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Abstract 

:ENERGY SAVllfG Ill IBDUSTBY - TRAINING OF LOCAL STAFF 
DP/PAK/83/009/11-51 

Objective: The ll8in objective of the activit7 was to 
train local start in the use of enel'g7 .•asuring inatruaenta 
in the procedures for industrial eneru audit aurv87a and 

collection of data required for effe~tive energy conservation. 
ftethods of anal7sing data collected to obtain 110nitoring and 
targetting figures tor specific industries were cOYered. Any 
use of renewable resources was considered in the specific 
industries covered and economics ot various •ethods ot energ 
llallageaent and conservation were describel.. 

Duration of J.ctirib: One clDd a half aonths. 

fta:i.n Conclusions and Beco1111endations: 

!l'he main conclusion was that the almost complete lack of 
i~strumentatian in the form ot steaa meters, water •ters, 
fuel Mters and t•perature indications on the plants visited 
precluded 8117 detailed energy audit. lnstru•nta proYided 
tor use of local staff under a preuoua part of this project 
were of a sophisticated nature and due to faults dewlopecl in 
their operation acme were either not indicating o~ giring 
suspect readiDgs. Local staff were therefore unable to C&rr7 
out collJ)lete energJ audits and were severel7 restricted iD 
achieving 11117 detailed results. 

1. It is recommended that si•pler and more robust instruaents 
are considered so that not onl1 can instruments be serviced 
locall7 but aore audit te8118 could be equiped in the future 
80 enabling 1111 increase in ener157 audits. 

2. ~t is rec~ended that all Energ Statistics are given 
·in SI-l1Di t•· 

'· It i• recomended that a BnergJ ftaaager be appointed at 
eech tacto17. 

.. 
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• Directorate Geaeral of Kev and 
ae .. va•l• lller17 le110urcea • 

• 1 J/• 

• 0.0036 G.I 

• 277.78 kWh. 

• ligber Calorific Yalae. 

- Lower Calorific Yalae. 

- Litre. 

Specification of Furnace Oil. 

Specific Grarit1 - 0.96 Approx. 

k 

II 

G 

'·'· 
Btu 

psi 

lb/hr 

ft 

- .. 2,938.5 lrJ/kg. 

1t1,131 kJ/l 

- 1o' 

- 10
6 

- 109 

- Power Factor. 

British thermal unit (lBtu = l,055kJ 
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Introcluc ti on: 

!he pro~ect actiTit7 wail detillecl aa :-

1. h train local atatr in; 

a) 

b) 

c) 

d) 

Procedarea for iDduatrial eaerg mdit surYe7s 
and collection of data required for effectiTe 
energ conserYation. 

Ana178ea of data collected inclucli.Dg tbe anal:rsi• 
of total energ de8alld, peak enerp d8Ulld, waate 
heat recowr;r at the plant lewl taproring tbe 
perfor11ence of ate.. boilers and leacliag to a 
recluced conm11ption of ta.tl oil, gas, coal etc. 
without affecting industrial outpat. 

'- -
._.el mbatitation including.the utiliaetion of 
renewable aourcea of energ iD the ill4aa1;r.lal 
aector. 

Econolli.ca of Tarioua -tboda of ·eaerg ---nt 
md conaerYation. . 

e) Handling equipment· --supplied under the pro~ct. 

'!he actirit7 was part of tbe iaple•ntaticm ot an integrated 
program of enel"g7 aarlngs. 

ne actirit7co-enced iD Pakistan on 26 !larch Erl and lasted 
until 3 lfQ 1987. 

All tbe original ob~ecti•ea of tbe actiTit7 could not be 

achieYecl due to tbe allloat coaplete lack of iastra11entation 
in the fora or steam aetera, water •etera, fuel .. tera and 
teaperature indicators on tbe specific plants •iaited. 
Sill:llarl7 iaportant inatrameota provided under a previous 
part of this pro~ectbad de•eloped faults and could not be 

uintaiaed locall7 ao that local staff were aenrel1 rest
ricted iD the aao1111t of data tbat could be collected to 
enable tbem to carrr out complete eners7 audiC~ and pro•ide 
detailed anal7aia and reco .. endations • 

•••crtbeleaa ~ith the data aYai.lable competent work was 
carried out and audits and reco .. en4ationa were .. a. for 
each fact0Z7 Yiaited. 
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1. !be illauamnta ))rOYided UD4er the prerioua part ot thia 
contract are ot a aopbiaticate4 nature. Spares including a 
qecial nat_JM*•r pack CmDQt be obtained local.17 80 that 
ewa it the illatrumenta tllewlwa C8ll be ude tunctional ill 
local'workallope thq will be inoperable matil aparea caa be 

4eliwre4. hrtllermre nomal -.illtMl&Dce iDYOlne mttag 
tbe inatruaellta awrq aD4 U a aerioaa fault deYelopa local .. 
ahtt are ccmpletel7 UDAble to Caft'7 oat m4ite. I~ ia, 
tlleretore, ~ailed that aimpler 8114 •re robiat iaatnment• 
m pi-ori4e4- 80 tbat not ODq instr.manta can be •eniced 

localq but •re mdit t•- coul4 be eqaippecl la tbe fDtare 
ao mabling • incre- in-•n•rs7 a114ita. 

IDatramenta should include :-

a) Boiler Coabaation Btticiencz Testing: 

·~ te• ~ Baccan.ch ar BrigOD 002 or o2 tlae gas 
eaal7eer coaplete with theraoaeter and .. oke denait7 
•aaariDg aait. 

li) BUlllUg fteaare•at: 

Vet and ~ bulb aviDg therao•ter. 

O) Draught Gauge an Air Veloc"ity Measurement: 

Water .. cmeter coaplete. 

4) Teaperature rteaaareaent: 

Yarioua abort tail ad long tail yertical m4 hot:'izoncal 

ti~ tbel'llOMtera tor liqai4a anl fiue p .. a. hagea; 

0 -

0 -
100° -

!heH in•trunta 9hou14 be procurable locall7 either being 
ot intigeaoua 111111utactur• or obtainable troa local ... , •• 

• 
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2. During the work OD anaqsing fuel data and- costing 

recOllllendations great difficulty was encountered because 
' 

o.r the non coherence or data units and in some cases 
aabiguities (e.g. the prerious part or tlrl:s project used 

'ft' to be 106, whilst the Pakistan Energy Year Book 198.5 used ''M'' to 

aean 103) (gas prices were given as Rs. per HCFT). It is . 
strongly recommended that the government convert all statistics 
to the SI system. 

3. It is recommended t;bat the GoYernment consider a 
campaign to eocourage industry to appoint Ene~ 
ftanagers at-each factory. These Energy Hanagers 
should be of managerial status with sufficient 
·autho~ity to enable their recommendations to be 

iaplemented. They should be responsible for the 
accumulation or all data on energy in~luding 
quantities purchased, costs and analysis or use 
on the facto17. The setting up or targets or 
nor11a for energy used per unit or product should be 
a prime c~nsideration so that monitorin~ and target
~ing can be undertaken. Day to da,- good housekeeping 
should be an ongoiDR concern • 
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Activities and Output General : 

Three factories were selec~ed for the purpose of the 

activit7. Tbe7 were; 

a) Pakistan Tobaco Industries -- Handra. 
b) Alliance Textile Hills Ltd. - Jhelum. 
c) HeaV7 Foundr7 and Forge - T~la. 

The local start interYiewed the 'VBrious officers at the . 
factories and obtained data relative to the auditing of 
energy using activities with instruments provided b7 the 
first part of this project., The possibility of fuel subs
titution particplarl7 with regard to the utilisation of 
renewabl3 sources of energy was exaained. 

Readings were taken by counterpart staff of a large 
number of parameters rela~ive to energy use. The heuristic 

method of training was used that is counterpart staff . 
took data and readings themselves in order to gain nece
ssa~ experience of the use of instruments and the import
ance and relevance of different types of data. 

As has been stated before the activity was severely 
restricted by non availability of some instruments but 
much valuable experience was gained particularly with 
regard to the uae or that data that was actually processed. 

'lbe use of data towards energy conservation was covered 
b7 using a series of examples. These have been appended as 
.l.onexes and are designed to be aodels for the application or 
present and future energy audits so that ener87 saving actions 
can be quantified. 
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Instruments supplied first part or this contract included :-

a) Infrared 17r'ometer. 
b) Exergen Heat Radiation Scanner. 

The Infrared Pyrometer originall7 showed no reading but 
after some attention did register. Howe~er the readings 
obtained were suspect and could not be relied upon. This 
me~t that readings at the Heavy FoUDdr'J' and Forge at Taxi.la 
were limited. 

The Exergen Heat Radiation Scanner is processed b7 a 
special flat Polapulse Battery pack. Batteries supplied 
under the first part of the contract (12) were all dis
c~rged and no readings could be taken as these batteries 
are not available locally. This meant that an7 radiation 

loss could onl7 be estimated and there!ore analyses 
such as overall boiler efficienc7 lacked actual ll8asure
ments. Losses from furnaces were also impossible to measure. 
Nevertheless the application or these instruments were 
appreciated by counterpart staff. As well as the principle 

·used as examples in the Annexes calculations were also 
carried out o~ the basis of coefficients of performance or 
refrigeration plant and on the use of Psychrometeric Charts 
to determine excess moisture content (provided by steam) in 
air which is required at a specified Relative Humidity. 
This was d~ne in the case or the Pakistan Tobacco Industry 
and large savings were identified. 

Detailed Energy Audi1Band recommendations ore given in 
Annexures 11, XII and XIll 
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Utilisation ~f the Reaulte of the Acti•it1. 

It ia expectad that the findings and reco ... ndation• in the 

BnergJ Audita carried out vill be communicated to the factoriee 

which were aubject of the actint7. . Jependent upon how •uch of 
' the recoma•adatione are carried out b7 the factories concerned 

considerable econo•ic energy eaYinga c.n be .. de. 

Further•ore with the experience gained and examples of ener17 

eaYing exerciaea appended to this repo~t further ener17 1111dita 

can be carried out and reco•mendatione aade leading to •aer17 

aaYinge on a national acale. 

It should be ~otad that in this part of the project the 

ener17 aur•eJ• a.~d audits produced froa data obtained were 

the vork of the counterparts the11aelTea ae opposed to those 
• 

carried out in the- first part of the project-when counterparts 

were not inTol•ed in the anal1eie of data or .. king recommenda

tions. 

Thie part of. the project vae therefore inTaluable to the 

counterporte. 

Conclusions. 

It is concluded that without the personal in•olYement of 

counterparts in all parts of energy sur•e1s and audits includ

inJ calculations and !ull underetanding of the detailed baeia 

of an7 recoa .. ndationa .. de further work bJ counterpart• or 

their ataff or aucceaaora will be aeYerel1 b .. pered if not 

i•poaaible. 
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ARNEXURE-II 

Beat in Steam 

The total heat in saturated steam consists of two main 

p&rts - the sensible he~t and the latent heat. 

a) Sensible Heat: The sensible beat is the heat which 

actually causes temperature increase (that is it can be 

sensed~ensible). This sensible heat is required t~ raise 

the temperature of water (a liquid) to boiling peint at 

which temperature e.ny additional beat will not be followed 

by a temperature increase bntwill contribute to changing 

the state of water (a liquid.) into steam (a gas). 

b) Latent Heat: The heat required to change the water 

to steam is called the latent heat. Both-the sensible beat 

and latent heat required to ch811ge a given quantity of water 

into steam depend upon the pressure ou the liquid. 

c) Total Ileat or Steam: The total heat or steam consists 

or both the sensible heat and the latent heat. 

Sensible Heat. ~be sensible beat in water in kJ/ltg. is 

found by multiplying the temperature or the water in degrees 

centigrade by 4.18? approximately. 

Sensible heat in water at 25°c 
• 4.18? x 25 •104.68 kJ/kg. 

-Sensible heat in water at 60°c 
• 4.18? x 60 • 251.22 kJ/kg. 

Note: The 'sensible heat' is a term which is now superceded by the 
term 'specific enthalpy of water' but 'sensible heat' is used 
throughout this report. 
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Latent Heat: The latent heat is obtained froa steam 

tables. 

Note: 

Latent heat in steam at ? bar. 
s 204?.? kJ/kg. 

a 
The "Latent heat" is/term which is now 
superceded b7 the term "specific enthalp7 of 

.eT&poration• but "latent heat" is used through 
this report. 

Total Heat: 

The total heat (Specific enthalpy of steam) 

is obtained from steam tables. 

total he~t in steam at ? bar. 

s 2'769 kJ/kg. 
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Coabuation Stticieacz: 

!he etficieDCJ of a boiler Will depend U~--

a nuaber or factors - tor exaaple, radiatim loana, 

eaount ot tlow-clovn etc but the most iaportant parameter 

is normally the erticienC7 or c011baation. 

lD7 fuel requires Olqgen to burD .cme tuela 

such as rocket rue ls mid exp lo.sj ves - llQ contain their OWD. 

intrinsic olqgen but the ~ast ~o~ t7 reqaire tbe mppl.7 

of oJqgen rrom an external eource. Thia again ill iD the 

nol"llal case supplied b7 air which has - 20.,. b7 YOl-

or oxn;en iD its -.lte up. 

in~rt gas nitrogen which does not burn. The ideal ratio 

between the ruel and air to produce coaplete combustion md 

no excess air is turned tbe atoichioMtric ratio. lnpractice 

this ainiJIUDl •ount ot air is rarel7 achieftd. aDCl certaiDl~ 

never in the case or the mediua to Bllall industrial boilers. 

It is normally necessar.r to provide a considerable .. ount of 

excesti air to provide coaplete combustion due to the inade

quac7 of tbe burner S;J&tem to provide coaplete mixing vi.th 

coabuetion air. Too little combusticn air will •aD that 

fuel paoses through the boiler and remains unburnt so being 

wasted and giving a low e!!icienc7. Too much combustion air 

on the other band means that the heat from the !uel is not 

only going to provide heat to the boiler and to the requi•ite 

volume o! flue gases, but is also going to heat up large 

volumes of excess air which pass out of the boiler. without 

doing any useful work. ~he ratio of oxygen to fuel cannot 

practic3L.ly be measured at the intake or boilers and in an7 

event would not show how the fuel and oxygen were being used. 

Measuremeats are therefore taken as near to the outlet or 

the boiler a• po•sible aad will show the aaount of excess 

air aad cou~led with temperature readings can be uaed to 
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calculate collballtiOD etticieD07. ~laeae calculatima are 

~.......,qa aborteDe4 ~ tbe use or tables, chart• or ..,eciall.7 

4eaigned instruments containinp; circui-ta which cen take into 

account •bient teaperature • flue pa temperature and ox.ygen 

percentage b7 nlume and ehov a direct reading or efticienc7. 

lt mo~ be •ntioned at this stage that there are 

two clitterent comballtioa etticienciea which are used. ~se 
LOY 

depencl on vbether the net · C.01' lower calorif'ic ftl.ae) or .... 

(aa higher calorific ftl.11e llCI') ot tlle_tuel are used. Bae 

lllW_ta used in the B act the USA but aoet Earopeaa coan.nea 

u.. tbe LCY tor calculating etticieacies. ~ difference 

between LCY md BCY ia tbat the WV disregards· the •ount ot .. 

••1"11' reqaire4 to caawrt the hJdrogen in l;be fuel into atea. 

With tuela baTing little or no 111drogen in their llllke up the 

LCY ad BCY and the reapectiTe coabaation efficiencies will not 

differ a great deal but were the h7drogen content is appreciable . 

u iD the caH of oil tuela and aore-onr •tural gas the 

efficiencies will V&r7 conaiderabl7 for example with oil fuels 

tbia could be 887 6 percentage points e.g. coabustion efficien

c7 BCV -·7flf. - combustion efticienc1 LCV - 8Z'. It is tbere

rore excee4ingl7 isportant to know whether .., __ • not efficiencies 

are based upon BCV or LCV. This point was not highlighted in 

tbe original report and it is assumed that BCV• have been 

used. "oreoTer boiler plant literature ma7 not alw~s state 

upon which basis (HOV or LCV) stated efficiencies are obtained. 

Continental European boilers although ot the same or less 

actµal et!icienc7 as Ult or USA boilers will claim higher et!i

cienciea than the UK or USA boilers. Similarl1 to take tht1• 

tigures and expect to achieve them with taf)J.e, charts or 

instruments based on HL'V will obv.ioual7 be impossible. 

rollowing on the previous report and instrument provided HCV 

is used in thift art ot the project. 
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It would be noted that a saoke test should be 

taken in conjunction vi th the flue gas oJqgen (or Carticm

dioxide) analysis. Smoke is obviously a result or incoaplete 
\ 

combustion or fuel and the burner should be adjusted until 

this as been brought to an. acceptable level (Bo.1 on the 

smoke scale). 

Example Using Cb~a: An oilrired f'ire tubed boiler ba.s 
0 . 

a flue gas teaperature of 232 C and the flue gas analtser shows 

an oqgen of ?.8. With an ambient temperature of' 20°c the · 

nue gas loss is shown to be 187' gi,ing a coabustion ef'riciency 

of.~. 
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~rall Boiler Eflicieoc1. 

As has been stated the overall boiler etficieoc1 
• t 

depends upon other parameters than the combustion erricieocy. 

The -ount or b"lowdown required will obvious~ detract rroa· 

tbe aaount or steam being.produced as will the aaount or 

radiat.ion i_.. Although it •ay be possible to Masure the 

a11ount or blovdown this is x-arely done.~ it is normall1 

carried out on an ad-hoc basis of a y,iven period of tiae per 

shirt or da1 etc. It is obvious that reducing lil.ovdown will 

increase steaa output. lt is also possible to t%7 to recoveribe 

heat rroa b lowdown b7 various aeans for example in th!! case 

or continuous blowdovn a heat exchanger !or pre-heating the 

teed water could be emplo7ed. Radiation ~osses are dependent , 

upon the degree. of insulation or the boilers. Old boiler: 

plant in particular may be badly insulated origin~ly or the 

insulation may have become detective. In these cases improyed 

insulation may be justified. Radiation losses may be measured 

directly by means or the Exer~eo Heat Radiation Scanner provi

ded under the first part of.this project. Unfortunately during 

the current period this instrument was not operating due to 

the run down or the special !lat power pack which is not 

available locally. The alternative to this is to assume that 

the boiler shall (in ~he case or !ire tube boilers) is 

regarded as·a large diameter pipe containing hot fluids at the 

temperature or steam generation - heat losses from charts 

provided under this part o! the contract can be used to 

ascertain looses when used with various thicknesses o! 

insulation. The input or heat to be boiler consists o! 

three main parts :-
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a) Heat contained in the fuel. 

b) Heat contained in the combustion air. 

c) 3eat contained in the feed water. 

a) The heat in the fuel is ~iven by the 

value. As stated in this part of the project the HCV is 

used. Therefore with a given volume of fuel the heat contain

ed can. be found; if in the case or liquid fuel the specific 

gravity is known. The boilers seen on this part of the project 

were all fired with No.6 fuel oil.which has a given calorific 

value (HCV) of 42938.5 kJ/kg. or 41,131 kJ/l at .96 approx. 

specific gravity. 

b) The beat contained in the combustion air is almost 

always given by the ambient temperRture of the-lK>iler house. 

That is the air which is being drawn in to the "boiler. In 

some special cases, however, the combustion air is preheated 

by some means. The commonest methods is to draw the air over 

the outer shell o! the boiler between it and some outside 

easing. This was the case with the water tube boilers at the 

Heavy Hound17 and Forge and this would make the temperature 

ot the combustion air difficult if not impossible to e•tablish 

with any accuracy. 
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c) Heat contai~ed in the feed water can easily be ascertained 

by taking the temperature in c0 an~ multiplying by 4.187 to give a 

value of kJ/kg. 

e.g. Feed water tem~-~ature is 55°C therefore 

heat contained in ea<:h kg. = 55 x 4.187 

= 230.3 k.J/kg. 

This heat is of course not provided by the 

fuel and should therefore be deducted from 

the total heat of the steam when establishing 

the part played by the fuel. 

With the oil fired boiler previously quoted 

having a combustion efficiency of 82 percent 

the overall efficiency may be only 75 percent 

as follows:-

Flue gas loss 

Radiation etc. loss 

Blowdown loss 

Total loss 

18 percent 

4 " 

3 " 

25 " 

Overall Boiler Efficiency = 100 - 25 = 75% 

The direct method would be to meter the quanitty of fuel being actually 

used to provide an actual quantity of steam. This is why it is important 

that individual boilers are provided with fuel meters and steam meters 

(or failing that water meters). 
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Example: 

A boiler uses 500 litres of furnace oil and the quantity 

of water supplied to the boiler is 6000 ~. The boiler in operating 

t 8 b d th f d t t 1·s 5o0 c. a ar an t ee wa er tempera ure Assuming that 

during the test period there is no blowdown what is the efficiency 

of the boiler (HCV)?. 

From previous work we know hat furnace oil has a HCV of 

41,131 kJ/l. The heat supplied is therefore (41,131 x 500) kJ. As 

there is no blowdown all the water will be produced as steam. The 

fuel will have provided all but the sensible heat in the feed water. 

Heat from fuel in each 1 kg of steam 
= 2774 - <4.187 x 50) 
= 2564.65 kJ/kg. 

Assuming 11 of water weighs 1 kg. (not quite 
accurate as temperature is 500C) we have produced 
(6000 x 2564.65) kJ from (41,131 x 500) kJ of 
furnace oil. 

The efficiency is therefore 

16000 x 2564.65 

41131 x 5000 
x 100 = 74.8% 

If blowdown normally accounts for a loss of 3% 
the overall efficiency will be 74.8 - 3 = 71.8%. 
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Alm'":XURE-V 

Coat of St••· 
1'be coat of steaa is a coaposi te one conai·atin15 

ot all boilers house onrheads such as labour, electricit7, 

water treatment, generai tactor;r administrative costs, 

maint~~ance costs, water coats and of course fuel ~oats. 

Without detailed boiler ~ouae accounts assU11ptions have to 

be made regarding the contribution of each cost to the total 
1\ 

cost. In UX a normal figure would be that 8~ ot the total 

is· due to the fuel coat but with lower labour costs in 

Pakistan it aa7 be reasonable to asSU11e 90'J in fuel cost. 

Therefore ver7 rougbl7 ve can aq that almost all the earing 

"in steam. ~ts is reflected b7 the fuel cost to produce it, as 

the other .cbarges··are mainl7 fixed and will not alter at the 

m.rgin. 

Example: 

What is the cost of 1000 kg. of steam at 8 bu'. 

(vith feed water at 50°c) produced from furnace oil at Rs.1.62 

per litre when the boiler is operating at ?O percent efficienc~ 

1000 kg of steam contain 

1000 x 2714 - (4.187 x 50) kJ 
• 2564.64 x 1000 JrJ. 

1 1 of oil at ?O percent efficiency will 
produce (41,131 S-O.?) kJ. 

Cost of 1000 kg of steam 

• 2,5*f.64 x 1000 x 1.62 
,1,1 x o.? • Rs.144.30 
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il~at iu Condensate~ 

Any heat in condensate returned to the boiler 

will obviously contributE to the heat total. Increasing 

the temperature and/or quantity of condensate return will 

reduce fuel costs. 

Exallple : 

1500 kg of condensate per hour at eo0 c is 

returned to the boiler operating a~ ?5% efficiency to 

replace 1500 kg of mains water at 20°c. WhRt is the 

saving in fuel costs if the boiler is working ?000 hours 

per year ? 

Condensate recovered . 1500 kg/h 

~000 x Hours per 79ar. 10, o,ooo kg/y 

Extra Heat in condensate above feed 
water • (80-20)x 4.18? kJ/kg. 

- 251.22 kJ/kg. 

Heat recovered • 251.22 x 10,500,000 x 1a6 GJ 

• 2,63?.81 GJ. 

Boiler efficiency • ?5 percent therefore 
required heat from fUel 2637.81 • o.75 • 3,517 GJ • 

• 
1 litre of oil contain 419131 kJ 

3, 51:{ x 10
6 

1 . d 8 
41 , 3.1 are require • 5, 50? .2 1 

which at Rs.1.62 per litre 

• Rs.13a,521.7 per year. 
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ANNEXURE-Vll 

Reduction in Steaa D~malid - Solar Ener1q. 

It is obvious that reducing steam demand will reduce ruel 

costs. An example rrom a process plant demonstrates the 

methods of calculating savings and also slows the possible 

-use of solar eneX'g7. 

Example: 

Washing water is required at 60°C at the 

rate of 1000 1/h. Normally the water-is provided by 

mains water At 20°c heated by direct stP.am injection. If 

b7 the use of solar panels_ the suppl7 water temperature 

is increased to 40°C whet is the percentage saving in 

steam? What is the cost saving per year if the process 

i~ operating 7000 hours per year and the boiler is operating 

8 bar at 5~ .efficiency and steam main losses are 1~.; 

Heat required to raise 1 1 (1kg).or water 

through (60 - 20)0 c • 40 x 4.187 kJ s 167.5 kJ therefore 

heat required for 1000 1 

- 167.500 kJ. 

Heat required in steam • 167,500 kJ 

Heat required at boiler • 1:~~500 
outlet.due to mains losses. 

• 197.059 kJ. -
Heat content in steam at 
8 bar • • 2,771 .. kJ/kg. 

• • • kg of steam are 
required. 

With water Rupplied at 40°C hent required 
• (60 - 40)°C x 4.187 • 83.75 kJ/l 
and onl7 35.5 kg or steam are required 
there!ore saving 

• ~ x 100 • 50%. 
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It tbe process operates tor 7000 howre per 19ar 
1,97,059 x 0.50 x 7000 kJ are sand at boiler outlet 
per )'9ar. 

•197,059 x Q.50 x 7000 x 106 GJ 

• 690 GJ. 

As boiler efficiency is 5~ the fuel oil is required to 

provide ~ GJ. 

- 1,254.5 GJ 

~ l. fuel oil has a BCV of 41,131 kJ 

• • • 
litres required• 1 •2f! x 

106 
4 ,131 

- 30,500 1 

and Rs. saved at 1.62 Rs/l 

• Rs.49,410 say Rs.50,000/-

I! a payback or 6 years is acceptable for 

the use of solar energy the expenditure or 6 x 50,000 

• Rs.300,000 is justified. 
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Losses troa Hot Pipes or Surf aces. 

All hot surfaces ra4iate heat and also lose heat by 

convection. These losses can be calculated rrom first 

principles but this is a very laborious process and tables of 

charts are normally used. · Charts showing losses from insulat

ed and b~e pipes have been left for use by personnel. Al

though losses have been given for pipes only ,larger _SQf'aces 

can reasonably regarded as correspanding to pipes of 500 ma 

diameter. It will be noticed . that even the thinnest insulation 

·reduced heat losses by some 90% so that even if the economic 

thickness of insulation is not appliea it essential that some 

insulation_is applied. The use of the charts is adequately· 

described in their accompanying notes anr. will not be 

repeated here. 

Example: 

A steam valve on a 100 mm pipe is uninsulated. 

The pressure or steam is 10 bar and the boiler efficiency 

is 55 per cent and the operating period 7000 hcurs per year 

Assuming a two year payback as acceptable what amount of 

money is justified in providing a valve insulation bas ? 

The temperature of steam at 10 bar. is 184.13°c. 
Aasuming that the average temperature or the outside 
ot the valve body is 150°c the heat loss will be 
equivalent to that from/100 mm of pipe. 

1 m or 
From charts • 850 W 

~hcref ore loss per year 

• • 21.420 GJ 

• 850 x 3600 x ?000 x 106 
GJ 

And !or 2 years • 42.84 GJ. 
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42.84 GJ are lost but vith boiler efficiency 

of 55" 

42.84 ~GJ must be provided by fuel 0.55 
- ??.89 0 GJ. 

As the BCV of fuel oil is 41.131 kJ/l 

• 7{.;~f3~ 106 • 1,893 ~-
and at Rs.1.62 per litre • 1893 x 1.62 

• Hs.3,067 

i'herefore Rs.3067 is justified if a two 

7e.~:r payback is required. 

(For a 1 7ear pay back half this amount 

i.e. Rs.1535 is justified). 
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Calculation or Power b'actor(l>."F) 

Th• iaportance or power factor to the suppl1 

industry is that all the supr~11 s7stem, power generators dis

tribution calles transformers, switch gear etc. have to be 

provided to carr7 current some of which as tor as the user is 

concerned is wattless, that is it does no work and does not 

~egister on a ltvh meter. Furthermore .I2R losses in the distri

bution cables will be greater than it th~ user uses the current 

supplied efficiently. The. user is encourag~ci to use a P.I' over 

0.85 ·as charges are applied if the actual P.8 is less. It ia not 

proposed to examine the detailed theory of P.F but it will be 

useful to be able to calculate P.b' rrom standard. electricit7 bills. 

Examp1~-. 

The electricity bill shows (inter alia) the 

!ollowi~g readings. 

kWll :.. 3826560 
kVilH - 1??2800 

What is the power Factor? 

From the vector diagram cos ;. • PP 

'J4.,,~ .. a~ '~'c 
AVA 

B7 eaJ.cul at ion the by hy~ocenuse 

~ad cos , • zs26~0 • 0.907 
217 1.7 

P.1 • 0.9 

ol the vector diagram is 421?2?1.? 



ANNEXURE-X 

.Economic Criteria. 

·There are numerous methods of economic 

appraisal. The particular method used will usually depend 

on that accepted by finance departments as most suitable 

to their own situations. For example Slllall private industry 

may look for relatively simple methods whilst large government 

departments will use more sophisticated techniques. It is 

proposed to outline three variations wbicn can be used. They are; 

(a) sim;le payback (b) Lowest •COF-t in Use (c) Techniques using 

Discounted Cash ~low, Test Discount kates and Net Present Value. 

~a) Simple Payback. 

Simple payback has been ur3ed as a criterion in the 

first part of thi~ proj~ct. It is an extremely simple method and 

now a days is considered outdated. 

J:;xample: 

With gas at Hs.3.33 per m3 and a boiler efficiency 

of 75"), based on HCV a 25 mm pipe operating at as shown in the 

table below: 

' Thickness : Heat Cost of Installed Cost Pa1back 
ot Insula-: loss Heat Loss or insulation period 
tion mm : W/m Rs/annum Rs./meter Years. 

Bare 78.00 73.e • -
9 21.57 20.4 51 0.96 

13 17.80 16.8 58.5 1.03 

19 14.50 13.8 .87 1.45 

I ' ' • 25 : 12.50 : 11.7 112.5 1.81 
I ' 
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b) Lowest Cost in Use. 

The lowest cost in use is a technique which 

establishes the benefits of taking different conservation 

actions against costs and produces a point at which additional 

conservation action actuall7 starts to .increase total 

costs. The period or review is not liaited and is extend:d 

onl7 so far as an increase in total costs are indicated. 

This principle can be illustrated graphic&! in Fig. 1 

It should be note.d that although Slllooth curves are indicated 

in real life there may be steps in the lines as for example 

insulation thickness will not increase bJ infinite steps but 

more by predetermined thicknesses dependent upon manufacturers 

products. 

-;'X/cll,,es~ "/:" ,;, s"/11,_,..._ ~ 

Example. F'J I. 

A 50 mm bore pipe operating at 100°c os to be 

insulated. The boiler.e!!icienc7 is ?r:f1, using HCV and the fuel 

cost Rs.5.1/litre. The pipe will be in use tor 5,400 hourw per 

year and the evaluation period is 5 1ears. 
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I I 

Thickness Beat ·1oaa: Cost ~ Cost of heat Installed Total 
of insula- : factor : loss over cost of Cost 
tion • : evaluatiwi insula-I 

I ' l!eriod · · ti on I I 
• - W/ra • Rs./W Bs/11 Rs/m Rs./a • • 

• • 
.Bil : 245 : 15.9 3885 3885 

I 

50 20 15.9 ~18 15, 4?1 

' • 63 1?.6 15.9 2?9.9 186 : 465.9• 
• 
• • ?5 16 15.e 254.4 225 ~ 4?9.4 
• • 
' • ' 

•·Lowest cost in use and economic Thickness. 
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Discounted. Cash ftow is a technique which takes 

into account the interest rates which are considered. to be 

relative to the project. It will be evident that it a &WI of 
' aone1 is invested in a project tor t~e purpose or energy 

conservation bringing in a saving in energy coats the saae 

.. ount of aone1 could be invested in soae financial areas which 

vould also produce an incoae. Similul.1 if mone1 is borrovecl 

to finance an ene~ conservation project the interest pa1able 

on this loan will have to be set against an7 energ cost saving& 

It must be eaphasised that this technique does not take into 

account inflation across the board. It it is assumed that 

certain costs, for elt&llple energy costs, will increase at a 

greater rate then other costs a different test discount rate 

should.be used tor the fuel costs. •or example if ene1"g7 coats 

are expected to increase 2% per annum in real terms (real terms 

means relative to a total basket of other costs) then the 

relative Test Discount !iate (TDH) used for energy costs or 

savings would be 2% less than the test discount rate used for 

other costa. Using this technique it is normal to set a period 

!or· the time reviews e.g. life of the project. 

B1 bringing all costs present and· future (discounted 

in line with whatever discount rate is decided upon) a let 

Present Value (BPV) can be obtained which enables the choice of 

projects to be made. 1'hose with the lowest BPV will be more 

attractive. 

To enable this technique to be used sets of tables 

are available to give appropriate factors tor different interest 

rates and evaluation periods. 
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AVERAGE MONTHLY ENERGY CONStJ.,1PTION 
PREMIER TOBACCO INDUSTRIES 

JAN ·~ MAR APA MAY JUN Jl!t. AUG SEP OCT l«>Y DEC 
15 



ENERGY DISTRIBUTION 

BY COST BY TYPE 

FUEL OIL 
54.45 .,. 

, ' ELECTRICITY I 

35.55 .,. 

PREMltR TOBACCO INDUSTRY 

FUEL OIL 
a4.04·1·----~ 

.ELECTRICITY 
15.96 .,. 

BY COST ANO BY TYPE OF ENERGY CONSUMED 

I 
N 

'° I 



BOILER 

PREHlER TOBACCO INDUSTRIES 

Assuming 90-Z of the fuel oil is consumed in the !>oiler 
DETAILED ENERGY USE & COSTS 

ilontb-- T•t.Al Oil 90% of O~l ln•rCT- .. fi ... Actual lt•u '1tea111 . Prp_.u---. ..-r,. el o 
Consumed conauaed GJ Production Produced ction at ?8" Savina: 
l.it:-e li :'91! . ( 100'~) Ks (~~~) K5 et!iciflncy K 

.January ~5 47275 4254?.5 1750.02 369272.79 20,100.0, 2880;52.?7 1251+6.05 20,a1+.601 

J'ebruar)• 3~00. 29880 1228.99 259,,0.65 1426,1.85 202277.90 8810.76 1427, ... , 

Narcb 38990 i5091' 144 ,. 32 ,04557.29 167506 .50 2:57,54.68 10,!t?. 31+ 1616~ .cc; 
april 40960 ~861+ 1516.25 )19945.29 175969.90 249;57. 32 1cs1c.1; 17609.6£+ 

Kay 40550 )64~5 1501.c? :516742.71 174208.49 21+7059. 31 10161. , .. 1?i+:;}.?7 

June 36875 33187.5 1}65.0; 288036.68 1581+20.17 221+668.61 ~;:16 .os 15853.40 
""' 

J\l.ly 40225 '6:?02 .; i1+e.11 31i.204.o8 1?2S1t..244 21+5·:ns. 1 e 10675.09 1729,.61+ 
0 

A.uguat }24;0 29205 1201 .2, 2sJ41a.2a ... ,9 ... 09. 754 197708.378 8611.?3 13951.0026 

Septeaber :nooo 2~700 1221 .59 257768.42 141??2.631 201059·'6 8757.69 14187.1+5 

October 42556 38300.4 i;75.;3 3}241 i .!•1 'i 82E.i:t; .5;i ~59281.28 1129,.?0 18295.791+ .. 
Nove•ber lt0250 '6225 1439.97 ,14399. '6 172919.6!+ 2lt5231 .so 1o681.?} 17}04.402 

' 

De;:eaber 44575 40117.5 1650.07 '4P.182.65 191500.45 271582.46? 11829.51 19163.80 

.. 2,815.4 1?1t,1 .95 '6?8324.18 2023078.29 2869092.86 121+971.2c 2021+53.}44 
I 

Pay back period • 660000 • 3.26 yeara. 
·262453.44 



PREMIER 'l.'CBACCO IHDU~TRI~ MAHDIRA. 

lUEL OIL OON~UMPTION 

tlontb Liters· M.T G.J Coat Ra./GJ 

January 85 4?2?5 45.38 1949.9? 83931 43.04 

lebruar7 33200 31.8? 1369.45 59100 4,.15 
• 

Karch ~·38990 3?.43 1608.,7 67640 42.05 

.\pril 40960 39.32 1689.58 68?33 40.68 

HaJ 40550 38.92 16?2.39 65228 39.0Q I 
1..1 

June 368?5 35.'~0 1521.14 59839 39. '4 ... 

July .. 40225 38.62 1659.5<' 63951 38.;4 

•ugust 32450 31.15 1;3a.52 51818 38.?I 

~eptember 3~000 31.68 1361.29 52059 ~8.24 

October 42556 40.85 1755.32 6?848 38.65 

November 40250 38.64 1660.36 55~51 ~3.'4 

December 445?5 42.?~ 1838.?? 69839 ;7.9s 

452.05 19424.S? . ?6533? 

• Based on 0.96 sp. gravit1 tor Y. Oil. 18500 Btu/lb ia beating valve o! r.o • 42.9? GJ/M-T 
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11U:1UER TOBACCO lNCUSTlU.ES Dl•lLEll 
I 

Type of Boiler • Loco Type 

No of Boilers c 'two 

One slRnd by (2000 lbs/hr) 

tlaoufacturing dRtP. of boiler c 1945 

Date o(' jnstalled c 

Length • 20 Feet 

LenBth of furnace c ? feet 

Breadth c 5.25 feet 

Height c 6."/5 Feet 

Type of insulation c Good 

1972 

Temperature of the ~·eed water c 140-160°F 

Pressure (Ra~ed) = 225 Fai 

Presure {Operating) c 120-1'.)0 Psi 

Capacity (Rated) • 6000 lbs/hr 

Capacity (operating) = 5000-6000 lbs/hr 

Deatjng Surface c 1000 rt2 

No of burners c One 

The l'oiler bej nr; of the loco type could not be 

expected to hav.g an effic] enc..v r,rct-t I er than 65% in the best 

possible condition. Unfortunately Actual rcadin~s could not 

be taken as no hole ;·or flue (~as analysia exisL.cd and the 

factory manar:emcnt did nol; permit I! hole in the f.iue to be 

drilled. The· efficiency hRd therefore to be P.stim~ted And 

bearing in mjnd opcratinp: conditionn, tbe figure o~ 55% 

efficiency waA Roaumed ond Lhe cal~ulationo·arc m~de on the 

basis o! 55% effjcir.ncy. 



.. 

- 33 -

It ia esti11UJted that if a new boilc,- is installP.d 

with e.f.Cicienc.J 78%, then there will be ruel oil savings 
I 

1249'/1.20 litres which will t:'>st lls.2<>2453.3'•'1- and i_f Lhe 

COSt Of the new boiler ( RCCOOd band) is CODSidere1t ffR.660CX)() 

then the -p&:yback period is 3.26 yerirs. Thercrore it is reco

mmended that a new boiler should be insta~led with n proviE:lC'n 

thut it can be operntO'ble on Suign::;/!"ucl oil. 

:E'REHIJo:Jt 'l'OBACCO l.NDUST!UES 

lNSUlATICN OF VALVE 
-
No of V9lves • 2 

Dia • 6" approximately 

Temperature of Steam • 175°c 

Steam FreRsure • 8 bur 

Heot Lost • 1150 WaLt 

Heat loss/year • 12 x 3600 x 1·150 x 300 
109 

Heat lost .fr<'m the Lwo volves/yeRr .. 29.8 GJ/yenr 

Cost of ~ner~y • Rs.~S.90/GJ 

Savinr. • 29.8 x 38.9 

• Rs.1159.22 

If theAe valves arc insul;1 Led then 1;he paybBck pr.riod 

will be one year. 
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PREMIEh TOBACCO INDUSTRIES 

DISUlATlOH 

There 11re only two pipe linr.q of steam vbicb rouud 

non insulated, their details 11re BG under : 

(a) Length • 10 feet (3a) 

Dia • 1" (25 .. ) 

(b) Lenr;th. •· .10 .feet (3•) 

Dia s 0.5" (12.5mrA) 

Steam Pressure • 8 bar 

Te•rera~ure • 175°c 

Assume outside temper'9ture of pipe as 1508 

(a) Heat Loss • 3 x 280 • 840 Watt 

(b) Beat Loss • 3 x 190 • 570 Watt 

ToLal Heat loss • 1410 Watts 

1 kwh • 3413 Btu 

1 Btu • 1055.86 Joules 

Heat Loss • 1410 Joules/Sec 

• 11~10 x 60 x 60 x 24 x ~ 

109 

• ;6.54 f,J/yeAr 

Cost of G4 • Rs.38.'J() 

• Ra.1.q21.40 

It these pii.·e .. lin•s a1·e insu l11ted than the pay 

back period will be one year. 
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PREMIER TOBACCO INDUSTRIES 

Cut- Tobacco Store 

DrJ' bulb Teaperatu1·e • 2"/.4°C 

'.fempereture Di f'!erencc r 3.2°c 
. ' 

kooa Temperature • 28.4°C 

Size of Koo• •· 30' x 60' x 15.5• 

Humidit7 required • 74-7f/I, 

Ruaidit1 Calculated • ?~" 

Packing Section (Production Hall~ 

Sise or Rall • 90' x 120' x 15.5• 

Humidit7 required • ~5-607' 

D17 Bulb ~emperature (i) 26.2 (ii) 26.6 

Temperature difference • (i) 2.6 (ii) 3.5 

Roo• 'lemperaLure • 25.2°c 

Humidity Calculated • (i) 81% (ii) 74% 

,Jtwaidity in cut-Tobacco store WR& found as per 

requirements. While great ditfereuce was noted in the packing 

section, here and buaidit~ is recorded RS 81~ and 74% while the 

re qui remen·~ is 55~ 

Inlet out side Temperature db • 30°c 

Relative Humidity • 30% 2 
Specific Volume • 0.86 Kg/• 
ftoiature Content • .ooe K~/Kg 

Actual Inside Uonditlons 

D%7 Bulb teaperuture • 26.2 

Wet Bulb temperature • 23.6 

Ditrereuce • 2.6 

Relative Humidit7 • 8°" 

Hoisture Contents • 0.018 .Kg/Kg 
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Required Inside Conditions 

Relative Hillidity • ~ 

Hoisture ConLents at this humidity • .01 1
• Kg/kg 

Assume normally 80% frpm coo]er nnd ~1 from 

Steam. The moisture Con1:enLs in the air 

• .014 - 008 • .006 Kg/Kr; 

Cooler ~iven c .0048 Kg/Kg 

Steam gives c .0012 Kp;/Kg 

Leaving Cooler air ccntains = .008 + .OOltO = .0128 Kt./Kg 

Therefore .004 Kg/Kg too much ad<lcd from Steam specific 

Volume s .86 Kg/m3 

Volume of Dall • 51636 m3 
Then .86 x 10 x 51636 • 444069.6 Kg of :ti r in aasuminJ~ 

10 air changes per hour, one hour 0.004 K/g of air from Steam 

Steam provided • .004 x 444069.6 s 1776.2 Kr, of Steam/Hour 

Saving of steam/year = 1776.2 x 12 x 300 

• 6~94320 Ky, of steam /yeo.r 

The fuel oil has a value of 41131 Kg/l aod at efficirncy 

of 55%, it "i 11 provtrle 

& 41131 x .55 s: 22622 J~J/l 

Gincc Steam pressure = 120 l's] = 8 bar 

~·otal heat in SteF1m • 2774 KJ/Kg 

.f!eat in feed water • 40 x 4.187 "" 167.5 XJ/Kg 

Heat provided by the fuel nil = 2774-1675.5 .... 2606.5 Y.J/k~ 

1 litre of oil will rT·ovidP = 22622 •8.68 Kr.: of, steam 
~5 

Therefor~ I.he net savi nr: of C'il ,,.6324320= 736&72 .8 litre/yr 
B.filJ 

Saving in Rupees• 7'66?2.B x 1.62•Rs.119,409~9 

Energy Savinr: • 30~0~ GJ 

Cost 01' Enr.rr:y • HR.,38.9/G;J 

Total SAvinr. r Hs.1178786.7 
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PREMIER TOBACCO INDUSTRIES ELECTRICITY 

Month Power Factor 

January 1986 0.74 

February 1986 0.74 

March 1986 d~74 

April 1986 0 • .74 

May 1986 o. 73 

June 1986 o. 73 

RECOMMENDATIONS 

Power factor measured was showing a result of ~94, 96 

and .47 while actual power factor comes out to be 

0.74 and 0.73 this is a great discrepancy, which 

shows that there is some fault in the working of 

Capacitor bank. If it is rectified then the factory 

should save Rs. 36,000 per year which it has to be 

paid for low power factor. 
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PREMIER TOBACCO INDUSTRIES MANDARA 
ELECTRICITY CONSU~PTION 

non th KWH G.J. -
January 85 73890 266.01 

February 95480 343. 73 

flarch 570'l0 205 •. Jl~ 

April 6~510 228.64 

flay 96980 349.1~ 

June 12470 4q.s9 

July 93080 356.68 

August 105510 379.84 

September 105020 3?8.07 

October 100920 363-31 

November 113020 406.87 

December 102080 367.48 

Total ·1025000 ~690 



~uel (;il 

J::lectric:(ty 

Total 

Fuel Oil 

Electricity 

Total 

PRE?:iIER TCiBACCC:. INDUSTRIES l"iANURA 

GJ -
1~24. ~~ o/. . 0 • 19424.5? • 23114• x 100 • Bit .O~i'> • 84.04 x 3.6 ..... 302.54 

• ;690 

• 23114. 57 

B§.: 

• ?6533? 

• 422100 

• 118?43? 

~6qo o • ~3114.57 x 100 • 15.96% • 15.96 x ;.6 • 5?.45 

?653a~ o • 1 ~a? 7 x 100 • ~-45% • 64.45 x 3.6 • 232.02 

• 4 22100 x '100 • 35-54% • 35.54 x 3.6 • 'l-27.94° 1187437 

""" '° I 



Manaaerial Office Officer 
Cantilen 

P.M.D. 

Engineerina atore 

Material atore 

Non duty paid Cigarette Godown 

Enalneertng Vorkahop 

~oundary Hahu 

-Canteen Moaque 

Total 

Boller looa 

Cla•r•tte 11akln& and packing 

Total 

PR~MlER TOBACCO INDUSTRIES MANDARA 

'l'ub•• Bulba 

'2 • '2 x 40 • 1?80 watts 

92 • 92 x 40 • '680 Watts 

20· 20 x 40 • 800 '4'atta 

~ • ' x 40 • 120 watts 

16 • 16 x 40 • 640 wutta 

26 • 26 x 40 • 1040 "4'atta 

2, • 23 x 40 • 920 Watt 

8480 \Watt 

16 • 16 x 4C • 0.:.-0 · . .,att 

200 • ?.Co x 40 • socio ~att 

8640 1•att 

1 • 1 x 250 • 250 ~att 

8 • 8 x 250 • 2000 watt 

5 • 5 x 200 • 1000 ~att 

12 bour• 
wort• iD l 
da1 300 
da,e lo :11ear 

Total 19''° 
·Jatt 

29 • 29x200 • 5800 Watt .. 19. 3'50 l'.J 

9 • 9 x 200 • 1800 Watt •250. 52 GJ/7r 

10850 1..lo.tta 

I=' 
0 

2 • 2 x 250 • 5CO wqtt 24 hour• worki 
in a da1 '00 

2 • 2 x 250 • ;oo ~att days in a 7r. 

1000 ';J:att Totlll • 9640 
:.i1att 

• 9.640 ~ 
9.~0 ICU 

.. . 
•rot al • 250. 52 ~ ~49'.,868 

• 500.38 GJ/JT. 
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PREMIER TOBACCO INDUSTRIES KANDRA 

RECOHKENDATIONS: 

lie tailed Energy Audit liurvey of ¥reai er Tobacco 

Industries, hcandra was conducted .Crom Mircb 31 to April 

2, 1987. Necessary data was collected ~nd ·process conditions 

at different oections were checked by using the latest.equip~ 

meats/instruments evailable with the survey team of DCNBER. 

Fr<•• these results end analysis made on the baaia or the 

data collected, following rcco111.;endations are made : -

i) Consideration should be given to the replacement 

of Loco Lypc boiler wbit:b is having lower effici

ency b) modern package type boiler wluch has a 

higbcr e.Cficiency o! 7~ and capable of producing 

more-: steam. 

ii) Two valves of (, 6" approximately and 2 pipelines 

oI steam of length 3 m each ~ 25 mm and ¢ 12.5 mm 

respectively found non-instaJled. Heat loss from 

tbe valveu arc 29.8 GJ/yr and from pipes 3b.5 GJ/yr. 

lf these valves end J>ipelines are insulated ·then a 

saving of 'Hs.2')80.62 per year can be saved and 

if these pipe lines ana valves are J•roperJ.y insu-· 

1atea tnen tne pay Dack. per1oa 1·or insulation is ' 

one year only. 
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iii) Special aLtentiontis required towards the Buaidity 

con~rol in th~ packing Dall. It is required to 

control the steaa in the packing Hall and steaa 

flow should be reduced, the proper control or Huaicli• 
"' 

ty will u'ive Ns.11,?8,{80.? per year. 

iv) Power !actor aeasureaents were aade by the Power 

!actor meter. The po~er factor re•dings were .96, 

.<)II and .4? while the power factor from the billo 

collected is .?3 to .'l4. It is aucb lower than 

required. Heter should be checked. A proper 

control 011 the capacitor bank will save Rs.36,000/-

per year. 

v) Water meters and fuel meters should be installed 

in the boiler section. 

vi) An Enerl!a nanaier should be appointed who should 

look after the works relating to the enexy.y in order 

to curtai 1 the u~_:e of energy 1111d to make efficient use 

of the avail l'blP. sources. 
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RAGE MONTHLY ENERGY CON~PTION 
ALLIANCE TEXTILE MILLS _:._...,... 
ELECTRICITY ~ 
FUEL OIL W?@ -~ 



ENERGY DISTRIBUTION 

av COST BY TYPE 

ELEC TRICI TV \ I ELECTRICITY 
94.32 .,. 73.51 •1. 

ALLIANCE TEX TILE MILLS LIMrTEO 

FUEL OIL 
2s.i.9•1. 

BY COST AND BV' TYPE OF ENERGY CONSUMED 

I 

~ 
~ 

I 
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BOILERS 

ALLIAN€E TEXTILE MILLS JHELUM 

, 
Capacity = ?500 lbs/hrs 
Type : Lancashire 
Stenm .Pressure .. 100-120 Psi ~ 

Saf'ety Valve dP.signed at • 150 lbs/m2 

Averase Stea• Pressure • 7.5 bar 
. 0 

Steam Temperature :- 1?}.02 C 
Steam = 2711.7 KJ/Kg 
Total Heat in Steam at ?.5 bnr ~ Z171.? KJ/Kg 
Feed Water Temperature = 45°C 
Heat in .Feed Water • 45 x 4.187 : 188.415 KJ/Kg 
Heat Provided by the fuel oil • 'Z771.7 - 188.~15 • 258).285 lJ,ig 
The ruel oil clorific value = 411~1 KJ/l 
1 Btu/lb c 0.43 KJ/Kg for Steam 
Furnace oil • 18500 Btu/lb . 
418 items/ton for oil 
.. 41,800,000 Btu/2,~016 

• 18,660 Btu/lb 
• 18660 x 2.2.Btu/Kg 
.. 111053.5 Btu/Kg 
• 41053.5 x 1.05 KJ/Kg 
• 43352 x 0.96 = KJ 

Assuming 57% efficienc;v of the BoiJer, 'l'he fuel oil wi 11 
provide be._.t at 57% efficiency 
., 41131 x .57 KJ/l 

- 23444.67 j{J/l 
and 1 litre of oil will provide steam:

• ~444.67 r 9.075 &g of ateom. 
83.285 
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ALLIANCE TEXTILE MILLS LTD. JHELUM 

STEAtl DISTRIBUTIOH: 

CONDENSATE LIME 

Length • 516 feet s 157.276 meter 

Dia • 3" • 75 mm 

Allbient Temperature e 298 
AsSUllling Condensate at 9QC

0 

Surf ace Temperature of pipe e 75 c0 

Heat Losts/meter ~ 210 Watt 

Length * 516 Feet 

1 •etcr • 3.28084 

----21§_ -.,-:-28UB4 = 157,27b meter 

Heat Lost = 210 x 157.276 

• 330?7.96 Watts 

Assuming 12 hours operation of boiler 

Heat Loss:- 33027.96 x 60 x 60 x 12 x 300 . 428.042 GJ/yr.ar 
109 

At boi~er efficiency of 57% 

- 428.042 
.• 57 

• 750.95 GJ/ycar 

• ?50.95 x 106 • 1825?.51 liters 
41131 

1 liter of oil • 1.62 

Total Saving c 10257.51 x 1.62 

Rs. • 29577.1 

Pav back period is one ycnr 



ALLIANCE TEXTILE MILLS LTD. 

Detailed Encrly use and costs 

!-ion ~h Consumptions :E.nersy 1'otal Steam /,c t uc l St e am Steazr, at Ln•rcy ~h,vinc 
liter& GJ 'Drcduct-r Prn:h1c t ion ?8~ e:!ici- ir. terma o! 

(1 OOiD Y.g enc~· 1\g st riaft'. i;c • 

.:.:>:-i: -: ;S6 21~2 88.,1 1CJ530 111,2.1 1SZ3).4 ... 101.' 

Hsy 23902 98,. 11 216C)2,.22 · 12,61t6.23 1&9200., 1 ,..,,,,.88 
. 

June )64, ,1,.9.8lr ,,o,2.11t 188+~.At-1 ,,718.~ 6'6t) .. Oj 

Ju;.y - - - - - -
~u.sust ,,288 628.81. 1387'+6.64 79015.58 ,01222.37 2913'· ?9 

Sept eauer ,,,90 2210.00 ,0087&.21 285500.61 J90685.05 , °' 181t. ~,. 
I 

i:-

100175 ~120.29 9091 .. 0.&o ,18210.2'6 70912 9. 82.4- 190919-~& 
..., 

Savlnr • 78-5? 
78 

& .269230 



Hon th Saving in fuel oil (litre) Saving in Rs. 

April 1986 579.38 874.86 

Hay 1986 6435.15 9717.07 
• 

June 1986~ 980.80 1481.00 

July 1986 

August 1986 4115.99 6215.14 
' 

September 1986 14858.84 22436.84 ~ 
OCI 

26970.19 40724.98 

Saving in a year = 81449.97 

Pay back period = 8.1 years 



Month Fuel oil saving (letter) Saving in Rs. 

April, 1986 451.90 682.369 

May, 1986 5,019.42 7,579.32 

June, 1986 765.03 l ,155.1953 

July, 1986 

August, 1986 3,210.47 4,847.80 
I 

September, 1986 11,579.9 17,500.749 t:-
'° 
I 

21 ,036. 74 31,765.47 

Saving/year 31,765.47 x 2 = 63,530.94 

Pay back period = 660,000 = 10.38 years 

63,530.94 
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ALLIANCE TEXTILE INDUSTRY JHELUM ELECTRICITY 

Month 

February, 1987 

January, 1987 

December, 1986 

November, 1986 

October, 1986 

September, 1986 

August, 1986 

July, 1986 

June, 1986 

May, 1986 

April, 1986 

March, 1986 

February, 1986 

January, 1986 

Power Factor 

0.96 

0.96 

0.96 

0.96 

0.96 

0.95 

0.95 

0.94 

0.95 

0.94 

0.94 

0.93 

0.94 

0.95 
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ALLIANCE TEXTILE MILLS LTD. JHELUM 

Electricity Consumption 

Month KWH G.T 

April, 1986 5260,020 1893.67 

May, 1986 540,030 1944.11 

June, 1986 510,540 1837 .94 

July, 1986 569,550 2050.38 

August, 1986 499,410 1797.87 

September, 1986 539,250 1941.30 

Total: 3184,800 11465.27 



ALLIANCE TEXTILE MILLS LTD. JHELUM 

FUEL OIL CONSUMPTION 

Month Litres M.T. G.J. Cost 

April, 1986 2152 2.06 88.52 3443.20 

May, 1986 23902 22.95 986 .16 36564.80 

June, 1986 3643 3.50 150.39 7507.20 

July, 1986 

August, 1986 15288 14.67 630.40 17748,80 

September, 1986 55190 52. 98 2276.5 86475.60 

Total: 96.16 4132.02 151739.60 

*Based on 0.96 sp. gravity for Fuel Oil, 18500 BTU/lb is heating value 

of Fuel Oil ; 42.97 G.J/M-T 

Rs/G.T 

38.89 

37.08 

49.92 

28.15 V1 
N 

I 

37.98 

38.41 average for 5 month 
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ALLIANCE TEXTILE MILLS LT~. 

Electric •orkshnp 

sorteninr, & PersQn~l ~fficr 

Laboratory 

Or.>dovn_ _ 

Main Of ficP 

Reception •IJ:• te Office 
+ ··gxcise Offic~. 

8 hrR. in a dny ~ = 
300 d:-ty in a y••nr. ~ 

\-!ork1tbop 

P8ekini; isP.r.ti.ou 

t1nter ·rank 

c~lony ~trret li~ht 

rnctor7 Roun~ry wall 

CJ uh .. r.~Rt "fouse+C>fficr.r+ 
Pahr;low 

Officers Colony 

Tubes 

8 c lxltO = ,~o watt. 

' = 6xleo = 21&e watt . 
17 a17xlto = '80 

' c 5x'9o :250 
99 = 99x~ ='9'0 •; 
' = 6xle0 = 2C.O 
Total : 5'116 ~nlt. 
To tn 1 ,... '. 7ft01r..: '"' t; t. 

Bulbs 

1 = 1x100 ~ 100 Mott.. 

Total- 100 '-EE. 

~.7'°1c.OOJ6x8x3001CV/hrxGJxhr/darX4la1/,.ar 

: "9·5' GI/Year. 

18 :18xlt0 ~ 120 vatt 

3Z = Jt•.ltO :;. 128o " 

2 = Z".ltO = lo " 
SO = 50xlto =- 2000 '' 
27 r Z7xlt0 .-1880 '' 

lt6 ,... lt&xlt0:18lt0 '' 

1081s1081:!100a10l100 " 

-rota! 1006 tJatt Total = l3MOO ~tt. 
G.To~al: 1«.3,00 wiatt-. 

1Z !tours ir• o. da7 ~ 
300 dayt in a yearj e 
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ALLIANCE TEXTILE MILLS LTD. JHELUM 

Canteen Lower Staff 

Boiler House 

Time office, Gate office 

Dyeing + Bleaching + 

Finishing + Wearing 

Preparatory + Spinning + 
Cone making 

Carding + Blue Room + 
Power House 

Fire room 

24 hours in a day 

300 days in a year 

19 = 19 x 40 = 760 Watt 

3 = 3 x 40 = 120 " 

4 = 4 x 40 = 160 " 

226 = 226 x 40 = 9040 Watt 

230 = 230 x 40 = 9200 Watt 

136 = 136 x 40 = 5440 Watt 

5 = 5 x 40 = 200 

Total: 24290 Watt 

G. Total: 25120 Watt 

= 25.120 K Watt 

2 x 10 = 200 Watt 

Total: 200 Watt 

25.12 x .0036 x 24 x 300 = 651.11 G.J/year 

Total lighting in a year = 651.11 + 1864.94 + 49.59 = 2565.64 G.J/yr 
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ALLIANCE TEXTILE HILLS LTD. JHELUM 

Hain Office 

Club 

Resident Director 

Chief Executive Residence 

Resident Director Residence 

Hill Manager Residence 

Technical Adviser Residence 

C.H. Finance 

Laboratory 

Mill Manager Office 

for C.O.P (Co-efficent of Performance) is 
1 for of Refrigeration = 200 BTU/an 

or = 200 x 60 = 12,000 BTU/hour 

,\ 
1\ ton. 

1\ ton. 

1\ ton. 

1\ ton. 

1\ ton. 

I\ ton. 

1\ ton. 

1\ ton. 

1\ ton. 

1\ ton. 

2.5 : 1 

so for C.O.P. of 2.5 = 12000 BTU/hour: 4800 BTU/hour 
for 1\ ton = 6000 BTU/hour 
= 10 BTU/hour = 3 W 
so = 600 x 3 = 1800 Watt 
= 1.800 K Watt for 1\ ton A.C. 
for 10 Nos A.Cs = 1.800 x 10 = 18 K Watt 

8 hours in a day 
300 days in a year 

) 
) = 18 x 8 x 300 x .0036 = 155.52 CJ/year 



Fuel Oil 

Electricity 

'l'otal 

Fuel Oil 

Electricity 

'lot al 

AlJJlANCE: 'l.'EXT1l1E MILL~ L1rD. JHELUM 

SU 
• 4132.02 41~2.02 - 100 • 26 4~ • 26.49 x 3.6 • 95.36° ·1;597.29A e 7~ • • 

• 11465.27 • ~~~§~-~b x 100 • 7;.51% • ?3.51 x 3.6 • 264.64° 

... 
• 15597.29 

ns. 
1r;17~C).60 . 0 

s 1517,9.60 •62ri~~hx l 100 • 5.68~ • 5.68 x 3.6 • 20.45 

• 2520431 25204i'I ,,- "IUO • Q4.32'" a AJiMS~-·-·· >- ' 

• 26721?0.60 

0 • 94.32 x 3.6 • 339.55 

VI 

"' 
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ALLIAllCE TEXTILE KILLS LTD - JBELUK 

RECCllWIDATIOllS 

Detailed Energy Audit Gurvey of Alliance •1•extj le 11ills, 

Jhelu• vas conducted fro• April 5 to April 9, 1987~ 

Necess.:.ry data was collected and proceos conditi<ms at 

different RectiC1ns were checked by u;iug the 1B test equi11-

aents/instruaents available with the survP.y tea• of DGNRER. 

lro• these results and analysj s mode on the bss:i.fi of th,. data 
;\ 

collected, following recC1n1e0tiations ~re made : -

i) Replacellf!nt of thf> boiler with the Fackny.e 

type boiler. 

ii) Installation of fuP.l met~r ~nd water meter in 

the boiler section. 

iii) Condensate line from the wet rroce~minr: section 

to boiler section should be insulated. Analysis 

show·s thfi t clue to unlap:gi np; of this pi t•f!] i ne 

energy equivalent to 750.95 GJ/yr is dissipated 

int<' the at11osphere. lf it is propf!rly insul:ited 

th~n a savinf! of NR.29,5'/7.1 cnn be made in a yenr 

and the PRY bock peri ocJ for thi~ i nsulution wi 11 

tie one year on.ly. 

iv) An Energy Mannger should be Rppoint.ed '4ho Rhcmld 

be responsible !or nll •atters relRtin~ to the 

energy in order t" curtail th0 use of P.nerp;:v and 

make effici•m t use of thn avaJ J able sources. 

v) General hour:e kt>epin~ And m~intennnce ~hould be 

maintained in eAch RP.etion tH1prciRlly ·in simplex, 

carding, blow room Rnd ~pinning uectionR es the 

dust nnd cotton !Juff mlhr.rc t;r.1 t;he mot.orR nnd 

th1.H·P ie chance of motor f1Ashint:;, oo t:heit~ ~~ho11lcl 

hf! cl Nmerl on hA 1 f Etn hour bnoi R. 
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AVERAGE MONTHLY ENERGY CONSUMPTION 

HEAVY FORGE AND FOUNDRY 
42500 

41090 

AOOOO 

37500 

35000 

izsoo 

aoooo 

ttsoo 

25000 

20000 

17500 

15000 

12500 

. 10000 

1500 

5000 

2500 

JULY AUG SEP OCT NOV DEC JAN FEB M'-A APR MAY JUN 
II 86 



ENERGY D!STRIBUTION 

BV COST BV TYPE 

ELECT RICI TV \ I NATURAL GAS 
57.43•1. 80.55 .,. 

NATURAL GAS 
42 .51 •1. 

HEAVY FORGE ANO FOUNDRY 

ELECTRICITY 
19.45•1. 

BV COST AND BY TYPE OF ENERGY CONSUMED 

I 

Vt 

'° I 
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HEAVY FOUNDRY AND FORGE 

NATURAL GAS CONSUMPTION 

l'lontb Consumption Rate 3 
Amount Energy 

HH3 Hs./Ht1 GJ 

---
Jul) 85 6989.6}4 1110. 36 981185.55 25537.a 

;\ 

August 6936.094 
n 973670.11 26503.55 

September 7253.954 
n 10"18?85.03 2650~.55 

October M-12.295 
II 1189291. 3'1- 30957.57 

.Royeaber 9143.951 .. 1283564.94 33408.Cfl . 

December 9995.454 
n 1402961. 923 36520.09 

January 86 9083.856 
II 1275130.00 33189.41 

February 969'• .812 
II 1~0883.86 35421.~ 

f'larch 11211-~.738 " 1578'J 31.42 4-1084.56 

April 8632.661 " 1211800. 31 31540.89 

l"loy •10266.8?.1 " 14411'71.00 37511 .. 57 

June '/126.037 .. 1000~30.55 26036.18 

July ·7157 .1'}2 " 1()()la.700. 00 26149.94 

Aup;ust ?631.750 " 1071 ;;1.00 27883.89 

September &a.05.342 " 11'}9893.00 30710. 311-

October 1007?..651 
,, 

11~13917 .oo 36802.'14 

'Novr.mber 8'165. 76'1 " 1146267.00 298~5.01 

!JecP.mber 11858.857 " 1664629.00 4-3~28. 35 

J11nu!lry 87 9619.1;5 " 1350216.00 35111-3. ·14 

!'eb:runry 8062.130 II 1131712.00 29'~56.36 

Total 1'/5613.11 " 24677128.82 6Q2363.08 



STEAM Dl~TRIBUTION 

HEAVY FOUNDRY AND FORCE 

Ambient Temperature = Jl°C 
0 

Valve Temperature = 120 C 

i) Valve size 10• (25Q:na) dia 
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Loas of t;oerg • 9QO + 1800 • 22QQ • 1350 Watts/Heter 
2 -r 

• 1350 •atta/ValYe 

ii) YalYe size 125 .. dia 

Losa £nergJ • 500 f 1000 • 1'°° • 150 z -r-
iii). YalYe size 80 ma dia 

Losa or EnerrJ • 680 + "9 •. 510 
2 

• '10 Watts/Heter 

· iv) ho Valve o! 200 llili.lleter 

Loss or ~ergJ • 750 + 1500 
2 

• 112' x 2 • 2250 Watts/"eter 

v) Valve size or 100 - diaacter 
• 

Loss of .l!.nergy •420 + 8'9 • 625 Watts/l'IP.ter 
2 

i) Size Dia • 125 1111 

Loss or .toner~ • 50() + 1000 ~ -150Q • 7,0 n 3?' W11 t ts 
2 ~ 

ii) Size • 175 .. dia 

Loss ot l:;nergy • zr> + 1 ~50 • 512. 5 • ,12 Wo tts 
x2 f 

iii) Dia • 1,, " 

.i,osa or J:.uergJ • 200 • ~ • 150 V11ttM 



Total he,t; lost from the Vnl vcs r 13~750t-,10+2250•'Z5 

"" 4}60 Walts 

Assume 12 bouro runninp; of the boiler 

"" 4360 x 60 x 60 x 12 x 300 = 56.50 GJ/yeil: 
109 

Tote.1 Heat lost from the i"'l~nr;cs 

• 10'7 x60 x &o x 12 x ,oo 
104 

= '75+512+ 150 

= 1037 W;1tts 

= 13.~3:GJ/year 

'l'otnl Heat Lost = ,56.50 + 1,.4~ = 69-CJ-' GJ/yea.r 

At boi I er efficiency of 6~· 

= 69.93 =.87.41 GJ 
.8 

Calorific Valve of Sui G~1s = 980 Stu/ft; 

Rs.140. 36 for Hl13 

1 m3 o.f Natur:tl Gasy .03654165 GT 

'fo~al i.iui Gas Saviug :s 87.41 .. 2~92.06 rn; 
.U365'~1u5 

Energy Cost = 2&,66ox 10
6 Rs.}B.24/GJ 

'1 x 1.055 

Total &aving = 87.41 x 38.24 = Rs.3342.55 

Pay back period is one ye~1r. 

H cu ft = 1000 curt 

Rs.39054 for 1000 cuft 

HCV of 1 cuft = 980 Btu 

1000 curt = 980,000 Btu 

= 980,000 x 1.055 KJ 

=980,000 x 1.055 GJ 

106 

' RF./GJ = ~.54 x 10 
9 o,ooo x 1.055 
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POWER FACTOR 

HEAVY FOUNDRY AND FORGE TAXILIA AND 
HEAVY MECHANICAL COMPLEX 

ELECTRICITY 

He nth Powtr 

Jnly, 1'85 o.88 

1\ugus t, 1985 o.88 

scrtelfibl? .- • 1765 0.89 

Of';tob~r, 198, 0.89 

flOVP.IAht?r, 1985 0.92 

pecr.111her, 198~ o.94-

Janunr:, 198, o.9z 

rr.bru3ry' 1986 o.9i 

Jf."\rch, 198, 0.90 

,\pr:i. l, 1,86 o.ss 
nay, 198, 0.81 

Jun~, 198, 0.87 

,July, 1986 o.a, 
,\•tgu:it, 198, o.s, 
sept.emb• r, 1986 o.8, 

C>c f:ob" r, 1,,, o.8' 

1:ove111hcr, 1,,, 0.,1 

l)ec,?r.ibl!! r, 1986 0.92 

Jnnunry, 1987 0.90 

F'~hru11ry, 1917 0.19 

Fo.ctor 
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HEAVY FORGE ANG FOUNDRY TEXTILE 

ELECTRICITY CONSUMPTION 

tlootb filfil GJ -
Jul1 85 2402240 86-.8.064-

Ausust 1922880 6922.~ 
;\ 

tieptember 1815840 6537.024 

October 190<>160 6840.'576 

Novf!mber 2237120 805,.6~2 

December 2424000 8726.400 

-. January 86 ~95200 10782.?'20 

l'ebruary 23"320 84-10.752 

tlarch 22~5'0 8044 ... 16 

·April 186~00 67<n.520 

ttay 1~5~ 5612.544 

June ~ 1211.zso 

Total 72503.296 



Decttic.:i ty 

hatural Gas 

Total 

Uectrici ty • 

HEAVY FORGE AND FOUNiJ:tY TAXILA 

GJ -· • 9250~.296 • a~~~:tt x 100 • 19.4~ • 19-"'5 x ,.6 • 70.02° 

• 3a310,.&50 • ie;go~ ! ·,. ' • eo.'5" • ao. 55 x '.6 • 2e9. 9s'
1 

1 0 .14 

:. 47~07 .14-

....:~~ 

19e,21,... • W~ito x 100 • 51.+~ • s1 ... 3 x ,.6 • 206.1-;
0 

fiatural Gas • 14716826.08 • ~61126 x 100 • 42.57" • ~.57 x 3.6 • 153.25° 
9620 

Total • ~"9'20 

"' VI 
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HEAVY FOUNDRY AND FORGE, TAXILA 

RECOMMENDATIONS: 

Preliminary Energy Audit Survey of Heavy Foundry and Forge Taxila 

was conducted from April 12 to April 14, 1987. Necessary data 

was collected and process conditions at different sections were 

checked by using the latest equipment/instruments available with 

the survey team of DGNRER. From these results and analysis made 

on the basis of the data collected, following recommendations 

are made:-

i) The meters installed at boiler house should be 

repaired ianediately. 

ii) An Energy Manager should be appointed who should 

be responsible for all the matters relating to 

the energy in order to curtail the use of energy 

make efficiency use of the available sources. 

iii) It was ooserved that six various valves of sizes 

250 nm, 200 DID (2 valves) 125 nm, 100 nm and 80 DID 

t were found non insulated while 3 flanges of 

size 175 mm, 125 an, and l. 5" each were found non 

insulated. The analysis shows that heat lost from 

these valves and flanges are equal to 87.41 GJJyr 

which is costing Rs. 3342.55. If these valves and 

flanges are properly insulated then this can save 

Rs. 3342.55/year and the pay back period for 

insulation of these valves and flanges will be one 

year only. 

iv) Discharge va1ves installed on the various Hammers 

should be closed when these are not in operation. 

v) Special attention should be given to the general 

cleanliness and house keeping. 

vi) Consideration should be given to the replacement 

of existing burner to the modern burners of recuperative 

type which are automatically controlled. 




