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ABSTRACT

‘litas Gas Transmission & Distribution Co. Lid., a company of Petrobangla which is the
largest distribution and marketing company ol Bangladesh {72% markel share) distributcs
and markets natural gas in Dhaka City and 21 regional offices outside Dhaka City. 7 (seven)
Gales nnd Revenue zone oflices exist in Dhaka City and there are 21 {twenty one) regional
Sales oilices outside Dhaka City. cach having more or less 50,000 Domestic Gas Custoniers.
Cutrently there are nearly 8,000,000 domestic consumers in the above arcas of Dhaka City
and the total number of domestic consumers in the Titas Franchise area is 10, 97,478 {up to
December. 2006). These consumers are paying bills on monthly flat rate tarifl under Self

Billing Process™

TGTDCL introduced some Pre-paid Gas meters in Banani area of Dhaka City as a pilot
project. Under this project 1000 Pre-paid Gas melers have been procured, installed and
commissioned in the customer premises. One of Lhe objectives of this projeet work is 1o
undertake financial analysis of using Pre-paid Gas meters. Finuncial parameters such as net
present value (NPV), benelit cost ralio (BCRY), internal rate of retusn {IRR), Pay back period
and discounted pay back period and average accounting return (AAR) have been calculated
on the basis of 20 year project life. The analysis 1s firstly done lor 10,000 domestic
customers, Then it is scaled up to all all the domestic customoers in Titas I'ranchise area. The
results of fnancial analysis infor financial feasibility of the project. Scnsibility analysis is
also made by varving the parameters such as Gas price, invesiment cost, gas consumptions
through the proposed meters which are the guiding faciors of financial indicators {(NPV.IRIX,
BCR. Pay back peried, discounted puy back period and AAR). Scisitivity is made
considering the worst condition, the hest condition and intermediate condition, lcss
voriation in [inancial paramcters lor diffcrent conditions indicate that the praject is less
sensitive (less risky). The amount of waste pas for domestic consumers lias alse becn

calculited for not using the gas metering system. The amount of waste gas for all the

domestic customers in Titas Franchise area are calculated as Tk, 30.73 crore apnually.

Xii



CHAPTER ~ I: INTRODUCTION

Natural Gus is the mosi imporiant natural resource of Bangladesh. It has cxtended its

diversified uses in Power plants, Ferilizer factorics as a feedstock, different Commercial,

Industrial. Domestic and many other uses. The averape daily production of gas fiekds in

fiscal vear 2005-2006 is 1500 MMSCF and ycarly production is 540 BCF {Petrobangla

2005-2006). There arc four separate distribution companies that are engaped in supplying

Natural Gas to dillerent types of customers in different reglons. These companics are Titas

Gas Urunsmission and Distribution Company Limited {FGTDCL), Bakhrabad Gas

Systems Limited (BGSL), Jalalabad Gas T'ransmission and Distribution Company Limited

(JGTDCL) and Pashchimanchal Gas Company Limited (PGCL). They construct and

handle distribution lincs and conduct marketing activities. Table- 1.1 shows salicnl

features of these distribution eempanics.

Table- 1.1: Natural Gas Distribution companics in Bangladesh

| Name of Year of Controlling Total pipe | Total noof | Annual Gas
the cstablishment arcas length inthe | custenners | safes (2004)
compny network (up | {Up to Do, bl
to 2004) 2000)
km
TGTDCL | 1964 [haka Division | 8,476 11,81,218 275.8
including
Brahmanbaria
BGSL 1980 Chiltageon| 5,115 369,139 86
Livision
excluding
Irahmanbaria
JGI'DSL [980 Greater  Sylhet | 2295 1,061,873 21.3
District
PGUL 1999 Worthwest 214 24416 17.53
region.

(Source: Amnual report. 2004-200541

nemthly report, January 2007 of Petrobangla}




Titas Gas T & D Co. Lid (TGTDCL) is the oldest and largest gas marketing company
supplying 72% of the total gas consumed in the country. TGTDCI. has a franchise arca
eatending over the arci cast uf’li.n.* Tamuna- Padma river system, excluding the Sylhct and
Chittagong divisions, but including Brahmanbaria. TGTDCL is incorporated on 20"
November] 968, The company is working under the supervision of the corporate body
numed Petrebangla and the Administrative Ministry- Ministry of Power, Lrergy &
Minctal Resources. Sources of pas supply of TGTDCL are Titas, Habiganj, Rashidpur,
Bianibasar. Kailashtila, Jalalabad & Narshingdi Gas ficlds. By the end ol June 2006, the
company had under i{s operation a network af 9.816.29 km pipeline, which included about
735 hm transmission. 383 km disbibution and rest fecder mains and service lines. By the
end of June 2006, the company had a customer basc of 11,10,175.Ameng the bulk
custumers of TGTDCL, there are 24 power (including private) and 4 feriilizer plants.
PDuring the 2005-2006 financial year. TGTDCL seld 358.957 bel pas to its customers. of
which power and fertilizer plants consunted 157.32 bef and 48,703 bef respectively. The
Jarge domestic customer base of TGTNCL accounted for about 38.162 bef gas. TGTDCL
is laying new pipe lines every ycar to mect the increasing demand [or gas. The company
las been making remarkable contribution towards the cconomic progress of (e country.
During the 2005-2006, TGTDCL carmed sales revenue of Tk.3408 crore and a net profit of
T4 206.40 crore, whicl is 38.04% higher than the provious ycar. The company provided
6% 443 new connections, which 15 9.79% higher than the previous year. The system loss
during the period was 6.47%, which was 0.59% less than the provicus year indicaling a
saving of Ik.17.0 crore. TGTDCL has produccd g-goveinunce sysiem for providing
iproved and (ransparent services Lo industrial customers, enabling the prospective

customers o know the latest position of their appl ications on wehsite.

The discovery of large reserve of natural gas has stimulated demand for this clean, cost-
cllcelive cnergy source, resulting in rising investment and rapid cxpansion of transniission
and distribulion networks. Gas metering  quality has bocome 2 oritical issuc lor

transportation and distribution companics over the last decade, The main reasons for this

ssue are hipher cnergy costs, the adaptation of the indusiry o deregulated markels

throughout the world, the need for fair dealing between buyer and seller and the increasing

‘rvolvement of official measuring authorities. As it plays a dirget role in determining ihe

revenues of pas companies, melering §s a vital [unction requiring optimal accuracy and

dependalrility.



1.1 Present scenario of gas melering system in Baogladesh.

In Bangladesh, four markeling companics are sclling natural gas to the customers ol
dillerent nature such as- Power, leriliver, tea garden, scasonal {lor cxample-brick field),
CNG. industry. commercial and domestic. Except domestic, for all other cuslomers,
melers are used for fiscal measurement of natural gas. Post-paid analogue meten are used
for measuring the quantity of pas supplied. The related customer is billed mubliiplying the
pas quantity al standard condition with the gas tarill applicable for thal particular
customer. TGTDCI. supply gas 1o all types of customers mentioned above excepl (e]
garden. All types of customers except domestic arc billed knowing the pas quaniitics from

meiers. Ta very few ealents, such as flats, meters have becn installed in case of dumeslic

CUHLITIErS.

Though the quantity of gas used by a single domestic customer using a double burncr 18
low {tested load of 2 lelvhr as estimated by the load survey committee of TGTDCL), due
to the large number (10.97.478 wp to June, 2006 in 1 itas franchise area) ol domoestic
custamers . the totat amount of gas consumed by thesc customers is high comprising 11%
of the tota] ameunt of gas consumed. Day by day the number of domestic customers is
increasing at a faster rate. The main problems of un-metered domestic customers are
waslape of gas and collection of dues. If pas can be seld in credit through a reliable

system, (he wastage of gas can be jeduced and there will be no dues 1o the customers.

Wilh a view to the above matter, Titas Gas T&D Co. Lid has taken a pilot project at
Bagani area in Dhaka eity. Under this project. it has installed 1000 meters in 1000 kitchens

at iliis residential arca. The [eatures of the pilotare described below,

Timeline . July,2005 10 September,03
Number ol Units : 1000

Location : Banani, Dhaka.

Financier s TGTDCL

Supplicr . Hangzhou Beta-Aziz & Co IV,

Moler Specifications:

Type: Diaphram metcr
Model: G-1.6 A
Qmax=2.5m3/ hr
Qmin= 16 dm3/ hr



Pmax= 100K
[t is necessary 1o focus on various METils and difficultics. customer’s satisfaclion,

dissatisfaction. change in revenue ele experienced in the project. Morcover, it 18 neccssary

1 conduct financial analysis.
1.2 Objectives of the project

{iyTo study the justification of pre-paid gas meiering system.
(i) To estimate the smaunt of wisted gas (if any) by domestic cuslomers.

(i1 Fhe viabilily of pre-paid gas melering system for domestic customers,

1.3 Methodology

1y Detai] study of the pre-paid pas metering pilot praject
_ Manner of implementation, related literature.
- Costs involved and revenues camed

- Customer ized back
- I-stimation of wasled pas by {lat-rale cuslomers.

11} Financial analysis.



CIIAPTER-2: DRIEK OVERVIEW OF GAS MARKETING

Natural pas has diversified use. At one eatreme, it is used in a large quantity for a power

plunt, whereas a single domestic custonier at other extreme uscs it ina very smatl quantity.

In this chapter, the various types of customers according (o pressure, flow rate and type of

gas uses wilk be clarificd. This chapter will also contain gas sales, gas purchasc. revenue

and other slatistics,

2.1 Classification of gas users
Depending on the nature and objective of the gas use, custamers are classified as follows.

AY Non- Bulk Customer

Iy Domeslic cuslomer

{1 Domestic metered

(i} Domnestic un-metered

2} Commercial customer
3y hndustrial customer
4} Seasonal customer
53 Tea-stale CLSTMMET

1} CNG
B} Dulk customer

7) Power producing
&) Fertifizer producing customer

9y Captive power producing custormer.

Dcfinition and characteristics of various Lypes of customers are as [ollows:

1. Dotttesbic customer

This type of customers include- House/Building uses as a resident, Flat/Colonics ol

various Government/Semi Covernment/Autonomous organizalion and Hostel,

|aboratories, Canteen, Hospital, Mess, Child home, Hermitage, T armb, Charitable

arganizations. Dowmesyc customers can be divided into iwo classes



(i) domestic metered

(i) Domestic un-metered.

Domestic metered customers: In Titas Gas franchise area, most of the domestic customer
are un-metered.  Very [ow domestic cuslomers are metered. Inomany {lats, mcters have
peen instafled (hrough which gas is delivered and billed on the basis of consumptions
through (he melers.

Damestic un-melered customers: Cxcepl some metered cuslomers, all other demestic
cusiomers are supplied pas without meters. Gias bills are made on the flat rate basis as
there are 1o meters for measurenent of gas consumption.

3. Commercial Costomer

This type of customers includes the frllowing.

I. Hoiels and Residential Hotels

Shops. Factories which arc producing sweetmeat
Restaurants'Chinese Restauranls, Cantcens and Teca-stalls
Chira . Mori producing laclory

Private clinies, Laboratorics,Hospitals

Community Centers

Snacks., Kabubghors

Bukerics. Confectioneries, Chocolates. Chanachure, Shemaie, Biseuit producing

e Moo v oE W

fuctorics {(Hand operaled)

g. ':iImpf!’utlcr}'fﬂeralnicfl’aianMudicinu producing factorics {Hand operated)

10). Distifled water/Dicing and Printing/Laundry/ Tannery/Shari producing factory {Hand
aperaled)

11 leeflce cream producing factory {withoul maching).

3, Industrial Customer

I. Smafl and Cottage industrics situated in Bangladesh Simali and Cottage Induslrics
Corpuration (BSCIC) industrial estate.

2 Machine operated factory installed personally or with the help of various moncy-

lending organizations like Shilpa Poridaptar, Bank of Small Industrics & Collage

{BASIC) cle.



3. Laree seale industry/Tactoryforganization and hotet, which arc using boiler, gencrator

cle

4. Faclories. which arc producing brick, tiles, ceramic, refractory, centenary and

clectrical, and others goods by machine.

5. Machine operated ice/ice-cream producing lactorics,

4. Seasona] Castomer

1. Scasonal manual brick producing factories.
2. Secasonal wbacco leaf drying lactory.

3. Scasomal sugar cane and fruil processing industries.

& Tea-State Customer: Tea-slale customers are those who usc pas for tealeai drying
provessing and related works (except generalor for power gencration).

6. CNG {Compressed Natural Gas)

CNG customers ae (hose which compress natural gas (o higher pressuiel from 30 pyig o
JOpsie)

4. power Produocing Customer: Power station owned by Bangladesh  Power
Development Board. in large scales any oiher Government and non-Ciovernment
Electricity Generating Plants using Nawral Gas. Power producing customers are Govt.,
Independent Power Producer ([PP), Small Independent Power Producer (SIII"P} and
Caplive Independent Power Producer (CIPI™).

8. TFertilizer Producing Customer; Government and non-CGovernment  Fertilizer
producing fictorics that arc using Natural Gas as feedstock.

9, Captive Power Customer:

Cuslomers who are producing power for their own use with gas Gencratar using Natura!

Gus as fuel,



‘Tari(F rates for different Customer bases with different are shown in the table-2.1.

Table-2.1: Dilferent Customer Bisscs

I'vpes of customer Tariit rate
( Th/ m3}
A. Non Bulk |1, Domestic a. Domestic 4.59
Cusiomer metered
{b. Domestic Double Burnet:
un-meicred Tk 400/month
{flat ratz) Single Burner:
Ik 330/month
2. Commercial .23
3. Industrial 523
4. Scasonal 5.23
5. Tea-state 5.23
5. CHG 247
13. Bulk 7 Power producing Govt, 2.61
CUSLOIMET customer LFP? 4,41
CIPP 3.73
SIPP 31.73
%, Fertilizer produsing 2.24
I‘}. Caplive power producing 3.73

(Source: Bangladesh Gazette- order published on January, 11, 2005)

3.2 Natural Gas Customer Base

Four marketing companies that are supplying notural gas io differenl customers in

different 1egions of Dangladesh are TGTDCL. BGSL, IGTDCL, and PGCL. TGTDCL is

the larpest gas marketing company in Dangladesh. The second larpest gas marketing

company in Bangladesh iy BGSL, JG1DCL and PGCL are third and fourth respectively.

These companics supply gas to their respective franchise arcas. Different types of

customers handled by four marketing companics (up o December, 2006) aie shown in the

talle-2.2



Table- 2.2: Gas custonier status of four marketing compenics

(Up to December 2006)

Category of Titas Gas | Bakhrabad | Jalalabad West gus Total

Customers arca arca area ared

Power (including 24 5 3 3 35

1P, CIPP, SIPP)

Iertilizer 4 3 1 - 8

Caplive power 453 102 28 0 589

Industry 3,735 a57 42 42 4,776
| Commercial 8.047 1,851 876 139 13,833

Tca garden - I 89 - 90

Brick field 12 - - - 12

CN(; 99 26 5 5 135

Domestic 181,208 3,609,139 1,00,878 24,416 16,753,081

Total 11,94,492 3.74,084 1.0:1,922 24,631 16,95,129

{Source: Petrobangla, 2007}

The numbers of customers handled by TGTDCL in dillerent category are shown in the

Table-2.3

Table-2.3: Gas Customer Statos of TGTDCL

Category of customers Total No of cuslomers as on 3 1Dec. 2000
Power 10

114, STPP 06

CIPP 08
Fertilizer 04
Industrial 3,735
CNG 9%
Commnercial 8,947
Seasonal 12
Domestic 11,891,218
Caplive 453

Total 11,94,492

{Source: Monthly report, Tanuary 2007 of TGTDCL)




Table 2.3 shows that TGTDCL handles a large aumber of domestic customer base of
11.81.218(up to Dee, 2006). TGTDCL supplies gas lo 4 Govl and 14 non-govt power
plants which supply electricity to national grid. In TGTDCL francluse arca, pas is supplied
10 4 fertilizer factories. The number of captive power customers ({hose which produce
clectricity lor (heir own use). which reeeive gas [rom Titas Gas. is 433, There are 3,735

indusirial, 8.947 cominercial and %% CNG customers in Titas Gas franchise arca,

2.3 Gas sales and purchase by Titas Gas
Gas sales are increasing every year. The actual figures of gas sales and gas purchase lor
the financial year 2005-2006 were 10164.52MMCM & 10875.80 MMCM rospectively.

Gius sales in difTerent calegory are shown in the table-2.4

T'able-2.4: Gas sales and purchase by TGTDCL (2005-2006)

Category of cuslomers Actual sales Actual purchase
{MMCM) (MMM}

Power 4.754. 1) 5.000.3%

Fertilizer 1.379.19 1,475.61

[ndustrial 1,500.67 161425

CNG 154,50 1G5.05 ]
"Commercial 03,96 10,5

Seasenal - -

Domeslic 1.122.07 1,155.72

Capiive 1,150.43 1,229.92 B
Total | 10,164.52 14,875.80

(Source: Annual report 2003-200¢ of TGTDCL)

It is mentionable that the growth rate of gas sales was | 1 47% with respect to previous FY
2004-2005,

I'he pas sales in different category arc also shown in the following figure-2.1
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Figure -2.1: Category wise gns consumption (2005-2006)

Excepl in fertilizer soctor, gns sales of TGTDCL increzsed during the FY 2005-2006 in
comparison with FY 2004 —2003. The comparisen of ges sales in these two financial years

is thown in the figure -2.2.

i 20040

» X5 X0

Jus Conyurnprion (ML)

IR R

Figure 2.2; Cuslomer ¢ategory wiso ges conTumption (2004-2005& 2005-2006)

Market Share of Gay Marketing Companbes

Relative markel shares of four companies on the hasis of gas sales (MMCM) for the FY

2003-2006 are shown in the figure -2.3
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Figure -2.3;  Gas sales of (our marketing comparies for the FY 2005-2006
24 Stntisthes of Arrenr Revenoe in THas Gas frnnchive areas

In spile of the increased efTon of the company to collect amear gas bills during Lhe year,
due to ursstisfectory realizntion of armears from the disconnected, litigam and Govi/semi-
Govi austomers amear revemue stood ot 1328.78 crore which is equivalent 1o 4.42 months”
g9 bill, Arrear g bills are shown in the able-2 5

Table-2.5:  Sintistics of Arresr /Drues (2003-2006)

Category of customers Arrear (Crore Taka)
PDR 25821
Priviite power 127.56
Fertilizer 83.14
Industrial 503.64
CNG 926
Commereinl 33.10
Sexsonal 4,72
Domestic 342.51
Ceptive 154.34
Towl 1,561.48
Bad debrt 23270
Met mrenr 1,328.78

Source: Anmual report 2005-2006 of TGTDCL
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CHAPTER -3: OVERVIEW OF GAS METERING FPRACTICE IN TITAS GAS
T& D CO.LTD.

When metering is used for billing purpeses, the cssential value sought is the coergy

consumed. To eblnin this value, the volume at raference condilions musy be known. This

informalion is then processed manually using ihe averape volumelric calorific value to

oblain the corresponding energy.

A metenng chain includes one ot mare primary sensor corresponding (0 auxiliary
functions of processing and comection. History and expedence have confimmed the
superiorily of direct volume measuring systems (meters). These melers measurc the
volume of a given gas, which is then computed and shown on an mdex (Tolaltser)
(wwaw.acianis com), in this chaptet, classification of gas meters, their working principle,
advantages and disadvantages and selecting criteria will be discussed.

3.1 Classificalion ol Gas Meters

Based on wtde use, two broed classes of meters are used to measure pas volumes
produced, transported, bought and sold: 1) positive displacement 2) inferential. Positive
displacement meters include the diaphragm and rolary. Inferemial meters include the

ofifice and turbine. Other meters such as the mass Mow, quanto, ultrasonic meters are not

widely used.

3,2  Bricf description of different meters

3.2.1 Positive Dispiacement Metery

Positive displacement meters measure the gas quantity passing through them by alternately
fitling end emptying one or more chambsers in sequence. Each chomber’s volume is known
and the operating cyctes are counted to get the pas volume passed. This class of metar
measures total Mowing volumss by repeatedly hlhng and discharging lixed volumes.
Many dilferent designs are available; however (hey are divided mto three broad classes. In
the first class 1s the meter in which one wall is of a flexible matenal that moves 1o displace
the volume with no lezkage into another chamber. An example of this type 18 the
diapirogm moter.  In the second cless are meters in which a mechanical seal is used

between movable and siationary walls. The rolary meter is an example of this ciass. The
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third ctass employs a capiilary element, an example being the capillary seal meter used for
liguid measurement.

a) Diaphragm Displacement Meters

The mosi comnwon example of this meter is 1w domestic gas mater. These meters are
produced with a G - rating range from G~ 1.6 to G- 10 with operating pressure (.4 bar
and this is the most widely used positive displscement meter for gas applications. The
operation of this meter is simple and proven, having been tn service for over 100 years. In
this 1ype of meter (here are two chembers altemnately fill and empty, with slide valves at
the top of (he meters controlling the fow to the chambers. The gas volume is oblained
through a mechanical linkage mechanism, which connects the diaphragm motion to (he
mechanical readout system, where the number of displacemems is counted. Mechanical
reliability is very high. In TGTDCL sysiem this type of meler is being aver 30 years. Due
to their production in large quantities, they ere inexpensive to purchase. The positive
displacernent meter can also be used for commercial and smalt industrial applications;
however they are used for low to medium flow wates and are limited to low pressure. The
diaphragm meler is shown in Figure-3.1

i Guliw, 1000

Rosidcustro! Diapt e - A Pa-tor

P Lumiyg WHRE & Himinhh chued| sermodl

I Stk MMPG Sl g P e

Figu:é—?:.l: Posilive Displacement Diaphrapm Meter
{Source: Gas book of actaris / www actaris. Com)
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Advaniages of positive displacement meters are as follows:

1) Cheap

2) Well tried and proven

3) High reliahility

4 Very good range ability

Pisadvantages of positive displacement meters are as follows:
1) Malfunction will stop flow

2) Low-pressure eperation

3) Bulky for large volume (lows

4) Pulsations introduced into the fow

5) Very easy for gas pilferage by making a leek ot hole inlo the diaphragm.

DiMlerent Residential Melers:

Dilferent types of diaphragm meters are used 10 measute volume of natural gas for

domestic cuslomers. Seme of these are descnibed below.

1) Gallus 1000 Residential Diaphragm Gas Mcters:
Basic Fealures,

Compact size

0.7 dm’ cyclic velume

Glo

Disipn:

Acsthelic and robust design

Long-term accuracy and safety

Ready lor remote reading and daza management

Gallus 1000 is a very compact Tesidential gos meter designed to measure accurately
volumes of natural gas, LPG and all non-cormosive gascs.

During the prelirunary test controls on the test benches, the meters are icsied & Qi

-ZQmu, and Qmu.
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Opemting Principle:

Gallus 1000 is a positive displacement diaphragm meter with a built-in twin-chamber
measuring unit Each chamber is equipped wath a flexible, gas tight diaphragm, which is
displaced by Ibe difTerential betwesn inlet and outlet pressure. The gas enters one sido of
lhe diaphrapm pan winle on the other side 1t comes out thtough a separate porl on Lhe
valve When one side is full, the rotating mono- vaive moves on to Lhe next pasition,
allowing gas o (il the emply side.

A transmission gear and a mechanical stalTing box sreanaler Ihe reciprocating motion to the
mechanical relrofit table index

The measuring unil is housed in & pas- Lght, glurminium cosing.

Technical Characteristics:

Technical Characterstics are shown in [he table-3.1

Table-3.1:  Technical Characteristics of gallus 1000 Diaphragm meter

Gas Type NG/ LPG/ All non cormosive gnses
Cyclic Volume Fdm
Operaling temperature - 20°%c to + 50°c
Storage temperature - 4% 1o + 607
Maximum operating presswe 1.5 bar
Metering range Qra=001 6o/ hr
Quu=3 M hr
Pulse generalor S$tandard 0.01 '/ pulse,

Optional 0.1 m* pulse or | m*/ pulse

Pulse transtitter Retrofiltable LF-system, 12 vdc max-
10mA max slandard 0.01 it/ pulse, 0.1 m’/

pulse or 1 m’/ pulse upon request.

Casing matenal ahmminium with aluuminivm or steel

shells

(Source: Gas ook of actans / wwiy, pctans. Com)
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2) Gallus 2000 Residential Diaphragm Gas Meters:

Compacl size
1.2 ¢m? cyclic volume
Range G 1.6, G2.5, G4

Long-term accuracy and safety

Ready for rerote reading and dsta management

Gallus 2000 is & very compact residential gas meler designed to measure accurately
valumes of natural gas, LPG and all non-cormosive gases.

During the preliminary tesi controls on the sanic nozzle test benches, the meters are tesied
at G, 2Qumure ENG Qugx

Gallus 2000 residential gas meter is shown in figure 3.2

L PE) ™
ragri iV bde. s s Fhda s 1R

pain NN

i

» il 2PEHR Shoal weruon

= Galus 200 A rm b Worson

* L DG | H verion

ol

Figure 3,21 Gallous 2000 residential gas meler
{Saurce: Gas book of aclars / www.actaris. Com)
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Technical Characteristies:

Technical Characterisiics are shown in the {able-3.2

Table-3.2:  Technical Characteristics of gallus 2000 Diaphragm meter

Gas Type NG / LPG / All non corrosive gases
Cyclic Volume 12dm’

Operating temperalute -20% to + 50°c

Storage temperature - 400 1o + 60°¢

Maxamum operalmg pressure .5 bar for sieel version

1.5 bar for Alurmnium vetsion

Metering range G 1.6 : Quin=0.016m/ hs
Q=3 M’/ hr

G 2.5 : Qumin=0.025m" hr
Q= 4 o/ hr

G 4 Quin="0.04m’/ hr
Qo= 0 m’/ hr

Pulse penerator Standard 0.01 m'/ pulse,
Optional 0.1 m’/ pulse
Pulse Iransmitter Retrofittable LF-system, 12 vdc max-

10mA max standard 0.01 m’/ pulse

(Source; Gas book of aclaris / www.aclaris, Com}

R¥1G6 - Residential Diaphragm Gas Meters:

Basic Fealures;

Compact size
2 dm’ cyclic volume
Range G 1.6, G2.5, (4, GG

Design:

Long-term accuracy and salety
Ready for remote reading and data management
Robust copstruction

Environment [tiendly
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RF1G6 is a very compaci residemtial gas meter designed 1o measure accurately volumes of

natural gas, LPG and al} non-comosive gases.
During the preliminary test conirols on (he sonic nozzle test benches, the meters are tested

RF1G6 residential gas meter is shown in figure 3.3

Figure 33: RF1G6 residential gas meter

Resfdentfa! Diap) .l

*F] G4 Srgle Pige

— -

W RFE 3 Dotk 750 akankin wabn I]

(Source: Gas hook of eclans / www actaris. Com)
Technical Characteristics

Technical Characleristics are shown in the table-3.3

19



Table-33: Techniral Characteristics of RF1 G4 Diaphragm meter

CGas Type

NG / LPG / All non cormostve gases

Cyclic Yolume

2 dmr’

Operaling temperature

T10% to + 50°¢ (option -207¢ to + 50°¢)

Storage temperaiure

-a0%c 1o + 70°%

Maximunt operating pressurc

5 bar for sleel version

1.5 bar for Alumitium version

Metenng range

G 1.6 . Quin=0.016m"/ hr
= 2.5m/ hr

G 2.5 : Quin= 0.025m0°/ hr

Quar= 4 no'f hr

G 4 : Quin=0.04m’/ hr

Quux=6 o/ hr

G6 Quua=006m’ hr

Quae= 10 m'/ bir

Pulsc penerator

Siandard 0.1 mf pulse,
Optional 0.01 m’/ pulse

Pulse transraiter

Retrofittable LF-systerm, 12 vdc max-
10mA max standard 0.1 mi’/ pulse

(Source; Gas baok of actaris / wirw actags. Com)

b) RHotary Meter:

The rotary meter contains iwe counter-rolating impellers, which tzap a known gas volume

on each rolation. Like the diaphragm meter, the passed gas volume is shown in a counter

which 1otals the ¢vcles operated. The rolary meter’s capacity ratitg is much grealer than

the disphragm’s. Rotary melers can be used in high-pressure applications with up to an

ANSI 600 rating available. The volume of gas is directly related 1o the number of

revolutions of one of the impeller shalts. Good range ability can pe obtained for the rolary

meter. These meters are compect and relinble, however since the operation depends on
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maintining proper clearance between the impellers and (he case, they can be susceplible
o stress qnd if & malfunction occurs, then the pas flow could be stopped. The rolary meter
is limited a1 high pressure. Therefore, this meter alihouph an excellemt performance is nal
regarded as appeopriate for large capacity, high pressure metering of Natural Gas.
Accuracy is within 1% for loads from 5 1o 100% (20:1) of the meter capacity; below 5%,
accuracy drops sharply.

A tolary meter i3 shown in figure-3.4

Figure-34: Rotary meter

{Source. Gas beok of actaris / aww actans, Com)

Advantages of Hotary Metery:

Good range ability

Compact design

Good accuracy

Insensifive to upstream flow canditions.
3.2.2) Inferential Mebery

Orifice and turbme mefers operste on the inferential measuremern principle. Here ihe
(low rate is found bry inferring from other measured vanables.
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i 3 Orifice Meters:

Orifice Melering is the most common torm of gas metering used throughout the world lor
the accounting of large volumes of natwal gas, It is atso used for the measurement ol
ligpueids.

Dased on the differential pressure method, the rate of flow is computed on the basis of
long established physical principles. The cemmoen equation used for detenmining the total
flow valume being based on the current American Gas Association (AGA) or International
Standard Organization (180} Standard.

The orilice plate meter is classitied as a differential pressure (dp) meter. There are a
number of types of Now meters, with different shapes and sizes, which (it into this
categary of mferring flow rate from the pressure drop across a restriction. An Orifice plate
low meler sysleim consists of three discrete components - the meter twbe, the orifice
assembly, and the diflerential pressure gauge. The meter tube and orifice assembly are
considered 1o be the primary clement and the differcntial pressure gauge, pressurc and

lemperature gauge ot reconder are being referred to as secondary element.

Meter Tube:
The meter whe is ab imporant compencnt and it contributes greatiy lo the overall

acenracy of the primary element. There is a downslream section and an upstream section.

The lube must be specially selected tor dimensional accuracy and for concentricity.

Ta determine the length of the meter lubes, four aspects must be considered:

_Manimum beia ratio, [ which is numerically orifice diameter divided by pipe diameter.
Position of the pressure 1apping

-Use of slraightening vanes

L psticam [Ltings,

1L can be seen that the instablation of siraighioning vanes considerably reduces the length
ol straight pipe required upsireain of the orifice plate. The function of the vanes is o

climinate the effect of swirl and crasscurrent caused by pipefining and valves preceding

the micter be.
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Orifice Assembly:

‘Miere are two main types of orifice assembly: Double chamber and single chamber, Both
types of assembly can be supplied with Manges cach side, or with a flange on the

downstream end and a weld preparation on the upstream intet side.

Single Chamber:
Sungle chamber orifice assemblies, sometimes referred to, as dead line types, require the

flow 1o be stopped and the pipeline depressurized before (he orifice plate can be removed.

Double Chamber:

Double or dual chamber orifice assembly allows the remaval of the orifice plale withoul
(he necessity to stop the flow or depressurize the pipelinc. These assemblies save the need
for costly bypass piping and valves, and enable ong person to remeve and replace an

arifice plate in a relatively short time.

Cheifice Plate:
The orifice plate, possibly the most imporiant component of the primary element is also

the least expensive, Casc must be taken in (he designing, machining, handling. siering and

installing the orilice plate,
Usually the orifice plate is inanufactured from the stainless steel plate, Case is wken

during machining to prevent the formation of stresses, which could cause bowing. The
platcs are lnished after machining, and inspected to confinm that the square edge on the

bore remains shaip and burr free, Orifice plate wealing units are molded in a variely of

synthctic rubber materials.

The orifice plate meter is ciassified as a differcntial pressure (dp) meler. There arc a
number of types of flow meters, with different shapes and sizes, which fil into this

catepory of inlerring flow rate from the pressure drop across & restriction. An orifice plate

flaw meler syslem consists of two basic elements, namely (he primary [low clement,

which 15 the orifice plate. and secondary elements which include the Jifferentisl pressire

transmitier. or dillerential pressure indicating device such as a manometer, and the

avsociated pine work and valves. The orifice plate meter relies on the principle: when 2

fuid is Mowing a closed mediuns (2 pipc) and encounters 4 restriction, a pressure drop i8
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developed. This pressure drop is related to the flow rate of the Muid, By measuring the
differential pressure across the orilice plate (upstream and downstream of the plate} and
the cendition at which the orifice is being used, then (his pressure difterential can be
(ranslaied into a volume flow rale according to a formula. 1f malfunclions oceur, the How
of gas will not be stopped. Orifice meters are not limited by high pressure or high flow. So
Ihey can, therefore. be considered tor high tlow, high pressurc gas metering. Naturally the
correet selection ol orifice plate type is important.

The range ability of a singic orifice meter is about 3:1. By adding further orifice meter
euns in parallel, this range ability increascs by the square. That is, a dual run meter station
would have a theoretical range ability of approximately 9:1. Range ability is the term used
with meters to eapress the flow range over which a meter operatcs whilst continuing Lo
meet a given accuracy toelerance. The range ability can also be expressed as ‘turndown’,
which is a ratio of the maximum flow divided by the minimum flow, apain over a given
aceuracy twelerance.

Wwhile there is nuch progress in flow metering, the orifice plate meter Is still in wide use
awing 10 its robusiness and simplicity. This is patticularly the casc in North America.
There is no doubt that a contributing factor to the continued popularity of the orifice plate
i« the ‘comforl factor” it gives, that is it 18 a iried, proven and reasonably diverse [low
tmeler.

Although the orifice plate docs net normally require calibration, the dilfercntial pressune
transmitter does require regular verification if the besl standards of accuracy arc 1o be
maintained.

The wrifice plate has been used for How measurement applications for about 100 years:
therclore, considerable data has been collected on ils performance and applications. A
number of variants have been developed where the profile of the plate and the location af
the differential taps can be significantly different. The orifice phale meter s designed for
unidirectional flow. Should reverse flow occur, of the plawe installed in reverse, &
substantial fow error in the order off 20% may be obscrved.

Impertant features of the plate are the reguiremends for, a sharp square upstream edje, thit

the plate itself having sufticient thickness to withstand the expected flow characierislics
(withstand buckling). and have a beveled downstream edge for applications where a thin

plate can be used, the downslream heve] requirement may not be pussible. There are

geoerally three types of pressurc taps uscd, being corner, Mange and pipe.
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In ann orifice meter the measured variables arc the dilferential pressure across an orifice
plaic, llowing gas lemperalure and static pressure. These variables are recorded on a
circular chart, then integrated to find flow rate. Orifice meters nusl be designed,
Fabricated and installed according to AGA Report # 3 (ANSIFAPI 2530), When designing
an orifice meter run, differential pressure shoukd range between 107 and 907 of watcr
column for a 100" chart and 207 and 180" of water colummn for a 2007 charl. This avoids

large measurciment arrors at low differentinl pressures and overhanging (he chari.

Although AGA Report # 3 does nol specily upper or lower dif? ferential pressure limits,
industry standard is 107 ta 200" of water column, If the differential pressure falis below
107 of water column, it does not stabilize and measurcment ¢rrors result.

Tolerable Pressure Drop: Pressure downstream of an orifice plate recovers

50% of the pressure drops across the plate within 4.5 pipe diameters dewnsiream of the
plate.

Madern orifice meter installations caleulate flow using flow computers rather than
charls. Orifice meters can be installed with multiple dilferentiai pressure transducers
{stached) for greatly improved range ability. I a diffcrential pressure transducer is nol

in & lemperaturc-controlled environment, a {emperature  compensated differential

pressurc transducer is used.

Iircars Tor oriice measurcment devices are:

* 0.5% of total ranpe lor a chari recarder. ‘This translates to a U.5% of waler
column error for a 100" ¢hart, or a 17 ol water column error for a 2007 chart.

. 0.25% of iotal range for an electronic transducer coupled Lo a Now compuler.

Biecause of RESE LITOrs, Measurenent error is greater at low ditf crential pressures. An

arifice meter's advanlage is inhercnt simplicity, no moving parns in the flow stream, a

damaged orifice plate does not impede flow and an orifice plate is cheaper and easicr

to replace than turbing meer internals. Scveral contigurations arc available, trom a

simple sct of orifice Hanges to a dual-chambered orifice fitting accommodating orilice

plate change-ouls under pressure without interrupting flow.
The orilice meter's range ability i« [imited. For a given orifice size, range ability is 3:1

for 4 chart recorder or 4.5:1 fora ditfcrential transducer and [fow computer. This limit
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makes il unsuitable in widely varying Mow conditions (such as winter versus summer
londs) without frequent orifice plate changes. Nevertheless, before the turbine meter,
the orifice meter was the high pressure, high volume industry standard. It is still the
only practical measurcment method in a dirly gas cnvironmeat such as a wellhead
applicalion, .

ii} Turbine Meters:

Turbine Lype gas melers have been manufactured since the carly nincteen hundreds, Since
the 1950s, they have been comsidered favorably for the measurement of large volume gas
fows. The designs have proved receivable, aceurate and rcpeatable.

Two basic assumptions relate to the operation of the lurbine meter:

SFhe angular velocity of the rotor is proportional 1o the volumetric [ow ratc passing
throwigzh the meter.

“The pulsed output frequency of the pick-up is proportional lo angular velocity of the
Toho,

The axial flow gas turbine meter comprises of (hree main components:

-['he body through which the gas passes.

-A rolor with bearings and supporting structure.

-A device to transfer (he internal revolutions of the rotor 1o an external counter.

Gas Mowing through the mcter impinges on turbine blades located centrally along the axis
of the unil. Turbine blades are free to rotate, and do so in a manner directty proportional o
the velocity of the gas passing the blades.

The area of the totor [ee as defined by the mean radius of the rotor can be detenmined.
Permanent magnets installed in the hub of the rotor, turn with the roter to produce a
magnetic field, which passcs through a coil. As each of the magnels pass the coil, a
separale and distinet vollage pulsc is created. The frequency of these pulses is proportional

1o the velocity of the rotor iv also proportional to the flow rate. Cach pulse is also

proportional 1o a small unit of volume. The pulses, the effective flow rate and total flow

are {ransmitlted by freguency and by counting the pulses. The output [requency has becn

conditioned inte a syuare wave through a preamplificr. This conditioning allows it to be

trangferrod 1o a remole 1ow computer. Each pulse represents only a small incremenial

volume of Now. Since the turbine meler MEasures volume at line conditions, the gas laws

can be applicd to change the repister volume to base conditions.
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The twbine meter has wide range ability (to 200:1 depending on meter size and linc
pressure). grealer accuracy potential and more versadlity in adding mechanical and
clectronic auniliary devices, Like an orifice meter, a turbinc meter does not impede
[low if there is damage or faiture. This is imporiant when maintaining gas service 10 a

downstream consumer is critical.

Applications:

The turbine meter is basically recommended for applications involving the measurcment
ol clean gases. However, it can have limited applications for dirty gases. Turbine meters
generally come in sizes ranging from nominal diameters of 50 mm to 608 mm, although
larger sizes can exisl, Operaling temperature ranges arc pencrally within the range of =10
P 1o 450 ° €. Some of Uie manufactures will provide meters wilh extended temperature

ranges. Operaling Pressure ranges irom 14.4 1o 80 bars,

A number of factors must be considered when sizing a turbine moter for a given
application, lurbine ineters are sensitive (o both gas viscosity and inlet Bow profile. With
the actupl magnitude of the resulting degradation being a complea function of body
geometry and blade shape. Generally the smaller meters are more viscosily sensitive, and
they also do not have the range ability of the larger meters, This is duc 1o bearing friction
being proportionally higher since the bearing diameler is large compared 10 pipe diameier.

It is usuafly good praciice to have an appropriale upstream Mow conditioner installed with

a turhing meter system.
Advantages:
The advantages of a rbine meter flow MEasurement syslem are;

Excellent range ability on gas at high pressure

Mallunction will not cause gas fow to stop

PMresents good accuracy over full lincar range of meter
IElectronic out put available directly at high resalutions
Mas good pressurc and temperature operating capabilitics
Flas lcgal metrolopy stalis for custody transfer applications

Cost ol meler 18 mediure, overall installation cost low to medium
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Small weight to capacity ralio

Can be calibrited for actual operating conditions

Disadvantages:

o Viscosity allects liquid meters- may require separate calibration curves for different
viscuslty.

U Schsitive to upsteeam flow profiles,

o Calibration can be capensive
3.3 Quulily Featurcs of Gas Meters

The main yuality features of was meter are load ranpe, calibration, operation crror liinits,
pressure loss. clteclive range and range ability.
Working Aow rate range of the gas meter:

The range of flow rates 18 limited by (he maximum {low rate, Que, and the minimum How

rate, Qan
3.3.1  Range ability (turndown ratio}

I'his is defined as the maximum flow divided by the minimum Now, The ratio indicates a

mieters capacity o measure volumcs accurately for high variable loads.
3.3.2  Working pressure

The ditfeence between the absolule pressure of the gas to be measured at the inlct of the

oas volume meler and the atmoespheric pressurc is the working pressurc.

1.3.3  Pressure loss {or pressure absorption}

The pressure loss is the dilfercnce between the pressures at the inet and the outlet of the

pag volume meter while the pas is flowing,
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consume a very large amount of gas. Positive displacement meters are used {or domestic
and commercial customers, which require small guantity of gas at low operating prossure.
Usually rotary meters arc used for industrial customers {up to 450m°/ hr). The following
meters are used by TGTDCL.

-Diaphragm Displaccment Meters

-Katary Displacement Meters

“lunbine Melers

“Oritice Meter

3.0 Selecting Meters:
Table 3.4 shows common meters used in measurement applications. It is not all inclusive

and applications are generic examples for illustrating rather than defining pressure and
load ranges indicated. It is not feasible to be more specific about the meter size o usc
since meter capacity varics greally with operating pressure. It is requircd 1o consull the
manufaciurers’ catalogues for actual meter capacitics.

The type of meter output needed by the desired fow corrector must be decided early
ahy project. Meter output can be mechanical andfor clectronic. Mechanically, one turn of
the meter's ouipit drive shafl represents a precisely known gas volume at line conditions.
Elcctronically, the output consists of a frequency proportiona] to gas velume al line
conditions.

An electronic output is required for low computers and the supervisory control and dala
acquisition (SCADA) sysicin, T'ypically, diaphragm, rotary and smallcr turbine melers are
have both mechanical and

only equipped with mechanical cutputs. Large turbine mulers

cleetronic autpuls.
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Table-3.4: Sclecting Meters

Application Metering, Flow Suggested Basic auxiliary
pressure (Kpat m* i Meter Tvpu Deviees
Comaestic .73 o LP diaphragm  § Nong
CLISLOMET
[Commercial /| 175 12 to 40 LP diaphragm | None
Industrial 34510 138 12 10 40 L1 digphragm | PEM ar EVC
cuslcme 1.75t0 413 40 to 450 Rotary EVC
1.75 w413 450 Turbine EVC
"1y master | 413 1o 2400 010700 HP diaphragm | EVC
meter 2400 and up 0 1o 700 Rolary EVC
HP sales/ | 690 and up 700 and up Turbine EVC
Purchase 690 and up 100 and up Oriflice EVC
station
“Well 690 and up Orifice EVC
production

3,7 Concluding Remarks of the Chapter

Most common types of [lew meters used universally en n

have been discussed hereto. The most common gas meters are th

displacemenl melers, a3 used for domestic gas meters and small commoercial and industrial

application. This 1ype of moter is robust, cheap and has good range ability and prolonged
life: however it has limitcd high-pressure capabi
capacities. [t is likely

for some Lice. The or

ifice plate meler is slowly yiclding 1o

recently introduced non-intrusive meters.

the arifies plate meter and turbine meler will maintain

the turbine meter and the maore

atural gas lransmission systems

¢ diaphragm or positive,

lity and is not available with high

thoir slpius
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Although a variety of alternative volume metering systems are available, only probably
ane is mounting a scrious challenge to these established pas fow meters. This meter is the
ultrasonic meler: however it should be acknowledge that the vortex meter has also gaincd
substantial popularity in some countries, but not universally. There is still considerable
ctlorl, pusticularly in North America and  Europe, being  devoled to the belier
understunding of the orilice plate turbine meter, including enhancement in traceability

chaing and calibration procedures.
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CHAPTER 4: OVERVIEW OF THE GAS PRE-PATD METERING 5YSTEM

TGTTICL has instatled OG0 gas pre-paid meters for domestic customers o a trial basis.
Three main components arc gas pre-paid meters, IC cards. and Gas selling management.
fcehnical specifications of gas pre-paid melers, 1C card (smart card} and (Gas selling
sanagement are deseribed inthis chapter. The specifications are provided by TGTICL as
deserrbed in the bid documents for supply, instatlation, testing and commissioning of 104
domestic pre paid meters (Ref: Bid document-Tilas/PDy23 1 2/pre paid meter/2004, dated —
04/11704).

4.1 Technical Specification for Pre-Paid Gas Meter

d.1.1 This pusitive displacement type of gas meler ig used for the measurcment of Swect
Natwal Gas having Molecular Weight-17.3, Specific Gravity-0.6 {air = 1.0), and waler
content not more than 71bs/MMSCF and condensale ot more than 2 Us pallons per

MMSCE. 1t would meet the following operating conditions and requircments-

(telerence Slandards:

The following international slandards would be maintained-

fa) OIMLR3l - 1995
by BGTES - 1997
© CITIIZ _ 2000

Operating Conditions:

a. Maximum Waorking Pressure - 300 mbarg (for G1.6 10 G 2.5)
I {Operating Pressure - 200 mbarge 1o 30 n:pﬂrg.

L Qperating Femperatare - 0"C o 50°C

d. Total pressurc f0ss - 2 mbarg (Mas. ).

@ Relative Humidity - 9% al 30°C

1. Permissible error - a. Qmin = Q < 4.1 Qmax =+31%

Omax < Q < 0.1 Qmax =43%
h. Repeatability: 0.1% or better

il Turn down Ralio - 100; |
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4.1.2  Moier Capacity Range -

4.1.3  Lnvironment Statos; -

4.1.4  Inirinsic Safety: -

4.1.5  Sceurity Sealing: -

4.1.6 Connections Size: -

4.1.7  Aulemate Conteol Funetion -

4.1.8  Card Reader “

4.1.9 Om-time calculation Function:-

4.1.10 Material Requirements

G-1.6 to G-2.5 (Badged) refers 10
2.5 M¥hr 1o 4.0 Mhr.

Safe Guard to be provided with
the meler [P-67

EEx in [1A T3 or any other

relevant International code.

Index and other parts where

necessary shall properly be sealed

with fead or other suitable material embossed
with manufacturcrs trade mark to prevenl any

unauthorized  lampering.

Tnlet and outlet connection size
will be %"= %" Male NPT ihreaded with

female union/ swivel,

Turning onfoft gas supply valve
according te the situation of prepayment
storage and gas consumption, shall e

gutomatic
The mcter shall have the 1C Card
reader device (JC-Chip) with high resistant (o

magnetic nterference.

On-time caleulation and display of

the balange amount leli.
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(a}
{0

4.1

(x1)
(I}
(<)
(d)

4.1

{a)

{0

{c}

(d)
{c)

4.1.

Body/Case Materials - Die-Cast Aluminum

Diaphragm Material - Synthetic material having

with standing capability o handle the

fluid mentioned above.

Spud connection Material: - Shall conferm (o the appropriate

malcrial in line with the body/case

malerial.

L1 Configaration of the Meler Body

Tody halves must be folded to form hermetically sealed joint at its halves.
[t should have Low top endry pipe connection.
Meter body should be properly sealed to make it tamper proof,

Fire safe design 1o be maintained as per applicable international code.

Index

Mechanical counter type. dircct reading in M? as per OIML-R-31 (latest version)

recomimehdations,

All of the extreme right digits afier the decimal point should be provided with the

light barricr point/ dots to test the meler accuracy al the computertzed calibration

bench.
LCD display: To display the information of the 1C card, message and olhers,

Index Box: 1o be securcd and sealed against any illegal access.

Back Stop device: W must have a device thal prevents the reverse low ol gas.

1C Chip

Fhe mieter should accept the 1C Pre-paid Card.

I'he 1C Chip will gencrate alarm and make the system in operalive © proicct it

from pre-set minimum and maximum gas flow rate.
it will stare accumulated consunted gas.

halance lelt, card number, meler pumber ete.

last prepaid volume, volume of pas as a



{u}

(I

()
(k)
{1}
fm}
(n}

4.1.14

()
(b}
{c)

d.1.13

Once afler inserting the 1C Pie-paid Card, one can start usc of gas, It will take the
total volume of gas and then the card would be disposed off.

Once the meter runs out of gas (or the 1C Chip has no amount lef). the vakve shall
be closed instantly o stop the flow of gas.

The IC card cannul be pulled out until the storage of card-value. Afier completion
of storage the IC card-value it would be gjcoted automatically.

When the remaining voluine is less than s’ (six meter cube), the meter will pive
alarm to indicate that there is not enough volume of gas lefl. Whenever al this
critical limited, the customer uses further gas, the meter will give alarm for each §
{One) m?® and for every 0.1 m? interval for the last cubic meter leli.

n casc of iflepal gas use or meter bypassing (he gas flow will be stopped
autaimatically.

The meter will have outlel pressure sensor- if the meter is dismantled. the motor
valve inside the meter will be closed automatically and store the record in the
meter. The meler would not be reusable without the help of Gas Company
peesonnel.

Automaticalfy adjust the unit price in accorgance with the Pre-paid Card.
Multiprogramming & encryption technique.

Voltage sensitivity- for lower vollage the function of valve closes.

Storing capacity is 300 SM° of gas.

Chver pressure prolection.

Powcr supply:

Battery operated. LAA Lithium/Mn or 4AA Alkaline batterics.

Serviee life: 10 yours.

Batlery lile= 3 years.

Display Facility

The 10D of the meter shall display some indicating infagrmation/nessage for the

following situations:

()

When the new pas meler is not preset by gas Supply Company.
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(b)
()
(d)

(f)
(2]
{h)
(i}
{i)
{k)
{1}
{m)

4.2

When 1C card is under reading mode my micro- controller,

When cnding of new meter setting,

When the volume residual in the meter card reaches the maximum limit as
specificd by the Gas supply compaiy.

Alarm of Jow-voltage of battery. indicating replacement of baltery.

When [C card is damaged. ‘

insertion of illegal card.

At the time of pulling of the card prior to readout of the card by the controller.
Non-campletion of card reading by the controlier.

Mistake in cheching the user-card.

Before closing the valve,

Remaining Credit in Taka Continuously.

When the meter is installed the pas control valve shali be closed and LCI) will

showy 0000

Technicat Specification of 1C-Card/Smart Card

IC card is the maut component of a pre paid gas metering system. Yarious data are stored
in the IC card (lor example-remaining gas amount, balanced taka cle.).

4.2.1

General

The technicalfother parameters of the 1C-Card/Smart Card should be as follows

ol
b)
€)

d)

Referencs standard should be 180 7816-3 Synchronous Protocal.
Answer-1- Reset Register.

High Sccurity Memory Including Anti-wire Tapping.
Authentication Protocal.

Authentication Atlempts Counler,

Spetific Passwords for Read and Write,

Bassword Allem pltk. Countets,

Gelectable Access Righis by Zone.

150 Compliant Packaging.

igh Reliability.

Low-Power CMOS.

l.ow Vollage Operatiom 2.7V 0 5.5V.D.C
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422 Primarily the IC Card/Smart Card will be blank and after vending it will contain

fincd amount/volume of gas.
4.2.3 The identity ol the vending operator is stored.
424 It should be seratch proaf as well as high magnetic interlerence proof.
4.2.5 T'he data storing and reswne the tunction,

426 Typeof Card
1C Card/Smart Card should be designed & supplied by the bidder as per purchasers

requirements and efficicnt running of the sysicm.
4.3. Gas Selling Management System (GSMS)

4,3.1 Basic Descriptica

it is o complete package comprising of a computer being associated with a soltware {Menu
driven}, vending machine and others. It sha!l be able 1o configure the IC Card to its
paraimeters bt not limited Lo those mentioned in Para 4.2 (1C-Card). Yending maching is 2
maclune. which can wrile and rewrite in an 1C card. jt can also read the infonnation (Card
1D, Date of generation of the card, Previous balance mmount in the meter during card

charging, amount of gas that remains in the card etc) of the card. It is driver/ softwane

operated device whose features are controlled by the main SGMS soliware.

4.3.1.1 Purchasing Credit

The system must have a provigion [or the customers to purchase credit as fixed by the Gas

Company.

4.3.1.2 Credit removal:

it shall have a provision for removal of the credit from a customer teken in case of error.

4.3.1.3 Credit Receipt
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The point sales (1POS) terminal shall provide a receipt of cach transaction in paper form.
An eloctronic record of cach iransaction shall be taken and recorded in the internal

memary of the lenminal,
3.3 0.4 ToritT

It must have a provision for adjustment in the change of Tariff, as and when it is deemed

1o revise on a specificd time and date.
4.3.2, System Seeurity (Between the operator and the system administrator):
4.3.2.1 Sccurity General

I'he system 1o be provided shall be secured both in lerms of the cash transacted through
the system and the data collected and managed by the system. The system shall ofler mere

thup one level of physical security distinguishing between opuorators and  system

management stalT.

4.3.2.2 Operator Sceurily

The system must be capable of allocating security on an “operator by opcrator™ basis. That

is, it must b possible to create a specific user menu (Name, Passporl cte.) for each

operaloer.
4.3.2.3 Sccurity of cash transactions

All cash transactions must be recorded and simultanegusly an electronic record shall also

he made of cach transaction. It must not be possible to amend ihe transaction file at the

operatur level of the system.

4.3.2.4 Point of sales terminal scourity
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Vending terminals must be restricted 1o the granting of credit with operalor secutity only.
The umit must be protecied from removal by the provision of a physical scourity key.
Operation of the unil will not be possible unless the seeurity device (correctly ceded) is

pre=scl.
4.3.2.5 Physical Security

The point ol sales terminal shall require an cucryption key in order to operate. The
eneryption key is 1o be stored on device, which can be removed from the point of sales

terminal during the time when it is not in usc.

4,33 Gas Consumption Charges

Charges shall be counted in the form of “I'AKA” bascd on the charge rate ie. Farifl

(@Thk. /- per standard Cubic meter of pas).

4.3.4 Accoracy

The system shall desl with all monetary calculations in absolute erms. The meter wifl

deduet charges for consumption in accordance witl, and to the level of accuracy specified

in the active tarifl,
4.3.5 Central Managmnlcnt System (CMS)

4.3.5.1 General

The management systc{n element shall be responsible for the collgetion of cleetronic

{runsaction information lorms the point of Sales terminals. Colleetion must be enabled

using slandard LAN System, wilh the option for disk transfer in the case of sysiem failure.

4.%.5.2 PC specification
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In ofder (o reduce maintenance costs and to minimize training, the System Management
unil shall be bascd upon a standard PC running either the Windows NT/XP or higher

version operating system. All software used, at both the Master and Point of saius levels

must be meno delven.

4.3.5.3 Data Format

The data coliceted by the system will be available in a defined standard format lor data

exchange.

The system management element will be capable of producing Noppy disks containing the

clectronic transaction information for all of the vending elements in Lhe system in a

consolidated format.

4354 Hardware/Software

The Bidder should supply and install a server with associated Software. The Gas Company
will give ile details cuslomer’s information 1o the Bidder and the Bidder should have w0
customize the soflware as required by the Purchaser. ‘I'he Didder should also confipure the
paint of sales (POS) terminals i.c. Dealers Systems as deemed necessary by the Furchaser.

The Soitware must conlain the following Data base information.

a) Drealer Record with code No.
b} Dietail customer information (Customer 10, Meter NoJ), date ol meter installation,

used Gus Yolume, Disconnection date, Ma. of Burnurs, ﬁgst connechion date cle.

c) Customer complains cenler and [C-Card purchase dale.

d) Mardware should be compatible to Pentim I (Theee), Pentium 1V (Fouwr), or
higher version of being commercially recognized PC or Lap Top computer. All the

PC's should be IBM compatible and branded one.
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4.3.5.5 Data Backup and Restoration

T he system musl have a provision for the regular back up of data. In case of power failure
o the system, all data must be saved into a primary back-up facility. On power-up, the
systetn s 10 automatically restore the system (o that which peraincd immediately prior o

ihe power outage with no loss of data.

4.3.5.0 Point of Sales (PO} / Distributor

The individual Gas Company will appoint the distributer to sell the IC-Card to the
customers. The distributar/Sales Centre should have on [ine computerized system. They
will sell charged 1C-Card/Smart Card 1o a customer and send all the records 1o the central
server computer through onling. No end operator software required in this case,

4.3.5.7 Databasc Structure,

The proposed database structure should be

a) Oracle/Sybase/SQL dalabasce.

b} Domain based web server with extensive band with {Totally dedicated for the Gas
Markeling Company).

c) Databuse intepration to acting dynamic scripl base languages such as ASE, JSP,
Perl, PHE.

d) Server side software resides enly in server.

4.3.5.% Management Menu

The Sciling Gas management System Software (SGMS) for both vending machine and

central computer/server will have the management menu on all the information specilied

by the Gas Company.
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The Management menu shall cover animum the lollowing:

i Main Menu for Financial trends to be investigated, Audil analysis, Sales volume
reads to be investigated ele.
b} Dealers/Point of Sales (POS) terminal details, additionally including group/urca or

district massage.

¢} Consumers Menu of Meter details, Customers details, Payment defails, additional
function,

Ay Consumets Beceipt Menu,

¢} Enginecring Menu.

I TariiT and Tax Rate Menu.
E) Custoimers complain centre.

) Reports Menuw.

4.4. Calibration aml testing of meters

Meters were fested in Demra workshop before installation. The test resull showed no
problems in meters at that time but the actual problems occurred while Lhe meters were in
operation for a few menths. Afer the delects found by a thorough inspection by TGTDCL
representatives, some randomly selected melers were senl to Institule of Informatien and
Communication Technology (IICT), BULT. Their major findings were as follows:

e  The calibration of the meters was not accuralc.

s The quality ol the used matcrials for electronic modulc was poor.

v Power supply systom of the meter was of lower quality.

. LCD display was of poor quality.
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CHAPTER 5: RESULTS FROM THE PILOT PROJECT

Qut of 1000 pre-paid domcestic gas customers, 848 customers have been surveyed. Some
customers were surveyed as a routine work. Some cuslomers complained regarding
various aspects such as display problens. meter non-funclioning, gus supply pablems ete.
On the basis of those complains customers were inspected. Some cuslomers were
inspected by the author for Lthe study. Out of these, 103 owners were noi available. Data
have been collected on ihe said cuslomers regarding diffcrent technical faults. Billing
status of pro-paid customers and comparison of bifls on pre-paid base with {lat rate basc
has been incorporated in fhis chapter. Statistics betwecn differcnce of analogue and digital
readings, customers’ feedback are also included. Information gathered from the surveys

and inspections are compiked and presented in results.

5.1 luspection Results

848 residential pre-paid customers have been visited lor collecting dala regarding different
parameters such as flow condilion. verification of any technical fault, customers’ feedback
cle. Oul of visited customers, sume werc not available: some refused to allow inspection.

wliile some other were staying abroad. Statistics of these are shown in the following table.

Table- 5.1; Inspeetion Data of Existing Gas Pre- Paid Metcrs

Visited $43

Qwner nol available 103

MNobady resides 25

Refused o aflow inspection 13

Staying abroad 8
L

The inspectcd customers fall wito three categories lhe numbers of which arc shown in the

table-3.2
Table- 5.2: Category of the inspected Existing Gas Pre- Paid Custumers

Homu T3
Qe 94
Foreigner 36
Tutal 848
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5.2 Problems Qcecurred 1n Melers

From the inspected pre-paid cusiomers, some fauits have been identified. The customers
have been inspected as & routing work. In SOMe CasCs CUSLONICES have reporicd aboul
matfunction of pre-paid meters. Total numbers of faully melers were 503. Some meters
have single problem such as consumption error or baitcry damage or charging problem
ote. Some melcrs have wo or (hiee combined problems such as consumplion error plus
battery damage or consumplion error plus batlery damage plus charging problem. etc.

Types of fuls that were detected are showit in the table- 5.3

Table- 5.3: Technical faulis found in the Meters

Fault Type Fault Count
Consumption Error  {Differecnce  between 375
analogue and digital reading)
Battery Damaged 45
Meter Damaged L8
Negative Digital Reading 4
Display Damaged 6
Muier Lock 112
Card Charging In Meter 178
Total 738
From the above table it is clear that consumplion error is the highest among the diftercnt

types of faults, Signilicant number of faults alse occurs due to card charging problems and

meker lock

Readings have been collected from the inspected pre-paid meters, A varialion oceurs
between analogue and digital readings. A large consumplion error {the diflcrence between

analogue and digital readings) oceurs in 375 meters.
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Analogue reading

I ¥gital reading

04,740.89 m’
5142112 m°

Diiference belween Analogue
and Digital reading

Percentage Difference

4131977 m°
_43.61%

In somie existing pre-paid melers, fmegular activities were detected that arc shown in the

following table-5.4,

Table- 5.4: Irregular activitics found in the Existing Gas Pre- Paid Metery

Catepory of irrcgularitics Quantity
Meler By Pass &
No Seal In Meter 1

16

Totul

5.3 Custutier Teedback

Other dinta regarding customers' satisfaction and dissatistaction have been collected. Some

customers are satis(jed who ¢

ommented that their bifls have been reduced in regard to Tt

rate billing. They also advocated the billing system on actual consumption. The cusivimers

who were dissatistied about the pre patd metering said that meters have some problems

such as locking, battery damage ete. Customer feedback is shown tn the table-5.3.

Table 5.5: Customer feedback
Owverall Assessment Mo of Customers Percentage of Customers
Satisfied 162 19.10%
Mot Satislicd 122 14.39%,
Indilferent To Comiment 504 66.51%
Total 848 106.00%
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The above lable reveals that mmost of the customers are indifferent to comments {ngither
satislicd nor dissatisfied). More number of customers are satisfied compared to dissatished

customers regard ing domestic gas pre paid metering system.

5.4 Financial Statemcnt

Revenues carned by sclling pre-paid and the revenues 1o be carned on e flat raic basis

have been shown in the tabie-3.6.

Table- 5.6: Revenuc summary on pre-paid card basis compared to [lat rate

hilling (Oct 05 to April 06)

Manth Curds Sold (Taka} Bill On Flal Rate Basis
(Taka)

Oclober 05 2.15.200.00 4,42.010.00
Movember U5 1,68,000.00 4.42,010.00
December 05 1.90,400.00 4,42.010.00
January 06 2,13,203.04 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
Total 13,1 1,203.00 3,09,4070.00
Percentage Difierence - 57.62%

The above lable shows that due o the billing system under the gas pre paid metering pilol
projeet bill or 1evenue have been decreased compared 1o flat raje hill. The metered bill is
57 62% lcss than the Mat rate bill. Uhe probable reasons inclugde error in digital reading

{consumplion grror), stoppage of unnecessary waslage of gas lof installation of meters.
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CITAPTER -h: FINANCIAL ANALYSIS OF GAS PRE-PALD METERING PILOT
PROJECT

Two aspects ol a project are technical and financial feasibifities. II'a project 1s found
technically sound, then it is ncoessary to cvaluate its soundness from financial point of
vicw. Financial analvsis of a project is concerned about profitability analysis, efiiciency
analysis, effectiveness analysis. cost cffectiveness analysis and sustainabilily analysis

{Ross 5.A., Westerficld R. W. and Jordan D.D, 2003}
6.1 Sustainability Analysis

Sustainability refers to the ability of the project to continue, ldentification of resources
needed and their use will depend on operational requirement. Sources of financing may be
public, private, or beneliciary community. Suslainability and cost elleclivencss are not
synonyimous; however, ong way (o attain sustainabilily is to inprove cost eflectivencss.

As a process, suslainability takes into consideration both cost and benelit issucs.

Sustainability should be viewed from both demand and supply aspects. On the demand
side sustainability relates the need and acceptance of the project by the clientele. It
includes beneficiary’s willingness and abliity 1© pay dircetly or indirectly for the services
or beaefits they derive fiom the project. On the other hand, supply side indicates the exicnl

to which the projeet can afford to provide benefits or services.

Cosls saving through improvement in the mansgement systam and revenue canings
through community financing scheme are perhaps the two appreaches an prganization can
foliow Lo become suslainable. Both approaches help reduce an organization’s risk of
disruption in conlipuing project implementation, should funding be reduced or stopped.
Sustainability is a gradual process; careful planning is nceded reganding stratcgy or

stralegics 1o be pursucd at dilferent phases.

6.2  Caleulations and Results
The analysis is made fora group of 10,000 pre-paid meters for 10,000 domestic

custumers, The following sequential analysis is done,
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A. Tnvestment Cost

S Nw Particulars Amount in §
L Mcler pricc o $80 for cach meter | 8,00,000.00
{10,000 meters)

2 Pipe line and accessorics 1,20,000.00
3 Installation cost 1,20,000.00
4 Server and POS lerminal equipment 13,530.00

with SGMb

ER POS otfice selup 8.571.43

f 1C card cost 4,000.00

7 Training of Titas personnel 2,500.00

L] Yehicle 50,000.00

9 Total 1.118,601.43
L 3. Operating Cost {Annual

i Scrvices and mainlenance 2237202

{2% of the Investiment
COo5t)

2 Utility expenses 2,000.00

3 Renl 20,000.00

4 Salaries and wapcs 40,0004
i Administrative overhead 10,000.00

3] Tutal 04,372.02

IBreak —up of the capenses for items described in A & 1

arc given below,

Utilily expenses is assumed to be Tk.1.40,000 or § 2000 annually. Rent for office for the

projoct

is Tk.14 lac or $20,000. Administrative overhead of the project is Tk. 700000 or 3

10000 annually or maonthly . 50,000, Average salary of 40 people o be engaged for

running the project is $1000 ar TK. 70,000 annually.
Pipe line and accessories cosl :

Pipo= 2{1" p¢r cuslotmer.

Cost= Tk. 20x 36 = TK.720

Fitting (Elbow + Socke()= Tk.30

Vaulve="Tk. 100

Total= Tk, 850=5 12

Cost ol server and POS terminal eguipment with SGMS

5 Nos. of Vending machine (VM) @ § 296 ¥ 1.480.00

| Mo of server $ 4,700.00

5 Nos of workstations @ 3 1030 b 5,250.00 |

| Mo Server LIPS $ 250.00

5 Nos workstutions UPS @ 2000 ¥ 1,000.00

Printer 2 No {with software) b3 §50.00
Total | % 13,530.00
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Training cost of Titas personnel

{a} Installation / Operation/ Maintenance | (6 persons x 10
and Trouble shooting whs)
(b} Data entry operator (% persons x 5
weeks)
(¢) Data Base Administrator (2 porsons x 6 32500
whs)
{d) Gas selling management system (2 personsx 5
whks)

Yehicle Cost:

4 Pich up @ 12,500 = § 30,000

C. Cash inllow

Estimaied pas sale through each meter 1,455,771 CM Per year
Estimated gas sale through 10000 meter 1,45,57, 11078 CM Per year
Revenue margin for the distribution €2 $£1,47.858.03

0010857 1/CM

Meter rent collected annually from 10,000Nos 51,27,805.18

Total Cush in flow for the first year £2,75,067.21

Cash inflow Analysis (Calculation Delails):

Estimated gas sale through cach meter =21 cft/hr
21 x8x30x%.85 4
= 353147 m” f month

=121.309 m* / month
Operational/ utilization paten (Assumed operational pattern of TG DCL fer domestic

cuslomers):
§ hrs / day, 30 days / month, diversily factor = (.35

Annual gas sale through cach meter =121.309x 12

1455711078 m’

14557110.78 m?

Annual gas sales through 16000 meter

Revenue margin for the distributor @ 3 = .0101578/ m’
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Revenue cartied from gas sales through 10,000 meters
=$0.0101571 x 14557110.78

= |47858.03
Moter cosl S 800000 is amorlized in 20 vears. Considering the interest rate of $5%,

amortization table (Appendix-B)) shows that Meter rent collceted annually is $ 127809.i8

{except the last (20") years.

‘Lhe wtal revenue collected for the first year = § (147858.03+127809,18)
=§ 27566721

Net cash Mows need 1o be converted into present values.
PY=EV/ (1 +)"
Where, PY = Present value

FY—= Future valu

i = Discount rale

n= No of ycars

|

W = present worth factor = Discount factor

Now, depending on the discount rate (i}, present worth factor will be different

For caample, present worth factor at a discount raic of 15% for dilferent future value are

as follows:

|
For year 0: present worth {pctor = -{]—15—}!1' =1

] i
For year |: present worth factor =73 = 0.8695635

For year 2: present worth factor= = 1.7560144

In this way finding discount factor future values can be turned in to present value the table

ohows differcnt present values of lulure cash Mows.

] __BY, V2 F¥y B o
=PV inflow =777 +(1+-|Jz +'[l_+i.}_r+ ------------ YR [ 141)

at 15%a discount rate

) 1812018 186800.04 347286 06
TPV intiow=""7 5 1(15) Frreeenan +.W_

= [377828.99
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&.2.1 Caleulating NPV

NPY = YI'V cash in {low — Y PV cash out flow

= |377828.99-1118601.93

= 250227.56

NPV at 15% dr = 25922756

Similarly dilfferent NPV can be caleubated at different discount ratc. In the lable (Table-
6.13 NPV at other discount rates of 10%, 2%, 25% ad 30% are shown which are
respectively $ 83880787, -§ 83127.40, -8 100059.89 and § -446132.85
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6.2.2 Calenlating IRR

IRR is calculated as follows :

rh-:" 3 NPV,
p=T'y _NI)Vh-NPVa

NPV, = pusitive NPV at the tower discount rate of 15% (ra}

= 4§ 259227.50
NIV, = Negative NPY at the higher discount rate of 20% (rh)
=% 83127.40)

NPV,
-H = =T IITEE A
1 IR = ry¥ (1, Ip) & NIEVa-NPV,

259227.56
= .15 4 (0.2-015)X 373354 96

=149 =18.9% = 19%
[RR =19 Y%

6.2.3 Calculating profitability index (I'I) or Benefit —cost ratio (BCR)

The benelil-cost ratio (BCR) or profitability index (P1} is defined as the ratio of the present

value of an investment's {uture cash infllows and (he present value of its cost. BCR or ' of

thig project is calculated v the table- 6.2,
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Table-6.2: BCIR /PI Calculation

Fresant value of cash out Hows and inflows at
15% diacount rate

Year Tuh'rf ash gut C::ﬂhr;nggzw Cash inflaw Total cash
W sales [ram msier Inflow{C+0) Frasant
et warlh Fresent valus of | Presant value
factor cash outflows of cash Inflows
U] 31711660142 $0 00 £0 00 11 s1t1ze0i 43 50 00
1 -§04 377 03 3147856 03 1127 609,18 5275 867,21 0 BRYST -SB2,057 63 $295,710 62
2 -386,259 47 $1586,250 93 %127, 803 18 52g3,080 11 0 FEG14 -E72, 765 9% 5214034 11
3 -308,184 &6 $125,013 58 $127 804 18 5200872 6C N85T52 -354, 556 01 5101 g0 62
4 S5O0, 147 35 1171164 15 127 oo 18 52050973 33 757175 -$57 260 18 1170930 97
] -5102,151 32 b R ) L1127 Bla 14 5307 521 54 0 49ri1A 350 7a7 20 Y52 897 53
0 304,504 23 F146.700 25 F127, B30 10 5$213,517 6& 043232 £45.046 09 3178 839 32
T -3105,278 23 L1yA 147 90 127 BGG 1A 53:256.953 08 0 37584 -$349, 553 03 $122,537 &4
B 304,403 40 4208 06110 127 808 18 5325850 28 Q3260 $35,4237 33 $105,793 32
B 310,671 87 $21H 452 G5 127,000 14 1346G.262 83 0 2B425 531,421 43 08 476 51
10 EARFNI:EEY 5228 376 33 127800 18 5257,165 51 0247148 -F27. 678 31 546,290 B
11 -5115,038 98 $240 845 15 $127.800 14 368,664 33 [+ 21484 -524, 726 85 570 238 75
12 511730976 2562 967 41 fi127.A09 13 §286,606,58 016G -§21.931 64 5711
13 -5119 685 5O §2eh H3 VB §1-7.800 18 03,0 55 16253 -510,452 41 565 848 90
14 -§122,080 78 5278 808 37 §izv Aop 18 %406 617 BE L 14133 -517.253 44 557,406 T1
15 J3124 G211 BY 52027468 79 5127809 13 420 557 .97 012269 -515 303 06 501,684 25
16 SRy A 3 §307 366 2] 51270900 15 #4356, 19541 010883 -513.573,14 F46,507_ 0
17 -$426,5372.57 5122 755 0d Fiz7y A0g 18 Fu 50 664 72 L Q9203 -512,008 79 341 869 12
18 4132, 143 62 £218.203 M1 §t27 808 18 $dp6 T2 48 al ] [4]-]! 50,677 ER §37 F11.95
10 SB13d, TG RD 3265,837 5@ $127.209,18 435 6547 16 Qarnzy SR0A70 B2 £33 2E3 562
0 513748273 3373649 BA 3111,139 41 §484, 735 29 BCEid -4 400 20 $24.513 48 |
Total 34,778,630 B £z 027 459,39
BCR 114578

6.2.4 Caleulating pay back period
‘[he amount of time required Lo recover the initial investiment is the pay back penod. 1f the

Fulure cash fows are not discounted to calculate pay back period then it is called normal

pay hack period. But when future cash flows arc discounted at an appropriate disc

rate. then the required time to recover the initial investment is called discounted pay back

period.
Initial nvestment = § 1118601.43,
The table 6.3 is used to caleulate pay back period and discountcd pay back period.

ol
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Table-6.3: Pay back period & discounted pay back period Calenlation

Year Cash Ilow Accumulated cash {low
Undiscounted ($) | Discounted (Al | Undiscounted {$) | Discounted (At
required rale of required rate ol
15%) 15%4)
- (¥ (3
l 181295.18 157647 98 18129518 B8157647.98
pA 18650064 15141248.12 36805582 298896.1
3 192638.00 1260062.61 56073382 425558.71 |
4 19882498 113678.83 75955880 53923754
5 202380.22 102110.27 G64539.02 641347 8]
6 212323.31 91793.23 1177262.33 733141.04
7 216674 85 82583.91 13660937.18 815724,
8 22745648 7435593 1624393.66 890030.48
23569096 66998.08 1860084.62 4570748.96
10 244402 .20 60412 .44 2104486.82 1017491.45
11 253615.35 54512.90 235810217 107200435
12 263356.83 4022328 2621459.00 1121227.63
13 273654 .41 4447649 2895113.41 1165704.12

From the lable,

YERIS

Pay buck period = 3 +7y77363733.664939.02) 7"

it is clear normal pay back period is greater than 5 years but less than 6

(1118601.43-964939.02)

N 153662.41
21232331

= 5.72 yeats

From discounted accumuiated cash flow column it

recovered or pet our bait back between 11 and 12 years.

Discounted pay back period

is seen that the initial investment is

(1118601.43-1072004.35)

L+ 7 131227.63-1072004.35)
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I I
. . 114 46597.08
4922328
= 11.947 years
6.2.5 Caleulating Average Accounting Return{AAR)
AAR is n financial indicator, which is defined as the muio of average net income and
average book waluc. AAR is calculated in the table- 6.4.
Tuble-6.4: AAR coalculation
Year | Eapenses | Gaah in fiow pas ssies Totsl Revera(C *0)
Canh Inflerw froem mster rel EBMME+*D) | Depreclatis HPIH! h.lwg Nat
n i brcorma
1] 394377 03) TI47.A58 3| 5177 BOG 18 SITABAT.21] S181,205 1) 35583007 5125 M4 41
3] 595, A 47| $155.750 03] 5127,00% 18 3z03,000 11] $1B8.800 B4 155.93007) 5130870 57
3| 308 184 06) $163.013 48] _$177,007 1) $.90,6¢2 66| $182,638 00) $55,93007) $136,707.93
4] $100.148 35 5171,104.15] 3127006 18)  ss98.973 23] $158.824 98] $55,93007] S142.604 91
[ 3105151.32] $170.722 36| $127,800 18] __ $307,531.54| $205 380 22] $5503007) $149,450 15
B 3104.154.35) £188.700 48] _S127,809 18] __ 3316,517.66] $212373 3] §5503007] 515639324
71 8106,270.73] 198,143 00| _$127,000 1B} $375953 08| “$219.674 85] 35503007) 5163,744.78
Bl 5108 400 80) S700.051.10] $127,000 (8] 533,000 26| 3227 45848] $5593007) $171,528 41
0 3T10.571 7] $218 453 65| _$127,009 1A 5348 267 83| 3235600 0A] 3I5593007] $179.760 89
70! -8112,783 31| $220,376 33| 5127.800 i8] $357,185.51] 3744407 20] $55,93007) $186472.13
[ SV15 008 O8] 3240845 15]  $177 800 18 3388 654 33| 3253615 35) 35593007 197,885 78] 3200849 31
12[ 51173039, 701 §252 087.41| S127.000.18 $300 690 5R| 5203,350 83| 35593007 20742676 ‘
T3 3110086 55 S205.530.78| $127.000 18] 5303, Mp o] 3273854 41| $55.930.07] ST M
T3 $122.080.70| 5270.000 37| S127.800 18]  S4DB,017.55 $254.537.27] $53.930.07| $228.607.20|
ol 3174501 55| 5202 740.70] S127.800.18]  $420,557.97| 3296,006 08 $53,53007| $240.100 00
T6] S137 012,53 307306 23] S127.000.16] 9435105 41| $300,183 03] $55,93007| $252.25301
T 3170 852,57 | T2 75054] WIZ7.000 18] $450,584.72| 5321.012.14] $3563007 3265.002.07 i
Tl ST3Z.14383| 5358 600 34| S1Z7,000 18]  S460J07 49) $334 55087] 3500007 3770620 80 :
o] 3134 760 50| 5355 BA7 98] STZ7.000.18]  $4B3547.15) 35340800 66| $35930 07| 329293039
0] -$137.482,23 S373 679.88] $111,138 41 $aB4.To8.7d) M7 ZDO 0G| $SSEM07]  3291,35599
Tolal 14.010,936.19
AAR | 0.3591] ] -1

6.3 Hesults of financial anakysis

Therefore. following resulls of financial indicalors are Mound
NIPV15% = § 25222756
IRR = 19%a

M ar BCR= 1,15
Nonnal pay back period = 5.72 years
Discounted pay back period = 11.95 years

AAR= 36 (36%)
The resulis show that the project is Ninancially [casible.
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6.4  Scasitivity Analysis

During investigating a new project. naturally, the first thing is 10 estimate NPY based on
projected cash flows. 'This itial set of projections is the base case, Now, howewver, the
possibility of error in these cash flow projections is recogmized, Afller completing the base
case, it is wished to investigate the impact of different assumptions about the future on the

esiimales,

One way of recognizing this investigatlion is o put an upper and lower bound on the
varions componenis of the project. Picking these upper and lower bounds do not
necessarily rule out the possibility that the actual values could be outside this range. What
s snid, again loesely speaking, is that it is unlikely that the true averape of the possible

values is outside this range.

6.4.1 Scenario Analysis

The basic form of “what — it analysis is called scenario analysis. Scenarie analysis is the
determination of what happens to NPV estimates when we ask what- il questions. Whal

we do is investigate the changes in our NPY estimates that resalt from asking questions.

Once starting 1o look at alternative scenarios, it might be found that sume of the plausible
ones result in positive NPVs. In this case, there has some confidence in procceding with
the project. 1t a substantial percentape of the scenarios look bad, then the degree of

forceasting risk is high and further investigation is in order.

There are a number of possible scenarios that can be considered. A pood place to start is
with the worsi-Case seenario. This will give minimum NPY of the praject. If this turns out
to b positive, the project will be in a good shape. At Lhis pos.iii::rn, il is necessary o 20
ahead and determine the other eatreme, the best case. This puts an upper bound on NPY.

To pei the worst case, the least favorable valug is assigned to each item. This means fow
values for items like gas consumplion through the proposed meters and low gas price and

high investnent cost. The reverse is done for the best case. It is lo mention that in

assessing the reasonableness of an MPV estimate, it is nceded to stick to cases that are

rcascnably likely to oecur.
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in broad terms. thinking aboul a reasonable range, then what can be called that the best
case would correspond 1o something near the upper end of that range. The worst case
would simply correspond 1o the lower end. There are an unlimited number ol different
scenarios that could be examined. AL a minimum, it might be wanted to investigale two
itermediate cases be going halfway between the base amounts and the extreme amouns.
This would give five scenarios in all, including the base case. Beyond this point. it is hard
o hiow when 1o stop. As more and more possibitities are generated, it is runthe risk of
experiencing “paratysis of analysis.” The difficulty is that no maticr how many scenarios
are run. 211 that can be learned are possibilities, some good and some bad. Heyend thal, no
guidance s found as to what o do. Seenario analysis is thus useful in telling, what can

happen and in helping gauge the potential for disaster.

Sensitivity analysis is a variation on scenario analysis that is useful in pinpointing the
arcas where Torecasting risk is especially severe. It is the process of investigation of what
happens 1o NPY when only onc variable is changed. The basic idea with a sensitivity
analysis is to frecze all of the variables except one and then sce bow sensitive our estimale
of NPY is lo chanpes in that one variable. ITNPY cstimate turns oul to he very seositive 10
relatively small changes in the projected value of some component of project cash flow,

then the forecasting risk assoviated with that variable is high.

In this project, (hree main variables for sensitivity analysis arc- Invesiment cost, Gas price
and Gas consumplion. Sensitivity analysis has been made at the basc condition, best

condition, woisl condition and iniermediate condition For cach of these paramelers.

6.4.2 Scositivity analysis for change of gas price

resent distribution margin for Im’® domestic use of natural gas is 5 0101571, Projected
increase of gas price is 3%, which is the basc condition, 2% increase of gas price is the
warst condition. 10% increase of gas price is the best condition. Table 6.5 shows (he

resulls of NPV and IRR [or various gas price changes.
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Table-6.5: Sensitivity of NPV and IRR at different gas price change

Pereentape increase of gas | NPY(at 1595 dr) IRR
Price

2% {warst condition] $5.456.24 15.6%
5%5{ basc condition) £2.59,227.56 18.9%
10% (hest condition) l 57.61,964.06 23%%

6.4.3 Scusitivity analysis for change of Investment cost

With an initial investment cstimate of $11,18,601.43 the prescnt peoject is viable with
GBCR of 1.15 and NPV of $2,59,227.56, IRR of 18.9%. Sensitivity analysis is donu at 25%
increase {worst condition), 25% decrease of investiment cost {best condition).

Table 6.6 shows the results of NPV and IRR for change of estimated investment cost.

Table-6.6: Sensitivity of NPV and IRR at changes of estimaled investment cust

Change of investment cost | NPY (5} IR (%a)
7504 inerease of invesiment | - 20,423.00 14.4
cosl (worst condition)

10% increase of investment | 14,7367 16.5
cost

Basc condition 2.59,227.56 18.9
2584 decrease of investment | 5.38,878 24.0

cost (best condition)

6.4.4 Sensitivity analysis for change of Gas consum ptivn

The eslimated pas consumption has also uncertainty. ‘The pmount of projected gas
consumplion through the m oposed meters may vary. Beyond the base condition (projecled
condition), the analysis is done for upper bound, lower bound and an intcrmediate

condition. Table 6.7 shows the rosults of NPY and IRR for change of estimated gas

consumpion.
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Table-6.7: Scnsitivity of NPY and IRR at changes of estimated gas consumption

Stitus of gus consumption | NPY IRR

2594 decrcase of estimated | - $ 50,492.00 14.3%
pas  consumplion  {worst

condition}

Estimated pus consumption | $2,59,228.00 1§.9%

{lasc condition)

25% increase of cstimated | $5,08,947.00 22%
pas  consumption.  {DBest

condition)
10% decrease of estimated | $1,35,340.00 17%%

Las ConswpLion,

{Intermediale condition)

Comment: The results of the sensitivity analysis show that due Lo different assumed
changes in gas price, NPYs remain positive and IRRs are above the required rate of return.
Even at the worst condition (2% increase of gas price), NPV is positive ($5,456.24) and
IRR s acceptable( 15.0%) making the project financially viable .80 the project is nol
sensitive to assumed gas price changes. The results from change of investment cost, it Is
scen that the project is financially feasible in all other changes of investment COst eXcept
2504 decrease of investment cost (worst condition). At 25% decrease of investmeni cosl
NPV is negative (- $ 20.423.00) and IRR is fess (14.4%6), making the project a losing
concem. The results from change of gas consumption, it is scen (hat the project is
financially feasible in al] other changes of gas consumption except 25% decrease of gas
consumption (worst condition). At 25% decrease of gas consumption, NPY is negative {- $

50.492.00) and [RR is less (14.3%), making the project financially unviable.
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6.5 Estimatinn of waste 2as

Total no of domestic cuslomers in Titas Gas Franchise aca is 10,97.478 {(up o June.
20063, Actually 6 to & hours a day are required to use the bumnuers (o satisty the conking
needs of this type of customers on an average which is revealed by the survey conducted
by TCGIDCL Therelore, an operationai paltern of 8 hours/ day is included in Gas Sales
Contraet {ir demestic customers. But many cusiemers keep thew burners on more than 10
hours. They keep their bueners on {or hours unnceessarily just 1o save a match- slick,
which resubts in huge loss of natural gas. ‘The customers do not bother Lo waste huge
amount ol eas because gas is nut metered and the eustomers have not Lo pay for the wosle

gmas. This waste gas could carn revenue and could be used for more productive oiher uses

waeh as industrigd use

(i the basis that the burpers are kept full open tor 6 hours and partial open for 4hours, the
forlloswing calevlation is made in regard 1o waste pas.

Exporiments made by the gas load caleudation committee revealed that pas Joad for a
domestic double burner was 21 ¢t/ hr

Practenl tests were also conducted by the awthor 1o estimate pas gonsumption ol a
domestic double burner at a very low opening and full opening. The result showed that for
a very low opening 3.5 cft / hr gas is consumed, (Below which burning docs not oceur).
Based on fhe above experiment, lollowing calculations are made,

IE 4 dumestic deuble burner is kept full open for 6 hrs/day on an average, then, menthly
load = 2 1x6:30635.3 147 m* burner

= 107.04 m ¥ burner

I o domesite double burner is hept at a very low opening for ¢ hrsfday on an average.
then, mwithly load = 3 554x30/33.3147 m* burner

= |1.89 m*/ burner.

- 3 1
Therclore, e total amotent of gas copsumed per burmer per month = 107.04 m™-11.89 m

= 11893 m’
Dumestic burners are chatged on the flat rate basis of Th. 400/mentl. On the other hand,

demestic metered customers are billed at the rate of Tk, 4.59/ m3

400
T, 100 is accounted for the amount of 159 m”* pas or, 87,146 m*

The manthly amount of waste (not considered) gas

3

0



=(11H.93-87. 46y m3 =31.78 m3

The telab amount of predicied wasic gas for 10,000 burners = 317810000 m3
= 317840 m3

= (1,31 TRI4MMO M

The mronthly loss of revenue in this regard

= | k. ¥ 7840 4.59

Th. 14535885.0

TRASY lae

Annual projected Waste of NG through 10,000 burners=0 .31 784x12 MMCM
= 3B IMMOM

It

Arnual loss of revenue = Th, 1439 12 lac
= I'h. | 7508 lac
= 'k, T5crore

o , . b
Laoss oF distribution margin =575 & 1.75 crove f year

= Th (L28Bcrore £ year

Il we consider all the domestic customers (1097478), the total amount ol wasle gas in
volume and TK for all the domestic burners are calculated and shown helaw,
Annual loss ol revenue = FKO.28x 1097478/ 1(000c1ore
="Th30.73crare
Annual projected Waste of NG throuph HOL0 burners= 3.8 1MMCM
Annual projecied Wastage of NG for all the customers = 418.14 MMCM

This huge amount of gas would b sald o other 1ype of customers {Industry, Commercial

et} ata lngher rate.

0.b Benefits of Gay Pro-peid Meters

gy e pre-paid metering sysiem will reduce the waslage of searce and costly natural

FESOLITEE.
by Customers are billed on the busiy of actual conswmptiun
¢} Bradicating lear ol arreur billing and bad dchi

3 L heinatine manual bilfing, billing book. kedger maintenance clo

e) larudicating extry revenie stalf requirement for billing awd bill collection purpose.
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CHAPIER 7: SCALABILITY OF THE PILOT PROJECT

Thete are more than 10 fae domestic customers in Titas Gas Franchise arca, The analysis
is made for a fot ol 16,000 pre-paid meters for 10.000 domestic customers. The analysis
will be done in a lareer seade for all the domestic customers (10.97.478 Promestic burners,

up W June 20063 in Titas Gas IFranchiae arca.

7.8 Cush Floay Anulysis

Ihe Tollowing sequential analysis is done,

A, [nitial investmuent anadysis

I.Meter price @ $80/meter, CIF Value $8,77.98,24000
2. 1"ipe line and acegssories $1,31,69.736.400
3 Instailation $1.31,0%.736.00
4 Server and POS weriminal eguipment with sgms $14 84 887733
5 POS Othee selup $4,28.571.50

$4.38.991.20
$1.25.000.00
$12,50,000.00
$11,78,65,162.43

6. 1C caird cost
7 Training of 1itas personned
8. Yehicle
Total
Ier year
$23.57.5303.25
$1.00,000.00
$16,00,000.00
$20,00.000.00
55.00.000.00
§559,57,303.25

K. Operational cost:
|, Services and maintenance
2. Utilily expenscs
3. Kent
4, Salaries und wages
5. Admintstrative overhead
Total

C. Cash inflow

Catimated gas sale through each meter 1.455.71 CM Por year
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Estimated pas sale through 1097478 meter
Revenue margin for the distribution @ 0101571
Meter rent collected annually trom 10,97 478N os

Tatal Casle in flosw for the Grst year

1.59.76,10,882.27 CM Per year
fCM $1.62.27.093 49
$1,40,26.77592
S3,02,53,86%.41

7.1.1 Break —ug of the expenscs for items deseribed in A & B arc given below.

Utility cxpenses is assumed to be [R3 1,00.000.00 annually. Rem for office s

$10.00.000.00: administrative overhead is § 5000000 annually. Salary ol people Tor

running all the domestic customers is assumed (o be 50 times the projected cost considered

for 10000 meters. Therelore, the twtal cost rises o i Lhis regard

F40000x 50
h2000000

Pipe line ind aceessaries cost:

Pipe= 20" per cuslomer.

No. cost= Tk, 208 36 =Tk.720

Muting { Llbow + Sockety= T30

Valve="Tk. 100

So. lotal= Tk, 850=% 12

Therctore, iotal cost for 197478 melers=TK. 12x 10,9747
=TK. 13,169,736

Cost ol server and POS terminal equipment with SGMS
S Nos. ol Vending machine (VM) @6 $ 296 ¥ 1,480 G0
] No ol server h 4,700 00
S Nas. of workstations (@ $ 1050 b 5,250.00
| No. Server URS % 250.00
5 Now. workstations UPS @ 2000 S 1.000.00
Printer 2 No {with sollware} ) #50.00
Total A 13.530.00

The total Cost of server and POS terminal equipment

with SGMS tor 1097478 no meters

in this regard rises (o =31 3530% 1097478710000 = § 148488773
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Training cost of Uilas personnel (for projected 10000 meters}

(0] Instadlation / Operation! Mantenance and | (6 persons x 10 wks)
Trouble shooting
(1) Eta gnlry operetor {8 persons X 5

weeks) Lump Sump
(e Data Base Admimstrator (2 persons » & whs) 52500
() Gas selling management system {2 persons X 5 wks)

The total Cost of Training of Litas personnel] for 1097478 no meters is 50 tmes the

projected cost considered Tor 10000 meters nses 10 =§ 2,500x 50
= $12,5000

Weluele Cosi:
4 ek up @ § 12500 = $ 50,000

The total Cost of vehicles Tor 1097478 no meters is 50 times the projected cosl considercd

ior 10000 meters rises o —F S0000= 23

= F 125001

1.2 Cash inflow Analysis (Caleulation Details)

=21 cht/hr

21 x 8x 30 x 85
353147

Eatimated pas sale through cach meter

n1® / month

= 121309 1'113 f monlh

Operatiopal/ utilization pattern

8 hirs / day. 30 days / month, diversity factor = 0.85
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Annual gias sale through cach meter = 121309~ 12
= 1,455.711078 o’
Annual gas soles through 10,97.478 no. meters = 1.59.76.10.882 m’
Revenue margin Tor the distributor @ § 0.0101571/ m"
Revenue earned from gas sales through 10,97.478 mcters= 3 0.0101571 » [.59.76, 10882
= 1,62,27,093.49

Moter cost § 8.77.98.240 (for 10.97,478 meters) is amortized in 20 years, Considering the
ilerest tate of 1584 amortization table (atached in the annesure of s report} shows that

Meter rent collecied annually is S 1,40,260.775.92 {except the last (20™M} years

S0 the totul revenue collected for the first year
=$(1,62.27.093.49+1,40.26.775.92)
=$3,02,53.869.41
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7.3: Calculating TRIX
IR i caleulated as follows,

l.,-r' _ MNEY,,
fer,  NIPYNPY,

NPV, = positive NPV al the tower discount rate of 20% (r,)
=4 P27 IR560. 30
NIV, = Nemative NEPY al the Ingher discount rate of 25% (r,)

=5 -9330107.499

NPY,
1 = IRR =1, = (00} T NP,

= (1204 (1,250 209 1 1,92,71.856.36/ 2,85,01,963.86

I
I~
el

1l
]
(PR ]
1=

[RIE = 234 T
7.4: Caleulating profitability index (PI) or Henefit —cost ratio {BCR)

The benelii-cost ratio (BCRY or profitability index (M} 15 defined as the ratio ¢l the present watue
oFan investment's fulure cash inflows and the present value of s cost. BCR or Pl of this project s

calenlateed i the lable- 7.2

i



Table- 7.2: Cafenlaling BCR/ Pl

7.5 Calenlating, pay back period.

(e meaount of tinwe requited 1o secover

caslt Hows are nel discounted 1o caloulate pay back period then

ol when Future cash flows ae discounted at an apprapriate

iital investment is called discounted pay back perivd.  Ehscounled

(o

undiscounted vash ows tor pay back

71

recover  Hhic

Your | Dowal el ot Mo | Lashoin Mow{Cash bndTow drom Finl cash
From s sales [meter rent i TEore (€, 13) |}r|_?,l:1||! walue af ““I.‘ nak T s wnd
il s Wl 15%0 disconent rite
R (1) (i tn (E)
I'resent Preseot value of 1'resen] valae
weas| Lisle oL fliem s ol easly i Mo s
Teinr
il ST RS 16D 45 KLINI] L0 ik | BN R B R LA
i Feoeanaze] Beziiouian| GIReTIeI] SI2RREGYAI)  (HH68ST 55 IR0 200.09]  S26.407. 182 8]
2 o e 5] S17U3sAa% 16| B 0reTrs 2] SMIOGSAZLGE] (75614 N S04 GOR 7| hoA oA T )
3 T 1T R | B ITae0 THAT| S[4 02677592 53191714649 065752 A4 UTE 270 5 R
1 I ORTAT| RIR6d 58S TI| T 51402677502 SRZRILGAS02]  G.ATITS T B R IE G015 0T
E oAt 0F| RIS 13MEE| S1A026 7TS e RIITA0 GG E] DATI8 EIOUN BRI RE| A (0 TR0 foh
T mASTTIALIN|  INTIO.A0 23 &14026 775 v2] R3TITING S| 04324 1A ser Ju] SIS0ITRIZGD
T RR R R M| R TEERET 35| siama TR g2 $ISTTLENNT] 1T SISITIAed]  SI3 R ED
W R OnRER| BIZAILIEH (4] SI4026 7S wy|  RAARTUEIe(I[ 33w RZANTNIT35| 81249575 20
S ReuTeaw oy hiundaorel|  SlaozedTser[ RN0ISAISI) 0284l BRI e SLOEGZAZ] D
T ST19e28rd| b2s.07s3479y| SLA026.773 %2 $3020032191] O ITIR 1759 638 64 T ARG, T30 5%
1 TR0 42| 326432225 30 SLAW2G.TTA 03] BA04ASROM 5[ 0214 5 LLArHI T 36 L5 ron 185 1
F FTaT s R R sEen|  S1A026.77503) BALTELAIZSE] 0 1R6UL SEAREAR0 TE T w0 s 2
E ST 6| Il ss sol MidazoTael  E43068.304 43 01635 LT AT A STI05R b
i rTon e | atareoud 92| 14026775l B4 625480 8] 01413) SLONY 3 1 T U R5 19
E R0 ST 12| 537 (2w Aas Ll M1026775 92 B46,13RA11 09 111224 T SnFaai 20
ol SROTT 745 83% 53373401 93| $14020.77592]  MTTRITITES] I IDGEG N TTTKET LS AT 12
7 SRR Tl S3A2T 002 w4026 77592 B4UAMRARI 94| ST STRRLAT 2i CWETIENTERT
1% R 7| SRTA9r s a3| BlbpreTISul[ §51 21837144 DOBII ShTA 05 03 33 38R0 56
T AR AR | $i0s243850 7 814,026 75 02] ISIAMINI22|  0AT0T AF07 HA2 20 T3 724 27 A
H AR AR 61| Al COSOATO6| SIZI9T00pd5] 353202233 51 oosll R0, 2 YR TITE Y
1okl Y U RG] Pk S T e e
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BCR ] 1.1 I‘}34i j ;

the mitiaf investinent is the pay back period. iF the {ulwre

it is cabled novmal pay bach period.

period caleulation are shown in the table- 7.5.

discount rate, then (he reguired lime

amd



‘I'nlle- 7.3: Undiscounted and discownted cash fluws for pay back perind

hutial Investment =5 11,7863, 16243

Year Cash Flow Accwmnulated cash How
Undiscounted {$) Liscounted (At Undiscounted (5} Discouwnted {Ad
reguired rate ol reguired rote of
15%4) 15%)
(5 {3)
T2 06,500,16 2,11,27,448 84 2,42 96,566,160 201.27,448 34
2 DA BB T4TT 1.8§.95,103 .80 4,92 8534033 400,322,552 64
3 25706, 168 149 1,69, 10,770,537 7.50,04.508.52 56933323 21
4 2604 89 72710 1.51,45,587 48 10,14.84.235.70 T.o078.910.69
5 2730253285 135,74, 184,15 12,8796, 768,50 o650 84
4] 2.81.59.772.00 1.21.,74,246.53 15.6%,56.540.5 9 78.27.341.37
7 20063, 742,13 1.09,26,137.18 18,60.70.282.7 | 10,87.53.478.60
b 001685717 08 12,563.85 21,6037.13%.8 11, 85.66.042 40
4y 3205330 B8, 18,289.99 24,70, 58,7931 12,73, 84,332,440
10 32080795 07 TO20 881 90 2.791,39,5488 2 13,53.14.214.30

From the table it 1 clear normal pay back period is preater than 4 years but less than 5 vears

Pay back period = 4 +(11,78.65.162.43- P, 14.94.235.70) A12.87.96,768.50- 10.14,94.235.70)

years =d4 1.63.70.9206,7/2,73,02.332 8

Feam discostnted accumulated cash Now celumm it is scen dhat the initial

= 4.6} years

or pet our bait back between 7 and 8 years,

Pisconnied pay back period

A1 18566042.40- 108753478.0) years=

= 7

(11,78,65,162.43-

T+ 011,683 8/ 98,12,5065.8

= T.93 yrars

7.6 Caleudating Average Accounting Relorn (AAR)

AAR iy a Mnancial indicatar, which s defined as the ratio of average

value AAR (s calculated in the table- 7.4,

invesiment is recevered

(0,87.53.474.6)

et income and average book
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T.7 Results:

The lollowing iesults of Ninancind indicaturs are found

NEV13% =% 6.41.20472.02

[RR =23.4%

i'lar BCR— 1 40

Mol pay back period = 4.60 years

Discounted pay back period = 7,93 years

AAR= JOBO (40.80%

‘The results showe that the pioject is financially betler feasible #17it is implemented for all

domestic cusdoners.

T



CHAPTER §: CONCLUSIONS AND RECOMMENDATIONS

K. 1. Conelusions

The objectives of this project are to analyze the eaisting gas pre-paid metering of the 1000

domestic customers brought under the pilot project, o evaluate the oulcomes. benelis and

difficubtics experienced 1o this project.

Fhe Toblowing conclusions are made from this study

J

ut)

Puot Projeet has not been designied properly to caleulale the savings ol waste gus.

[l would have been possible to estimale the wastage gas 1f a master meter was sel
W measure the consumption of the customers before introducing, pre paid meters.
‘Then it was possible to estimate the waste pas comparing the consumption ol the

customers hefore and after the implementation of the plot project

Another loophole of the pilot project is that the proper sampling mwihod has not
been applicd. The customets of dilferent consumplion patiers have not been
meluded o this project. Without choosing the different consunmiption patterns, e
customers of 2 simitar consumption pattern in a particular arga { Banani) have baen
chosen. Stratitied sampling ol the different consumplion patierns could reveal

more reliable resait,

Some technical prublems found in the melers nepatively affected the project

outewmne. Must Trequently oceurring problenis arc:

vy
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- Calibration Problem
- Lower qualily of battery, Local Crysial isplay (LCD)

- Poor qualty of 1C cards cle

Project is financially feasible as NPV, Disvounted Pay Back Period, Pay Back Period,
IRI, BCR or '] and AAR e $ 252227.56, 1 1.Y5 years. 5.72 years, 19%. 1.15.0.36

or 36% respectively.



vy [l s found in this study that for assumed consumption patiern The pre-paid
metering sysiem will eliminate the wastage of scace and costly natural resource.
vi) Customer survey of the test pre-paid metering of domestic cusiomers shows that
19%gare sutisfied, 14% are dissatisfied and 67 % are inert o conunent,
Satislied costomers commiented that their bills have been reduced in regard o
Mt rate billing. They also advocated the bitling system on actual consumption.
The customers who were dissatisfied about the pre paid metering smid that

melers have some problems such as locking, battery damage ete.

vil) Ihe scalability analysis shows that the project is also viable 1t 1s applied © all
the domestic customers 1u Titas franchise arca providing NPV, Discounted Pay Bach
Period, Pay Back Period IRR, BCR or Pl and AAR are $ 6412047202, 7.93 ycurs.
4.60 vears. 23 4%, 1.40. 40.89% respectively.

i



8.2, Recommendations

In view of the findings of this study, foltowing recommendations are made:

1)

i}

i)

]

Vi)

vid}

Wi

17

Customers should have a unique smart card lor monitoring and data acquisition of
Lthe cuslomers” gas consumption.

Point of Sales (P05) terminal should be opencd for 12 hrs and everyday 1o o week,
The enitire termmnals should be breught under a unique database so that the data can
he automaticatly stored in a single database.

[he consurned gas amount, the balanced amount. battery status installed inside the
meler. meter number and eustomer 1D number should be introduced in the smart
card Lo avoid illegal use of smart card and meter. The meter shoudd be umgue lor i
single smirt card,

A strong backup datu base system should be meorporated Lo avoid any uncxpecied

[ilure of the server as well as a hard database should be established.

The battery of the muters should be rechangeable insiead ol one tme use, There
should be a charging lacility inside the meter as well as in customers’ prentises o
recharge the battery. At feast 5% cxcess amount of meter, battery. smart card and
other spare parts should be at hand. At feast one emergeney eam has 1o be cngaged
[or two or three Zonal area (o provide an uninterrupled scrvice Lo the custonicrs.
IMough the mechanical portion of the existing pas pre-paid meters have no
problem in aceuracy and calibration. electrical module is not calibrated accurately
with respeet to mechanical counter. There fure, clectrical module s necessary 1o be
cadibraled properly.

Liquid crystal disk (LCID} display is ol lower quality. [0 can’t withstand high
emperature {above 60° F). Detter quality of LCD is required. 1 he battery and the
[C eurds should be of higher quality, The existing battery and the 1C cards are of
foweer qualily.

installed at least 57 away [rom the burners and at the same level

Moters should be

|
ar Jower Llevel of the burpers, As a result, the effcet ol heal will be diminished.



in) Before any large scale implomentation of pre paid metering. another project may
be undertahen with the lindings of this study 1aken into consideration that stratlied
random  sample ol customers of different consumption patterns and  master

metering for pros iding base [ine dat.

T8



74

REFERENCLES

Cooper, D. R and Schindler, P.5 (2006): Business Research Methods, Megraw-1Hill

Eternational Edition, Newyork.

larson. K. 1. (19971 Essentials of Financial Accounting

Micnacl W.Jdunior, New Delhi.

Pentobangla (2005-2000): Annual Report

Pettobangla {(January 2007): Monthly Report

Ross Stephen A, Westerlield Randolph W. and Jordan Bradford 0. (2003 )
Fundamerntals ol Corporate Finance fala MeGraw-Hill. New
e lbid .

TG IDCL (2005-2006): Annual Report

TGTRCL (2004-2003) Annual Report.

TG INCL (2003-2004): Annual Report

TGTRCL (19903 Report ou the silver jubilee of Titas Gus & D



APPENDIX

t'

A . -
At —— R T A it it —

- |hﬂ...|rr.F|..Lm...F£|Ir.l.|nru.lr|P_..u



APPENDIX-A

Profitability anakbysis

Any one or u combination ol the following commonly used lools are applicd in the

analysis o g project rom profitability point of vicw:

1) el Present Value { NPV)

Iy Beneflt Cost Ratio (BCR} or Profitability Index ( Pl)
¢y Lnternal Rate of Return (11208)

dy  Discounted Pay-Back Period

ey Pay-Back Period ( PBP)

v Average Accounting Return ( AAR)

The fiest fow profitabiliny tols ie. NPV, BCR, IRR and Discounted Pay-Back Period
takes into account the relative tming of cost and benefit flows through the process of

discounting w consider lime value of mency.

Discounting

Caleulating the present value of some future amouit is callud discounting. [f 1s @ process
of trapslaling future into therr present worth by applying a set ol discount fictors that
refleet the diminishing value of the same amouwnt of money or IESOUICEs 4y GNC MOVES
Furtlier e the Tutuee, conversely, compounding is a process of translating present value
into their future worth by applying a set of compound lactors. The echnigques of
discounting and compounding ate the two basic wuys of taking the tne value concept of

moncy tto consideration. Discounting recopnizes that the same amount ol money will be

bess worthwlhle i e fulure.,

8]



Discount rate

T'he e used to caleulate the present value of fulure cash [tows,

Compounding and discounting procedure:

Compounding:

e formula for compounding any amount of 1nvestiment is:

'm= Py EEr)" (6.1)

Where, Pn the value ol Po al some lutare year, N

Iy = the vabue ol invesiment at yeur zero

r = interest raic

n = the compounding pendod
Diseounting:

I he discounted present vale may be derived through the formuda:

=Py (140" { 0.2}
Where. L = Present value
I, = expected revenue at some future year. N
r == discount rate, and
I = the discounting period.
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The Net Present Value (NPVY)

Net present value (NPY) s the difference between an investments market value and its
cost. Net present value (NPY) of an investment project can be derived as the difference
between the present value of benefits (PVB) and present vilue of costs (PYC) e NPV=
PV PVC. In ather words, NPV is the difference between the present villue of all cash
inflows and present value of all cash outflows. The NPV eriterion is an absolute figure Lo
decide whether in a particular projeer or a number of allernative projects should he made
o nut. An investment is worth undertaking if it creates value for its ivestor, Inn 1he must
eeieral sense. we create vadue by identifying an investment worth more in the marketplace
thin it costs us to acquire,

Deciston Rule:

A investment should be hecepted il the net present value (NPY) 1s posilive and rejected i
it i negative. In the unlikely cvent that the net present value turned out o be exactly zero.

we would be indifferent between taking the investment and not taking it.

b -
NPV =3 ——— (6.3)
20+
Where,
h, —¢, b, —¢ h.-¢ h —¢
Npy = Doz DT BT e (6.4)
G+ (+1F Q4r) (1+r)
by = henefits derived from the project in year 1.
C, = Cost (investment, operating and other nssociated expenses)
Incurred by the project in year i,
r = discount rate
i = time period which rons from year ze1o 1o year .

‘I'he Benefit-Cost Ratio (RCR) or Profitubility Index (T
The benelit-cost ratio (BCR) ov profiability index (I'I} is the present value ol an

vestment's Tuture eash inflows divided by the present value of its cost. The Benclit-Cost




Ratio {BCR) is derived by dividing present value of berefit (PVDB) by present value af cost

(PYVCY iz DCR = PYB/APVC, The benefit cost ratio indicates benefit per taka of cost.

More generally, i a project has a positive NPV, then the present value of an Ivestment’s
Future cash inMlows must be bigger than the present value of the iovestment’s costs. "The
benelit-cost ratio (BCRY or profitability index (P1) is thus bigger than | lor a positive NPY

ivvestment and less than | {or a nepative NPV investment.

Decision Rule:

I Pl or BCR is more than one, investment in the project is worthwhile.

Not Present Value and Benefit cost ratio my not provide the same ranking of the projects.
I an invesiment decision, therefore. selection of investment eriteria is important. As long
us we are concerned with a single project or two or mere projects whose costs are the
wame the NPV criterion is adequate. But in a sitwation with difTering costs, BCR provides a

relative measure of worthwhile ness to the project.

Formula:
il -_hl
. i YR
NCR = = (+e)i P (6.5)
i g PV
= (] + r)i
Where,
b, = benefits in derived .
<, = Costin period 1.
r = discount rate
n = Discounting period.
PYR = Present value Nenefit.
PVC = Mresent value Cost
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The Internal Rate of Return {IRR}

The Internal Rate of Return (IRRD is that discount rate at which Net Present Value is zero
and benefit cost ratio is one 1e. it is the discount rate that equates the present values of
project’s benelits and costs. IRR does not depend upon externally given social rde of
discount. Conversely. what it represents is essentially the average eurning power of money
used in project over the project lite.

Decision Rule:

lnvestment decision is taken by comparing the internal rate of return of a speeilic project.
with a cul-ofT rate, which gives the minimum aceeptable rate at which the capital invested

should be compounded.

The cut-off rate 15 cqual to the actual rate of interest on loon-term loans in the capital
market or to the intercst rate paid by the borrower, If one has (o choose among, alternative
projects, {he one with the highest internai rate of return will be selected. provided this

internal rate of return is higher than the cut-off rate.

Internal rate of return i.e. IRR should be greater than or equal 1o the relevant discount rate.
The relevant discount rate for a private investor would be the weighred averuge of the

murkel rate of interest and the yiell of alternative investment opportunitwes, lI'or

government it would be social discount rate.

Procedure for estimating IRR:

The steps involved in the caleulation of IRR are:

a} [Yiscount the stream of annual net benelits (b-ci) using dillierent
Values for the discount rate  “r* and caleulate For a positive

NPV and a negative NI'V.

b) Interpolate using the positive NPV and negative NPV as upper and lower

Vimits and solve Tor discount rate "1’ at which NPV =0,



Faormula:

The equation for interpalation is:

where.

n=r _ NPV, 06
—r, NPV, -N[V, (6:6)

O

Iy = higHer discount rate,

r, = lower discount ate

¢ = IR o be calcutated

NEY, = Net present value at lower discount rate
NPV, = Net present value at higher discount rate

TRK ean alse be calculated by using the formula:

IRR = 1y + (0,1 AN BV ANPY -NPW)

IRR can atso be found from the graph of NPV vs discount rate. The point at which the

curve intersects the X-axis shows IRR. The discount rate at that point {where NPV is zero)

iz the [RIE.

Puy Back Period

I'he pay back period is to determine the number of years cduring which the cost of resourees
imvested. can be recovered. 100 the time factor is an important consideration, then the
project which yields income in the shortest possible time would be preferred The praject
managers or investars for specific project type usually set a standard e eut off” payback
period. The project managers or investors compare computed payback with the cut of pay
hack period set up. 1f the payback period is shorter than the cut-oil pay back period then
the project is acceptable. Comparison should alse be made with the pavhoek periods

computed for alternative projects for ranking of purposc.
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Analysis of cost-Effectivencss

Cost-elTectiveness analysis is an alternative way of appraising projects. it 1s a methoed 10
determine whether or which program accomplishes a given objective at & minimum cost.
The analysis differs from cost-henefit analysis in that input costs are calculaied, The

ahjective therefore, is determining the fulfillment of specilic impacts with certain input

Ceisls,

Formula:

Cost-Litectiveness = Efficiency x Elfectiveness

Qutput  Outcome
= kS

- mtput Output
Outcome

Intput

L



APPENDIX-B

Culenlation of Net Cash Flow

IFor yvear )

Cast outlow finvestmcnl Cost) =% (1115601.43)
Cash in flow =50
Net cash Mow =§ (1 118600.43)

[or vear 1

Tatal cash cutfllow = opcrating cost = (& G4372.03)

Total Cash inltow = Revenue form gas sales + Revenue form meter rent
=§147858 03 + § 127809, 18
=% 27566721

Net cash [low from year ] = §273667.21-94372 03
= T 18129518

‘or year 2

Cash out flow = ($ 34372.03 x 1.02) (2% aunual increase of the operating cost)
= (§ 96259.4708)

Cash in [low fonm pas sales = % 147858.03 ¢ 1.05 { 5% annual increase

of the uas price)

§ 1552509315

i
Cash inflow [Tom meter rent = 12780018
Teval cash inflow = £ 15525093154 S 12780918
= §2R3060.1115
Net cash Mow = $ 28306011 15-9025% 4706
from vear 2 = §186800.64

For year 3
Towl eash out 1w = (§ 96259.4706 » 1.02)
(5 9R184.66001)

oty cash it low

2U0822.658]
$ 200822.6581-98 184 662007

= §192635.00

Ik

Net cash Flow lorm year 3

% 1552509315 1.05 - % 127800.1H

Culeulating in this way, the nel cash {lows lor the subsegquent year arc a8 follows w

are shown in the table of this chapter
Net cash Now for vear 4 = 5 19882498

Nut cash Mow for year 5 =5 20538022
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Net cash Mow for year & = % 212323 31
Nt cash {low for vear 7 =5 21967485
Net cash flow for vear 8 = 5227450 48
Net cash Tow [or vear @ = $ 235620 96
Net cash [Tow for year 10 = § 244402.20
Nel eash low for year 11 = § 253615.35%
Net eash flow for year 12 = $ 263356.83
Net cash flow for year 13 =5$273654.41
Net cash flow for year 14 = $284537.27
Net cash flow for vear 153 = $296036.08
el cash Now for year 16 = 5308183.08
Net cash [low for year 17 = $321012.14
Net cush flow for vear 18 = $334558.87
Net cash low for year 19 = £348860.66
Net eash Mow for year 20 = $347286.006
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APPENDIX-C

Meter Rent Collection (Amorikzation of Cost of Meters)
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