. ,

_.. -.'
.0"'"000_,,, .•...•,,'"""••.

(Source: Gas book of actaris I \Y"tWactaris. Com)
TedJllical Cbarlleterirtic:s

Tecltnical Characteristics are shown in the table-3,3
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Table-3.3: T«hnical Charaderisti(s of RFt G4 Diaphragm meter

Om;Type NO / LPO / All non corrosive gases

Cyclic Volume 2 dm'

Operating temperature -10 clo+50 c(oplion-20 clO+50 c)

Storage temperature _40clo+10c

Maximum operating pressure 5 bar for steel version

1.5 bar for Aluminium "ersion

Melenng range o 1.6 , Q,.;. - 0.016m / hr

Qm.u~25m'/ hr

G 25 : Qmin~ O.025m'/ hr

Q•••.= 4 m't hr
G 4: Q••n= O.04m't hr

Q"",,~6 rn'/ hr
GO Q"",= 0 06m'/hr

Q"",= 10 rn'/ hr

Pulsc generator Stanr1ardO.l m /pulse,

Optional 0.0l m'/ pulse

Pulse transmitter Retrofitlable LF-sy5lem, 12 vdc max"

lOrnAmax standard 0,1 m'l pulse

(Source: Gas book ofaetans I \vww actaris, Com)

b) Rotary Meter:

The rotary meter contains Iwo counter-rotaling impellers, which Irap a knovm gas ,'olorne

on each rotation. Like the diaphragm meter, thc passed gas volume is ShO\\l1in a counter

which totals the cycles operated. The rotaly meter's capacny raling is much greater than

the diaphmgm's, R(ltary meters can be used in high-pressure applications with up 10 an

ANSI 600 rating available. The volume of gas is directly related 10 the number of

revolutions of one of the impeller shafts. Good range abihty can be obtained for the rotaly

meter. These melers arc compact lUld reliable, ho",evcr since the operation depends on



maintaining proper clearance between the impellers and the case, they can be susceptible
to stress and if a malfurn.:tionoccurs, then the gas flow could be stopped. The rotary meter
is limited at high pressure. Therefore, this meter although an excellent performance is not

regarded as appropriate for large capacity, high pressure metering ofNatvrnI Gas.
Accuracy is within 1% for loads from 5 to 100% (20:1) oftbe meter capacity; below 50/0,

accuracy drops sharply.
A ro~' meter is sOO",nin figure-3.4

(Source, Gas book ofactaris I "ww.actaris, Corn)

Advantllgell of Rotllry Meten:

Good range ability
Compact design
Good accuracy
Insensitive to upstream flow conditions.

3,2.1) Inferential Meten

Orifice IlIld turbine meters operate on the inferential measuremertt principle. Here t!MI
flow rate is found by Inferring from other measured vwiabJes.
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i )Orifice Meters:

Orifice M~t~rillg is thc most COlllmuntorm of gas metering uscd througl,out the world for

the accounting of largc volumcs of l1alllral ga,. It is al,lo used for the mea~urcmel1tof

liquid,.
13med0" the difterentiul pressure mcthod, the rate of tlow i~ computeli 0" thc basis of

long c,tablished physical principle., Thc common cquation IlSed for dctennining the total

now vnlumc being based on the currcnt American Gu' Association (AGA) or International

Standard Orgal1ifatioll (ISO) Standard.
Tilc orilicc plate mctcr i, c1ussilied as a diffcrcntial pressure (dpl metcr. Thcre nrc a

number of type~ of now mcters, with different shapes and sizc" which fit into tili,

cnt~g"') 01 InICrringIlow rate frollithe prc>sure drop across a restriction, An Orifice pbt~

110wmcter sy,tem cOl1sistsof thr~e discrete component, - the meler tube, the orifice

lls,cmbly, an,1 tlie dilk,-ential pr~ssure gauge. The meter lube and orifice assembly arc

~on,ider~d to be the primary ~Icmcnt and thc differential pres,ure gauge, prc,sure and

tempcralure guugc or recorder me being referred to ,ISsecondary element.

Mcter Tube:
The mCle" lub~ " an important eomponcnt and it contributes greatly to th~ overall

a~~uraeyof the primary elemcnt, There i. a downstrcum section and un upstream section,

Tile lube mll,l be specially selectcd tor dilllen,ioltni accuracy In<.JjDr~oncentrieity,

To det~l'nlinc the l~lIgthof the meler tubes, four uspcc!s mu,t be considered:

_M,,~imul1lbela rUli", 13which is numcl'lcully ori f,ee diamcter divided by pipe diumcter,

_Positi,'n ol'thc prcssurc tuppin"

-u,~ or slroighleniug V,1ne,

_UpSlr~al11littings,
II ~an be ,een that th~ in, lallation "I' ,traight~ning vane, cOl1,idcmbly reduces the length

01' ,lraigln pipe re(luired upslreum of the oritiee plate, file fUl1ctionof thc vunes i, to

c1imi",'lC the effect or~wirl and ~ro%eurrcnt cUlLsedby pipelitling and vnlvc> preceding

the 11I~lcrlube.
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Orifice Assembly:

'Ille,.e me two main Iype, of milLee asscmbly' Double chambcr and single chamber. Both

types of a,_,cmbly Can be supplied with nange; each ,idc, or with a !lange 011 lllc

downstre~1l1cnd alld a weld prcparalion on thc upslrcam inlel sidc_

~ingle Chamber:
SL1\glechamber orifice assemblics, wmetimes refcrn::d to, as dead linc typcs. require tile

now to bc stoppcd ilnd the pipeline depre>surized before lhe orifice plale can be removed.

DotLbleCh~mber:
DOllbleor ulial chamber orifice assembly allows the n::moval ofthc oriticc plate witholll

lhe Ile~~ssityto stop the !low or d~pn::ssurizcthe pipelin~, Th~~e assemblic; ,aVCthe ~ecd

for ~oslly bypass piping and valvcs, and enable one persun to remove and replace an

oritice plate ill a rdatively ;ilOI'llime.

Orifice 1'131e:
'rile orili~e piale, po,sibly lhe llloSI Illlportant componenl orthc primary elemcnt is also

the least expen,ivc. Case Illll,l be takcn inlhe designing, machining, handling. ,loring and

ill~tallingthe orilice plate.
USlLallylhc oriliee plate is manufactured from the stainless ,leel plale. Ca;c is taken

during nwehil1ing to prevent the formation of stresses, which could cuuse bowing. The

plales are IInished uncr machining, und inspected to confirm lilallhc ,quare edgc on the

bore remains ,ha,p und b"rr free, Orifice plute ,ea!ing units arc moldcd ill a vuriely of

synthclie rubber muterials_

The orillee plate luder is da"ified as a differential pre,"lLre (dp) meter. There arc a

nllmber of types of Ilow meters> with different shapes and silcs, which rLt into thi,

cale~OI)'of inferring now rale from lhe pre"ure drop aero" a re,lricli{)n. An orifice plale

now melcr system con,ists of two basic elemenls, namely the primary flow c1cmcnt.

which LSlhe orifice plale. and secundary elemenls which incilLdetile ditfen::nliai pressure

tran,miller, or dincre'ltia! pl'e;sure indiealing device such il' a munometer, and tile

a<;ocialed pipe work and valves_ Tile oritlce pl"le melcr relie, on the principle: when a

IllLidis Ilowillg a do,ed medium (a pipe) and eneounlers a l'cstrietion. a pre",lLn::drop;s
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developed. This pre,sme drop Is related to the now rale or the nuid. By measuring the

dillcrcntlal pre"ure aero" lile mlliee pbte (upslream and downSlream of the plate) and

lhe condilion at which lhe orince i~;being: used, lhen llli, pressure ditrerential ean he

lnmsl~led into a volume 1101'.'rate according to a lormul~. Ifmaltullcli(ln, occur, lhe Ilow

"I'ga' "ill nal be ,wppcd. Ol'ifL~~meters are nal iimited by high pre"ure or high l1a", So

tile} can, lhereforc. be consider~d lor high !law, high pre"urc ga; melcring. N~lLLraliythe

correCl selection of urijlce plale type i, important.
The r,mge ubiIii} of a ,Ingle arifiee meIer is ahoUl 3:1. By ~ddlng further orifice metcl'

rUllsill parallel, lhis range abilil)' increase> by the square, Tlml i" a dual run mcter sl,Ilion

wOlildhave ~ theoretical range ability afappmximalely 9: I. Range abiiily is tile lerm used

"ith meIer; to e"press the flow range ovcr which a meter aperates whilst continuing 10

meel a given accuracy t"lerance. The range ability can also be expre;sed a, 'turndm,n',

which is a mlia "I'lile m~ximum flow divided by the minimum 110w,again ovef a givell

nccuraey lolernnce,
While lhere i, mueh progres~ in no" melering:, the oriliee plalc meier is ;till in wide use

OWingto its robu>lne~, and simplicity. Thi, is partieulariy lhe case in Norlh Amenca.

There is 110doubt that a contributing factor 10the eontil1ued popularity of lhe orifice plate

i" Ihc 'eomli;rl faelor' it give>, lhat is it ISa tried, provell and reawnably diver;e flow

melel'.
Althollgll the orifice piate does 1I0tnormally reqllirc calibration, the dllferential pressure

tran~millcr doe, require regular vcrilication if lhe be,t standard" of aeCllrJcy are to b~

l1IJilllaillCd,
The orilice plole has ken u,cd tar flow measurement applieutio~, lor about lOa yean;;

therefore, considerable daln has been collected on its perror'nal1ee al1d applicalions, A

nllmhcr of varinnls have been developed where the prol1lc of the plale and thc location of

the diffmel\liai laps can bc signifleanlly different. The orilicc plale metcr is dcsigned for

unidireclional 1101'.',Should rever,e now occur, or the plale installed In rcver'c, a

sllb,wnlial flow error in lhe order 01'20% may be observed.
Important Icatures 01 the plalc are th~ requirement>,lor, a sharp sqllnre upstream edge, th"t
the plnte ilself having ,uflicientthlckness to withstand the expected flow eharaclcrislics

(wilh,wnd buckling), and have a beveled dawnstream edge for application, where a thin

plalc call be used, the dawnstream bcvel requirement may not be p"ssible, There are

generally three lypcs of preS'ure taps u,ed, being comer, flange and pipe.
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In all oriliec IIlcter lhc 1l1Cil'lIrcdvariablcs arc lhc dilTcrcmial prcssure aeros' un orifice

plme, 110wing gns lempcralure and ,lalic pre"urc. The,e variablcs are rccorded on a

circuiur chart. lhcn intcgrated to find flow rmc. Orificc melcrs must bc de,igned,

fnbrieate<1nnd installed according 10AOA Rcport # 3 (ANSI/API 2530). Whcn designing

an orif,ce mcler rull, differentia] prcssure ,hould rangc betwccn 10" and 90" of wmcr

column 1'01"~ iOO"cilart ~nd 20" and 180" of water eolumll lor a 20a" chart. This avoids

largc m~a,urcmem crrors al low dine' ential pre"urc, and (lVCrhmlgillgthe cilar!.

Althallgh AGA Itepol'1 Ii 3 doe~ nOl specify upper or lower differcntial prcssure limil"

in,luSlry 'landa,-d is 10" to 200" ohvatcr coillmn, Ifthc differcntial pressure falls beiow

10" of watcr calumn, it does no! slabilize alld measuremenl crrors rc~ull.

ToicrJble l'res';lIrc Drop: I're"ure downstream of an ori fLceplale rccovers

50% of the pl'c,"ure drop, aeross the plate within 4.5 pipe diameters downslream oftbe

plate.
Modnn ol'iliee meter inslallalion, ealculnte now 1I,ing flow computer, rather lhan

chari,. Orillce meters eall be installcd with mLLllipledilTercntinl pres,ure t1'ansdllcers

(,w"~ed) for gl'catl) improvcd range ability. Ifn diffel'cnlia] pres;ure tran,dllcer is nol

in " tcmpcl'ature-contl"Ollcd envil'onmcnt, a tcmperaturc compcnsaled djlrer~l\liai

pressllrc tl'Jtl,ducer i, l,.,cd,

Errol'S for ori fice measurement devices are:
• 0.5% of tolnl rangc f(}1'a c1mrt I'ccordcl'. Thl, tmnslalcs la a OS' of water

eOllLlnnerrol' for a 100" chari, (lr il ]" of waleI' column C1'rorfor a 200" eilnrt.

• 0.250;',(}ftolai I'Jngc I'm an electronic transducer coupied to a flow c(}mputer.

l:lccau,e oflilcsc crrors, mea,uremenl error i, greatel' at low diffCl'cntiai pre,sure,. An

orifice m~t~r', advnntage is inherent simpiicily. 110moving parts in tim now ;trcam, a

d~magcd oriliee plate docs not impede 110wand all orifice plale is chcapcr and easier

[0 repi"c~ thnn t",'bin~ meIer internal,. Severnl C(}ntJglll'ali(}nsar~ available, fro'" a

simple ;et of oririce Ilnngcs to a dual,chambered oriricc nlting accommodating oririce

plate dWllge,ol,ls IIlHJCrpres'lire witl1(}utinlerrupting 110w.
The Qril1ccmeter', rangc nbility i; limited. for n givcn orilJce size, range ability Is 3:

for a ch"n reeordcl' or 4.5:1 for a differcnlinl transducer and flow compUlel'. Thi, iimit
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makes il unsllit"ble in widely varying Dow conditinns (such '" winter vcrSllS ;ummcr

IU[lds)witbout frequcnt orili~c plate changes. Nnerthele", before tbe turbine meter,

the orilice mcter was the high pressure, higb volumc industrv sta",Jard, It i, ;till the

only practical measurement mcthod in a dirty gus envirolllm:nt such as a wellhead

applicalion,

ii) Turbinc Meters:
T\lrbine type gas Inet~r, have been manufactured since thc enrly nineteen hundreds. Si~ee

the 19505, th~y ha~c becn con,idercd favorably for the I11cnsurcmcntof large volllm~ gao

110ws.The dCoign, I1nveprovcd rc~civabk, accurate and rcpcatnblc,

Two bnsic a,slunptions relatc to the opcration ofthe turbine meter:
,The angulm vc1o~ity of thc rotor i, proportional to thc v[)lumClrie 110wrate passing

tbrough the meter,
.The pubed output li'equeney or the pick"up is proportional to a~gular vcloeity of tile

rotor,
The axial !low gas turbinc meier comprises of three main componcnts:

_fbe body through which the gas pnsses.

-A rotor with bemings and supporting ,;tmclUre,
-A device to transrer the internal revolution\ oftbe rotor to an e)o,ternale(}llllter.

G~, 110"jng through the meter impinge~ on turbinc blades loeatcd centrally along the a~i;

(lfthe unit. T\JI'bin~blade, are free to rotate, and do so in a manncr directly proportiolwlto

the veloe ity or the g'" p~';Si~gthe blades.
Thc "rca of the rotor n,ec as dclined by the mean radius of the rotor can be dClennincd,

Pennnncnl ll1ugnt!s installed in tbe hub or the rotor, turn with the rotor to produce a

ll1~gneli~ field, which pa,ses through a coil. As cach of tbe magnets pass thc coil, a

;cparate nnd distind voltagc pulse is created, Tbe frequency ortl1ese pulses is propolti[)n~l

to the velocity of tilC rotor i, also proportional to Ihc tlow rate, Ea~h pubc is also

proportional to a ,mall unit or voillme, The pubcs, thc clTcctive now rate and tolal 110w

arc tran;mitlcd by lrequency and by counting the pulses. The output rrequency Ims been

conu;tioned into a ;,,!uare wave througl1 a preamplifier. This conditioning allows it to be
transferred to a remote 110wcompuler. Eacb pulsc reprc;ent, Qnly D sm,,11incrcmcl1\DI

volumc or now. Since Ihe IUl'binemcter mcasures v[)lumc at linc conditions, thc ga, laws

can bc appli~d to ehan!;c Ih~ regi;ter volume to base conditions.
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The hllbil\e nwtcr IiJS wide range abili1y (to 200:1 depending on mcter si~c and line

pr~,SlIl'e)<grenlel' aeeul'Ucy potential and more ver,atility in adding mcchanical and

elcctronie au>..iliary devi~cs, Lik~ an ol'ifi~c meler, ~, turbin~ mctcr does not impedc

now irther~ i, damage or failure. 'I hi, is important when maintaining ga, service 10 a

down,trcam ~onsumer is ~ritic~I,

Al)plicatio"~'
TIle l1Lrbinc,nc!er i~ basically reCOlllmcndedfor npplic>ltions involving thc Illea,urcmcnt

of CIcUIlga,e~. However. it ean have limited ~pplieMions for dirly gases. Turbinc Indcrs

gencrally come In ,iLes ranging from nominal diamcter, of 50 mm to 600 mill. allhou!;h

Inrgcr oil"' cun exist. Operating temperuture range, arCgem:rally within the range of -I ()

"c 1Q.150 " C. ~omc of the manufncturcs will provide mctce. with extcndcd lemperalurc

nmgc,. Operatin!; pre;;ure rangc~ lrom 14.4 to 80 bar"

/I. numbcr of factors must be considercd when si"ing a turbinc mctcr lor a givcn

application, I'urhine meter, arc sensitive to bolh gas viscosity ami inlet now profile. With

the actlwl magnitudc of the resulting dcgradation being 0 comple.~ function of body

gCOl1lCtrynnd blude ,hope, Gencrally tbc ,mailer mc!cr> are morc vi~co,ity sen,itive, and

they al,o do not bnve [lie range ability of thc larger metcrs, This is due to bearing friction

b~il\g proportionally bigher since the bcaring diamcter is large compared to pipe diamc!cr.

It i, usually good pmc!i~~ to ha\'~ nn appropriate upstrcam now conditioner in,tallcd with

a turbinc meter sy,telll.

Thc advantages ora turhin~ meIer flow mea~"rcment ,y,tem arc:

Excellent range ability on gas at high prc,surc

Malfullction will not ~a\"e gas now to ~top
!'rc;cnt, good accuracy over ruillincar range of meter

Electmnic ""t put available direc\ly at high rcsnlulion,
1.la,good prc"ur~ und telllp~rature npcrating capabll ities

Has legal ,netrology ,tallis for cu;tody tran,fer appl lcations

Co,1 o["lIwtcr ISlllcdiuln, overall i",tallation co,tlow to medium
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Small "eight to capacity ralio
Can b~calibrated for aetunl \1penltlllgcondlti\1n,

lliS:ld,'"nt'lge~:
Q Vi,~osity alTed~ liquid llleter,- may require ~epanttc calibration ~urve, I'or ditlcreLlt

vb"",lty.
IJ Scn,itivc to up,lremn 110wpmJiIc,.

Q Calibrali\1ncnn b~ expell,ivc

3.3 Quali!y features of Gas Meters

The main <j\Julilylealures ofg", 11leterarc loa<lrange. calibration, operalion error li,nih,

p'"C.""L"C1\1».clleelivc l'al1geand range ability.
WOlki~g !low rate rangc oflhe gas meter:
The range of !low rotc, is limited by lhe maximum now rate. Qm" and tile minimum now

rute, Q,"m

3.3, I Rallge ability (turndo"n ralio)

rilis is JeCLnedas thc maximum now divided by 11mmi~imum flow. Tilc ralio illdicale~ a

metCI'Scapacity to meaSure volumc, accurately for high vari"ble lo"ds_

3.3.2 Workill!; pressul"C

Tile ditlclcnce betwccn the "bs\1lule prc,sure ufthe gas to be mcasured allhe inlel \1fthe

gas volume me!er and the a!l1lo~phel'iepressure is thc working pre,sure.

3.3.3 Pressure loss (or prcssure absorption)

The pl'cssure 10%is thc Jilf",rence between thc pressures at lhe inlet and thc \1Ullet\1fthe

gllSvolumc ll1cterwhile tile gas is flowing.
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~ons~lIn~a very larg~ amounl or gas_Positive di'plaeement meters ar~ used ror d()l1lestl~

and cOI1lI1l~r~ialcuotol11crs,whidl requir~ ,mall quantity of ga, al low operating pr~ssure.

Usually rolary meter, ar~ used fur industrial euslomer, (up 10450m'/ hr). The following

meter" are used by TGTDCL.

-Diaphr;tgm Displa~~m~nl Meter;

-Rolnry I)i,placem~nl Meters

-"IUIhillc Mele:rs

.(),-ili~~Meter

3.(, Sc1~eCjnJ;:Meters:
Tahle: 3.4 sllow, commUIimete" used in measuremcnt apl'li~alions. II is nol all inclusive

and applicolion, are gencric e"amples for illustraling rather than defining I'rc;,ure and

load ranges imlicatcd. II is not feasible to bl: more specitic about lh~ meter size to usc

since meter capacity varies greatly with operating pr~>sure. II i~ rcquired 10 consull tllc

m~nu1;\Clllrc",.cawlogues fol'~ctllal meier capa~ilics.

Thc typc QLmeter outPlit nccded by thc de,ired flow corrector mu~t bc dccidcd carll' in

ally project. Mclcr output c~n be me~hatlical and/or electronic. Mcchanically. onc tum of

Ihe mcie"'s outPlLtdrivc ,hafll'cpresctlts a precisely known gas volllmc at linc condilio"'.

Elccirollie~liy. the output consi,l, of a freqllcncy p"'porti,mai to !la, volume at line

condition;.

/Ill elcC\l'Ollleoulput i, rcquired fol' fluw eomp"tcr~ and the supcrvi,ol'y control and data

aC(lllisil1011(SCAD/I) sy,lem" TYPIC~lly,di~phmgm, rotary and smaller tUl'binemeters arc

oilly equippcd witb mechanical olltpul,. Lar!lC tllrbine mctcrs havc bolh IHcchanicul and

clc~tronic olltpulS_
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T~lble-3.4: Sclecling Meters

Applicalion Melerin!; Flow Suggesled Basic mlxiliary

press"re (Kp~) m,llil MeIer Type Devices

DOIHC,lic 1.75 0102 LP di"phm!;1ll Nonc

Cll'lOm~1'

COITImcl'cial / 1.75 121040 Ll'diaphragm None

Induslrial 34.510 13& 121040 Ll' di~pl1rO!;lll I'FM or EVe

el"lomcl 1.7510413 4010450 Rowry Eve

1.75lO413 450 Turbine EVe

1"1U ma;ler 413102400 010700 Hl'dlaphragm EVe

meler 2400 and up 010700 ROlary EVe

liP salesl 690 and "p 700 and up Turbine EVe

1'1l1'\Oha,e 690 and up 700 and up Orifice EVe

station

Wcll 690 und up Oritice EVe

produclion

3.7 Conciudiul: Remarks or Ille ehapler
Mosl comm"n Iypes of flow melers used univcrsally on nalural ;;as lran5mi~,ion 'yslern,

have bcen discussed hel'elo. The mosl common ga, mclers are thc diaphragm or positive,

displacclTIcnllTIeters,a, used lor domestic ga' meters and ;mafl commcrcial and indu,trial

applicalion. Tili~ type of meier i, robu;t, cheap and has good range ability and prolongcd

life: however it lias limited iligh_pre;5ure capability and is nol availahle with high

capacities. It i~ likely thc oriticc plutc meter and turbine meIer will nJ~inlain lhcir ,laws

lor ,.llTlClimo, The "rit,cc plale melcr is ,lowly yielding 10the t~rbinc metcr un<.llilemorc

recclilly introduced lIoll-intrusive meters,
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Alllwugil a variety of alternative v"ltllne metering systems are available, only probably

one is m"untlng a ,erious ehalknge to thc,e established gas l10wmeters. Thi, meter i, the

ultrasonic meter: I",wever it ,hould be acknowledge thaltlie vorlex meIer ha, also gainuJ

sub,lalltial popularity ill wme countries, but nOI universally. There is still conSiderable

elTorL purtietllarly in North America and Europe, being devoteu to thc beller

undeNaliding of the ",ifLee plate lurbine meter, including enhancement ill traceability

clil,ins and calibration procedure,.
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CIIAPTER 4: OV£I<VIEW OF TilE GAS PRE-PAm METEIHNG SYSTE~1

TGTDCL Ims installed 1000 !;n, pre-paid meters for domcstie eustomcr, on n trial b",is.

Tilr~e maill componcnts nrc gns pre-pnid mclers. Ie c~rds_and Gns sellill!; man"!;emenL

Icehnicnl ,p~dlieatiolls of gas pre-paid meIers, Ie card (smart card) ~nd Gas ;clting

mnnagemcnt ",-c described in thi, ehnpter. TIICspeeilieatiol1s me provided by TGJ DeL as

de.,enbed in the bid dOClIlllClllSlor ,upply, installalion, testing alld commi>sionil1g 01" I0(10

dome,tic pre paid meIer, (Ref: Hid document_TilasIPD/2312Jpre paid me\er!2004. dated-

04/11104).

4.1 T.'chnical Specification for Pre_Paid Gas Meter

4.1,1 This positive di~pIacel1lcl\ttype or gas mCler is uoed for lhe measmement of Swccl

NalUlal Gas Imving Molccular Weight-17.3, Specilie Gravily-0,6 (air = l.0). and wMer

conlcl\t not more tball 71bslMMSCF and condensate not morC than 2 U~gallolls per

MMSCI', It would meel tilCfollowing operati Ilgconditions and reql' i rcment,-

({cii:renccStandard"
The foliow;ng international standards would be m"inlaincd-

(,)

(b)

(c)

OlMLR3l

BGfT6'J68

Un'l12

1995

1997

2000

Operaling Condilions:

"

d

r.

M,,~il1llll\1W",l;,itlg l're>,urc -

Operating Pres,,""
Operaling felnpcralurc

Tolnl prcs;ure 10»

Rdativ~ Humidity

Permissible error

Turn clownRalio

300 mbarg (tor G 1.6 to G 2.5)

200 mbarg to 30 m\:mrg.

oDe 10 50° C

2 mbarg(Ma",).

98% al 30~C
a. Qmin:o Q:o 0.] Qma" =+3%

Qma~:o Q:o O.l QllHl"=+3%

b. Repeatabilily: 0.1% or better

100: I
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0/.1.2 MderCapa~ity Range

0/.1J Environmcnl Slatus:

4.1.4 Inll'insic Safel}:

4.1.'; :'.ceurity Scaling:

4.1.6 Connections Size:

4.1.7 Aul"mallcC"nlrolfun~tion.

4.1.8 C~rd Reader

4.1.9 On_lime calculation Function:-

4.1. I0 Material Requirement,

G-I.6 to G-2.5 (Badged] refcrs to

2.5 M'!hrl04.0 M)/hr.

Safe Guard to be provided with

lhe meler lp.67

EEx in IIA T3 or any other

rciel'anllntemational wde.

Index and other pa'1; •••hen.:

necesSaJ)' shall properly be scaled

wilh iead or othcr >uitablc malerial emb",sed

with manufacturers trade mark to prevenl allY

unauthori1cd tampering.

!nlel and outlet c(}nneclion size

will be W'x 'I." Male NI'T threaded wilh

female union! swivel.

Turning o~!off gas supply valve

according 10 tile situation of pn.:paymcnt

storage and gas consumplion. shall be

automatic

The meter shall have the IC Card

n.:aderdevice (lC-Chip) with hil;h n.:sistanllo

magnetic intcrfe1"Cncc.

On_time ealculalion and display of

the balance amount len.
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(a)

(b)

13ody/Ca,e Materials

Diaphragm Malerial

Spud eonneclion M~tel'ial:

Die-Ca,l Aluminum

Synlhetie malcrial having

witll slanding e:lpability 10 handle the

tluid menlioned ahove.

Shall conform 10the appropnate

malerial in line with the body/case

malerial.

4.1.11 COllligllmlionoftlic Mcler Body

(a) Body h~lvcs ITIl!>1 bc folded to fOl'mhermetically ",aledjoinl at it, h~lves.

(b) II ,hould have tow top enlry pipe conneetlOJ1.

(c) Meter bod} should be plOpCl'lysealed to make it lamper proof.

(d) I'i, c ,aJi; dc,ign to bc maintaincd a, per applicable intemational code.

4.1.12 IlIdc>..

(a) Meehanie~l collntcr type, dircet reading ill M1 as per OlML-R-31 (lmest version)

re c ()m me ndu t ion"

(Il) All of the cxlremc righl digits afler thc decimal poinl should b\: provided with lhe

Iighl barrier point! dots to test the mcter accuracy at lhc computerized c~libralioll

bcnch.
(c) LCD di,play: To display the informalion orthe IC card, mc,sage and other>,

(d) Indcx Box: '10 be ,eellfed and ,calcd against any illcgal ~cce".

(e) Back SlOpdcviee: II must have a device thaI prevent, lh~ revcrse flow of gas.

4.1,131CChip

(a) .1he meter ,hould ~ccepllhe IC Pre_paid Card,
(h) rhe IC Chip will gencmle alarm and nJakc.the system in operalive 10 protect i:

Iroll' prc.,elminimum ~nJ maximum gas 110wrate.
(e) II will ,tore "cclInllliated c()nSlHlledgas. I,,,t prepaid volume, volumc of gas a'"

balance lelt, card nllmber, meier number ete,
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(d) Oncc ~tler inserting the Ie PIc-paid Card, one can start U',C orgas. It willt~ke the

total volume oj' gns and then the enrd wouiJ be di,poscu off

(e) Once the me\er "ms out ofg~s (or the Ie Chip has nOamount lell). the valve shoil

be closed instantly [0 ;top the !low of ga,.
(t) The IC ~nrd ean~o\ be pulied out IIntil the ,torage of card-value. Al\el"completio"

of,toragc tlie Ie emd-vahLe it would bc ejeeted alltomatically.

(g) Whcn 1he rcmaining voilllHe i, less than 6mJ (six meter cube), the meter will );Ive

alarm 10 illdicate th~t there i, 1101enough volumc 01' ga, lefl. Whenever al IlllS

erili~~i limited, the cllstomer lI~esfurther ga" the meter will give alarm for each

(Olle) m) and for eve')' 0.1 Ill) intcrval for the last cubic mcter left.

(11) In ea,e of illc);al ga, lise or meter bypassing the gas flow will be ,topped

aulomatlcally.
(i) The mcler will have oiltlet pres~ure scn,or- if thc meIer is di,munlled, the motor

valve inside thc meIer will he closed automatically and store lhc reeord in the

mcler. The meter would not be rcusuhle wilhoul the help or G", Company

pcrsonnel.
lil AU\OlTIalienliymijllstt!lc unit price in accordancc wilh the Pre-paid Card.

(k) Multiprogramming & encryption technique.

(I) Vohage sen,itivi!}- for 10Vvcrvoltage the functiol1ofvalvc elo,es.

(Ill) Storing capacity is 300 5M3of ga>.

(n) Over pl'e"ure prolection,

4.1.14 Power supply:

(a) Baltery operaled. IAA l.ilhium/Mn or 4AA AIkalil1ebatteri~s.

(b) Service Iifc: 10 years.

(el Ballcrylirc;::5years.

4.1.15 Oi,pln) Facility

The I.CD of the meter shall di,play some indieating inl"onnalion/me;sag~ for lhc

following ,itllmiolls:

(al Whell lhc new ga, meIer is not presel by ga; Supply COlllp"ny.
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(0) When IC card i.' lmder reading mrxle my micro- controller.

(e) When ending ornew mewr ,elting,

(d) When tile volume residual in the meter eard reaches the maximum limit a,

spccified by the Gas supply company.

(c) Alarm of lo,,-voitage ()I' battery < ind iemillg rcplacement of baltery.

(I) Whcn IC card is damaged.

(g) Insertion of illegal eard.

(h) At tile time of pulling of the emd prior to readout of the card by lhe controller.

(i) Non_completion of card reading by the controller.

(j) Mlswkc in ellecking the u;cr-eard.

(k) Before clo,ing the valve.

(I) Remaining Crcdit in Taka Continuuusly.

(m) When the meIer is ill5tallcd the gas control valve ,hall l>e e10scd and LCD will

show "0000"

4.2 Technical Specification of IC_Card/Smart Card

IC card i, thc maLn component ora pre paid gas metering system, Vuriou; dma me ;torcd
in thc IC card (lor example_remaini Ilg gas amount. balanced taka etc.).

4.2. i General

The technical/other parameters of the IC_Card/Smart Card should be a, follows

a) Reference ~tand"rd should be ISO 7&16-3 Synchronou5 Protocol.

b) Answcr-1- Reset Regi'ler.

c) High Security Mcmory Including Anti-wire Tapping,

d) Allthcllticalion Protocol.

c) AUlhenlic"tion Atlempb Counler.

t) SpcclfLC I'a,swords for Rcad and Write,

g) I'assword Atlempt, Counters.

h) Selectable Access Riglits by Zone.

i) 1$0 Compliant Packaging.

j) High Reliabilily.

k) Low-Power CMOS.

1) Low Volwge Operatio'" 2.7V to 5.5 V.D.C



4.2.2 Primarily the IC CmllSmart Card will be blank und aner vending it will contain

Ii~ed umoulll!volull1eof gas.

4.2.3 Tile identity orlhe vending operator is stored.

4.2.4 It ,h<)uldbc scratch prool'as well a, high magnetic il1lerlcrence proof.

4,2.5 file uata storing and re'"111ethe function.

4.2.6 Type of Card
IC Card!Snlnrt Card silould be dc,igned & ,,,pplied by the biddcr as per purchaser>

re'luiremcnts and eflicient running of the 'y,tcm.

4.3. G"s Selling Mana~ell1cnt S}slClll (GSMS)

4.3.1 BIIS;C [Icseriptiml

It i," eOlHplclepackage comprising ora computer bcing associated with a wliware (Menll

drLVell).vending machine and others. Il shall be able to confLgllre tile IC Card to it>

parameter; bUInot limited L(} those mcntioned in Para 4.2 (lC-Card). Vending machine i~a

mael\llle. which can write and re"rite in an IC card. II ~an also read tile information (Card

10. Date of generation of the card. Previous balance amount in tile meter during card

charging, amount of gas that remain, in tile caroJetc) of the card. It i, drivcr! sotiware

operated device who,c Iculurcs me contl'Olledby tbe main SGMS soflware.

4,3.1.1 Purchasing Credit

11\c 'y,tcm mu,t ilave a pl'Ovision[or tile eU'lOmers to purchase C1'cditn, fixed by the Gas

Company,

4.3.1,2 Credit removal:

It sldl h~vc a provi,ion for removal oftlic crcdit from a custolller token in case ofcrrw.

4.3,1.3 Credit Receipt



The point sale, (POS) terminal shalll'mvide a receipt of each tran,aetion in paper form.

An e1ectrollic rccord or encb transaction shall be takcn and recorded in the internal

lIlemory of tlw term i""I,

4.3.1.4 T~riiT

I! must Imve a provision for adjustment in the changc of'larin; as and whcn it is deemed

to rel'lse on a 'pecined timc and date.

4.3.2. Sy,tem Sceu rilJ (Between Ihe operalor aud the system admillistrator):

4,3.2.1 Security General

rhe 'y,tem to be provided shall be secured both ill terms of the cash transacted through

the ,ystem und the data collected and managed by the system. The system shall offer more

than olle level of physical s~curity dl'linguishing between opcrators and sy,tcm

Lll~nagemcntstarr.

4.3,2,2 Opcrator Sccurity

Tile systcm mu,t bc capable of allocating security on an "operator by operator" baSIS.That

is. it ,mist be po-"iblc to create a ;pccific user menU (Name. l'a,~port etc.) for cach

operator.

4,3.2.3 Security of cash transaetiol1s

All cash transactions must be recorded ul1dsilmLital1eou,lyan electronic record shall abo

be made or each transaction, It mu,t not be po,,;ble to amend the transaction fde at the

operutur level of the s}stcm.

4.3 ,2.4 Point of sales term inal secmity



,
Vending term illJI~ l1\ust be restricted to (he granting of cr~di( with operator security only.

The Wilt must be protected from rCll\o\'al by the provbion of a phy_.ical SCClirily key.

Operation of [he unit will not be po,sible unles, the ,cclirity device (correctly ceded) is

pre_,el.

4,3.2.~ l'hysic,lI Security

The point of salc~ lCl'min~1 ,Iwll require un encryption key in order 10 operate. The

Cllcryrlioli key;, 10be stored on a device, which can be removed from the point of ;alcs

termi"al lhll'ing the time when it i,not;" u,c.

4.3.3 G;,sConsumption Charges

C1m'l;CSshall be counted in the form of '"rAKA" based on the charge rate i,e. TariJr

(@Tk. /_ pel' standal'd Cubic meIer of gas).

4.3.4 An'uraq

"Ille _'y,tCl11 shall delll "itll all monctaJ)' calculations in ah,olulc terlllS. The nwler will

deduct charges tor consumption in aeeurdance with, and to the lc\'c1 of accuracy spccificd

in the active t"riff.

4.3.5 Ccntral Managemcnt Systelll (eMS)

4.3.5. 1 General

Tllc managemcnt SY51~,ilclcmcnt shall be rcspon,ible for the collection of electronic

tmn,aclion information lorms the point of :;'alcs terminals. Collection llIust be enabied

",ing standard LAN Systcm. "ilh the option for disk transfer in the case of system failure.

4.3.5.2 I'C specif,cation
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In order 10 reduce mninlellanec co,,\<'and 10 minimit-e training, lhc System Managcmelll

lInil ~l1allbe b~scd upon a standard PC running either the Willdows NT/X? or highcr

version opcraling ,yslcm. All soll"arc uscd, at both lhc Ma,lcr and I'oinl of sak" Icvel,

Ill\lst be mcnu drivell,

4.3.5.3 Dala Formal

Thc dnw milecwd by thc syslcm will bc availnbic in a dctined 'Wlldard format lor dala

c>..clwnge.

TI1"'y,tcm numagcmenl e1emenl will be capabie of producing noppy di;ks conlaining lhe

eleclronie tr~ll~aetion inlormalion for all of the vcnding clements ill lhc :.y,lem ill a

eon<olid~ted formal.

4.3.5..II-I,,,,lwa,-e/Sotlw"rc

The Ilidder ShOllldsupply and instali a servcr wilh associaled son warc. Thc Cia, Compa~y

wiil givc lhc dewil, ellslomds information to the Bidder and lhe i3iddcr should havc to

eustoLllile the ,ollwarc as reqllired by the Purchascr. The Bidder should also eontigurc the

paim 0f ;ale:. (POS) lerm inals i.c. Dealers Syslems as decmed ncces,ary by the l'urehawL

Thc sonw~re nlllsi containlhc following Data ba;c information,

a) Dealer ReconJ with code No.
b) Dewil Cll.'lOmcriniormalion (Customcr lD, Meter No.), <laleof meier in5tallmion,

ll,cd Gas VOillme, [)iscollllection dale, No, of Burners, fir;t conncclion datc ciC.

c) ClI,lomcr complain' cenler and IC-Card purchase d~le.
d) Hardware sholiid be compalible 10 Penlium 111(Three). Pcntium IV (Four), or

highcr ver,ion of being cOl\\mercially rcmgniled PC or Lap Top compllter. Aillhc

PC, siloui,l be 113Mcompatible ~nd branded one.'



4.3.5.5 D~t~Baekup am] Restoration

.1he .,ystem most have ~ prol'ision for lhe regular baek up of <lata. In c~,e of power failure

10 lhe 'y,lcn1. all <latamust be saved into a primary bnek-up facility. On power-up, the

'y'lCIIi i, to alltol11~ticallyreslore lhe syslem 10 lhal whieil pert~inc<limmedj~lely prior 10

lile power outage with no los, of dala.

4.3.5.u P"int of Sales (POS) I Dislributor

The individual Gas Company will appoint the distribulor 10 sell lile IC-Card 10 the

eU~lOI11Cr,.The di,tributorlSales Celllre should have on line eomputerizcd sy~lelTl.They

will ,ell ehar!;cd IC-Card/Sman Card to a eu,lomcr and send all the records 10lhc cclllral

server eomputer tilro~lghonline. No end operalor software required in th i, C<lse.

4.).5.7 Database Slructure.

The propo.,cd databasc strllclure should be

a) Omek/Syb~se/~QL d~tabase.
b) Domaill ba,;cd web scrver with e"len~ive band with (Totally dedie~ted for the Ga,

M~,-kelillgCompany).
e) Database inlcgrutiol1 (0 ~eting dyn~mie script ba,e languages such as ASP, JSI',

Perl. PI-II'.
d) ServeI' ~idc SOti""fC re,ities ollly in server.

4.3.5.8 Mnn~gelllent Mellu

11,e Selling Gas management System Software (SGMS) for bOlh vending machine and

~e"IL<l1eomp"lcr!~ervcr will have lhe managemenl menu 011ali tilc intormalioLl spccilied

by lhe Gas Compnny.



The Management nlenu ,hall cover millimum the following:

a) Main Menu lor Financial trends to be investigated. Audit mmly,i.'. Sule, volume

lreads to be illve,tigaled etc.
b) Dealers/Point or Salc; (POS) terminal details, additionally includ illg group/mea or

di,tl'ict ma,sage.
cj ConMllllers Menu of Metcr detail,. Customcrs dela;I,. Payment detail>. additional

function,

J) COl1,umersReceipt Menu.

c) Engineering Menu.

I) TarilTulill Ta" Rale Menu.

gj O"wmers complain ecntl'e,

h) Reporb Mcnu.

4.4. Cnlihnfion lIlld tcding ofmeter~

Meters "erC \e~led in [)cmra wOl'kshop before installation. The le~l result sllo"eJ no

problcm, in melers al that time but thc aelual problems occurred whilc lhe mcters wcre in

operation lor a few months. After lhe dcICet, lou"d by a lhorough inspection by TGTDCL

reprcscnlative'. Wine randomly selectcd mclcrs wcrc senl to In;titule of InformatiOn and

Communicalion Tcchnology (IICT), BUET. Their major findings werc as foliows:

• Tile caiibralion oflhe metcl's waSnol accuralC.

• Thc qualily ofthc u..cd malerials fol'electronic module wa, poor.

• Power ,,,pply 'ystem of the melcr was of lower qual il)'_

• IXLJ display w,,, (lfpoor quality.
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CHAI'TER 5: RESULTS FROM THE PILOT I'ROJECT

Out of 1000 pre-paid domeslic ga.' customcrs, 848 cuslomcrs hJVC becn survcycd. Somc

nl>lOlllGrS were S\ll'veyed as a rOLltinc work. Somc cuslomCl'S complained regarding

,ario", a'peel; ,,,eil a, display problems. meter 1l01\.f"ndioning, gil, sllpply plOblcms etc.

A" the basi, of those complnill' customcrs werc inspeclcd. Somc Cll,lome" wcrc

inspectcd by lhc a\lthor for lhc study. Out of lhe;e, 103 owners wcre nol available. Dalu

havc been collected on lhe said cuslomcrs regarding diftcrent lcchnical fJults. l3illing

stalus of prc-I",id cuslol\\er; and comparison of bill; on pre.paid bJSC with Ilat ratc base

has been ill~orpomted in lhis chapter. Statislic, betwecn d;rfererl~e ofanulogllc and digitul

rcadings. cu,lomer>' lCedback arC also included. Informution gUlhered from lhe sllrve)~

and inspections mc compiled and presenled ill results.

5.1 Ilispectioll Reslilts
848 residential pre-paid c""lomer.' have been visited 10'-collecting data regarding di ncrelll

parameler> 'lich as Ilow condilion. verification of any technical fallll, cu,lomers' l<:cdback

clc. Qut of visited cuslomcrs. ,orne werC not available; somc reli.LSedto allow inspection.

wilile ,ome other wcre staying abroad. Statistics oflhese are ~hown in the rollowing tablc.

'hlJl<.~ 5.1: illspection n"ta of Existing G3S I're- "l\id Mclen

VlSi(cd 848

Owner not available 103

Nol,ody re,ides 26

RcliJsed 10 uil",v in,'pe,lion 13

Staying Jbroad
8

Tile inspeclCd euSlOmers fall lnt() threc categories lhe number~ of whicl1 arC shown in the

table-5.2
T"lJle- 5.2: C"tegory or tILeinspected Existing G"s I're- Paid Custonlers

Homc
m

amce "
Forcigner
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5.2 I'n,hlcllls Occurred In Mclers
Frum the in'>pecledpre-paid cu,tumers. SOlnef~l,hs have been identified. The eu,lOmers

have been i",pec\Cd a, n rUlltine work. In some e",eS c",tOmer, have reported aboul

malfunction of pre-paid melerS. rut"l numb~r:; of faulty meIer, were 503. Some meters

have ,ingle problem sud, ns consumption error or banery dam~ge or Gh~rging problem

ele. Some metcrs Ii~ve lwo or lhrce combined problems such as consumplion errur plus

baHcl'Ydamage or eOIl,umplion errOl' plu,>baUery damage plus charging problem. etc.

Typ~s of liuLil,thal were delected are ,huwn in the wble- 5.3

Table- 5.3: TedLnical faults fnund in the Meters

FalLltType fault COUlll

COI1;umplioll Error (Difference belween 375

analogue and digilal reading)

Baucry Dama1;ed 45 .
Meter Damaged '"
Negative l)i1;iwl Reading 4

Display Damaged 6

Me(CrLoe~ '" I
Card Chal'1;ingIn Mete'. 178

Total 73M

From lhe above table il i, elear thaI con5umpliun error is thc highe'l amon1;lhe difter"nl

types 01" luult5, SigniJ1eanl l1\lInberoffaults also occur; due 10card charging problems and

mcler luck

Readings bave b~'Cneolleetcd from the inspected pre_paid meters, A variation occurs

belween analog\le and digilal reading'. A large consumption crror (lhe dilTcrenec between

analoglLcand digilal reading') occurs in 375 melers.
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Analoglle reading

Digilal reading

Di ffcrcnee belwe"n Analogue
nnd LJigiwl reading

Perccntage DiITcrenee

94.740.X9 m'

53,421.12 m'

41.319,77m'

-43,61%

In sOllie existing prc.paid meters, irregular activitics were delceted thaI arc shown in Ihe

f"llowing lable-SA.

T;\hlc- 5A: Irregular activities found in lhe E:<isting G;\~ l'r<-~Paid Mete""

Catcgory "f irregu larilies Quantity

Meter l3y Pass 6

No :;'cnlll1 MCler '"
Tot,,1 "
5.3 C",tulllcr feedback

Olhcr d'IW regarding eustolllers' satisfaclion and dissatistaetion ha,e bccl1 colleclcd. SOlne

eustomcr; are soli, lied who eommenled that their bill> have been reduced [n regard!o !lat

rale billing, The) ulso advocated lhe billing system 01\ aelual eon,umpt;on, The eu,tOlllcr;

who were dis,atistied "boLL!the pre paid metering said lhat mele" have ,ome problems

such as locking, baUer)' dam"gc ctc. Customer lCedbaek i, ,hown in the lable-5.5,

Table 5.5: Customer feedback

Overall Assessment No of Customers Percentage of e",lOmer>

Soli, lied '"' 19.10%

Not Satisllcd m 14.39%

lndi fferenl To Commenl 564 66.51%

Tot"1 84. 100.00%
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Tile above luble reveals lhat most or lhe customer; arc indirr~renl to comment, (neilher

satislicd no" di"atisl1ed). Morc mllnb~ror CUS10111ersare satisfied compared to di,satislied

cu,loll\crs rega,,1ing dome,lic gas pre paid melering syslcm.

5.4 Finallcial Statemcnt
i{c.cnues carned hy ,cllillg pre-paid and lhe revCnues to be earned on llie flut ralc basis

have been ,hown i111hetable-j,t>.

T3hle- 5.6: Revenue sUlllmary on Ilre-paitl eard ba~i" compared 10flal race

hilling (Oct IlS 10April 06)

Munth Cards Sold (Taka) Bill On Flal Rale l3a,is

(Taka)

October 05 2. I5.21l0.00 4,42,0 I0.00

Novembel' OS 1,68,000.OIJ 4,42,0 I0.00

December 05 1.90,400.00 4.42,010.00

January 06 2.13,203.00 4,42.010.00

February 06 1,62.200.00 4,42,010.00

March 06 1.70,800.00 4,42,010.00

April 06 1.91,400.00 4,42,010.00

Tolal 13,11,203.00 3.09,4070.00

Percentage DilTerence - 57.62%

The above lable .hows tllal due 10the billing systcm under lhe WI' pre paid metering pilot

projCCIbill or IcvCl\ue have been deerem,ed compared to flat r~\e hill. The melered bill i,

57,62% le~s than lhe n~t rate bill. rhe probable rCasons includc error in digilal reading

(c[ln,umplion error), storp~ge or unneccssary wastage of ga, rOfinstallation of mclcrs.



CIIAI'TER _k flNAl\'CIAL ANAL \'SIS OF GAS PRE-J'A1D METERING I'ILOT

PROJECT

Two ,,,pccts 01' a projcct arc (cchnical and financial fcasibilitics. If a project is found

technically ,ound, lhen il i, necessary 10 naluatc it> soundnc» from financial point of

vicw, Financial analysi~ of a projcct is cOl1ccrnedabOUlprofilability analy;is. efliciency

analy,is. ctlcdivcness analysis. co,l e!lcetiveness analysis and sustainabilily analy~is

(Ros> :'..A.. Wc,lcr!icld R. W. and Jordan 13.D,2003),

6.1 SlIsl~linabilily Almlysis

Sust"inabilily refcrs (0 lhe ability of the project (0 continue, Identification of rc,OllrCeS

~ecded and their use wili depend on operalional rcquirClncnt. Source~ of Iinul1~ingmay bc

public, privale. or belldiciat) communily, Sustaillabilily and Co;l effcctivcnc;s are not

synony1l\0us; ilowever, one way to altai" sustail1ability i, to improve cost cITcctivcne",

As a process. su,lainabi Iity lakcs into con~ideration both eos( and benellt is;ues.

Sustaillabiiily should be viewed from both demand and supply a~peets. On lhe demand

sidc sustninabilily relatcs tbe lIeed and acceptance of lile projcet by (ile clientele. It

incilides beneficiary's willingness a~d ability [()pay directly or indirectiy liJr lhe services

()rbcnef,t, lliev derive nom the project On tile otiler hand, supply side indicates the exlenl

10wliich Lbeproject ean a lliJ,-dto provide benefit, or services.

Cost, saving lIJrOl'gl1impmvement in the management syst~m and revenuc ~amings

lhmudl commun;lv fl1lancingsehemc are pallor' the two appmaches an orgalli.<ntiollcan- .

follow 10 become sustainable. Both appmaches help reduce an org~ni£atiol1's rISk of

di,ruptioll in conlinuing projcct implemenlation, ;hould funding be reduce<.lor 'lopped,

Sust"illohilily is a gradual proce": careful planning is necded regarding strategy or

stralCgie, j() be pursucd at different phases.

6.2 Caleuhltions and Reslills

Th~ analysis i, m~dc tiJra group of iO,OOIlpre-paid melers for 10,000 domestic

custu"'"", Thc following sequel11ialanaly,is i, donc,
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A. !lIve.tmen! Co,t
SI No Purtielilars Amount ill 5

I Meter price@$80 for eaeh meter 8,00,000.00
(10,000 rnetef')

12 1'1 cline und a~ee"ories 1.20.1100.00

J Installution emt 1,20.000.00

4 Server and pas terminal equlpm~nl 13,530.00
with SGM:)

5 1'0f, office ;eIU 8,571.43

6 Ie card cost 4,000.00

J Training ofTltas rwnncl 2.500.00

" Vehicle 50,000.00, Tmal 1.118.601.43
B. 0 ,uatin Cost Allnual

I Servi~e, and maintenance 2V72.02
(2~:\ofthe Inveslment
cost

2 Ulilit' expense, 2,000,00

3 Rent 20.000.00

4 Salaries und wage, 40.000.00

5 Admil1i5\1atlve overhead 10,000.00

6 Tulal 94,372.02

Break -liP of the expen,e, lor Item, de<,<;ribed111A & II are given below,

Ulillty expel1Se, i, assumed to be TI<.I.40,000 01'$ 2000 annually. Rem ror ofllee for lhe

projeel Is 'I k, 14 lae or 520,000. Adminislrative overhead of the pl'()j~'C1Is Tk. 700000 or $

~OOOOanl1l1ally or monlhly 'II... 50,000, Average ,alary or 40 people to be engaged ror

running the project Is $1000 or TK. 70,000 annually.

Pipe line and a~~e",orles eo;t:

Pipe~ 20' per ell,lomer.
CO$t~ Tk. 20~ 31i~ Tk.nO
Filling (Elbo" + So~k~l)= 1'1...30
Valv~~ Tk, 100
Tolal= Tk, 850~$ 12
Cost 0 I" server and pas lerm inal eqllipmenl with SGMS

5 Nos, of Vend;" 'machine VM) II $ 296
I No of >crver
5 No, of work stati OilS (111)1050
I No, Server IJPS
5 Nos workstations UPS a 2000
\ l'rinlcr2 No (with ,0fiWUl'e)

$
$
$
$
$
$

Tolal $



Training cost ofTila, personnel

(n) )n,lallation / Operation! Mainlenanee (61"',"on5 x Ia
and Trouble shootin' wb)

(b) DM"ellll'Yoperator (8 persons x 5
weeks)

(~) j)at" Base Adminblrmor (2 persons x 6 $ 2500
wks)

(d) U,lS selling manag~n1el\tsystem (2 persons>..5
wks)

Vehid~ Cost:

4 I'i"~ lIP@ 12,500 ~ $ 50,000

C. C\sh inflow
Estimaled gas sale lhrough each meter

btllnaled gas sale lhrough IOOIJOlllctel'

Rcvenue margin for thc dislribution@
O.OIOI57iICM
Met~r renl eollectcd annually from 10,000No,

Total Cash in flow ror the first year

Cash influw Anaiy,is (Calculation Dctails):

1,455,71 CM Per ye;lr

1,45,57,110.78 eM Pery~ar

$1,47,~58.03

$1,27,809.18

S2,75,l>67.21

E,limatcd gas ~nic lhrough each meier ~21 cft!hr
21x8x30",S5,,/ }

~ 35.3147 m' monl t

~ 121,309 m' I 1l10111h
Operalionall utii i7-'lliunpattern (As-umed operationai pattern of TGI DCL for dorne,tic
customer,):
81"s I day. 30 days I m0l11h,diversity factor ~ 0.85

AlIln",1gus ,aie through each meter

Ann"al 1;'" ,alc.' through I0000 met~r

Rcvenue margin for lhe di51ributor@$

~ 121.309 x 12

~1455,711078mJ

~ 14557110.78 rn'

=O.010157IfmJ
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Revenue earned Ii'om ga; ~nles lhrough 10.000 mcters

~$0.0101571 x 14557110.78

~ 147M58.0J

Mctcr eObl S 800000 is amortized In 20 year,. Considering the imcrebl mte of 15%.

"morti£ulion table (Appendix-Il)) show, thai Meier rent collecled annually is $ 127809.18

(except the last (20Lh)ycars.

'I he IOtull'cvellue collccled lor thc fir.,t year = $ (147858.03+ 127M09,18)
=$275667,21

Net e~,h Ilows llee<110be convcrtcd InlO pl'csclll valucs,

I'V~FY/(I+i)"

Where. PY ~ Presenl value

FY- FlIlUl'cvalue

n= No of years

I ~.,.,-,--,,-. ,-,,- ~ present worth Laclor = J)"collll1lacIOr

Now. depending on the discount rale (i). pre5ent wOlth fuelor will be diffel'enl

1'01'C~Ull1ple.present worth factor at a di,collnt rale of 15% for diffcrcnl fulure vallie ure

"S tollow,: ,
For y~"r 0: pl"t',cnt worth I~clor = ( 1.15 t -,

, -
For year I: pre,ent ",orth fa~lor -1,15 = 0,86956)

For year 2: present worlh lactor = ~ 0.756144

In this way Ilnding di~count taetar fulure values call be tu",cd in 10 prcscilt vallie the table

;110'1" <Iiflcrcnl pre;cnl valllcs of lulure cash flows.

"V, r:V, FV, "11"II'Vinl1ow=t+T+ (1+i)1 + (l+i)'1 +. +r:V +1)

at 15% di;counl mte

1M12').1 S
II'Ylnl1ow= 1.15

~ lJ77M2M.99

, 1868I1IJ.641(,15)2 +...
347286 (16

,,,,+. (1.15)20
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6,2.1 Calculating NI'V

NI'V ~ 2:YV cash in Ilow - II'V ~u;1i out !low

= 1377828.99-1118601.93

= 259227,56

NI'Vat 15% dr = 259227.56
Silllibrly dilTn~1Il NI'V can bc culeulated at dilTcrcnl discounl rale. 111the lablc (fablc-

6,I) NI'V at other Jiscoulll rales of 10%, 20%, 25% ad 30% arc shown which arc

re'peclivciy $ 838807.87, -$ 83127.40, -$ 300059.89 and $ _446132.85

52



,

•••• •

•e

j .~::: ied::s ~:lI::;::; s:; ::Pl2g:l'lS;I'.l~~3 ~
iid;E~~~~~!~5::I •.• .,~ .• i"'ill •.~ •-~E1~~~ <i

•, -~;;Il;;:::l!i;:-""'-!l a !S '" ••• '" .• N <> co

f
____ •••• ~:;:;I; tl ----- ••, _ ...... ••••••••••
•

!u -~!'.•.p- •..~..~..,~
d-R .""

~::! r:8 :lI •• S

; "'o •• ic:iN -.'"
_.., <> aso

00 00 "0,,0 00000000 <>

1 1 '0:: II!:!;'; :n. ~;;;~8 '; a ~ ';:;; Ii:;;;,,:;;;;:e ~
• ..•••• ~a.l.~Sl!!~-a~~~!:
~

,
i~~ ;l~i~:;•• " •• :! 0"'" ••

h I '=!;;:;"l:! is:::~j~~i~B!Hlti~~•------ .. •_ .......... •
• •,

lu _.....~!p.!U~U~-~~1 ;- .... - -:g"'-" ~ •.N ..,_ _ _.., I"", 1 •• ::llo1'; •• :;" ~

I
0000000 00 0000<>0000

~i l2: I!? :! S t;; :;: :! l;; :il i~~~ia~~~~•
• I ..-••~-'~..-~ .0"''' :

2;; ~ :.'l~1~~1\:s,: •
I ~~~~~~;;:!!!S!!U"'U"- •:;;:;;;li: ::;1:::1 •, ..- .•..............
• •

In -mmm~ mm~m
000000"0 " 0000000000

<. ':;:'!~8Sl::~:J~S2 ;Ii :il :; ::; 8 8 :! :;;II :8

5' '!~1~~UHnW.~j~rm," .-. "&'-5-' .H~~"a.'I :~;;;;:; 5& fit: til •• ::l aa
•

H-
'" .. "' .•. .. "' .. .. .•. .. "' .. .. .. .. '" .. .. .•. -- - - - - - - - - - - - - - - - - - - .•uuuuu ~m~~~H~~1! :;; J:: :;; :::iI::; ;;; J:; l;; :; l:; NN •••• N ••••• -

;;;;;;;0;;;;;;;;;;;;;;;;;; ;;;;;;0;0;0;0;0;0;0;0

.u sa;: ':1 ~ 1Il :ni:e~~~;I!!::;~~~~Slll
g:'l~~.i~~~~::ll!! ~i~il~r~~~~,,:::1

., o~ ~1~;"!H ':;::::l;:~llIS ~~••.• 'Hi!" <;0;0;0 •••••••• ::::l t;: tdi::::l a :;l ,

!A . ~ 8 ':; ::BIi ~ :nl iI :;; ;; IIIIe:l 1::l:I::l:; g 51~

2~~_~~~!~~~E.UH~.H~
~!!a!:!e~'H!!!~::••••• •• l'! • •..ll: 1.•..

11
_ _ _ N N ~ ••.... ''':''':''':''':''':''':'"';' ~~~~~~~~~~

, • ~ N •••••• ., ••• .,'" e ::~~:!~~~~~£,

,•

•

••
•,

i



6.2.2 Cnlcnlnting IRK

lRR is eulcllillted us foJlo\~s :

NI'V" = rllsilive NPV ilt the tower discount rale of 15% (m)

= $ 25<J227.5G

Nl'Vb = Negnlivc Nl'V ullhe highcr diseounl rale of20% (rb)

= $S3 I27.40

._ 1'_ ->-. NPV,I -ll{~-r". (rl,-l.,)x NI'Va-NPVo

259227.56
= 0.15 -10 (0.2-0,15) x 342354.9fi

= IS\)= 18.9%= 19%

JRR=I\J%

6.2.3 Cnlenlnting prurilabilily iudu (1'1) or Beuelit ----<,:",1ratio (BCR)

The bellcJ1t-eost rutio (BCR) Of profitability index (PI) is defined (IS the mtio of tile present

value of an investment's future cash influws and the present value of its cost. BCR Of PI of

lhi~ project is cilkulated in the table- 6.2.
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Tablc-6.2: nCR !PI Calculation

••.•.•,,' v""' 0' eo.h Dul liD'" ,cd ,,""''' .,

c •• "'c now
"II d'''ou", co••

y." To'" e.'" 0", I,omg" c •• hlollow T"'''e •• "
"- In"ow{C'D) •••• ,n'••••• rromm••••

-' -~.r.".n''''"' of ••.•.•,,' vo'u'
r,.,o, co,, o"HI"", ofc•• h '""","

0 .".1"'0"; $000 $000 , ";',11'0"," 1000

, .SO''" 0' "",'" " "" Oil.," "".'0'," " ,.," ."2,0'>"' '2,",710", .$00,'" " $155,250" $'2',''''' " "",,000 " , '5!lt< .$12,7",. "",0",11

, .$,",,"'" $10',01,•• ~127'09 " '21l0Nl'" 0""~1 .,",4,'~~0' """,OG2

, ."00,146" "7116' 15 ~12710918 '21lU7333 " \)175 .$" .'0 '" IHO.""

, .",."'" $1),.12''" 1,2]'oo18 S'l<l7,'"" ".,,, .$50707'" $"','" .,

0 .$104,"'" $'''.70' '" $127,'''''18 '310,'" " o '"''
-$45,0'600 $,,","'32

, .'''5,''" 23 I'"' '" 90 I"" '09" $'25,'" '" , 37504 .$'.,0" " $122,531"

• .",",4',"' $20''''-'0 I'''' '09" $"','.0 ,. 0".8 -l",40' ,. $100,7",'

0 ,'"0,'" 87 $2"'53 " 1127,'0'" $"0,'.' " o"'26 ";31,401" '''''0 "
'" .",,"'" ,,"'70 " 1"'.'0' " $'",''' 51 0'4718 -"7,87' " I ,ao ,,0 '"

" ."",0".' $24"'''' 1m '09" $"",85' " "'''9' _,,4.'26., '"", '"
" .."',"." I'",''' 41 1'27.80',. 1"0,5"'" 0"'0' _'" OJ''4 571.'''' "'

" .",",6"55 "61 '" 7B 1"'.'09'" $"',340 •• 0"'" ";","'" ,., 9" '0

" ""',"'"" '''','"' " "'" ,'"' '" 1400S1755 0,"133 .1'7.2"« "'.'"" 71

" .$'2' 52'go 1"',74" " I'27.'O"~ •.•," ,5',.' o"2'0 _5"'03 05 101,'"'''

" .$1270"" 1,0738023 sm,s" to S4",",,41 o to.'5 _'''.''',14 '4','"'.00

" .$12','"'," "'27" " ,m 'DO t8 $"0 '04n 009203 .1""'" " .41"6' to

" "13','''"' '''","'' " "'7,'" t8 $.,"70249 " 0'0"' .$10,0770' 'J? 111.9'

" .$134"" 50 $355,837" $127,"""," $"S"" 16 " "'027 .$9,<70"' $" ." 52

" .$"''''' " ""-6" " .,,,''''' $''''-'"" " °""" .$"40020 $2.,.""

Tot" ";1,nMlO'l 1',Ol7''',JO

"" , 14070

6.2..1 Calculating pay back period
Thc ~mount or time requircllto l'ccover the initial investment is the pay back penod. If lhe

I.,durc cash fiows arc "01 discounlcd to calculalc pay back period thcn il is called llDmml

pay back period. Flul when future cnsh llows ~re discounted I\l an appropriate discount

mlc, thcn the required ti,ne to reeovel' the initial investment is called discountcd pay back

period.

lnilinllnvcstlllcnt = S 11IM601.43,
The lubk 6.3 ;s uscd to c(liculatc pay baek pcriod unll discountcd pay buek pel';"'1.
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1'111>Ie-6.3: I'a} b1lck perioll & lIisCOUlltell pa)' back pcrioll Calculation

Year Cnsh Flow Accumulated cash now

Undiseountcd (S) Discountcd (AI Undiscolllltcd ($) Discounted (AI
required ratc Df required rate Dr

15%) 15%)
'$) ($)

1 181295,18 157647,n 181295.18 8157647.98

2 186800.64 15141248.12 368095,82 298896.1

J 192638.00 126662.61 560733.82 425558.71

4 \91\824.98 113678.83 759558.80 539237,54

5 202380.22 102110.27 964939.02 641347.81

6 212323.31 91793.23 1177262.33 733141.04

7 219674.85 1\2583.91 13966937.18 815724.

8 227456.48 74355.93 1624393.66 890080.88

y 235690.% 66998,08 1860084.62 95707H.96

10 244402.20 60412.49 2104486.82 1017491.45

II 253615.35 54512.90 2358102,17 1072004.35

12 263356.1\3 49223.28 2621459.00 1121227.63

13 273654.41 44476.49 2895113.41 1165704,12

Fm[ll the tublc. it is cie,ll' normal pay back period is greater than 5 year!>blll Ic!>sthan 6

. (I I 18601.43-964939,02)
Pay baek penod ~ 5 + (J 177262,33-96493'1.02) years

153662.41
=5+212323.31

= 5.72 years
['rom dlseo\l1lted ~ee\ln1\lIated ea,h flow column it is seen that the initial investment is

recovered 01'get our bait back hctWCCIl11 and 12 years.

l)iseDunlCd pay b~ek period
(1118601.43-1072004.35)

11+ (1121227.63-1072004.35)
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I
•

46597,08
11+ 49223,28

•

,

•• 11.947 years

6.25 Clllcull1ti"~ A\'cnll:c AC('Qunling H.cturn(AAR)

AAR is n Iinullcini indicator, which is defineu liS the mtio of overage net Income lind

nvcragc book \'11111<:.AAR is c:i1culnlcd in tile mble. 6.4.

Tnbll."-6.4: AAU coltulali"n

Y•• , E._eo c•• n In 1IcM:::::iE:- •••••"-"""\C'D)
Caah Inl_! ••••• .-tor..nt EDD(E'D) DeptoocI.1!I> HPINI A.yg No,

" ~, .$<31103 ,'H.~r..Hn 121_ ,I »1~ lIllI,?' \ 1 2'r.>'8 S~'.~:lO 01 1 ':l&$ \1, .$00 2,~.1SI"2~93 "27 _'8 &1SJ000 " S,IlG&OO64 '5' glOOt $'J081051, .S~ '''GO $15:10130' $121_" '2lIO 522 lI!l $'926Jl! 00 155~Ol $1)0707,OJ

• _$100 "a l:; Slll'lloI,lS $121_'8 sma/3D "v&aNIRI ISS 03001 '10:"" 01

5 .11021".32 sng n2 Jll "21_'8 s.J(l1 !>31.501120S3IlO22 1559:lDOl SI'0o!oOI5

e .$11)( 1001.35$188,70110' $127_ 18 "' 11,66 $212:1n )1 15593007 Sl~ 3D)2"
T .'lll6 218.1J S19l1.1.JOO "21_,8 ~25moe 521081005 $559:1001 $,t>3'''.7e

a .$ lila oo::lao UO!l.~1.10 "21 _18 =II '221'!>8'8 '~07
'111 52&"

$.'110~1181 '218 '!>:Ia~ "27 _'8 ')oIa 83 1235 GIlOIMl 1~~ :lO07 '119711089

•• •"'27833\ '2211.370:u "21 aoo 18 57185.51 52" '02 20 1~9:1001 "88"2,13

" ."'50311911 '2'0,1lO~ 15 "27_18 $)88~ :l3 525361535 55)9:1001 "91llll5711 iJOO.lloIg31

" ."17.JJ9,18 'lRlllIl," "21,_.18 UllO,89ll !>ll i2llJ,3M a:l ~5,9:1007 201.'le78 •
" ."19.6IIll,55 '211~.5Jl.18 "21,1109 \8 m,)oIo,1Ml 'V3,MO" 55,9:10,07 12'7.72':1'

•• •$122.0Il0.28 $27M11Il37 $121,_ 18 "'0ll,817 .5~ '2&<.531,21 '55.9)0,07 '228.1101.20

" .$1R~21,lli $292.1'8.79 "V.IlO!I,18 20,~7.97 12va.03IlOll '55.$3001 $2'0.10ll 01

•• "'27.0'2.:13 ':107.38823 $lv.aOV8 ""5,1a5'1 SXllI.lllJ oe '5'.93001 12~.2!>3 01

" • 12V,~2,57U22.155.llo< $121._'8 1lO~
Wl.012." ",.93001 $26~.0II2.07 ,

" .$132."),82 U:lll,ll9J-31 '127._ 18 "'!56.7 ,g

~7

5~,$3001 S2'18,62ll1!O

" .":I'.7llllllO 5355.837.911 '127.8011.18 =:fuM.a.1'18
MOOall "'.93001 [.$3059

N .SU7.'11,23 $)13,&2V,ae $1".':l1l.' 8U6lI,2lI $)07.2 011 S5~.93O01 '.:1-5599,~, ,. lllll 9all,' g

AAR I 0.35911 I I -I

6.J H;c.u11<of finnnci,,1 "nal) .•;~

111crcfnrc. following rc.uILs of finnnt:illl indicalors lilt' found

Nl'V 15%" S 252227.56

IRR"I~~

1'1or BC!t" 1.15

Normal pny back J'Criod - 5.72 )'cnl'!l

Discounled p:I)' bnck period. 11.95 YCllrs

AAR" .36 (36%)
The results show thnllhc project is financinlly fCll5iblc.
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6.4 SCllsiti\'ity Analysi.

Durin!; inye~li!;atin!;a new project. Ilut~,rally,the fir,t thin!; is to estimate NI'Y bmcd Oil

projected cush nows, 'I hi; initial ,,01of projecliol1' is tile base case, No"'. however, tile

possibility of error in the,e ea;h now projections is recognized, Aller compleling lhe bu:;e

eusc. it is wished to invesligate the impact of diflerent as'umptions at>outthe future on the

One "'"y of recognizing this inye~til;~tion i, to put an upper and lower bound (m the

yurious componellls of llie project. Picking lhese upper and lower buunds do not

necessarily rule out the possibility that the actual values could be o"t,ide thi, range. What

is ,~id. again loosely speaking, is tliat it is unlikely thaI lhe true uvemge of the possible

values i, o"l,ille this mnge.

6.4,] Seellllrio Analysis

The basic limn of"'wlwt _ if' analysis;s called ,cenario analysi,. Scenario analysi, is lhe

determination of what hupp~n; 10NPY estimates when we a,k what- if que,tion,. Whal

we do i, illve,til;ale the changes in OllrNPY estimate, that re,ult from a,king gue,tion,.

Once ;wrting to look at alternative scenarios, it might be found that ~ome of the plau,iblc

ones res\llt in positive NPY,. In tbis eme. there has some eontldence in proeeedin;\ with

lhe project. If a ,ub,tantial perccnlage of lhe ,eenarios look bad, [hen the de;\ree of

forecaslin;\ risk i., hi;\h anll fllrther invcstil;alion is in order.

There arc unlimber of possible scenariQ, that can be eon,idcred. A good place to ,tart i,,
'" ith the ",orSl.Ca~e scenario. This wi IIgive IIIinimlllHNPY of the project. If lhi, turn, Ollt

to be posilive. the projeel wili he in a good shape. At lhis p,),;tion, il is necessury 10 1;0

ahead and determine the otiler e~lreme, lhe best case. Tliis Pllt, an upper hound on NPY.

To gel tbe worst case, the least favorable value i5 assigned to euch item. This meanS low

vahles for items iike gas consumplion through the proposed meter> and low ga' price and

high inve,llllen[ co,!. The reverse is done for the bc,t ea,c, II i, to mention that in

ass~",in;\ the rea"'lIabl~l1ess of an NPY e,lima!c. it is needed to stick to cases that are

rca;onably likely to occur.



In brow.!terms, thinking about n re,",onable range. then wh~t c~n be called lhm the be,t

c~se wuuld corrc,polld t" Wtlletl1illgncar the upper end "f that range. The worst case

,",,,uld simply correspond \0 the lower end. There are an unli;niled number of dllferenl

,ccmmos thnl could bc examined, At n minimlllH, il might be wunted to investigate two

intermediate enses be going 11alfw~ybetween tile ba,e nmounls and the e.,trel1le amOl"'!>.

This \\'<1l1ldgive f"e >cellari,,>in nil, ineluding the bnsc case. Beyond lhi> poinL it is hard

to ~lll1Wwlwn to stop. As more and more possibiiities are generated, il is runthe risk of

experk",ing "paralysis of analysis." The dimeu Ity is that no malter how many scenario>

are rlln. nlltlwt cnn be learned are po>sibilities. some good and some bnd. Beyond thaI. no

guidancc is found as to whal to do. SeenariQ analysis is th"s useful In telling what ean

l1al'llCll;H\dill helping gaugc the polentiai for disaster.

Sensitivity anal}si, is u variation oj] scenari" analysi, that I, lIseful in pinpointing the

nrea,; wherc rorecuslin~ risk i; especially severe. It is lhe proccs~ of investigalion or what

happens to NPV when only one variable is changcd_ The basic idea with a scn,itivily

analy_,i, is 10frceze all of the variables except onc and thcll ,ee how ;ensitive our e~litllale

01-NI'V is to ehangc, i" that one variablc. If NPY e;lllllate tllrns out to be vel)' sen,itive 10

relalivel)' ,mall ehangcs in the projected value of ,omc CQmponcnl of rrQj~et cash 110w,

lhcn the ro,-e~a~tingri,k oss()~ialedwilh that variablc i, high.

In tl1isprojcct. three main variable, for sCI"itivity analysi, ar~- Il1ve,lment cost. Ga, pnce

and Gas c<Jn;lIrnplion. Sensitivity analy,is hn.' becn madc at the ba,e CQndilion. besl

eond ition. '"'01,l condition and intermediate conditi"n Foread1 or lhese paramctcrs.

6.4.2 Sellsilivily "nal}'s;s for change of gas price
Presenl dislribution margin for 1m' domcstic u,e ofnalliral g"S is $ .0101571. I'rojecwd

incre",e of gus price is 5%, which is the ba~c condition. 2% increase of WI' price is the

wor,t conditiol1. I{J% increase or ga~ price i~ the best condition. Table 6.5 ,110w, the

rcsull> "fNI'V and IRR r"r various g"S price change_'.
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Tahlc-b.5: Scn,itivity ofNPV and IRR at different gas llriec ehangc

I'crccntage incrca5c of ga~ NPY( at 15%dr) lRR

price

2% (wor,;t condition) $5.456.24 15.6%

5%{ba,c wndition) $2,59,227.56 1~.9%

IO'Y.. (be,;tCOlldition) $7.61,964.06 23%

6.~.3 Sellsit;vil}' llnaly"is for challge of In\'estmcnl cost
With an initial inveslmcnt estimatc 01'$11,18,601.43 Ihc prcsent projcet is viable with

!leR 01"1.15 and NPY 01"$2,59,227.56, IRR of 1~.9%. Sensitivity allaly,is Is donc at 25%

increase (worst COL1uiliotl).25% decrcase of investment cost (hc'l condition).

Table 6.6 5hows the '''~1I1ISof NI'Y and lRR for change of estimatcd Investmcllt co,l.

Table-b.6: Sensilivil}' of NPV ami IRR al clLangcsof estimated inH,tlnent w,t

Change of inve>tmcnl co,t NI'V (S) lRR (%)

25% incrca>c of inve,tlllent _20,423.00 14.4

cost (worst condition)

10% increase uf inve;tment 14,7367 16.5

cost

Ila,c condition 2,59,227.56 1~,9

25% decrease of ItlVe,tment 5,3~,S78 24,0

c",l (best condition)

(,.4.4 Sen~itivity analysis ror change of Gas eOllsumption

The eslimated g~s consumption ilas also uncertainty. The Ilmount of projected gas

CQn>llmpliOntilrougiltl1c plOposed meters may val'Y.Beyond the base condition (projected

condition). the analysi. is done for upper bound, [o,,'er bound and an intermediate

condition, T~blc 6.7 show' the I'csults or Nl'V and IRR for chungc of c,tirnatcd ga,

cOl1sumption.
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'rublc-h.7: Scnsilivity of NPV ,umJ II~R ul changes or eslimnteu gus eonSUmption

~talllSof g'" consumption NI'V IRR

25% uecrea,e of e,lim~led - $ 50,492.00 l4J%

gas comllLuplion (wor,l

condition)

hlim~(ed gas eo,,,umplion :j,2,59,228,OO 18.9%

(ba!.e eondilion)

25% increase or estimated $5,08,947,00 22%

gas conSUIliption, (Uest

eOl\dition)

10% dccrca!.c of estimated ~1,35,340.00 17%

g'" consumption.

(Intermcd IUtccondilion)

Comment: The resuh; of the ,en,itivily anaiysi, show lhal due 10 ditlcrcnl as,umcd

changes in gas price, NPYs remain positivc anu iRRs are abovc the required rate ofrclllrll.

Even at the wo"l condition (2% increase or gas price), NI'V is po,ilive ($5,456.24) and

IRR ,s aeeepwblc( i5,6%) making the project jinancially viabie ,So lhe project is nOl

sensi(ivc to a"umed g~s price changes. The re;uits from change or invc~tmenl cost. it i,

secn that the projcd is fLlmneiall}'reasible in all olher changes of invesltncnl cost cxeepl

25% decrease of invcstment eo,l (worst ~ondilion). At 25% decrease of investmclll cosl

NPY i, negalivc (_ :j, 20.413.00) and JRR is Ie" (14.4%), making lhc I'rojcd a losing

col1ccI'l1,The rc,"hs from eh"nge of gas con;umption, il i, seen lhm lhc project is

financiaily f"",ible in nil other ehangcs or gas consumption excepl 25% decrease of gas

eon~LLll1ptioll(wo"l condition). Al 25% decrease of gas consumplion, NPY is negalive (- S

50.492.00) and IRR is less ( i4,3%), making lhe project flnaneia lIy lInvi~ble.
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'1,,1,,1 nn or uomc.,tie ~lIslo",cr' ill '1ilas Ga, Fr:mehi,e alea i, IO,97,47H (lip 10 June.

2(116). t\cw,lIl) 6 [0 8 ilours ~ uay arC rcquil'cu to me the bl'rllcrs 10 ,ati,ly tl,C cooking

lIe~d, of lhi, typc ofcu,[omcrs On:lll averagc which i, ,cvealed by the survcy conuucte<J

I,y T(; I'DCl. Thnct •.'rc. ~Il orcl'Jtion~1 pallcrn 01' 8 hour,! day is incluucd in Gas Sab

COlltn,,:l F" uOlllC,llC Cl"lolller>. Ilut many ~u,!UlTlcr, k~~p lhcLr bHrncrs on '1101"1:(h,m 10

hm,,',. Th~y keep their burne,s on lor hour, unnccess~rlly jll,l to ~~vc a lllntch- ,lick.

\Vhi~h '~"lll~ ill hU!l" loS' 01"na[mal ga~. '[he CllS[OI11Cnuo not bothe, 10 wnSlC hU!lC

""",unt 01 ~'" bcc"u,e gas I, not 1I1ctered and \hc CLL.,!Omcr,hnv~ not 10 pay Ii)]' (hc ",,,,tc

ga" This """[,, gns coulu cal'll rcvenue ",,,[ could bc u;cd for nlOr<:productivc olhcr usc.,

",eli as i"ull,I,i"lu;e

Ol1th" I>"s;, Ihatlhc burner> al'e kcpt full opcn lor 6 hOllr, and pal'tial opcn fo' 4hours. the

lill ["", ill!l C"k\i1~ti,," i, I\",d~ ill ,e~"rd to ""ste !la,.

i;'I,clime'll, ",,,de by lhe !l'" load cakulalioll COlllmlttec I'cveakd llint ga, loau lor a

dnml',lic do"hlc bUrllcr ",a~ 21 eli.l ilr

l'radical le,l, wcl'~ "bo conducted by tile "l,(hor 10 ",tiIllJtc !l'" con;umptloll of"

dome,lic dOllhk hUl'llcr "[ " vcl'y I"" op~nlll!l"n<l lull oJlcn irig, Thc ,,,;uh showed lhal I,,,

J "cr .•..low opening .l.5 ell I hr !l'" i, comulllcd, (Below \\,hieh hum;n!l uo,,~ "ot occur).

11",eu ()lIlh~ "bovc expcrimcnt. [()lIo",ing calcul~lioll' arc maue,

] [' a dume,lic douhle burner i, kcpt 1',,11opcn for 6 hrsldll)' on all ",crage, thcn. "",nthly

I,wd = :' I,,6~3 0/35.3 147 lll'l bUrllcr

~ ] 07.1J4 11)'/I>lIr1lcr

II'" dOIll~,ILCdouble bllrncr i, kept at a "cry low opcning for 4 I1rs!d"y on an "ve'''!le.

then. In""th Iy I"au ~ 3,5,,4dO.l3 5.3 ] 47 ",J I burn",

= [] ,~'!",)1 bLLrn~',
Thcl'e]OI"~.lh~ lotal amolLllt uf' ga, coLlStLlncdPC' hurner pc, lIIonth ~ 107.04 Ill)''-] I ,89 m'

=118.93m'

1)'''l\c,li~ burner; nl'C clwrgcd ull the I1nt r"t~ basi, or Tk. 400iln~)I]lll, ()11lhc (}(ilcr band.

dOlllCOliclllctc,eu CII,tOLl1~I"arc billcd at thc ratc ofTk, 4,59! 11\)

.400 , J
'I k, -11111is a~C<lulll~d 1,,1'the amount of 4.5'1 111gas or, 87.14(, m

Tilc llloll1hly 'lIllOUIl!or w"SIC (not cOllsi<i~reuJ ga,



~ (II ~.(),1-~7.146) Ill.;~JI ,7~ 1113

Tile IOlal "mounl ofrredicled wu,(e gas f(" I0,000 burner> ~ 31.7H~ I0000 IllJ

~ 31 7H40 1113

~ (lJ I 784MMCi'vl

The 11"",111Iy I"" "I' n.:~ellue in IIIis I'egun:1

I,. \ I7H40, 4.59

~ Tk. 1453~85.6

='lk,l.i ..Wlae

Annu"l pmjel"let! Waste "fNG Ihrollgli I0.000 bllrncr5~O ,31n4~I~ MMCM

~ 3.8IMMCM

Annual 10" ol'rn'cilue ~ Tk, 14.5'h Iliac

rk. 175,08 bc

~ rk.l, 75erorc

I
." ' . 0.74,"', "I ul,lnbLLlIOl1lllJrglll = 4.59 >.. 1.75 crorc 1YCJr

II"we w",i,icl' all lhc dOl1lc,lic customcrs (109747&), lhc tOlal "'l1ounl or wa,lc ga'; in

volul1Ic <lnt!TK lor alllhc domeslic bUrlicrs JrC caicu1alcd and ,hown belo,," ,

/lllllm, I I"" ol'l'c\'cIlUC = I"KO.28~I0974 781 I(JOOOCI"rc

= 'I UO.73crore

AIlIl",,1 I"ojee1cd W",«O "I"NG lhrough 10,000 bllrncrs= 3.M IMMCJl.l

AIlII,,(]1projcctcd \Vaslage ot N{j 101'alilliccu,[oillcrs ~ 41 S,14 MMCM

rhi, hLlgCallloullt or gas would be ,old I" othcr I~pc 01"cuslomers (Industry, COInmercial

elc) al" Inglier rale.

(0./, Ilenefits uf Ga, Prc-paid Meiers

11) rhe prl'"paiJ 11I~lerillg sy,telll will I'educe the wa,lagc 01""ealee and cosily nal\lml

b) <:lI,IOl1\er, nl'e billed "n tile b",i, of act",,1 con,,,lllpliun

c) Erad ie'aliIlg I"ear0 I'nlTe", hi IIing and bad debl

til L1"niLlalillg Ilwllu,,1 hillillg, billi"g book.lcdgel ma;lllcrwnce CIC

e) hadicnling e~lra rcverlllC ,(at r requircmcnl for billing and bi II cOIIcclion purpo'c,
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'lin"" ~Iqn!p" ~jLml

I"~'~J rln()~ ,WJ\lU<!lIOI)dltln~"o"ltl"'~IJ!P "'11.10~lI![du"', P~U'lr.J)S -lI~''''P

u~~q JAr.'1(<lIUU"Il) C~jl) Jql1Xl.lnd TIUl IU"Il"d UO!)dULllS\lO:l""I! LUI';r..10SJ~llIO]"n
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lll~l'!\' ~l"J~PlU P!u<I-~",d-'oJ AU" I\J~!~lIP ue lOll '! quell lI"m"Yl Ald<lll"1"".1 .)1 "L

'p~dOt~AJp lI~~q lOll "'Y Ul~l""" 1I('!1!s!nboo"l"(] 'J

(IIIWI '! l,,)!]r.lql["~j~)~l'IJ '~
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'~lql'lm~1! 1011SI AJ~lJ1~q~llll1~u".IO ~Sll r~;ill(ll0.ld ~

'~JlllU,IJ<llU.,)

~,""~~,,~ .I" UOI1"J~1I~~01Jl1l' ~jmup.1' ,{rl,I,,!I' (~'!(I lon>,'J:) P!nh!'l) n.':n

'm,ll"iS flu!HI'W P!p.d-~Jd '''~) flU!lS!~,l.1" '''1~I''l"uu(J L'9

'U'~l~,(S )J\1\11SI'u" r~/IIIJ~r0l"l(I



CHAI'TER 7: SCALAHlLlTY OF THE I'ILOT PROJECT

There nl"Cmore tlwn lIJ lac dOl\1estic custolllers in Tilu,; (jas Franchi,~ area, Tlw unalysis

is Illad~ I'll' n 10101 10,000 pre-paid mcter:; ror 10.000 domcstic customers, Th~ analysis

will he JOlle ill " lar~el' sc:L1e1'01'nil the dO[l\cstic CU8tmners (IO,97An Domc.,tic burner;.

HI' 10June ~IJ(l6) in Titas Gas I.'ranchi,e area.

rile' lollowing sequ~lItial nnalysi~ is done,

A, luiti,ll ill\'Cslmeul ,m,.lysis

I.Meter priec @$80Imcter, elF Value

2. Pipe linc ,md acces,ories

3 Il\st:lll<ltiol\

4 SL'ner and I'OS lerminal e<jl1ipmentwith sgms

S I'OS Ol'liee set up

6, Ie ~al'd cost
7 Training of 1jla~ pL't'sonnd

8, V~hiclc

Tol,,1

B. O["'I'"t;mml cost:
I, Services ami mainlcnnnce

2,U1ilily exp~nocs

3. Rent

4. Snlaric~ and wages

5. AdministrLl1iveoVCl'hcat1

Totnl

C. (';,~hiuno"
Estimated gas sale through c<lchmetcr

$8,77.<)8,24000

S1,31,69.736,00

$ 1,31.69.736,00

$14,84.887.73

$4,28.571.50

$4.38.991.20

$1.25,()OO.OO

S 12,50.000.00

S II ,78,65,162,43

I'a YC'.f

523.57.303.25

$1,00,000.00

$10,00,000,00

$20,00.000.00

S>5.00.01l0.00

S5'J,57,3ff3.25

1.455.71 eM I'cryC<I1"



1~,[ill1a[cdgas s,lic through I0974n melcr 1,59,76.10.882.27 eM Pcr y~"r

Rcvenuc I1mgin f,,, lhc distributioll @ 0,0 I015711CI\I1 $1,62.27.093..-19

M~t~r r~nt COllCC1Cd,HlI1tL"lIy[i"OmI0.97.4 78N 0; $1 .40.26,775.92

'I "I"J CI .••h ill now fOl'Ihe first ~'car SJ,1I2,53,1I69A 1

7, J.I BrcOlk-ul' of lhc cxpcnscs f,,,. items dcscribed in A & II are ~i\ "" below,

Utility l'-;pl'nsc, i, as,;ulll~d to hl' l lS 1.00,000,00 annually. R~nt lor of1l~c "

$10,00.000.00; ,ldll1inis[raliv~ ovcrhe"d is $ 5,00,000 annually. Salin:' of r~oplc l'or

running ;lillhl' domcstic cll,tomCI'S is assllmed [0 bc 50 [inws [he projcct~d ~(),l considcrcd

I,)r IO(JOlllllc[~r,. TI1Cr~lo'-e,[hc lolal cost ri~~s [0 in Ibis regard

= $ 4001l0x 50

= :j,1()OOIiOO

I'ip~ lin~ ""d ac~c5soric, ~O~l:

l'i]J~= 20' r~r cuslomer,

So. c,,~t~ Tk. 20~ 36 = '] k,720

r,uing (Ubo", + Sockel)~ Tk.30

Vah-~'~n. 100

So. i'olal= Tk, 850=$ 12

Thnc[,lI'~. tolal cos! for 1097478 mckrs=TK, 12x 10,97,478

~TK, 13.169,736

Co,t 01 ,~I'vcr amI I'OS terminal equipmcnt wilh SGM~

1 he lowl Cust "f scnel' and pas lermllla1 cqUlpmcnl \'Ilh SGMS lor 1097471; no mClers

in lili~ r~gnrJ ri,cs I()~ $ I 353Ox10974 78!l aooo ~ $ I484SS 7.73

5 No" "t'V~nding machine (VM)@$296 $ 1,41;000

I N()ol"~I\'~r $ 4.70000

S N",. oj',,'orksILllions (II;$ 1050 $ 5.250,00

I No, :,ervcr UPS $ 250,00

5 N",. \\iOl'k,lLllionsUPS@2000 S 1,000.00

I'rinln 2 No jwith ~onw:lre) $ H50.00

TOlal $ 13.530.00

.



Training m,1 or I'iI", persotlild (I,"' pl'ojeclcd 10000 Illckr,)

([I) 11l,lallatlon / Operation,.' Mall1knance ~ll(J (6p~l's()n,x IOwks)

Tl'Oublc ,hooling

(hi Daw Clllr}'op~r"lor (~ p~rson~ x 5

w~eks) Lump Sump

I (el Dala Ilase Adminis[r"lOr (2 persons ~ 6 ",h) $ 2500

I (d) Gas ~dli[]g management sySlcm (2 persoll; x 5 \Vb)

Tile Illlal Co,t "fTraining "I' 1itus pN'Olllle! Jur 10'l747~ no I1lcl~rs is 50 limes thc

projecled ~<lSlconsidered ti,r 10000 l1lelCrSnses 10=$ 2,500x 50

~ $12.5000

V~hi"lc Cllst:

"' I'd "p@ 'S 12.500 = $ 50,000

Th" lOinI C"SI of vehicl", till' 10974IS Ill!mclcr~ i" 50 Iimes Ihe proj~cleJ ~osl "()n,id,,r~J

for loono mclers I'is'" lO -$ 50000x 25

= $ t 2500(1)

7.2Cl.\h innow Analy"i, (('"kulation Dctails)

blilllal"cl g;lS s1lk Ihrollgh ca~h l\1~t~r

0l'c,alionall utili/alion p1lu~rn :

8 hl',,.' d"y. 30 d,,}s,.' 11101\1h,diwrsily fu<:!ol'= O.~5

=21 cfl/hr

21xRx30x,~5 J111 ,.'monlh
35,3147

= 121,309 111-' ,.'month
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= 121.3(J<)•• 12

= IA55.7110n mJ

AlIllll,lll"a.'~:lb through 10,97.478 nO.melers = 1.59.76.IO.8H2 Ill'

Revmue 1ll'''l"in 101'thl" dislributor Ci]J $ 0,0 I01571/ nr'

Rcvcllue' ~arn~d fl'Oln I"as sak, through I0,97 A 78 Illeters'" :j, 0,01 0 1571 h 1.59,76,1 0.HH2

= 1,62.27,093.49

Md~l"~,,_,t $ 8.77.98240 (lor 10.97,478 Incters) is amorli~~d in20 years, COIl,i,.kring lh~

int~I"~~l1ale "f 15% mnorlizntioll lablc (allaehcd in th~ anne)..urc of lh" rcporl) show~ th"t

~vkl~r 1'~11l~()lk~l~U annually is S 1,40.26.775,92 (~x~~pllhe last (20"') yeal~

So lile t"t,d rn~lllle colkcted tor lile tirst y~ar
= $ (1,62.27.093.4<)+ 1AO.26.775,<)2)

= $3,02,53.H69A 1
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7.3: <':nll""h'li,,;.: lnR

~ = NI'V"
1'"-1',, NI'V, ..NI'V.,

NI'V., = 1'''''1<'''' ~'pvJt the loweI' J"COllill rute of20% (r,)

=$ ['J:'7tS5(d(,

Nt'V" ~ N~"aliw NI'V allh~ Ingher<ti,,,oulll ,"[corlS% (I'b)

~ $ .9",1 () t 117.499

. NI'V"
" = tRR = 1'" ~ (1',,-1',,) ~ NI'Vn.NI'V"

= O.:'(H, (O,~S.O "OJ,. I ,,-)2.71.~S6,]612.8S.() I,963.86

2]<1 = ~3.4

7.4: ell kuhni,,!!: l'rotitabili1)' illdex (1'1) or Henefi1 -,,,,,1 ralio (Hell)

The b~ncljl-"o,l ratio (HeR) or pI'ui,'abi] it}' index (Pi) i, defiocd a, the ",tio or Ille I'rc.,elll "due

"I' an iIlVC,I"'CIlt" s r"lllL'C ea,], ;,,110'" and [he Pl'",~"t valuc "I' Lt, cosio Bel{ or PI of III is projeC\ ;,

~.lic"hll"d L1l1he I"blo- 7,2
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T"lJlc-7.2: C"lculalitlg IlCH/ 1'1

__LIL __

1','"'' ,,,,,,,,,,,10""'11,,,' C"h I" n,," (.",10h,lTow I,,,", n",,1",10
I,"m .'" .,,,1,, ,,,',, ""It i,,~,,"IU"1 I"""'" ,.IL" of ",,10""' nQ'" "0"

inn,,,,,,, l.,"'"dh,,,,,,,' ",t<,,. 1"1 (CI iIll '"
1::;"""

I'"",,, ,.1",' "r ","',,' ",I,,,
"." rio ""I. o,,'~""' "r",hi,,~,,",
I,,,,,,,

, .~,,, ",,'.1'" 4.1
;U~:::I

$('Of) , .,II7,'6,1(,l.Il I'''''', _~<,"17.1IlJJ' ~1('2",,"J.I<) ~14.1>11,,7J\<)2SJ",2<.U(N~1 "~(I)l' .~, IW':W,O') ,"d"'.712.'.1
~
j,-14,('1;~iJ\92, _\l,II1(,.,H'!)1 $'7.IIJ'.-1" 1(, \,lIO(".'}oI,O' (>ll61' .MW' (,(,' 1,1 ~;.H~".7" 4"

, _1(,"'>1 'n~'It ~II.""""'" "'0'6,77'<)2 ,,1.')'7.14649 " "-'752 .M "75211)" ~2"',"" CJ,"'J!
, -\(,__" , ,')-'7.<7 ~'-d,,"i3" HI 1140)(,,7),')2 ,)2" 1.''''5m 0,,7175 .~,,,,1";3"" \1<''''',170')7
, •\('.,I,".."" "1 ~1","4 IJ.\ j(, ,14,02677,01 $]] )jfl '!IN-I~ 0.1'171, .~.l.'''.I,'''2 " ~", .,,,, 1"(' '!'J

_1(,577."•. '"
-- - .. 1-"~O)6.))'"'

"
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7.5 C,kul;,ling I"'Y back pcriod.

['hc ''''\<lunl "rlimc l'cquilcd to lee()Ve, [he Inil;al LI1\'cst,ncI11is Ihc pay back p~t'iod, 1I'lho fllt<lJ'C

~,,,h [low, (orc1101discoUlllCd to colculatc pay bock period tilen ;1 ;1 culled 110'",al pill' bac~ pcnoJ.

IlLlI"hcll li,tur~ cash !lows mc di,co,,,lleJ"1 on "ppmpri"lc di,eoUl1l ratc, thcn 111c,e'luL,'Cd lirllc

10 n;cl'VC' the i"iual i,we,llllenl i, called discounted roy h"c~ pcri",1. D"counled ",,,1

umii""""llcd C",1t !lo"', f,,, p"y h"c~ pcriod colculatiol1 arc shown in thc lablc-7.3.

71



']'••1>1<--7.3:Ulldi,co,"l(('d und ,Ii,counted eash fio'''' for I"'}' back I'criod

Illll;:,llnw'lmcll! ~ ~ 11.7H.65. 162.43

Ye,'" C"sh Flow A""OIlHJlatcd cash Ilow

Un&,cOlolied ($) Discounted (AI Ulldlsemltlted ($) l)i'Cl1lLJllcd(AI
required rale 01' rcqlllred rate "f"

I;~")
15%)
IS)

I 2;12.')6.560, 16 2,11,27,448X4 2,42,%,566,16 2,11.27,44X s.I

, 2.49.88.774,77 1.88,95,103,80 4,92.85.340.33 4,00.22,552,6<1

, 12.57.19,1(,X 19 1,{,9,10,770,57 7,50,04,50X.52 5,69,33,32321

I 12.M.89.n7.16 1,51,45,5874X 10,14.94.235,70 7.20,n,9 I0.(,')

, ',73.1)2,532.85 1,35,74,184.15 12.87.96,76M.50 85.65.119,1X~

" 2.XI.59,772.00 1.21,74,246.53 15,69,%,5,10.5 j 9,n,27.341.37

, 2,90,(,1.742.1 3 IM,26,137.IX I 8,60,20.2~2. 7 I O,X7.53.4 n,60

" 3,00.16.85717 98.12,563.85 21,(0)7.139,8 II,X5.M.04240

I 'I 3. 10,2 I ,653 .30 88,18,2XY,99 24,70,58.793, I I 2,73.84.332.40

'" 3,20.80.79507 79.29,~81.90 2,791,39,5~8.2 13,53.14.214.30

Fn1ll11he ["hie il" ekor n"""ol pay h"ck peri"d h greater IIlnll4 YC"" bUllcs, lhan 5 ye""

Pay bac~ I,eri"d = 4 +(11.78.(,5.162.43" 10,14.94.235.70) J(12,X7.%,76~.50- IO.l4,'-!4,235.70)

yem = 4'1 1.6J.70'J26,7/2,7J,02.532 X

~ 4.6() yca,-,

Fmlll di"",mlcd ,KClll""bled cash Ilow colllllln il i, ,"en tllol the i"ili"1 investlllclli i, recovered

"" gel "",- ballllaeK be!wccIl 7 and ~ }ears.

I( II X~6i>012.4(1-I OX75347S.6) yea"s~

7 + (11,78,65,162.43- IO,X7.53,47X.6)

7+ 91,11 ,683 8/ 98,12,563.8

~ 7,93 yca",

7.6 C"le"l:!ling Avcn'gc A«o"nt; Ill(Rc1urll (AARJ
AAI< i" a IInaLle,,,1i,,<li",,\or, which" ,lcl,ned a, lhe ",110 of average llel ,nc"mc and ""e'"ge hllOK

value 1\1\1<is c"lcuMcd in the tnble- 7.4.
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7.7 Rl.'sulls:

The 1()II()win~Icsull' "C Iln~llci~1 in<.Ji~alurs~rc linmJ

NI'Vl_~% =:Ii ('.41.~OA72,02

IRR = 23.4')-;,

PI <1r IlCR- I 40

Normulp,l) ba~k period ~ 4.60 YCaiS

])i'ClHllllcd I'ay hack p~riml = 7.93 ycars

i\i\R= ,4(,~') (46,::;<)%)

The rc,,,ils silu" lhal th~p",j~ctis financially beller feasible if it is jll1pl~mclllcd for "II

d()lll~,tk clt.,lomers.



CIL\I'TER H: CONCLUSIONS AND RF:COMMENLlA TIOI\S

H." ('ullclu,iotls

Th~ ol1jcttivcs ol'this project un.: 10analyze tlw c>,isling gus p"'"paid mel~ring of the 1000

Jlllll~slic cll~lom~rs brought lInd~r the pilol proje~l, l\l c\'alual~ thc oulcom~~_ b~nelil, ,Ind

dinlculli" c~pni~n~ed in this prole,l.

'III" rollowi"g ClllH:IUSlOn~arc made from lhis study

i) I'LiolPl'Ojec\ has not been designed properly to eulculate IIl~ sa\ ings of wasle geL"~

II woulJ hil\'C bcen po,~iblc to estmlalc thc wil~lagc gas 11'a nmstcf lllcttr wns ,,>cl

10 lll~",ur~ the consumption of the cuslomCfS bcfore introdueillg pr~ paid mcter"

Tlwn it WllSpo"iblc 10 ~~till1aICthc ,,'u,te gas ~oll1pming the ~OnSllll1ptlonof thc

UISIOIllCr.,h~fore and nfler th~ implcmentallOn of lh~ pliot projecl

Ii) /\n"lh~r loopho1c of the pilot project is tlmt the propcr sumplllig method has nol

b~~11~pplicd, The CllSlOll1CrSof dilfcl'cnt COIl~Ulllplion paltcl's ha\'t Ilot bL~l\

lIldlld~d ill this project. Without choosing the <JitTcrtlll ~"nsllm]Jliot1 pallern" liJ~

CUSlomersOr;l siLllilar consumplion pallern ill a pJrti~ular (lr~u (13anani) hu ,'C bc~n

<;i"''''ll. ~lraliJicd ,ampling or the <Jifl"rcnt ~onsllmplion patterns coulJ rcveal

mor~ reliable r~sult.

lit) SOIllC t~~hnical prubklll~ found ill thc ll1~tcrs t1cgltti,,~ly "ncc[~d th~ pro.l~ct

OUI~lll\lC,M0Sllh::qlt~lIl1y oc~urrillg problems arc:

Cl1libwtioll Problem

Lowcr quahly ofbaucl)', Local Cry~lal Display (I.CD)

I'o"r quahly oflC eards ~te

IV) I'mj"~t i, Iinallclally leasible ,13 NI'V, Di,~ounted Pay ll,,~k Period, I'"Y Ibck Period,

11\1\,Bel{ or PI mId AAR m~ $ 252227 .SU, I 1.\.'5 ycars. 5.72 y~llr" 19%, I, 15.0.36

01'36% r~specljvcly,
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v) [I LS I'llind ill Ihis ~llldy thaI fllr aswmed COIl~Ul11pliollpallcm Th~ prc-paiJ

Inete,-iIll! .'y~lelll wi II cIiminute the wastugc of ,CllJ'CCand eo'[[ y nalural rcsourec.

vi) Cu,IOIllCI' surv~y of the leSI pre-paid melering of d()Il'~Slie ClistUlller.' ,hows th"l

IY'Joares,lli~[ied, 14% arc disSalistied and (,7 % arc incrtlu COIIHllenL

Sati,llcd ~US[()l11er~cOlllm~nled thallheir bills huve bcen reduced in regmd to

11all'ale billing. ThC) abo m.!vueated the billing syslem 011uelttal eon~ump(ion.

The ellslome,o who were dis~uli.<,fiedaboul Ih~ pre paid melering s"id thaI

md~" have somc problems such u' locking, butlery damllge ele.

vii) I he sc,llabilily an~ly~i, shows lhal Ihe project is abo viable ,f 11" applied 10 "II

lhe Jorneslic ~uslOIll<:r';]I'Tiws francluse area providing ,,'I'V, Discounled Pay Bad

Period, Pay B",,~ Period IRI<,BeR or PI anJ i\i\R urI' $ 6412(147~.l)2. 7,9] years,

4.6(1ycar~, 2].4%, 1.40, 41i.~9% re~pc~livcly.

7<,



vti i)

11.2.RCCOlllll1Clldlltioll'

111\"1~\\ "I"lh~ lindi n:,l~of Iiii, swdy. foliowll1g re~olllm~mblion, are m~d~:

i) CUSlOmers ,hOlIld h~v~ a uniquc smarl C;lrd lor monitoring und dala w:qnisilioll "I'

Ihl' ~u,lotll~ro' gas cOI1,ulllptioo.

ii) P"i IIIof s~ leo (I'OS) tenni 11;11,lwuld be opened lor 12 lu~ and ~Wryd,1VIn" w~ck,

Th~ emilc tcrll1umls should hc bl'Olightundcr a uniqu~ d~l;lbase ~o lhilllhc d~la call

be aulolllalk;llly 'lmcd in iI ~inglc dmnb;l~e,

iii) '[ bc consuln~d g~s amoullt. thc balanced ;ll1l(JlIll1.bJtlcry ,latus insl;llicd insidc lhc

mcler. mdcr l1utllb~rand cuslomel 10 I1llJnb~rShOllldbc inlrodHced in thc Sl1l;lrl

~il,-d10 u\'oid illql"1 usc of smart cmd and I1ld~r. 'I he Illd~r ,hOlIld be Utll'-jlLCfora

,ingic Sllhlrt cal'll.

i,) ,\ slrollg backup dala basc syslem should be uworpomted l" avoid any u[]expect~d

f"illll'e of the ,cr\'~r ~, well as ~ hurd database 8holiid be establi~hcd.

v) The battcry of the metcr, should be l'ech~lgeablc instead of on~ lime 1I,e, Then;

should bc a charging fucilily in~ide the mcter a', well as in cllslOmc,-,;' prembe~ 10

r~ebarge thc ballel)'. At Icasl 5% excess umount oj"mctel'. b<lucry. sm~rl card and

olher ,pare parls should be <IthUlld,Alleast onc ~ll1crgency team ha~ 10be eng"gcd

for lwo or thre~ Zonal ;Ire" 10provide an uilintcrrupted ~crvice lo llic cu,tOIllCl'S,

vi) I"hollgh Ihe Illc~haElical portion of lhe cxi~ling ga~ pre-paid mClers havc 110

pn)blel)l in m;eura~y and c~libmlion. eleclrical module is nOl calibrakd ,lecunoleiy

with I'csp~~l 10m~ehanie~1 countcr. Thcre fore, cieelriealmoduic ,s nec~"ary to be

~"libr,ileJ properly.
\'ii) I.i'luid crystal di,k (LCD) display is 01"lov'icr quality. It call'l wilh~talld high

lcmperalure (~b()\'c 60° Fl. Lletler qU<llityof LCD is required. 'Ihe b~lI~ry ,lnd lhe

Ie ~ul"dsshould be of highe" quality, The e~islillg bauery and lhe Ie cards urc of

iowcrqw,lily,
;v1cter, ~hould b~ in~talled al leasl 5" nw"y from llie burners and al lhe ,ame level,
or lower l~vcl "rthe burners, As" result, (he cfli;et ofhc;<l will bc diminish~d.
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i,,) lOki,,,,: llll)' lar~c ~<:"le implementation of pre paid metering. anothcr pl'OJcl'l may

be Ulllkrlakl'll wi Ih thc I,ndi Ilg,;of Ihis slwJy taken into eon~idemlioll lhat slrut ,fLCd

randolll sample of eu~IOIlleI'S 01' difkrellt consUlllption patlerns (Ind nw,ter

11 ":OI~l'ingfor PH" iJing bnse line JuIU.
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AI'I'F.NDIX-A

I'rolll;lbilil~''lIlaly,i,

Any om: or lL(ombinatioll of th~ following ((mllllonly ",cd toob arc "pj1li~J in the

"""I Y'1S"C ,I I"ojecl li'olll pmlltabi Iily point of ~iew:

a) Netl'r<:,cll! Vallie (NPV)

b) Benefit Cosl Ratio (HeR) or Profilability Index (PI)

C") Imcrnu I Rale of Rcllll'l1(JRI{j

tI) Di'l'('lI111cd1';ly-Ba~k PCl'iod

c) I'ny-IJad. 1'~l'ioti (I'Ll!')

I) A\'cr,lg~ Accounting Retum (AAR)

Th~ IIl'sl I'm" pl'oJltnbilil) loois i,c. NPV. RCR. IRR ;md Di»coun!cd I'ay-Back Period

takcs inlo ,,~~Olll\l the I'elativc timing or eosl and benefit 110ws througli the pwec" or

,ji,COlllltillg 10consider time valuc of money,

l)iSC(fonting

Calelll,ltillg thc pl'esent v"llIC or SOI1l~fllt\ll'e amollnt is called discouL1ting, 1( i" a proc~~,'

or It''lI"lalilig r\ltur~ into th~lf pl'~5ent worth by upplying " .,cl or dio~oulll 1~lcto" liml

"el1cc( th~ dimini,hing v"lu~ of the ""me nmount of money 01' resources :l~ one move'

I"mll1C"L'illio th~ 1i.I1Hr~"cOIlvcrsely. compounding is "process or lransbling prcsent \'alu~

into th~ir 1i.I1Hr~worlh by applying a set of compound lilc(or" The I~chniquc~ of

di,~ollntillg and compounding 'He the two basic w"ys ortak1l1g Ibc (ime value ~onccr( "I'

Illoncy into eOLlsiliCl"(ltion.Discounling recognize, th"t the sam~ Ulnount ormoncy will b~

Ic," wonhwl1Llc in (he fu(urc.

"I



Discounl ra(e

The r"le us~d to Glkliiale (be pre,en1 value of fuilire e3~h flows,

COll1pOUllllin~aJILIdiscounting pn,~cdurc:

CollliloHIlJ i Ilg:

rile 1"1Imlla I,,]" compollndll1g <lnyamount of Invc.,>llllcmis:

Where, I'll

1'"
,
"

( 6, 1)

(bc value of Po a( some fu(ure yeal, N

Ibe I'ailic of invc;tlllcnt at )'eur zero

interest rate

the c()lllpounding perlOd

])iscoulltin~:

'I be discounted pre~en( vale Illil)' he dcrived (hrough the f",mula:

1'0 = 1',/ (I +r)"

"','here.

,
"
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( 6.2)

Prescnt \'ailic

e~peclcd revcnUCa( somc futurc ycnr. N

discount ra(e, and

lhc diseoulltillg pcriod.



,
The Net I'rc~cllt Value (NrV)

Net rr~scnt "oh,e (NI'V) is the diffc,encc between 3n invc~tlllcnt's mmkct value and it,

(:0';1. Net pre-sent \':.!luG(NI'V) of nil investment project can be derived as the dil1crcnee

hel\\Cl'l1 Ihe present value of bcnclits (I'VB) and present \'illuc of C'l'lS (I'Ve) i c, NI'V~

rVIl, I've. In other word" NI'\' is the difference between the present vllhl(~of nil ~n~h

inllow<; and prc<;cn\ vahle of~lI cash outllows. The Nl'V nitcl'ioll i, an absolute ngur~In

(kcidc whether in J particular project Of a number of allcmallvc projects should he nl<lt!c

0' nul. All investment is ",mlh undertaking if it cremc' value for its ;lIve'!"', In the moM

r;l'IlCI',,1,eIlSC. we creme vallie hy identifying an investment worth morc in the tll~l'ketplacc

than it Co,ls uS to ;lequire.

Iledsion Rule:

An inveslmcnt shollid be il~ccrted iflhe net present v;lllLc(NPV) is posillvC and r~jcc1Cdif

il i" ncgaliv~. 1n th~ unlikely event that the nel present \'alue IUnl~d OUllo be ~x,,~tly zero,

'W would h~ indillcrenl bet,,~en tnkin[; lhe inveslm~nl and Hot laking it.

" b -c
NI'V '" L' ,

,_,,(l+r)
(6.3)

Whcre.
b -c

NPV"''' 0

(1+1')'
.,..he,-'.,.+ b, -c,
(I+r)' (l+rj

b -e
+."" .....+ (i"+r)': (6.4)

h,

0,

benefits deriv~d fromlhe pmjed in year i.

Cosl (investment. operating and other [ls,oeiated expen,~,)

1ncum:d by lhe projed in year i,

'" discount mte

time period whieh runs from year zero to y~ar n.

The Bencfil-Co,t Rati" (IlCR) or Profit"hility Index (1'1)
The bencl"Lt-co~1ralio (BCR) or prol"Llnbilily index (1'1) is IIw prescn! value or all

Lllw-,(n\enl'~ rutLII'~eGsh innow, divided 1w lhe presenl value or its cost. Thc llendit-COSI



Riltio mCR) is derived hy dividing pre"~nt value of beneI'Ll(I'V13) by pre,~nl vallie ol"cosl

(I'VC) i.e, nCR = I'V13/l'VC. The benetit cost nltio indieaks benefit plT laka ofco't.

Morc generally, ira projed has n positive !':PV, lhen the present vnlne "fall iLlw,unen[",

fIlIL"~cnsh innow~ musl be bigger tlmn the present value or tlw investmcnt', ~o,IS, The

1",ndit-coSI mlio mCR) or protitnbitity index (1'1) is tim' bigger thnn I 10r n Ilositiv~ !':I'V

lnwslrnent anu less limn I ror n n~gative NrV inv~stl1lent.

Oed.io" Rule:

I! 1'1 or nCR is mor~ than {)n~, investl1l~nl in the proj~ct i~worthwhile.

!':et I'r~,~nl Value am] ben~fll cosl ratio my nol p"wid~ the s"me ranking or th~ projects.

In "n invcsllllent decision. therefore. selection of inveslm~nt eriteri" is irnporlnnt, As long

u, we nre c"n~crned with n single project or two or more proje~l, whose Co,l~ ar~ Ihe

,,,me lhe NpV criterion i~mtequate, Flul in a situalion with di1Tering costs, nCR provides a

rdmive llleasure of worthwhile ness to the project.

flormul,,:

,
L

nCR '" ,~"

Where,

h" •

C"
C

" •

rVB

PVC

rVB

I've

benctits in derived,

Cost in period i,

diseounl rate

Discoullllng period,

l're,~nl Vahle Iknefil.

Present v;llue Co~(

(6.5)



The Intema! R:lle of Return (IRR)

The Inlernal Rale or Return (!RR) i~ lhm discollnt rail' at which Net l're~ent Value is zero

ilnd henefit co~1 ralio is one LC. it is the diseounl rate thai equales lhe rre~ent vnllle, "r

rroicct'~ hencfits ~nd c{)~IS. IRR docs not depend upon extcrn"lIy glwn social mte of

,!lscount, Convep;ely. Whill it rcpresenls i, essentially the averag~ euming powel" or money

used ill project o\'er Ihe projeel Iile.

[)cei.iull nulc:

[n\'~slmen\ decision is taken by comparing the intemul rale ofrcturn 01"n ~peeilic project.

wilh a cul-ofl'rute. which gives the minimum acceptable ratc nt \\,hich the capilal invcstcd

.hotLld be compounded,

The cui-off mle " equal to the actual rale of inlcre'l on 1001Henn loans ill Ihe eapilal

markd or (0 the intercst rate paid by the bllrrower, If one has 10 chllo,e among alternative

project" the one with the highcst internal ratc of rdurn will he <;elected, provided Ihi,

ill1ernal rate ol"rcturn is higher than the cut-offrale.

Inlernal ratc of return i,e, lRR should he greater thall or equal tolhc relevant discount nlte.

The relevanl diSCOllnt ratc for a private investor \\'ould bc Ih" wC1g.hted averag~ of the

m,LrkCl rate 01' illlcnO'1 and the yield of allernative invcsunent orportunilLCS, l'or

gO\'GrIlmcnl il would he social discounl r"le.

I'rnecdure for eslimatill~ IRR:

The sleps involved in the calclilation "I'IRR Ilre:

,,) Di'COUll!the ~Iream 01'anllllol nel bcne IilS (b,-c;j lL~ingd in,:n;1l1

Values ror the discounl rale 'r' and c"lcuiatc I"r a posili\'e

NI'V ,lllt! a negativc NPV.

b) Inlerpolatc lIsing lhc po~itivc NPV and ncgntiw NI'V a" Lipper alld low~1'

limit<;and solve lor discount ratc '1" al which NI'V ~ O.



Formula:

(6.6)Nl'V ,.
~I'V - Nl'V" ,r,o - r.

The equation for interpolation is:

",here .
•

r"-r

higlier di~eount mte,

1'"

•, "
Nl'V" 0

~I'Vh "

lower discount lak

IRR 10be calculated

Nct presenl value at lower di<;counll'ale

Nct presenl valuc at higher discounl rate

JRR C;111aJso be calculatcd by \Ising thc formul,,:

JRR~ 1', + (rh-r,,).,NI'V,I(NPV,-NI'Vh)

IRR cnn ill~o bc fO\lnd fl'Olllthe graph of l':PV v, disCOllnl ratc. The poinl at which the

clll've illter,ects lhe X-axis shows IRR. The discount rule at that p(llnt (where NI'V is zero)

is the !RR.

I'"y Hack I'•.riod

rhe pa}back period is to determine the nllmbel ol'years during which thl' cost orr~~olll'ee~

in\'~sled. can he recovered. 11.the time factor is an important eon~idel'atioll, then the

project which yield, income in 1he shorlest possiblc time would be preferred The p"'.i~et

managers or inveslors for ,peeilie project type usually ,el a standarci i.e. ~lLtofr payback

period. The project manager, or inve,tors compare computed payback with the ~lIl of pay

back period sci up. II' lhe pnyhack period is shorter than the ellt-oil pay b"e~ period then

tile project is aeeeptuble. Comparison ,iloilid aJso be made with the p"yllnek periods

c(>mputed lor a llernalive projects for mnk ing of purpose,

R6



An'lly.,j, of cost_Erfcctivcncss

C,'st_c1T"diveness analysis is an alternative way 01' appraising projects, Il i, n method to

d"krmine whethel' or which progmm nccompli<;hes II glven obi~clLVCm a minimuill CllSt.

Th" analysi.' differs from cosl-henc1it analysis in that input COSl~nrc calculated. The

ohjcelive therefore. is determining (he fulfillment of specific impae(s with cC'1ain input

Formula:

Cost_EITeelivene,s = EffI"iency x Frlectivene"

Output Outcome
o ~ ~

lntput Output
Outcome
Intput



APPF:NIlIX-B

Calculation of Nct Ca ,II how

I'or ycar 0
Ca,t ouillow (invc.,tlllcni co.,t)
Ca-;h in flow
Net e",h Ilow

=$ (1IIS601.4~)
= SO
=$(111lH:;01.4~)

Total cnsh OLlI110\\'= opcrating cos! = (S 94372,03)
Total C",h innow = Revcnue form £3, sale, + Reven\lc form mCler renl

=$14n5SIn+$12n09,18
=$275667.21

NCIca,h flow I'rom yellr 1 - $ 275667.21.94372 03
= S 181205.18

For ,~cilr2
(;"h out 110w= ($ 94372.03 x 1.02) (2% mmunl inel'ei1~eof lhe operaling cost)

= ($ %259.4706)

C",11 in Ilow form gns ,ales
ni"the l\a~ price)

Cash inflow from meter rem
Towl ci"h inllow

Net ca,h 11.",
from ycar 2

I'm ycar ~
'l'Ol,,1~n.,h ,,"t !low
'In!;,1 cash int10w

N~t ca~h!low lonn year 3

S 147858,(J~"{ 1,05 (5% nlmu"l increase

$ 155250.9315
$127809.18
$1552509~15-1 S 1l71W9,18
$283060,1115
$ 283060, 1115-96259 4706
$ 1861(00,64

($ 96259.4 706 ~ I,m)
($ ')8184.66001)
$155250.9315~ 1,05+$127809.1~
290~22.65~1
$ 290822.6581-981 S4 (i62007
$ 19263S,00

Calculating ill Ihi~ WilY,the net ea,h i10ws lor the slIb,eqllcnt year arC ns i,>llows which
nre shown in lhe table nfthis ehnpter
Ncl cash Ilow ror year 4 = ~ 1<)8824,98

N~t ca,h l10w for year 5 = S 205380.22



Net ea<;hno,,' for year 6 '" ~ 212323.31

Net cash flow for yea)r 7 '" S 21'l674,R5

Net en,h !low for yem 8 '" S 227456.48

Net ea,il Ilmv Jilr ycm 4 '" S 235690.%

Net c<I,h Ilow for year 10 = $ 244402.20

Nd ~~<;l1l1owiilr yenr 11 '" $ 253(,15.35

Nd ea,h Ilow for yenr 12 = $ 263356.10

Nd ~ash !low li)r year 13 = $273654.41

Nd ~ash !low for y~ar ]4 = $284537.27

N~I c~sh flow for ycar ]5 '" $296036.08

N"I ensb flow for year ]6 = $30R] R3.0R

N~t ea~h !low li)r ycar 17 = $321 012.14

Ket L~sh flow li,r ''Car 18 = $33455R.87

Net e<l~hflow for year 19 '" $348860.66

l\'et e;l,h !low for year 20 = $347286.06



APPENDIX-e

Mtt",.Rmt Coned\oo (Amorilzatloo oI'Cost ofMrtrn)
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