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I. GENERAL REPORT 

1. Purpose of the Survey 

This survey report was coropiled on the results of 

energy diagnoses of nine factories in Malaysia which were 

conducted by three Japanese experts and their four Malaysian 

caunterparts as a part of the ASEAN Energy-Conservation 

Project of United Nations Industrial Development Organization 

(UNIDO). 

The purposes of the energy diagnoses of factories 

were: 

1) To transfer the ~xperience technology, and know-h~w 

of energy-conserv~tion and its practical application; 

2) To assess and provide practical advice on energy­

conservation measures; 

3) To provide on-the-job training for energy-conserva­

tion advisors who will be put in charge of f1ture 

advisory activities on a national program level. 

2. Survey Team Members 

The members of survey team are as shown in Table 2.1. 

The survey team consisted of one diagnoser in 

charge of energy management, thermal energy management, and 

electric energy management, respectively. 

Their counterparts from the Ministry of Energy, Tele­

communications and Posts and the National Electricity Board 

who are Jisted in Table 2.2 went along with the survey team 

to extend their cooperation and to learn diagn0stic techniques 

and know-how. 

In addition, Dr. Radu, who is attached to the 

National Electricity Board, took part in the diagnoses as 

::in obsc r'1er. 

l 
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Table 2.1 Member List of the Survey Team 

Name Present Post 

I 
t"1anage r, Technical Division 
The Energy Conservaticn Center 

Team Leader and (E.C.C.) 
Energy Management Masa taka Eguchi 

Registered Diagnoser of the 
Expert E.C.C. 

I Energy Management Expert 

I 
( Team Leader ) 

I 
Director, Technical Division 

Thermal Energy 
I Rycji Takahashi Energy Engineering Co., 

Management Expert I Registered Consultant Engineer 
I I 
I I ~anager of Pollution Control I 

Activities 

Registered Diagnoser of the 
Electrical En(;;rgy 

Toshia Sugimoto I E.C.C. 
Management Expert Registered Consultant Engineer 

Chief Electrical Engineer 

Table 2.2 Malaysian Counterparts 

Name I Attached to 
-- --

Dr. Mohd Ariff Araff 
Chief of Counterparts 
National Electricity Board 

Dr. Ong Peng S:.i ~tional Electricity Board 

Electricity Mr. Ahmad Feisal National Board 

Mr. Alizan Ab. Manan Ministry of Energy, Telecommunications & Posts 
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3. Schedule for the Survey 

March 
14 (Mon.) 

15 (Tue.) 

16 (Wed.) 

17 (Thu.) 

18 (Fri.) 

19 

21 

) 
April 

19 

20 

(Sat.) 

(Mon.) } 

(Tue. ) 

(Wed.) 

Travel from Tokyc to Kuala Lumpur 

Prearrangement for meeting 

Preparatory meeting at the Ministry of 

Energy, Telecommunications and Posts 

A.M. Testing and adjustment of instruments 

which had been brought from Japan 

P.M. Instruction on heat management for 

counterparts 

A.M. General meeting at the Ministry of 

Energy, Telecommunications and Posts 

Explanation of the use of instruments for 

counterparts 

Diagnosis of selected factories 

A.M. at National Electricity Board 

1. Cleaning, maintenance, and testing of 

a number of instruments which had been 

brought from Japan by experts for 

delivery to the Malaysian Government 

2. Instruction on the maintenance of 

instruments 

P.M. at the Ministry of Energy, Tele-

cor..munications and Posts 
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April Presentation of the instruments which had 
20 (Wed.) 

been brought from Japan by experts to 

Mr. Syed, representative of the Ministry of 

Energy, Telecommunications and Posts in the 

presence of Mr. Luttik, UNDP. -21 (Thu.) Final discussion with Japanese experts and 

Malaysian counterparts 

1. Checking whether there were missing 

data 

2. Offering advice to counterparts 

22 (Fri.) Notice to relevant office of the termina-

tion of the first phase of this project, 
I, 

and departure from Kuala Lumpur 

23 (Sat.) Arrive at Tokyo/Narita 

• 
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4. Factories Diagnosed 

The factories diagnosed are as shown in Table 4.1. 

All of these factories are located in Kuala Lumpur and its 

periphery. 

Table 4.1 Factories Diagnosed 

Name of Factory 

MARCO SHOE SON. BHD. 

US META SON. BHD. 

GOH BAN HUAT POTI'ERY WORKS 
SON. BHO. 

SOUTH EAST ASIA FIREBRICKS 
INDUSTRIES SON. BHD. 

GENERAL CERAMIC MANUFACTURES 
SON. BHD. 

MALAYA INDUSTRIAL & MINING 
CO., BHD. 

CHEMPAKA NEGRI LAKSHMI 
TEXTILES SON. BHD. 

FUSAN FISHING NET MANU­
FACTURING BHD. 

KIMA SON. BHO • 

Products 

Shoes, rubber mats 
etc. 

Retreated tyres 

Date of 
Diagnosis 

21 "v 22 Mar. 

18 "' 19 Apr. 

Sewer pipe, 25 ·1.. 26 Mar. 
sanitary wares 

Refractories, fire- I 28",29 Mar. 
bricks, heat insu-
lating bricks 

Ceramic wall tiles 31 Mar. "" 1 Apr. 

Portland cement 14"" 15 Apr. 

Textile yarn 

Fishing nets, ropes, 
agricultural nets 

Cotton textiles 

4"" 5 !\pr. 

11"'12 Apr. 

-1 
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5.1.l Preliminary study through questionnaire 

~ questionnaire ( ANNEX I ) was sent out in 

advance via the Ministry of Energy, Telecommunications and 

Posts to the selected factories asking them to give the 

following information: 

(1) General information on the factory -

name and address of factory, names of officers, type 

of industry, capital, annual sales, number of workers, 

number of technicians, major product, and production 

capacity; 

(2) Energy consumption -

fuel, electricity, and water; 

(3) Major energy consuming facilities 

name, type, year installed, fuel used and operating 

hours; 

(4) Produ~tion process chart; 

(5) Energy flow chart; 

(6) One-line diagram 

(7) Plant layout; and 

(8) Problems to be solved in advancing energy conserva­

tion 

-
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5.1.2 Interviews with plant managers 

In the light of the questionnaires returned and the 

energy management checklist ( ANNEX Il l , an interview was 

held with plant managers to look into: 

(1) current production and sales condition~, 

(2) energy conservation measures taken so far, 

(3) energy management situation, and 

(4) problems to be solved in terms of production. 

5.1.3 Overall factory inspection 

An overall inspection was made of each factory, 

following its manufacturing processes, in order to gain an 

understanding of: 

(1) general management conditions, 

(2) layout, and 

(3) priority facilities to be surveyed and measured. 

5.L.4 Survey and measurement 

Priority facilities were surveyed according to the 

items stated in the checklist ( ANNEX Il l by : 

(1) measuring the dimensions of facilities; 

(2) collecting data from the factory's records, and from 

meters and gauges; and 

(3) carrying out measurement using measuring lnstruments 

brought in ( ANNEX ill ) . 

The conditions examined were: 

A. fuel combustion, 
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B. heating, cooling, and heat transfer, 

c. prevention of heat release, 

D. waste heat recovery, 

E. conversion of heat into motive power, 

F. electricity loss by resistance, etc., and 

G. conversion of electricity into motive pow~r and heat. 

5.1.5 Discussions 

The survey and measurement results were outlined to 

factory managers and problem points were discussed. 

5.2 Transfer of Techniques to Malaysian Counterparts 

5.2.1 Handling of measuring instruments 

Before making a factory diagnosis, the Malaysian 

counterparts were instructed at the National Slectricity 

Board (NEB) in the function of measuring instruments, their 

uses, and how to handle them according to the manuals. 

Later, they were given practical guidance in measure­

ment when a factory was diagnosed. 

5.2.2 Guidance in diagnostic technology 

At the NEB, the Malaysian counterparts were provid­

ed with necessary information on the items stated in the 

checklist and their meanings. 

Also, while data was analysed after the diagnoses, 

the Malaysia counterparts were given guidance in diagnostic 

technology. They were taught what points shouli be con­

sidered in a diagnosis, how data should be checked and put 

in order, what information could be obtained from the data, 

and how data should be cal~ulated for analysis. 
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6. Results of Factory Diagnosis 

6.1 Factory ~anage~ent 

6.1.l Level of consciousGess of energy conservation of the 

?lant o~erators and managers 

Generally speaking, all the plant operators and 

.. 
managers, it seemed, were well aware of the necessity for 

energy conservation in view of soaring energy p~ices. 

There were very few cases, however, where some specific 

ener;y-saving measures were taken. Only one factory had 

set a target for energy-conservation, and no factories had 

made recent energy-saving invest:nents. 

6.1. 2 ~.1anage!nent system for promoting energy-conservation 

There were a few cases ·11here the :nanc.ger:1ent syst:2r:l 

conservation. 

One factory had an energy-consec;a tion cor:i.mi tte'2, 

and production committees. No other factories had such 

cornmi t tees. 

6. 1. 3 Understinding and illeQsure~ent of energy consu~ption 

To accJrately grasp the quantitative as~ect of 

cner·;Y consu:nption is the stci.rting poi;it c:.s ·,;e 11 a:_.; the :nost 

basic thing far energy conservQtion. The following were 

the ::;i t•,!ations observed in the :-tine fac::'.)ries ·11r1ich ·,:e 

visited. 

( 1) Instrume;its for me::isurinq and control ·11ere not ?ro11id-

ed in many of the factories. There were some but 

~e~e out of order. There ~as no fact'.)ry ~hish was 
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·:1ere only two factories in which fuel flow meters 

wer.e provided. It is impossible under these situa­

tions to constantly check the boiler efficien~y. 

There were a number of factories where thermometers, 

ammeters, volt meters, and power factor meters were 

either lacking, or left unrepaired, or in use without 

knowing that they were out of order. 

(2) There were many factories where worke~s knew only 

vaguely the daily energy consumption, or did not 

know it at all. As for power consumption, 6 out of 

9 factories were dependent on the N.E.B. bill. As 

for fuel consumption 2 out of 8 factories were 

dependent on the su~plier's bill. 

6.1.4 Maintenance of equipment 

There were some factories where checking and 

maintenance of equipment were not properly done. For 

example, we observed that drive-belts were loose, insulation 

materials of steam-pi?es were fallen off, steam was leaking, 

and measuring instruments were out of order. These things 

could cause, directly or indirectly, energy losses, or 

could cause to shorten the life of equipment. 

6.1.5 Safety management 

Though this is not directly related to energy-con­

servation, it is necessary to keep equipment and measuring 

instruments in a state in which inspection can be made 

easily. For this reason, it is important to pay attention 

to the safety measures of equipment and to keep equipment 

in good order. 
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C'or exar:t?le, •,.,;e frequently observed the :allowing 

sit:.:ations: 

(1) The rotors of belt coP.veyors, and pullies are not 

covered. 

(2) There is no safe footing for measuring instruments, 

sensors, etc. placed at high position. 

( 3) =:~.::uipr::ern:. and :neasuring instrume :-its are not :;iro~er ly 

aligned, making it difficult to inspect t~em. 

6.1.6 E:ncloyee training 

11) 
I J. , 

Observation of the employee training was as fellows: 

There was practically no systematic training given to 

But there were 2 factories where managers 

were giving instructions to workers. 

managers saying that workers had very low conscious-

ness or desire for work. But, we saw no efforts 

being made for employee training. It is impor~ant to 

improve th~ level of technical people, but for energy 

conservation, it is extremely useful to enha·.ce the 

level of skilled people who are directly involved in 

energy consumption. 

(2) All companies pr0vide seminars to technical people. 

(3) T~crc ~as no factory t~at cmrloyed a sugg~stion system 

T~ere was a factory ~here ~e 

sa~ a suggestion box. But, according to peo?le there 

was no single suggestion ever made. 

(4) Incentive system should be established at factory level 

for encouragement of factory workers. 
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6.1.7. Uther problems encountered by factories in energy 

conservation 

\lhat and how the factories are thinking about the problems in the 

course of promotion of energy conservation are represented by the 

Questionnaire (Attachment 1). The results are shown on Table 6.1. 

As the results were from only 7 factories, it cannot be concluded 

that the problems are co1nmon to many factories. But it is thought 

they show the trend. The main items are as follows: 

(1) Employees' consciousness is low. 

5 of 7 factories pointed out that employees' consciousness is 

low. As I have discussecl in Paragraph 6.1.6., employees' high 

or low level of consciousness of energy conservation much 

affects the promotion of energy conservation. 

It is a responsibility of factory management to level up the 

employees' energy conservation consciousness. 

(2i System of research and development is not sufficient. 

Var~ous reasons can be thought for this. The most important 

thing will be to foster talent or expert. 

(3) Difficulty in obtaining good energy conservation equipment. 

The reason for the difficulty is not clear. Whether it is 

because of cost, or insufficient knowledge of selection, or 

a1y other reasons. Therefor, comments are irr.possible. 

However, if one simply thinks that installation of energy 

conservation equipment is energy conservation, it is wrong. 

Generally, the procedure for energy conservation promotion 

consists of 3 steps: 

1st Step: After grasping the state of energy consumption, to 

strengthen the operation control, and to correct the useless 

consumption. 

-
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2nd Step: To introduce energy conservation equipment for 

automatiofi, recovery and utilization of energy,etc. 

3rd Step: A wide improvew.ent by means of c~an3e of procuction 

technology, change of process, etc. 

In this case, if 2nd Step is entere~ with insufficient 1st 

Step, expectec effect cannot be obtainec in most cases. It 

must be carefully examined. 

(4) The facilities are superannuated. 

Generally, the more superannuateG the e~uipments are, the 

worse is the energy efficiency. Conseque~tly, in a case of 

such e~uipments, strengthened managerne~t shoul~ obtain geed 

re5ults without special costs. 

(5) Shortage of measuring equipffients. 

For Grasping the quantity of energy, measuring e~uipments 

should be installed for energy management. 

Table 6.1. Replies to Questionnaire "Probler:;s Encountered i.n 
The Promotion of Energy Conservation'' (reply nunbers:7l 

----------------------~-------

Question Nur:ibers 

(1) Prospect of energy price is not clear. 0 
(2) The propotion 'Jf -e-nergyco-st-iflthe whofo cos-t of--ente~orises-- ------· 

1 is small. 0 
i-(3) Increase of energy cost can be covered by ral.-sl.ng-the-prTcf!s----..., 

r-(4f~~s~~~~;·of enrcy supply. (pQ;~~-stoppage~etc:T ___ ------ t--; 
t ( 6 I D' ,~;~~~ t; f i ~n~~~=~~~ ~. ll_OOd_ enerw~co.,se r:ati oO_e<tU i Poent><:=;rn 
I (7) Information su...;h as ac!~ve~~~-~-~-s__i::~~-€'.£1~- ~(_) ___ ??_t~_i_n_.__ l 
~_(8) System of research and development is_r:_ot_~~f_f~J:~nt_. ____________ _4 ____ . 

(9) Shortage of fund for facility improvement. 1 
( iofThe facilities are superannuate-d. -------------- -- -- -3-------

__ (_!_lJ Employees' consciousness is low. __________ __ _ 5 
_(12)No personnel is available who can educate the employees. 0 1 

(13)Shortage of measuring equipments. ------ ------------3----1 
~ 14 )No time to analyze €:ncrgy consumption rate-:--------------------- - -·-2- : 

(15)Shortage of i~:formation on government's mec.st.0res. 0 , 
( 13)Shortage of govP.r:.me!)t'SSli.:,sidia~y r.ieasUreZ _____________ 2-1 

(17)0thcrs -------------------------------!- -
------- - ---- ------~ -- -------~ 

Total ::-.o 

-1 
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6. 2 Si tua~ion of Ther:nal En~r" Consumption 

~.2.1 r.~el Combustion in Boilers 

(1) O~ Conten~ in ?lue Gas 

T~e :-~sul ts of diagnosis of d. factories whic!i... have 

packag~ boilers are as shown in Table 6.2.l • 

With the exception of one fa~tory, o2content in flue gas 

of the ot~e= 3 factories have values about 9~. The 

:::-ecommended value for o2 conte!'l-:: i!'l f'lue gas of pac:Cage 

boile:-s of simila= size a.~d leading factor at 704/:> in 

JaDan is aoout 5%. This 7al~e is equivale!'lt to air 

ratio in 1.3 • 

m~ 0 ~ ~ · "" · · b + - 1 · ..... · ~-~ 
2 

convenv ~US~ ~e ~mnrovea y cor.~rOL ~ng wne or1-

~a:::-y or secondary ai= for combu~ion without smoki~F rrom 

;;he stacks. control cf flue ga.~, th.e fuel 

saving of 6~ to ld.% of the total fuel ccnsumpticn of the 

boilors would be achieved with no invest~P~t. 

(2) Dis~ersion Heat Loss thr0u~h 3oile~ Su~faces 

Gener~lly, ~he surface of package boilers ccnsist of the 

c.:rli~C.:r-:!.cal, f=ont and back pa=ts. Althcug!'! the 

sur:ace area ratio of the cylindri~al part to total is 

about 60 to 80%, the contri~ution of the disnersion heat 

loss is not so much because of rel~tively low temoera-

tu~e from 50 to ?o 0 c. On Otherwise, the surface 

t2:npe-:-a:u?:"e of the f:-'Jnt a.'1.d back parts are app:=oxi:nately 

a rang~ bet~een 100 and l0~ 0c. It is, th~refo~e, 

mere desirable to insulate the frGnt and ~ack parta tha.~ 

the cylindrical par~. 

-
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In ?r~ctice, it is very difficut to accurately estimate 

t:i.e beat loss dis!)e:-sed thr-ough the heated sw:'face, 

because it depends on the a lot of conditions, that is, 

·Rind veloci~y. sh.a?e, roughness, mate::-ial and own tempe-

ra:ure of t~e surfaces. Rowever even though i~ is 

rough, it is ~ecessary to es~imate the dispersion heat 

loss for preparing the heat balance sheet. 

Rere we have two methods to e~~imate the such heat less, 

one is to directly get the heat flux using the heat 

flux net~=. a_~d otce:- is to calcu~ate it using t~e sur-

assumed by ~X?erie~ce. On the cas~ of not pcssessing 

flux mete:!:", 'lfe must f·:Jl:!..o'lf in late::- a."!.C. 

:~e heat flux oy calc~ation as follows ; 

Dispersion Ass..imed Heat = Eeat Loss Trans. Coe~f. 

!rca.. ?" equation 'Nill be ::::-ar.ging bet·Reen 10 to 20 --. .:.;m--'C hr, 

:L~c T and T are the surface and ambient te~?erature 
0 

~es?ectively. T~e sized area i~ m2 should be sured 

to ha·re appraximately uni.for:n a.r::1bie~t condit=i.on. 

Acccrdi!"?.g wi:h the ~e~t ~al~ce o: boile~s ~hie~ are 

is the oasic inf:Jr::iatian for energy mana.ge:ne!"?.t a...11d i!'! 

t=-:e energy proble!ns of own factory, it is clear that 

t::e app:-oxi!nate amount of hea~ los3 by disnersion from 

~oiler sur~ace ~ould be ~alculated about 1 to 1.5~ of the 

-1 
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total fuel consu:notion. T~en it is effective to 

confir8 roughly and ~uickly the temnerature patter~ 

of surface, in order to ~ake a ?lc..n for the ene~gy 

conservation. 

(3) ~lue Gas Te~nerature 

In Jap2n, the factories which have the boilers of 

capacity of not mare t!:!a...'1 10 tonnes steam/hr and 70% 

of loading factor are recommended to ooerate tee boilor 

t ~l ~ ~ 1 th -J20°C. a ! ue gas ~e~pera~ure ess .an 

According with the result 0: dia~csises in this 

su~7ays, above cr~teria has been cle3.!"ed on all t~e 

!'a.ctories. 3ut this criteria should be aDoreciated 

as maximum a ... '1d. allo;vable values. Actually it is 

~etter tc keeo it as low as oossi~le. However 

when the high sulphU!" fuel is using in boilers, the 

flue gas te~perature should net be decreased the sul-

phuric acid dew point in order to or~v~n~ t~e corrosio~. 

?or example, the mini~um allowable tem~e=ature of the 

flue gas is about 17o0 c fer f~el w:th l to 2% S conte~t. 

On ?ractice, t~e flue gas ~~~nerature can be reduced 

by the following measures 

(a) to re:nove ~he seal•..! on i::side ~"id ou-::si.rie 0f '::>c iler 

tubes at overhaul, 

(o) to car=y out the routine ~leaninz o: the bur~er ti~s in 

order to ensure the carnolete combustion, ~~d 

(c) to install the air preheater or economizer on :he 

way of flue gas ducta with 3c~e nodi~ication of the 
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forced draft fans of boiler.in orde= to recover 

from the flue gas. 

(d) 3low-do"11 Heat Loss 

It has been observed that all the factories do not 

check the boiler water quality such as P~ and elect-

ri~al conductivi~y before each blow-down oceration is 

ca~=ied out. The recommended procedvre would be 

to make the O?eration manual of blo~-down, t~at is, 

how long of period and how much, on Geing aware cf the 

~oil~r water quality. 

The amount of the fuel saving ac~ieved by rescnable 

blow-down ope~ation would be about 0.5 to 1.0% cf tee 

total f~el consumution o: 

I~ is to be noted t~at the recommended values fer water 

quality of small package boilers in Japan are as follows; 

11.0 to 11.8 

Electrical Conductivity under 6,000rS/c~ 

the suita~le operation of blow-down ~ould cause not 

only the fuel saving, but also the saving of the chemical 

for boiler water. 
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6. 2. 2 ?uel Comousti~n in Industrial Fi1r:iaces 

The i~dustrial furn.aces 'l'l'hi~h. have been diagnosed in t!":.is 

study are classified as follows ; 

(1) Tunnel Kiln 

(2) Shattle Kiln 

(3) Rotar:-r Kiln 

(4) Grate L\.iln 

(5) Soray Dryer 

Generally, the measu=ed values of o2 con~e~t i~ the flue 

gas are over 5? which indicate t2e possibility of t~e 

recovery of wast~d heat • . 1 
£.1 ... ns. 

The sur!ace tempera~ure on walls and roofs of all f1r~aces 

exce-:Jt some 7'ell belcw ~ecow-

me~ced va:ues on ma.zi~ur:i allowable te~nera.tur~. 

Ho~e7er, because of the raising cost of fuel, it would 

be suitable to apply tb.e sui tabl ~ i:tsul.ation to lowe::' down 

the surface temperat~e as'muc~ as ~ossible. de?endir.~ 

uoon the availability of financial resouces on the facto,... 

~ies. Especiallj in the case of tu.nn.el kilns, the 

~ea~ of the flue gas should ~e fully utilized f;,r the 

oreheat cf any raw ~aterial. 

T~e sum.ma~y on daily operation i~ niscellaneous kiln 

lis-:ed uo aoo'le are gho-wn in ta:,le 6.2.2. } enerally 

S?eaking, a~~ost of all kil~s in factory sur7aye1 on this 

diagnosises are operated relati7el7 resonab:e cam?aring 

to si~:12r Japanese indus!ries. 



Table 6.2.2 Summary ot Miacellan~­
ous Kiln Operation 

Type of Fuel Specification 
Kiln 

Fact-- Composition 
ory Type of Type of 

Opera- Fuel % 
ti on c H s 

-

Shuttle 
c Diesel 85 14 1 

Batch -- -·------
Tunnel 

D Diesel 86 13 l 
Cantin. 

Tunnel 
Diesel 85 14 1 

Contin. 
E 

Spray 
Dryer Diesel 85 14 l 
Cantin. 

Clinker 
Rot. Kiln 

Fuel oil 84 12 4 

F - Cantin. 

Rotary 
Dryer 

Puel oil 

I 
84 12 4 

Cantin. 

' 

Net 
c.v. 
kcal 
Kg 

10,145 

10,20C 

9,80C 

9,800 

9,500 

I* 

9,500 

Note 

Heat Balance ner hr 
Input Output 
Fuel Flu• gael Dispers. Other 

Heat loss Heat l• 
x Meal x Meal x Meal x Meal 

48,669 14,617 6,341 12,952 
/batch /batch /batch /batch 

100% 30.0% 13.1% 26.6% 

584.4 356.l 199.8 13.1 

100% 61.0% 34.2% 2.2% 

1,110:.0 320.0 620.6 3.0 

100% 28.8% 55.9% 0.3% 

l,500.0 319.0 135.0 231.9 

100% 21.3% 9.1% 15.4% 

8,225.0 2,133.0 974.0 668.0 

90.3% 23.5% 10.7% 7.3% 
... ... * 9,500.0 1,162.0 }.404.0 930.0 

10o% 12.2% 35.8% 9. 5% 

Values of mark * is per kg 

Prod. & 
Req. heat 

x Meal 

14,729 
/batch 

30.3% 

15.4 

2.6% 

166.9 

15.0% 

813.3 

54.2% 

5,329.0 

58.5 
.. 
4, OO{i .O 

42.2"/o 

> 

Appear-
ance 
heat 
Effie!. 
ency 

30.3% 

20.7% 

27.5% 

53.~ 

58.5% 

27.l" 

N 
0 

~ 
) 
\ 

~ 
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6.2.3 Steam Consumotion in ~actories 

The modes of steam consw:::.n~ion by the dia$!1osed fact0ries 

a=e as follows 

(1) In rubber--product indust:::.-ies, ste2.!!! is c::msur:red f:Jr 7al-

canizi~g and pressing processes. 

(2) In teitile industries, ste~~ is csnst.:liled :c~ ~yei~g. 

stretc~ing and finishing processes. 

Mast of the pi?ing lines of steam bet~een ~~e ooil~r 

. _.... . , ..... .: ana .L2.C 1.-'-!.:.. ;..es. 

proved. 

raust bP. familiar on th calcula"!:.!.on o: stea:: ie'.!!2....'l'i ::..r.i 

supply and musi find out where is ~aste-poi~~~ i~ ~7r'.l 

factories. 
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S.3 Elec~rical energy consumption 

6.J.1 E:ectric cower ~anageme~ts 

With the exception of the two large textile factories 

which we have visited where electric energy comsumption 

log books are properly kept, the remainder of the 

factories have no standard procedures of recording elec-

tric energy consumptions of the factories either daily 

or weekly. For good energy management it is necessary 

to analyze daily or weekly energy consumption patterns 

as in the event of wasteful energy utilization, 

the practice can oe quickly detected and countermeasures 

can immediately be introduced to avoid fur~her wastage. 

6.3.2 z:e~tri~ source 

Except for two factories which received 11 kV 

( H.V ) ~upplies from the utility ( National Electricity 

3oar1 of the States of ~alaya), the others are connect-

ed to 415 volts, 3 phase distribution voltage~ All 

f~ctories have equipments rated about 415 volts. 

( , I 
I I T~~nsfor~ers 

The load factors in all factories against t~e rated 

transformer capacities are low ( around 0.5 ) • These 

val~es are unusually low fur factories of these sizes. 

!he load factor histogram is as shown in Figure 6.3.1. 

It was also observed that the transformers were operating 

at a higher temperature rise ( hot ) in spite of the 

low load factor. 

-1 
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0.8 
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0 0 .6 
al 0.54 
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't:I 
al 
0 0 .4 
~ 

0.42 0.40 0.38 0.35 0.32 

0.2 -

0 
A c D E F G H I 

Factory 

Figuar 6.3.1 Load factor histc~ram of the eight ~actori~s 

As stated earlier all factories have installed 

large capacity transformers of sizes either 750 kVA, 

1000 kVA or 1250 kVA. These capacities provide large 

margins of unnecessary iron losses. 

(2) Suooly voltage 

The name plate ratings of various ~quipments and 

motors value almost between 400 volts to 420 volts, 

but the supply voltages of the six factories were kept 

between 420 volts to 440 volts, remainder factory's 

supply voltage were lower than the rating voltage of 

equipments. The supply voltage histogram of the various 

factor is given in Figure 6.3.2. 
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I 
410 420 

Supply voltage 
430 

Volts 

n=16 

440 

Figure 6.3.2 1~e secondary suooly voltage histogram 

of transformers in the factories 

Only six transformers in two factories were main-

tained at comparatively good voltage between 420 volts 

and 430 volts while others were either too low or 

too high. 

(3) Power and static capacitors 

All the eight factories ( except B factory ) have 

automatic power factor correction equipments. Except 

for one factory wr.ere the power factor correction equip-

ment was found faulty, the others maitained good power 

factor between 0.85 to 0.95. However most of the power 

factor correction equipments were installed in poorly 

ventilated rooms, such as excessive temperature rize 

and high losses of these equipments were recorded. 

-
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It was also found that the actuaily measured caoacities 

of the power factor c9rrection equipments have decreased 

and in our opinion this is mainly due to hi~h supply 

voltage. 

(l) Fhaee current balance 

Generally the secondary current of all transformers 

with the excection of two were found to be balanced. 

(5) Unierstandin~ of the ~lectrical :ariff 

It is vital for all factory ~anagemer.ts to under-

stand the Tariff and conditions of electricity, as this 

would enable them to plan the operations of the factories 

such that electrical energy cost can te reduced. Further 

to this it can also e~able factory manage~ents to 

forecast and provide realistic targets for ener~y 

conservation. 

6.J.3 ~lectrical loads 

Jroucs are as shown in table 6.3.1 .. 
~ . 
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Details cf ma 
~escriptions! ower i natin~ I 

~ consum-
1
· capaci tv• o+ ~I 

· i. 1ed (% 1of each I 
. I ~ th l + I r:taJ or I ~t e j mo.,or I 

1 . ,,otal I c· -.r) 
oaas I ) .:.c11 !' 

i power _ ! . 
' • .., l 

~"1 ::. Xe ~ t 1
v r 3. C -

ker;:: and ;50-52 
Jpen roll !' 

:nill.3 • I 

?!'9~.33 9.nd 
air cor:tnr:;s 20 30 

or loads 

Re:narks 

-

L:;ad, I 
J.."' s:nall 1 

j 
I 

:r3.s::.e~s, 

33.ll :Ji.2-l.s 
II ! ,-, '"'\ Y' .+.. :'- 1 ,...; .; ( ) ! :; ~ ,-. ) 

1 
'.JV•J.V • ....... oa ........ ~ng\ - ....... _ ~ , 

\ 15-30 ! .:. .. :.--Jo ; L..?~'J:' ::iotJr i: .:::::-.-::..:..2.: 
- . , ~rL1 t:i.U!1~~r 2; 1 I i 

-J -; ~ '3. - _·: .J--:; 3 , ------=--__,. ____ ..:..._ ________________ __..;. 

,.., T 

:' '"~ :< "t -
i 1 -"'" - -,;:; 

\~or~-
1 l 3.!1 i 
!~e'.'.le!'lt 
I 

i 
I 

I 
I 
I 

' 

i, +. .... I vO ,, vOn 
',fool 

I 

: ~nd 
· •)ther 
I 

I 
I 
'Poly-
le;;ter 

I 

:=x~r~~9rs 
g_nd ?:-~ss. 

i 
' ;40-46 
I 

?1ns, blow- j 
: er.:: i12-40 

! 

I 
! 
' ' ! 
i 

I 
I 

:HlL;( raw 
:nateri1l and; 
~e:nen t) i 
K il!1s, 3 low 
-ers and 

Air I comnre- ' 
air- I 

.5.5ors. I 
2eparators I 

' 
::::ar:iing, Spit 

51 

25 

. 'f. d. I -nln=s, 'tlr. l;i:; 0 _ 6 ~ 
'ti • I_, '.) -n:s, · eav1ng: 

Finishing I 

:~r :onditi-! 25 _46 ,ioning I 
Extruding 
( including 
heaters) 

Twisting 17 

Roping and 32 Netting 

130-82 

; 

I ~n ,·""' 
. )v-'JU 

I 
I 

I
I 11 o t .'.) 

230 

122-110 

10-25 

200 

7.5-20 

Less 
than 
25 

* Cont. : continuous L.F : load factor 

:cont~ 3.nd inter~it­
'. t~!:~ laading. 
:L.?*of ~otor i~.3~~:: 

Cont1 loading(2i~r:) 

Son~* lnajin~(2'~-~) ' \ IJ • -- '-'. ' -- • ::J ~· • .I. .... 

;L.?*of motor i,:; ~'.)od 

: 
i " .._" l d . ( " I ,. ) i~on~~ _oa ing.~~~rs 
~.?*~f ~otor is ~~~d 

1 ,.,on+''· loadinJr-:i'.:r-~) I I '..J • ,~ ·• '::i \ --·~ .. -=>' i . -I L • ::~ 0 f motor 13 €·-:'J~ 

I 

l 
!Cont~ loading(2L~r,:;~ 
L.F*of motor is good 

---

Cont'~ loading 
I L. Fi< is gooci ! 

Cont'~ loading I 
L. F{~ is small I 

I 

Cont'~ loading l 
I L. fl< is small I 

Cont~ loading 
L. fl} is gcod 

Table 6.3.1 Electrical loading conditions of various 

industrial ~roups 

--1 

.... 
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Utjli7ied condition of electric power 

in v&rious industrial groupe 
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Tr~naf0r~er 750 
C1'1 :~~~it~/ ( :r..V~:.._) 

750 1000 750 20CO 2500 1000 6100 
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340 1 'JO') ?50 5~0 1250 
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Re~o~~endation of enerJy saving (electrical part I) ... Q 

Energy Electric supply 
transfor- power fa-Factory management mer cape- voltage ctor (%) others 
city(kVA) ( V) (actual) 

pre- pre- 420 sent sentJ' 
A 750 400 0.90 

.67 
/ 

!load rate) 

420 

B - 402!' 0.85 

I 750 438 exchange 

l .40~ ~ 420 0.83 static 
c capacitor 

I 450 
I 

! I .65 i 

I) 1000 440 0.94 

i 
. 38 ~ 500 ~ 

.75 415 
I 

static 
capaci+,or 

E 750 438 0.88 are hot 
.49~500 ~ 

.80 420 

watch out 
441 

F light load 
2000~ 422 0.93 of motor 

•54 1500 ~ 
.71 400 

install improve ... 
demand 421 unbalance 

G controler 2500~ 422 0.95 of load 

· 45 1250 currents 

.89 

exchange 
static 

H 1000 442 capacitor 
.63 

" 
0.86 

420 

install 410 static 
demand 

61'JO 
I capacitor 

I controler 430 0.91 temp. high 
• 36~050 " improve 

.70 410 unbalfince 

6/ 8 8/9 
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Recommendation of ~ner~~ savin .. ~- IT..( ·=e .. l.ce .. c,t.~r",1·.c .. l."o=a .. n), 

Motor capacity *Air comp­Fact- and others ressor Electric Lighting 
ory **Air con- heater 

ditioner 

A 

B 

c 

D 

E 

F 

G 

2x100 Hp raotor *lP-t exha­
are over esti- ust press-
~ate ure down 
increase roli-
ng lots size 

~·let exha­
ust press­
ure down 
1lown temp. 
intake air 

extruder's *let exha­
motor are over ust press-
estimate ure down 

extruder, hyd- ~let exha­
ro-pump are us~ press­
over estimate u l·e down 

presses motor 
are over esti­
mate 
install static 
capacitor near 
presses motor 

let posi­
tion of 
light do­
wn 

the:::-e are!' 
plases 
with sho­
t lux 

turn on 
stair's 
lamps 

let supply vo-
1 tage down 
require good 
maintenance 

l~·down tern- exchange there are 
perature to fuel plases 
intake air or waste short lux 

investigate 
light loads 

JH}relocate 
dissipati­
ng equip­
ments (co­
mpressor, 
canacitor) 

gas 

there are 
plases 
short lux 

bath he- there is 
ater ex- place 

Effect of 
improvements 

$/y % 
( kWh/y 

336 0. 2 
( 1 461) 

575 1.3 
( 2500) 

2157 1.2 
.(9378) 

1 51 5 

13300 2.0 

J,9574 

(39856) 

3. 1 
199137) 

11169 8.1 
(37496) 

H 

some equipmen­
ts motor are 
over estimate change short lux 115386 

to steam 
1 5. 4 

550636) 

I 

some equipmen- **decrease 
ts motor are air condi­
over estimate tioner lo-

ads 

or fuel 

there are 
places 
short lux 39032 4.0 

231187) 

(1078 ~Wh/y) 
L, • 3'% 
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11. DIAGNOSTIC REPORTS ON INDIVIDUAL FACTORIES 

MARCO SHOE SDN. BHD. 

1. Outline of the Factory 

Address: Pandamaran Industrial Site, Port Kelang, 

Selangol, Malaysia 

Capital: 3,000,000 Malaysian dollars 

Type of industry: Rubber 

Major products: Canvas/nylon footwear, rubber moulded 

products 

Annual output: 2,500,000 pairs of shoes, 

250,000 rubber mats 

No. of employees: 516 

Annual energy consumption: 

- Electric power, 1,235,505 kWh 

- Fuel, diesel oil, 263.7 kt 

Interviewees: Mr. Ganesan s/o Arumugam, Factory Manager 

Mr. Ho Hong Seng, Maintenance Superintendent 

& Electrical Engineer 

Mr. R. Subramanian, Senior Supervisor 

Mr. Gurmeet Singh, Senior Supervisor 
, 

Mr. Wan Idris Bin Jusoh, He"~hanic Supervisor 

Mr. K. Nalaian, Mechanic Supervisor 

Mr. Wong Juan Foo, Electrician Supervisor 

Date of diagnosis: Mar. 21 - 22, 1983 

Diagnosers: Mr. M. Eguchi, Mr. ~. Takahashi, and 

Mr. T. Sugimoto 

Counterparts: Dr. Mohd Ariff Araff, Dr. Ong Peng Su, 

Dr. Radu, Mr. Ahmed Faizul, and ~I. Alizan 

Ab. Manan 
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The factory is located about 8 km west of Kelang, an 

old capital of Serangon, which is situated about 32 km 

west of Kuala Lumpur. 

The factory has an integrated production facility to 

produce spcr~ shoes and other rubber goods from the 

stage of raw rubber. Most of the products are export-

ed. 

The e~ergy consumption cost in the factory is 2.8% of 

the turnover, a relatively low figure. But, the 

managers of the factory have a great concern for 

energy-conservation. We could feel their great 

respect toward our diagnosis and surveys. 

1. 2. Manufacturing Process 

CHEMICAL MIXIN tr 
WltRMl~Gi-~ _lcymN~ 

<it' 
---, 

l?UB8ER CALEND"E-DIN"° P~3'Slo\llt~OLH 

TfAilLES 
~ 

Cl/HIN~ !:HECKINq. • tOM61NIN6r ---

~ 

GRINDR'f 
'FINAL 

r-
• Asse:MBL/ 

1 ~ 1 tHR~I~ r 
I I - I , 

L-AC.E PACK IN tr I VULCAH/ZINl!f;t---" 
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3. Major Equipment 

3.1 Major Equipment 

Name 
No. of Units Type, etc. 
Installed 

Steam pressure: 13 kg/cm2 

Boiler 1 Rated evaporation: 1,600 kg/h 

Capacity: 840 pairs/charge 

Dia. 2.1 mx length 
Vulcanizer A 1 7.8 m 

Safe working press: 0.9 kg/cm2 

Capacity: 840 pairs/charge 

Dia. 2.1 m x length 
Vulcanizer B 1 7.8 m 

Safe working press: 6.3 kg/cm2 

Hydraulic press 5 

Calendering roller 3 

-
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4. Situation of Energy Management 

An energy-conservation committee was organized with 

the factory manager acting as chairman, and a mainte­

nance superintendent as energy-conservation manager. 

A target is set to achieve a 3% energy-conservation 

per year. The factory received the guidance of a 

Malaysian energy consultant last year. A heat 

balance is in practice. 

As for the management of energy consumption, recording 

is made hourly on fuel consumption and daily on 

electric power consumption. The energy consumption 

rate is well understood. 

But, there is no control chart for an effective use of 

these data. No analysis of fluctuation factors is 

made. 

Many items are left unattended. To be more specific, 

there are problems such as the selection of sensors 

for thermometers, which sets the operating standard 

of an autoclave, is no good, or the steam pipes, 

particularly the flanges and valves, are not heat­

insulated, or the boiler is just repeating the on-off, 

or the generated steam pressure is higher than what is 

necessary. 

Workers' cooperation is absolutely necessary in order 

to further promote the energy-conservation that has 

taken roots. But, a suggestion system for improve­

ment, employees training or the factor manager's 

campaign to workers are not in practice. 

l 

"" 
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5 Situation of ?uel Consumption 

T~e data given by factory Yanager was as follows 

Diesel oil 2637 kl/year 

Working da:rs 250 day/year 

• !forking hours 16 hr/day 

Daily consumption of fuel 87.9 l/hr 

This factory has a 100 hp. Tet-back Maxitherm boiler. 

Most of the steam is for the vulcanisation process, while 

the remainder, for for~ing presses and rollers 

5.1 Boiler Oueration 

T~e measured and observed values of some of the essen-

tial para.meters of the boil r were as fellows 

(a) ?lue gas te!:!pera.ture 195°C 

(b) 02 content in flue gas 9.5 ,; 

(c) Dispersion heat loss 11,590 kcal/hr 

( d) Amount of blow-down 0.31 kg/kg of fuel 

(e) ?uel feed rate l. d. l/min 

It is the most important ste? to pre?arethe heat balance 

sheet of the objective facility for diagnosis. 

Using the above data, Ne can get the heat balance sheet 

to be able to recognize where and how much to spent the 

ther:nal energy as Table A.5.l, 

Description Input I Ou tout 

kcal/kg fueJ ~ I kcal/kg fuel I % 

Input 

Fuel (Net) 
I 

9970 97.9 
I 

?eed 'Kater 220 2.11 
I I 
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I I ' 
Output 

I 
I 

Flue gas i 1151 11. 3 
Dispers'n Heat 
Loss 230 2.2 

I 
I 

:9lcw-down 50 0.5 

I Stea.m (balance) 
86.01 I 8759 

I I 

I 

I I 
' 

I 
I 

1001 Total 10190 100 10190 

Table !\. 5 .1 Reat Balance Sheet 

5.2 Autoclave Oneration 

(l) Acco~ding to the factory Manager, 70 % of the steam is 

consumed by the t-Ro autoclaves. T~e ten ";?er3.tur-= 

measll!."ernent made on autocla,1e-B surface ga7e the following 

readigs ; 

Cylinder 50 oc (area 55 
? !!l-) 

Door 100 oc (area 4.2 !112) 

(2) Heat content of 3auioment 

(a) Mass of autoclave-3 was 9.33uned as 20, 000 kg. 

Therefore, the heat content of the autoclave is 

Q = ~0,000 x 0.12 x (125 - 32) 

=223,000 kcal/Batch 

where 0.12 is specific heat of steel in unit of 

kca.l/kg. 0c . 

l 

I 

-

.. 
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(b) Insulation Material 

The insulation material has total mass of about 2·. 200 kg. 

Then the heat content of insulation material is as 

!oll.ows ; 

Q = 2,200 x 0.2 x {125 - 32) x 1/2 = 20,450 kcal/Batch 

where 0.2 is specific heat of insulation material and 

1/2 is used because it is assured that 1/2 of insulation 

material is affected by the temperature difference. 

(c) Total Beat Requirement in Start-uu Operation 

It is the sum of (a) and (b), 

QT = 223,000 + 20,450 = 243,450 kcal/Batch. 

(d) Hot Loading 

(3) 

Once autoclave has started, the temperature vary 

between 125 and 80 °c for loaded and unloaded condition 

respectively. The heat requirement for the hot 

loading operation is calculated roughly as follows ; 

QT• = 243,450 x (125 - 80)/(125 - 32) 

= 117,798 kcal/Batch 

Heat Requirement of Content Material 

(a) 

(b) 

The shoe rack has a mass of about 2324 kg/Batch. 

The heat requirement is ; 

Q = 2324 % 0.12 x (125 - 32) 

= 25,936 kcal/Batch 

The aluminium lasts have total mass of about 1,277 

kg/Batch. The heat requirement is ; 

Q = 1,277 x 0.22 x (125 - 32) 

= 26,127 kcal/Batch, 



! 
I 
' 
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where 0.22 is the soecific heat of aluminium. 

(c) The shoes which consist of canvas and rubber have 

averagely the mass of about 55d kg/Batch. 

Keat recire~ent is 

Q = 554 x 0.4 x (125 - 32) 

= 20,609 kcal/Batch 

where 0.4 is the average specific heat of the shoe. 

(d) The total heat reauirement of the conte~t material is, 

therefore, 

Q~ = 25,936 ~ 26,127 ~ 20,609 

= 72,672 kcal/Batch 

The heat re~uirement ?e~ batch oper~tian of valc:.-~izaticn 

on the autoclave-3 is as i~ table A~5.2 

Description 
Start-uo Hot load in!?; 
from co id 

kcal/3atch 7' kcal/Batch ,a ~ I 

Surface Heat 
1) 

33,984 33 ,,984 15,1 Loss 9.7 

Heat content of 243,450 69.5 117.798 52.5 
~qui.pm.en,; 

Keat reauirement 72,672 20.8 72,672 32 . .i 
of content 

Total 350,106 100.0 22d.;454 100.0 

Nate 1) ; Surface heat loss during any batches are assumed 
as constant. 

Table A.5.2 Heat reauirement in Valcanization Process. 

-

.. 
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Each autoclave is operated at rate of ~ bate~ a day. 

Assuming that autoclave-A car~ies out en sinilar operati~g 

cycles and heat require~ents. The~ the total heat 

req_uire:ne:n.ts for t1fo autoclaves per one day is as follows 

Q~ = 350,106 x 2 + 22d.,454 x 3 x 2 

= 2,046,936 kcal/da~ 

(~) ~~icienc7 of Steam. Conswrmtion in Autoclaves 

Th~ energy in the stea.:;i is 86 ~ of t~e total fuel innut 

in boiler. The t~o autoclaves consume about 70 ~ 

of t.!:te steam produced. th~ energy 7alue of steam 

supplied to the autoclaves is therefore 

Q = 0.86 x 10,190 x 0.7 x 71.~ x 8 

where 

= 3,503,958 kc~i/day 

10,190; Net fuel canbustion heat kcal/kg of fuel 

71. d. 

8 

Amount of ~uel consumption per hour 
kg of fuel/hr 

~orking hours ner day 

T~e ef!iciency of autoclave is therefore 

= 2,046,936/3,503,958 

-1 
1 
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6. ?r~blems in ~~er~a~ En.er~ Utilization and t~eir Potential 

Solutions 

6.1 Boiler Oueration 

(l) Q2 Control in Exb.aust flue ~as 

If the o2 content were reduced to 5 %, the fuel saving 

would be as follows 

Desc::-iption Observed Imuroved 

02 content in flue eras 
( % ) 9.5 s.o 

Air-ratio 1.83 1.3 

Flue gas Vol. (Nm3/kg fuel) 21.41 15. ,17 

Heat loss in flue gas 
(kcal/kg fuel) 1151.0 832.0 

~ Q = 1151.0 - 832.0 = 319 kcal/kg of fuel 

which is equivalent to the amount 3.2 % of fuel inout 

in the boiler. 

The saving in fuel due to this reduction would be 

~$ = 121,000/yea= x 0.03 = $3630/year even ~ith the 

flue gas temoeratu.re of 195 °c. 

( 2) Boiler ·.va te:::- Ouali ty Control 

The boiler was not equipped with PH. and Electric Con-

ducti~ity Meters. The blow-down operation is gene-

rally carried out accoriing to reference of water quality. 

With the suitable blow-iown operation the savings obtained 

would be about 0.5 ~ in Maximum of total energy input 

on boiler. 

.. 

.. 

.. 
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(3) ?ee~ ~ater Mete~ 

It should be equipped to correctly monitor t~e ~uantity 

of water entering boiler which is equivalent to ~roduced 

steam. In this surray the amount of produced steam 

has been estimated through the balance which is calcu­

lated by substruction the total heat loss f=om the in­

put energy. 

6.2 Steam Consumotion 

(1) Autoclave Oueration 

T~e loading and unloading oneration of each autocrave 

takes place about one hour by one hour. ~his re­

sulted in large heat losses and decrease of boile~ 

loading factor. It would be better to one=ate the 

autoclaves on continuous basis so that the heat losses 

would be reduced and the boiler fully utilized. 

To reduce the unloading period, it i3 suggested to be 

fully ready to charge the new batch material before 

unloading the contents in the autoclaves. 

(a) Door Oueration 

In present, the door of a~toclave is keeping on openning 

until next operation. It cause the waste energy. 

Then after unloading the door should be ~losed to ore­

ven t to cool down ~~e autoclave until bein~ ready on 

the next lcadin~~ 

(b) Door Insulation 

If the measure for the door insulation is onl7 carried· 

out, the heat loss would be reduced by 3,000 kcal/hr. 

-1 

l 
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Assuming that !uel unit cost is S 0.05~/lOOO kcal and 

~orkin~ hours pe= year is ; 

250 day/y~ar x 12 hz-9/day = 3000 hr9/year. 

Saving with tiro autoclave is as follows 

= 3,000 x 0.054/1,000 x 3,000 x 2 

= $ 972 /year. 

(~) To L~sulate the P!:'ess ~achines 

According ta the factory Manager, the oress mac~ines 

consume about 25 % of the total s~eam. gene!"ated. 

The recomended are as folloes ; 

(a) The er:cl0su=es nlaced. ar'.Jund the -:Jress r;iac~.ine 

~ith reference to Japa.~ese expe=ience 3uc~ measure 

would save 25 ? of energy originally required by the 

press machine. The savings would be able to cal-

culated as follows 

Saved Heat= 8,759 x 71.4 x 8 x 0.25 x 0.25 

= 312, 700 kcal/day 

Saving = 312,700 x 0.054/1000 x 250 

= $.1220 /year 

(3) To insulate the Boiler Peed-Water Tank 

The feed-water tank which was ba=e .:;hould be insulated 

ta reduce surface heat losses. T~e dispe!'3ion ~eat 

f~om the feed-water tank was rneasu~ed to be about 8,400 

!-'::cal/hr 'Nhich was equivalent to about 1. 0 li t~e/hr of 

fuel. The annual saving octained by proper insu-

lation of the feed-water tank would be as follows ; 

= 8,400 x 8 x Q.054/1000 x 250 

= $ 840/year 

-1 
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(4) To insulate the Tu:'ain Recovery Pine 

The drain recovery pipe lines from the autoclaves a.~d 

the press machines have no insulations which resulted in 

heat losses • Especially it would be effective to 

insulate the drain pipe lines of autoclave which consist 

of 50 mm of diameter and abou~ 50 m of length. 

According with the insulation of this pipe line, the 

amount of sa~ring energy, 10,000 kcal/hr are achieved. 

The saving annually would be as follows ; 

= 10,000 x 0,05t x 8 x 250 

= $ l , 000 /year 
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7. Electricity 

7.1 Electrical consumption characteristics. 

- supplier National Electricity Board 

of States of Malaya. 

contractual maximum demand 

average monthly consumption 

factory -load factor 

- contractual power factor 

transformer capacity 

rated supply voltage 

500 kW 
3 

84.4 x 10 kWh 

67.0 % 

0.9 

750 kVA 

415 Volts 

7.2 Schmatic diagram and outline of factory. 

Electrical schematic diagram is as shown in Figure 7.1. 

Cracker Mill 75kW 

2Roll Mill 3 x 93kW 

2Roll Mill 2 x 75kW 

2Roll Mill 2 x 56kW 

NEB 11/.433kV 2Roll Mill 82kW 

Mixer 82kW 

Hydraulic Presser 2 x 120kW 
750kVA 

Compressor 2 x JO kW 

L__ Valcanizer 2 x 5.5kW 

Main Office 

+--~~~ ~ighting 

i--~~~- Water pump. Cement Room. 

Condenser 6 x 50kVAr 

Figure 7.1 Electrical schematic diagram of MARCO SHOES BHD. 

The factory main loads are; 

.. 

• 

-
• 
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(a) nine open roll mills of total capacity ~f 724 kW. 

(b) two large air compressor and some hydraulic pumps of 

120 kW. 

All factory loads are connected to a 750 kVA, 3 phase trans­

former with metering's on the low voltage side. 

8. Problems in electric power utilization and their poten­

tial solutions 

8.1 Source 

8.1.1 Transformer 

The source is connected to a 750 kVA, 3 phase trans­

former. The average loading is 430 kW (46? kVA assuming a 

0.9 power factor) of which 50 % is utilized by the large open 

roll mills and 40 % by other equipments in the f~ctory. The 

remaining 10 % is for lighting and air conditioning. 

In our opinion the transformer is optimum size. How­

ever the operation of the large open roll mills create 

considerable fluctuation to the input power. 

8.1.2 Operation voltage 

From the name plate of the motors, it was found that 

the following specified voltage rating were connected, i.e, 

400, 420 and 440 volts. Actual measured value of supply volt­

age is 400 volts. In this respect it is desirable to operate 

the factory with supply voltage of about 420 volts. Thi~ 

action requires that transformer tappin_g to be increased to 

the proposed voltage. This measure will reduce motor losses 

and improved torque. In future, it is also suggested that for 

new installations motor rating should be confined to 420 volts 

only. 

-1 
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3.1.3 Phas~ balance cbnditicn 

Actual unbalanced in phase current of about 10% was 

detected. This is an undesirable condition because an 

unbalansed current would create an unbalanced supply voltage 

which in turn create negative torque in most three phase 

~otors. Therefore effort is required to redis~ribute some 

of the single phase loads. 

8.2 Electrical loads 

8.2.1 Large motors 

The large motors especially the open roll mills are 

required to drive high inertia rollers and also variable 

torque loads, creating large input current variation which 

make measurements very difficult. Therefore for all purposes 

considered an estimated average value is used in the 

calculation. Details of large motor loads are as follows; 

De scrip- Motor Quantity Consumotion(kW) 

ti on rating( kW) idle loade s 
power power 

Cracker 75 1 0.7 40 

Open roll 93 3 3x5.5 3x57 
mill 

Open roll 75 2 2x7.0 2x16 
mill 

Open roll 56 2 2x3.0 2x50 
mill 

Open roll 82 1 5.0 55 
' mill 

Mixer 82 1 4.0 44 

TOTAL 780 52.5 492 
I 

Table Lar~e motors loads 

• 

• 
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As indicated earlier many of the large open_ roll mills 

have erratic load pattern and intermittent stop/start char­

acteristic. From the table above the maximum total power 

consumed by these motors is 492 kW while the idled power 

is only 53 kW. It was further observed that an average 

75% of their working time the open roll mills were idling. 

This gives us the conclusion that the cptimure size for 

either the motors or the main-intake transformer can be 

much smaller than the maximum specified load as indicated 

by the following formula; 

P=,/sfx1.0+49l°x0.25 = 225 kW 
1 • 25 

P as calculated gives the theoretical combined optimum 

size of the open roll mills motor. The value of P which 

a reasonable safety factor of about 25% would give the 

CG~bined optimum size of the open roll mills motor required. 

However large motors made up half the total factory 

load and the remaining load of the factory are considered 

constant (i.e non-variable). Therefore the actual transfo~ 

rmer rating· required can be calculated as follows (assuming 

a p.f of 0.9); 

225 x 1 .25 x2 Required transformer rating = = 0.9 625 kVA. 

The present transformer as stated earlier is 750 kVA 

thus giving a load factor of 0.83 which as explained 

earlier to be of optimum size. 

From the measurements obtained it was observed that 

the 2 open roll mills rated 75 kW were overdesigned. 

Our culculation indicated that motors of rating 50 kW 

- - ---~ - __________________ _..._ ________________________ _ 
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would be sufficient. The saving below can be realized 

if the t~o 75 kW motor were changed to 50kW 

(75-50) kW x 0.13 x 0.3 x 3.0 x 250 x0.32 x 2 

=$336 I year 

where, 0.13 the loss factor 

3.0 iron loss factor 

3.0 working hours per day 

250 working day per year 

0.23 the electricity tariff Ii• e I 23 

8.2.2 Fly wheel effect 

cents/kWh 

Each open roll mill has two huge rollers which have 

inertia ( fly wheel effect ) resulting in erratic motor 

load. This requires countermeasures in the following two 

areas; 

(a) It is desirable to achieve a continuous loading 

of the rollers so that frequent stop/start 

operations of the rollers can be avoided or reduced 

by increasing of material lot-sizes. 

(b) The material once placed in the rollers are 

continuously being rolled even though ~hey are 

ready for the next process. Therefore an automatic 

cutter should be employed to reduce wasteful 

extra rolling operation. 

8.2.3 Compressed air system 

It was noted that the Valcaniser ( autoclave ) requires 

compressed air of pressure 3 kg/crt' . However the pressure 

delivered by the compressors was 7.2 kg/cl. This difference 

in pressure is ~oo large. Normally a 1kg/cm2pressure 

---

.. 

• 

• 
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differ~nce is suffi~ient. Nevertheless other equipments 

pressure, requirements could not be determined. Therefore 

it is advisable to lower the compressed air pressure in 

stages to suit the complete factory requirements. If it was 

four.d that the air pressure requirements of the pressers 

are much higher than the autoclave, then a separate comp­

ressor for the pressures is recommended. 

8.2.4 Lighting 

Generally the lighting in the main factory is reaso-

nable. In the sewing section the existing lighting intensity 

on the working surfa~es is around 200 lux. It is recom­

mended that the lightiPg fittings in this section be 

lowered by 0.3 meter to achieve an intensity of JOO lux. 

~his value is sufficient for this nature of work, thus 

improving the efficiency and quality. 

-1 
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9 Summary 

9.1 Thermal Part 

The effective measures on the ther~al energy conservation 

are summerized as follows ; 

(1) 1st. Phase Measure (No or little investment) 

Annually fuel saving 

1' s 
(a) Air ratio innrovement 

to reduce o
2

- f.ro!lt 9f, to 51' 3.2 3,630 

(b) Inprovement of Autoclave Guessed value 
Performance about 10.0 -

(2) 2nd. Phase Measure (Some investment) 

9.2 

Insulation of drain-return (a) 
lines from autoclave 1,080 

(b) Insulation of boilor feed 
tank 840 

(c) Insulation of door of 
autoclaves 972 

( d) Case cover insulation of about 251' of present 
Pressing machine consumption 

Electrical Eart 

On the electrical side there ar~ not many recom-

mendations where improvement to energy saving could 

be substantial except; 

(1) In section 8.2.1. where a reduction in overall 

size of the two 75 kW open roll mill motors could 

realized a saving of $336/year. 

(2) In section 8.2.J where the reduction in compressed 

air pressure could realized a saving of about 3 i 

for each kilogram pressure reduction. 

(J) The stop / start operations should be avoided. 

However the saving eould be substantial but could 

not be quantified at this stage. 

----

• 

• 

• 
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USMETA SDN. BHD. 

1. outline of the Factory 

-. -

Address: No. 2 Lorong Enggang E~pat, Taman Kerarnat, 

Kuala Lumpur 

Capital: 2,800,000 Malaysian dollars 

Type of industry~ Rubber 

Major products: 

Annual output: 

Retreated tyres 

36,000 t 

No. of employees: 33 

Annual energy consumption: 

- Electric power, 223,390 kWh 

- Fuel, diesel oil, 186 kl 

Interviewees: Mr. Zainuddin Fathodin, Factory Manager 

Mr. Mohd Basir Biw Majid, Account Executive 

Mr. Ismail Bin Yassin, Production Executive 

Mr. Gan Boon Hui, Marketing Executive 

Mr. Ali Bin Ahmad, Fitter & Foreman 

Date of Diagnosis: Apr. 18 - 19, 1983 

Diagnosers: Mr. M. Eguchi, Mr. R. Takahashi, and 

Mr. T. Sugimoto 

Counterparts: Dr. Mohd Ariff Araff, Dr. Ong Peng Su, 

Mr. Ahmed Faizul, and Mr. Arizan Ab. Manan 

-1 
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This is a factory to produce retreated tyres, belonging 

to the MARA group established in 1972. The factory is 

located about 7 km east-northeast from the center of 

Kuala Lumpur. 

It is a small factory employing 33 persons. But, it 

is relatively large among tyre retreating factories 

that count about 200. The company's share in the 

Malaysian market is about 5 - 6%. 

2. Manufacturing Process 

IUSEDTlllE I ~INSPECTIDH BU!=FINI!{" REPAIR I NE{ 

CURIN fr oUILDIN€r (?,EM'El'tTINEf 

----

• 

• 
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3. Major Equipment 

3.1 Major Equipment 

Name 
No. of Units Type, etc. 
Installed 

CU.ring machine 

Large size press 10 No. of new type: 4 

No. of old type: 6 

Steam consumption: 18 - 20 kg/h 

Steam pressure: 5 kg/cm2 

Small size press I 18 No. of new type: 6 

Steam consumption: 10-13 kg/cm2 

Steam pressure: 5 kg/cm2 

No. of old type: 12 

Boiler 2 Steam pressure: 10.5 kg/cm2 

I Rated evaporation: 2,268 kg/h 

Compressor 1 30 fP , 12 kg/cm2 

1 25 fP , 12 kg/cm2 

---·-
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4. Situation of Energy Management 

The energy cost to the turnover is relatively small 

and the scale of operations is small. It may be for 

this reason that no organization or system has been 

created to promote energy-conservation. There is no 

worker training program or a PR activity. 

From the point of the company's activities as well as 

its scale of operations, the company feels it unneces­

sary to employ technical staff. All equipment and 

technical matters are left to a fitter-foreman. From 

time to time, t~e factory manager checks on steam trap, 

etc. himself. 

All of the steam condensated from curing is fed back to 

the feed water tank by a semi-closed condensate re­

covery type. This is very good from the point of 

recovery of exhaust heat. But, the drain pipe should 

be heat-insulated even though it is for exhaust heat. 

The burning of fuel is repeated through the on-off 

operation at a short pitch of 5 - 7 minutes. This 

means a big loss of energy. The steam work schedule, 

steam pressure and the burner nozzle, etc. should be 

studied so that a continuous burning can be performed 

by reducing the frequency and shortning the period of 

the off operation. 

-1 
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5- Situa~ion cf ?u.el Consu.mntion 

(l) Te~~s of ?uel 

(a) Amount of fuel suonly 10,900 litre/3 weeks 

(b} Net ~eating Value oi Fuel 

T~e net heating value of the fuel is calculated as 

follows 

10,891 - 600(9 x 0.14} = 10,135 kcal/kg of fuel 

where 0.14 is the 11t. ~ of H molecule in H
2
o, 

600 kcal/kg is the rau.gh latent heat of vanorization 

of H2o and 9 is the ratio of H2o to R2 in weight, 

18/2. 

(c) Ene~Z-J Innut oer hour to t~e 3oilor 

Based on the fuel consumption rate and the net 

heating value of fuel, the heat energy innut to 

the boiler is as follows ; 

93.7 x 10,!35 = 950,000 kcal/hr 

(2) Ter~s of Boiler One:?ation 

(a) Actual Jorkin~_Haurs 

---

Working hours from M0n. to Fri. we~e 12 hrs and on 

Sat. were 9hrs. The total hours for 3 weeks 

were 

(12 x5 x 3) ~ (9 x 3) = 207 hrs. 

This values corresoonded to the a.mou..~t of hrs for 

fuel supplying period to the factory. 

(b) The cycle of operation 

The cycle of ooeration has been observed as follows 

Full firing 

Half firing 

5 min. 

15 sec. 

.. 

• 



Fire stop 

- 57 -

5 min. 30 sec. (incl. ourge 
30 sec.) 

One full cycle observed was lOmin. d.5sec. of which the 

firing time was d.7.2 % and the no-firing time with 

purging time was 52.8 % of the cycle. 

(c) Actual ?uel Consumution 

Based on the operation cycle and corresponding fuel 

supply data, the fuel consumotion was estimated as 

follows ; 

10,900 x 0.8d./207 x o.~72 = 93.7 kg/hr 

where 0.84. is soecific gra1rity of fuel and 0.d..72 is 

the potion ratio of firing time in operation. 

5.1 Beiler Cneration 

We must notice that the boiler disuerse t~e heat 

wi~h natural drafting during the non-firing part of the 

cycle. The boiler operation cycle of firing, purging 

and non-firing is illustrated below 

5.1.1 Data of Cycle on Baile~ Oueration 

Descri9~ion Time 02 Team. Linear Vela. 
in Duct 

min % cc I m;sec 
-

roll ?iring 5 a 2d.0 -./ 

Stop Firing 5 21 200 1. 5 

:?u:."ging Blow o.s 2l 200 -

ffalf ?iring. 1/4 - 220 -

Table 3.5.l Combustion Cycle 

........ _. 

-1 
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5.1.2 :teat 3alance fer Boiler Ooe!:"ation 

I 

I 

I 

: 

I 
i 
I 
I 
I 

I 
I 
I 
I 

I 
I 

I 
I 

T~e heat balance for boiler ooe!:"ation in ter~s of kg 

of :uel is shown in ~a~le B.5.2 below ; 

Jesc::-::Jticn 

I 

In nut 

?uel 

?eed. ?later 
(hot c!!arge) 

Out~ut 

?lue gas :{eat Loss 
(during firing) 

Flue Gas Keat Loss 
( non-firing) 

Blow-down 

"Uispersion hea~ 
Loss 

Produced Steam 
( f:--:Jm Balance) 

Total 

I~nut 

~cal/k2:: of 
fuel 

I 

I 

1Cl35 

762 

I 
I 
I 

I 
I 
I 

I 
I 

I 
10897 

I 
~ 

I 

93.0 

1.0 

I 
' 

I 
I 
I 

i 

I 
I 

I 
! 
' ' I 
I 
I 

I 
I 

100 .o I 

Out nut 

kc3.l/kg of 
fUel 

' 

1<129 

210 

83 

196 

8979 

10897 

Table B.5.2 Heat Balance Sheet for Boiler 

~ 

13.l 

1.9 

0.8 

1.8 

82.d. 

l 

• 
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5.2 Steam ConsU!llotion 

5.2.l Reauired Heat 

T~e theoretical required heat is the sum of the heat 

content of the ctL""'ed 

nization processes . 

r1tbbers and sorne heat for vulca­

Actually the later heat was 

omitted because of relatively small value in ccmpa=ing 

to anotaer much heat loss. 

(1) TY"!'."e Mass 

( 2) 

Big Tr-e 

Small Tyre 

Number of ~atch Processes 

No. of Mach. 

Big one 10 

Small one 6 

60 kg/piece 

30 kz/oiece 

uer day 

Batch/day 

7 

16 

T1Jtal No. 

70 

96 

(3) Summary of reaired Heat oer day 

big one 

Small 

60 x 0.25 x (180 

30 x 0.25 x (180 

30) x 70 = 157,500 kcal 

30) x 96 = 100,000 kcal 

Total = 257, 500 kcal 

where 0.25 is specific heat of rubber and 

180-30 is the temperature difference between 

steeam and ambient. 

This value is corresponding to only about 2.6 % of t~e 

heat e~ergy supplied by steam. 

5.2.2 Heat loss 

---

(1) Dispersion Heat Loss from Stu"fase of Curin~ Mac~ine 

The curing machines have complicated structu:::'es and 

shanes and then the surface a:::-eas 11ere rou~hly estimated 

-1 
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that the big one is 5 m2 and the small one is 3 m2 • 

The calculated dispersion heat loss are as follows 

Big one 

Small 

5 x 300 x 10 x 12 = 300,000 kcal/day 

3 x 300 x 6 x 12 = 108,000 kcal/day 

Total = 408,000 kcal/day 

where 5 and 3 are the estimsted surface areas in m2 , 

300 is the observed dipersion heat flux kcal/m2 .hr, 

10 and 6 are the no. of the curing machines and 

12 is the mean working hours perday. 

(2) Heat Content of Curing Machines 

During unloading of the tyres from the curing machines 

the surface of machines are completely exposed to ambient. 

So, the temperature of machines is assumed to become to 

ambient. rhe heat content of thecuring machines to 

be heated from 30 to 180 °c is calculated as follows ; 

Machine size Weight Heat content 
kg kcal/batch 

Steel 1000 1000 x 0.12 x (180 - 30) = 18,000 

Big Al 200 200 x 0.22 x (180 - 30) = 6,600 

Total = 24,600 

Steel 600 600 x 0.12 x (180 - 30) = 10,800 

Small Al 150 150 x 0.22 x (180 - 30) = 4,950 

Total = 15,750 

I 

where 0.12 an~ o.22 are the specific heat of steel and alu­

minum respectively and the weight of material is the ~ess-

ed value. 

-- --

• 
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The heat content for machines per day is as followa 

Big one 24,600 x 10 x 7 = 1,722,000 kcal/day 

Small one 15,750 x 6 x 16 = 1,512,000 kcal/day 

Total = 3,234,000 kcal/day. 

Being compared to the heat available from steam which is 

8979 kcal/kg fuel x93.7 kg fue1 x 12 hr/day= 10,096,000 

kcal/day , the percentage or energy reauired by the 

curing machines is about 32 ~-

5.2.3 Heat Balance of Curing Oneration 

The heat balance in terms of kcal/day is as follows 

-Description In nut Outuut 

kcal/day 'fo kcal/day % 

Input 
Heat from steam 10,096,000 100.0 

Output 
Heat up of Rub-
ber for Curing 257,500 2.6 

Dispersion Heat 
Losa 408,000 4 0 

Heat Content of 
Curing Machines 3,234,000 32.0 

Condensate for 
above Keat 1,098,000 10.9 

Uncountable Beat 5,098,000 50.5 

'fotal 10,096,000 100.0 10,096,000 100.0 

I-----· 
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6 ?roble~s in ~~er~al Ene=~Y Utilizat:on and their Potential 

Solutions 

6.1 Boil~r 

T~e o
2 

content in the flue gas could be reduced from 9 % 

to 5 % ar.d the flue gas tem~erature could be degreed from 

250.0 c to iao0 c. In addition to these measures, the 

boilor should be operated continuously. The amount 

of ene=gy saved by all these measures is 9.6 ~ of total 

heat supplied, in detail, 

3.0 "f, is saved by reducin~ 02 content 

4.7 ~ is saved by reducing flue gas temoerature and 

1,9 ;, is saved by continuous boiler operation. 

This factory used to spent about $ 94,QCO/year for fuel 

based on 10,00 litre/3 weeks and S 0.054/1000 kcal. 

Then this factor7 would have a chance to save the !uel 

cost by conductng the above ~easures as follows ; 

o2 content 

?lue gas temperature 

Continuous operation 

6.2 Steam ConsumDtion ?acilities 

$2800 

SJ.400 

$1800 

According to the heat balance, the large mount of un­

countable heat loss which comprises of about 50 ~ of the 

total heat available from steam would probably be due to 

leakage through the steam traps. The return conden-

sate has been mixed ~ith raw steam, because the water 

in in the feed-water tank to which the condensate is re­

turned back was about loo0 c, Boiling state of water. 

-----· 

-1 
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This drain recovery system ex.t:·emely is unusual comparing <:;o 

the normal one. 

The leakage might has originated from defecti7e steam 

• traps whic~ should promptly oe checked. r: the leakage 

from stea.!:l traps were avoided, about 20 to 30 % of the in-

• puted steam. could be saved. As cost, about 32C,OOC 

would easily be saved ........ 
w11; ... tne se'Te!"e r•::ouse-kee?ing" and 

a s~all inYestiment. 
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7. El~ctrici ty 

7.1 Electrical consumction chracteristic 

- supplier 

contractual maximum demand 

National Electricity Board 

of the States of Malaya. 

100 kW 

average monthly consumption 
3 

18.6 x 10 kWh 

contractual power factor 0.85 

rated supply voltage 415 Volts 

7.2 Schematic diagram and outline of factory 

Electrical schematic diagram is as shown in figure 7.1. 

NEB 11/.433 kV 
~ Other Factory 

1WvA---- ---
~----Buffing Machine 

t------Orbitread Machine 
( with Extruder ) 

.._----Compressor 

.,_ _____ Boiler 

----Curing ( 1 - 16) 

----------Office & Others 

( 37 kW 
44 kW 

2 x 26 kW 

( 
2 x 25 kW 

19 kW 

(
1

6
0 x 1.5kW 

x 1 .1 kW 

Figure 7.1 Electrical schematic diagram of USMETA SND BHD. 

The factory main loads are; 

(a) buffing machine of total capacity of 81 kW. 

(b) compressor of total capacity of 69 kW. 

(c) Orbitread machine of total capacity of 52 kW 

All factory loads are connected to a common 750 kVA, 3 phase 

transformer which also supply neighbouring factory. Meterings 

are at 415 volts on the factory distribution board. 

I 

• 

• 
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3. Problems in electric uower utilization and their potential 

solution. 

8.1 Source 

It was observed that the incoming switch board c~mpart­

ment is permanently water-logged. This is a dangerous condition, 

where accidents can happen during both switching and mainte­

nance. In addition to this, the condition of the switchboard 

and the associated wirings are in poor condition. It is highly 

recommended that measures should be taken immediately to keep 

the switch board room completely dry. 

The input voltage as measured was about 402 volts while 

all the equipments are rated between 380 volts to 440 volts. 

The specified input voltage is not suitable and it is suggested 

that the input voltage be raised to 420 volts, to reduce 

losses and improve torque. 

8.2 Electrical loads 

8.2.1 Large motors 

The main loads are for buffing and orbitread equipments 

and these machines are reasonably loaded with load factor 

varyi~g between o.62 to o.67. 

8.2.2 Compressors 

There are three compressors where one is always on 

standby, compressed air are almost exclusively used by the 

curing machines, which require compressed air of pressure 

around 12 kg/crni. This pressure requirement is considered 

high and therefore the piping need constant checking for 

potential leak. It is therefore recommended that measuring 

of charge and discharge time at between lower and upper limit 

-1 
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level of compressed air pressure. 

For the other equipments that require lower pressure 

compressed air, it is recommended that pressure reducing 

value be installed at the accumlator to reduce leakage and 

wastage. At the curing equipments where the pressure require­

ment is around 12 kg/c:. it is recommended to install stop 

valve. The purpose of the stop valve is to main~ain the high 

pressure at the curing machines when the machines have war~ed 

up such that the buck pressure from the curing machines are 

not fed back to the compressor, thus unnecessary burdening of 

the compressor can be avoided. 

It is generally accepted fact that the air intake temp-

erat~re of the co~pressors should be as low as possible for 

better efficiency. It was observed that temperature of intake 

air is around 38 ·c. If the temperature of the intake air can 

be reduced by placing the compressors outside the factory with 

suitable shed and good air circulation for cooling, consider-

able energy can be saved. Assuming the external ambient 

temperature is 28°C the possible saving of $575/year can be 

realised following the culculation below. 

4P _ (273+38)-(273+28) _ O 032 
p - (273+38) - • 

h £1 p . th t . . w ere p- is ie percen age saving 1n power 

Therefore the average saving per year 

= 31 kW x 0.032 x 12 x 300 x 0.23 x 0.7 = $575/year 

where 12 the working hours/day 

300 . the working d.ays/year . 
0.23 the cost of electricity/kWh 

0.7 the working factor 

-1 
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9 summary 

9.1 Thermal Part 

The effective measures on the thermal ener~ conserva-

tion are summerized as follows ; 

{l} 1st. Phase measures (No or a little investment} 

(a} Boilor Operation 

Annually fuel saving 

i) to reduce o2 content 

ii) to reduce flue gas temp. 

iii) to keeo on continuous Oner. 

(b) Recheck on the Running Steam 

traps 

with rough esti~ation 

~ 

3.0 

4.7 

1.9 

20 to 30 

(2) 2nd. Phase Measures (Some investment) 

(a) Insuration of drain-return 
piping from all the curing 
machines 

$ 

2,800 

4,400 

1,800 

20,000 

(b) Case cover over curing 
machines 

About 25% of present 
steam consumotion 

9.L Electrical parts 

On the electrical side the avenues for energy 

saving is rather limited with the exception of the 

compressors where some improvements requiring no 

investment have been suggested in section 8.2.2. 
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GOH BAN HUAT POTTERY WORKS SDN. BHD. 

1. Outline of the Factory 

Address: 238 Jalan Segambut, Kuala Lumpur 

Type of industry: Ceramic 

Major products: Sanitary wares, sewer pipes 

No. of employees: 153 

Annual energy consumption: 

- Electric power, 3,500,000 kWh 

- Fuel, fuel oil, 1,440 ki 

Interviewees: Mr. Goh Taiseng, Managing Director 

Mr. Vernon Perera, Plant Manager 

Date of diagnosis: Mar. 25 - 26, 1983 

Diagnosers: Mr. M. Eguchi, Mr. R. Takahashi, and 

Mr. T. Sugimoto 

Counterparts: Dr. Mohd Ariff Araff, Dr. Ong Peng Su, 

Dr. Radu, Mr. Ahmed Faizul, and 

Mr. Arizan Ab Manan 

The factory is located about 5 km northwest of Kuala 

Lumpur. 

In the old factory where an electric batch type kiln 

installed in 1962 sanitary wares are produced. In the 

new factory where a batch type kiln fueld by diesel 

oil and automatic forming machine were installed in 

1979 and 1982 respectively, sewer pipes of 6" - 12" 

diameter are produced. 

• 
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The company plans to stop the production of sanitary 

wares in the old factory, and concentrate on the 

production of sewer pipes in the new factory. 

At the request of the company we conducted our energy-

conservation diagnosis only in the 1.ew factory where 

sewer pipes are produced. 

2. Manufacturing Process 

'RAW CLAI . 
510 RAGrE -

MATERIALS 
-,, 

CRUSHIN6r 71 
I 

I 
! 

DRll N 'r - PRESS IN& 
-

POWD~ Gr/(/f.JDINq: 

- ro- ... & \AIX ING.- iE--
( Cl1AM8~1tS) 

SFLECT/Of\/ STO ~A Grf: 
L..-.:J flf?IN€r QIJALIT'f ; FIN/SHH> -

(KILN) CONTROL G,OUDS 

DELIVEl?Y r 
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3. Major Equipment 

3.1 Major Equipment 

Name No. of Units Type, etc. 
Installed 

Batch type, 

Capacity: 50 T/batch 
Oil fired kiln 2 

l,160°C Max. temperature: 

Products: Sewer pipes 

Drying chamber 7 

Electric kiln Batch type, 

Products: Sanitary wares 
I 

• 
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3.2 Layout 
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4. Situation of Energy Management 

There is no organization or system for the promotion 

of energy-conservation. Nor, there is any target set 

for the purpose. There is no employee training and 

PR activity in practice. 

As for the heating/cooling pattern, which is extremely 

importa~t in operations, work is conducted according 

to the work standards established on the basis of the 

standard temperature curve. 

The electric power consumption is known through the 

monthly bill for the whole factory. As for fuel con­

sumption, a continuous recording of temperature is 

done at 6 points in chambers besides the reading of 

fuel flow meters. These records are kept in order 

together with other records of operations. But, there 

is no data analysis done through the ~alculation of 

energy consumption rate and the preparation of a con­

trol chart. 

--1 
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s. Situation of Puel Consumption 

5.1 

(1) 

Shuttle Kiln Operation with Batch Process 

Standard Operation Data 

The standard operational data in the shuttle kiln for 

the manufacturing raw sewerage soil pipe are mainly as 

follows ; 

(a) Manufacturing Cyele 

Heating and calcination period 36 hr/batch 

Cooling period 40 hr/batch 

Total hours of one batch 76 hr(3 days) 

(b) Weight of the soil oipe charged in One batch 

45 to 50 ton. 

(c) Amount of fuel consumption in one batch 

About 6,000 litre 

(2) Description 

Because of the batch process, if we want to implement 

the accurate analysis, the data on a complete cycle, 76 

hou~s, should be obtained with suitable interbal times. 

In this survay, however, due to limited time only a few 

data at the special time point of heating cycle was obtained. 

~hen the rough heat balance of shuttle kiln was barely 

calculated with a above few data and the later taken datum. 

(3) Heat Balance of Batch Oneration 

Differing from the continuous process, the calculation 

of heat balance in the batch process is sli~htly trouble-

some. Especially, the dispersion heat loss from 
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surface of kiln and the flue gas heat loss exhausted from 

kiln are e5timated by graphical integration. 

The only results of the calcuration for heat balance 

is given in Table C.5.1 as below ; 

Description Input Output 
-

kcal/batch ~ kcal/batch ~ 

Immt 

Fuel 48,669,000 100 

OutPut 
Product Soil Pipes1 ) 

content at 1165°C Heat 14,729,000 30.3 

Flue gas Heat Loss2 ) 14,617,000 30.0 
Dispersion Heat Loss3, 6,341,000 13.l 

Kiln Heat Content 12,952,000 26.6 
(Balance) 

Total 48,669,000 100 48,669,000 100.0 

Table C.5.1 Heat Balance Sheet for Shuttle Kiln 

lotes ; 1) 

2) 

3) 

50,000 x 0.26 x (1165 - 32) = 14,729,000 kcal/B. 
where 0.26 is specific heat of clay, 
the value is estimated by graphical integration 
using the observed tem~erature of flue gas at 
respective times on heating cycle and assuming 
o2 content is 10 ~ as constant through heating 
cyclr. 

roof ; 74.7 x 15 x (100 - 32) x 34 = 2',594,000 
sides ; 127.7 x 15 x ( 90 - 32) x 24 =3,777,000 
where 74.7 and 127.7 are area in m of roof and 
side walls respectively, 15 is the assumed heat 
transfer coef., 100 and 90 are average surface 
temperature of roof and side walls respectively, 
and 34 is the heating hours of the batch cycle. 

-1 
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The unit fuel consumption, which is the ratio of total 

consumption of fuel in litre to the total wei~ht of the 

produt soil pipes in kg for one batch operation is ; 

5,650 litre/50,000 kg= 0.113 litre/kg • 

This value similai· on the ceramic industries in Japan 

is between 0.1 to 0.13 litre/kg of ceramic product. 

The unit fuel consumption in this factory is reasonable 

comparing to that of Japanese Industries. 

Drier Ol>eration 

(1) Reguired Heat 

(a) A mount or the water eva~orated in the Drier 

Water content in the raw wet soil pipes 7 ~ 

Water content in the dried soil pipes 2 ~ 

50,000 x (0.07 - 0.02} 

(b) Required heat 

~ 2,500 kg/batch. 

Therefore, the heat required to reduce the ~oisture 

of the raw soil pipes is calcurated as follows ; 

Q = 50,000 x 0.28 x (80 - 32) - 2,500 x 600 

= 672,000 - 1,500,000 

= 2,172,000 kcal/batch 

where 0.28 is specific heat of clay in kcal/kg. 0 c , 
80 is the temperature of dryer in °c,and 

600 is rough latent heat of vaporization of water 

in kcal/kg 

(2) Heat Content of Hot Plue Gas tor Dryer 

The heat content available in hot flue gas is estimated 

by graphical intgration using the temperature o2 content 

of the flue gas in duct throu~h firin~ cycle. 
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The total amount of heat energy integrated is 

14,617,000 kcal/batch shown in Table C.5.1. 

(3) The Efficiency of the Dryer 

The efficiency of the dryer is presented as the ratio 

of the required heat for drying to the totalheat supplied 

by the hot flue gas frcm kiln. Then 

Dryer efficiency = 2,172.000/14,617,000 = 0.15 

= or 15 ~ 

6 Problems in Thermal Energy Utilization and their Potenclal 

Solutions 

The factory has new shuttle kilns, one of which was 

diagnc:sai in this survay,for manufacturing of the sewerage 

soil pipes. As the result of this survay, the effi­

ciency is relatively high and almost same as that of aver­

rabe Japane9e industries. 

6.1 Shuttle Kiln Operation 

(1) Overall Efficiency of Manufacturing of Soil Pipes 

The shuttle kile operation is followed to the drying 

process. The overall efficiency of combined processes 

is as follows 

= (14,729,000 - 2,172,000)/48,669,000 

= 0.347 or 34.7 ~ 

Assuming that 10 ~ of the products were spoilt, the 

efficiency is therefore 

34.7 x o.9 = 31.2 ~ 

• 
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(2} Air Control for nrooer Combustion 

The mean value of o2 content of flue gas through heat-

ing cycle was roughly estimated as about 10 %. If so 

in order to save the fuel, it os recommendable to onerate 

the kiln to reduce the o2 content of flue gas to 5 %. 
The energf saved is illustrated as follows 

Heat Loss Ter:ns 
02 Content 

'fa kcal/batch. 

10 14,617,000 present 

5 10,200,000 imorove!lle!-i t 

Saved Heat 4,41.d.,000 7 ;(, oi fuel 

This saved heat is equivalent to !800 $/year assuming 

the following data 

Annually purchased fuel 

Price of thermal energy 

Density of fuel 

ld.d.0 kl, 

$ 0,05i/l,000kcal 

0.84 kg/l 

In this measure, the gene:=.a.tion of t~e smoke from the 

stack should be prevent. 

6.2 Dryer Oueration 

As shown in 5.2 the dryer opera~ion only at 15 ~ effi-

ciency which means that the flue gas from tli.e kiln is not 

fully utilized by the dryer. The exess heat from 

flue gas could be further~ore used to dry the raw wet 

pipes below 2 %, provided that the quality of the dried 

pipes is not ~ompletely affected. 

6.3 More Utilization of Flue Gas 

At the present moment,the two dryer-kiln systems are 
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operated separated. If an interconnective under-

ground ducts between the two systems could be built to 

utilize the exeess heat in the flue gas, we would onerate 

more efficiently the shuttle kiln with batch processes. 

For example, if the flue gas from one kiln would used for 

preheating the raw soil pines in the other kiln until 

300°c without to dama~e the soil pipes on quality, the 

fuel consumption could be probably reduced by about 7 ~. 
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7. Electricity 

7 .1 Electrical consumutio~. cha.::-acteristic 

- supplier National Electicity Board 

of States of Malaya 

contractual maximum demand 

- average monthly consumption 

factory load factor 

contractual power factor 

transformer capacity 

rated supply voltage 

- electric power specific 

unit (EPSU) 

250 kW 

66. 5 x 1 O~ kWh 

0.42 

0.85 

750 kVA 

415 Volts 

73.9 k'tih/ton 

7.2 Schematic diagram and outline of factory 

Electrical schematic diagram is as shown in "' 1 ' . ' 

----Extruder (piping machine) 2 x 75~';; 

NEB 11/.415kV 
Compressor 

750kVA 

Capacitor 

1 x 41kW 

2 x 37k'.1 

JO kW 

J x 22k'N' 
1 x 1 3kW 

8 x 25kVAr 

Figure 7.1 Electrical s~hematic diagram of GOH BAN 

HUAT POTTERY WORK. 
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The new factory which we have investigated make 

earthen Hare sewage pipes utilizing automatic extruding 

~achines, kilns and some electric pressers. power input 

is through a 750 kVA, 3 phase transfomer and maximum 

load demand is estimated around 250 kVA where 60% of 

the factory load demand as taken up the automatic extru-

ding machines and the remainder by the kilns, dryers and 

other general purposes. 

8. Problems in electric power utilization and their 

notential solutions 

3. 1 Source 

The main substation transformer is rated 750 kVA 

but average power requirement is about 236 kW (278 kVA 

assuming 0.9 p.f) It is obvious that this transformer 

capacity is too large for the factory. To save energy 

it is recommended that the substation capacity be reduced 

to 450 kVA. Further energy saving can also be realiezed 

if two transformers with capacity of 250 kVA and 200 kVA 

each be installed instead of one 450 kVA, where only the 

200 kVA transformer is connected outside workinghours. 

This measure will save energy as indicated by the calcu-

lation below. 

Existing Transformer; 

JP, = 750 (1-0.984) x 0.2 x 24 = 57.6 kWh/day 

where '1 P1 iron loss /day 

0.2 iron loss factor 

24 operating hours /day 

0.984 : efficiency of 750 kVA transformer 

l 
I 
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Recommended transformers. 

~P;i = f 200 (1-0.977) x 24 + 250 (1-0.978) x s} 0.2 

= 30.3 kWh/day. 

where .d Pz iron loss/day 

8.2 iron loss factor 

24 operating hours of 2UO k1J A transformer 

8 operating hours of 250 kVA transformer 

0.977 efficiency of 200 kVA transformer 

0.978 efficiency of 250 kVA transformer 

Therefore savi!1g 

= (57.6-30.8) x 0.23 x 350 =$2157/year 

where 350 

0.23 

8.1.2 Voltage 

number of day/year 

cost/unit of electricity 

From the name plates of various equipments and capa-

citors ( power factor correction ) they are rated at 415 

--

volts but the actual supply voltage measured was 433 volts. 

It is therefore recommended to bring the supply voltage 

down to 420 volts. This measure will certainly reduce losses 

and over load. 

8.1.3 Caoacitors (power factor correction) 

There are altogether eight static c~pacitors connected 

for power factor correction. Our measurements indicate 

that only two capacitors are in perfect working condition 

while the other six are defective as indicated in table 

3 .1 below; 

1. 



.. 
l 

I 

- 82 -

'.v!ark of wire 
:·r o. 

~ed yellow I blue description 

! 
0 0 0 gCJod 

2 0 0 0 good 
/j,_ x t::.. open ~ i r ~ :_i ::._ ~ e ·i 

6 ~ x ::iDen :! ir.,~~J :_ ~ -?i 

x !::.. !::.. faul ':,y ,~Jr.r:e~-s1on 

0 6 11 .b. faulty ~o:-1~1ec-'""ion 

6,. ti 0 f3.U2- ~ :1 c·Jn~~ec t i·:)r~ 

L ~ 0 faul:1 ~'Jr~ne"~: i J~. 

x <'J.3, fi: (C.'7, 0: ~ 0. 2, ( 1. D . ... . \ 

=-= ' ....... ~) 

, ~ 

:) • I Conditions of static caoacitJ~s 

power factor penalty when the factory is operatin~ fu:~ load. 

It is essential to do corrective measure to ensurs ttat the 

factor correction equipment . l . . "'I ' is worK1ng in pertec: order 

and those defective capacitors be replaced as they can also 

pos~ as fire hazards. 

S.2 ~lectrical loads 

8.2.1 Ex':,ruders 

~he three extruiers with total installed capacity 

of 207 kW have cyclic load demand where on the average 25 % 

the machine operating time, the motors are working on peak 

load. The load and no load characteristic of the motors 

are shown in table 8.2 below. 

• 
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No Rating (kW) Actual load (kW) 

load no load· 

1 110 110 6.3 

I 2 100 11 5 7.0 

Table 8.2 Actual load of Extruders 

Using the 110 kW machine as an example the optimum rating 

of the motor should be 55 kW as shown by the calculation 

below. 

L ~ 

0.25 x 110 = 0.75 x 6.3 = 55 kW p = 0.25 = 0.75 

With a safety factor of 2.0 for this nature ~f 

work the motor rating is suitably designed. 

8.2.2 Comoressed air system 

It is necessary to examine the whole compressed 

air system in the factory because the pressure as deli-
2 

vered by the compressor is around 7.9 kg/cm (110psi) 

ani this pressure appears too high for the factory 

application. It is possible that the various equipments 

in the factory could very well perfor~ at very much 

lower pressure than the existing value. Therefore it is 

recommended that the factory carry out pressure reduction 

exercise i.e. the machine performance. It is worth noting 

that for e·very kg/cma. reduction in pressure a saving of 

3% of the total power consumed by the compressor. 

Since the delivered air pressure is high and extensive 

piping, it is recommended also that the factory consider 

a formal progr~m for periodic leaka~e ~hecking. 
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9 Summarv 

Because shuttle kiln operation on this factory is bate~ 

types, for the correctly survay it is necessary to get the 

proper data ~i~h ti~e passage through full neriod in kiln 

per.for:nance. According to the limitation of the sur-

•ray times the results and potentioal solution is always 

not exnected on correctness~ 

(1) 1st. Phase· ~easures (No or little in7est~ent) 

Annually fuel sa.Ying 

(a) o
2 

control 7 4.,800 

(2) 2"!1d. P~ase Measures (some invest~ent) 

The suttle kilns are comparatively ~ell insulated and 

the heat balance .in table C.5.l shows tb.at it is comoarable 

to recomended values in Japan. Espetially, nc minor 

change ~ould be significant on the existin~ design. 

(3) 3rd. Phase Measures (large-scale process chang~) 

(a) Combined per!or~ance with t~o shullle kiln-dryer syste~s 

This 17ould require the interconnected operation of the 

t~o systems. An inte:::-connected unde!."g.round ducts 'oet17een 

the systems should be· constructed. 

Provided that the quality of products of soil nines 

are not affected, the fuel savings which could be obtained 

by this measures would be presumably about 7~ of the total 

fuel consumption. 

---1 
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9.2 Electrical parts 

A major electrical recmmendation for this 

factory was indicated in section 8.1.2 where a 

change in the main intake transf or~er from one of 

750 kVA unit to two of 200 kVA and 250 kVA trans­

formers. This will allow the 250 kVA unit to be 

switched off outside vorki~g hours, thus giving a 

saving of $2157 /year. 

In section 8.1.3, we storongly recommended that efforts 

should be taken to replace and also periodically maintain the 

automatic power factor correction equipment ( capacitors). 
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SOCTH EAST ASIA FIREBRICKS INDUSTRIES SDN. BHD. 

1. Outline of the Factory 

Address: 8 3/4 Miles, Jalan I~oh, Kuala Lumpur 

Capital: 4,000,000 Malaysian dollars 

Type of industry: Ceramic 

Major products: Refractories, heat insulating bricks, 

fire clay bricks, high alumina bricks 

Annual production: 18,000 t 

No. of employees: 150 

Annual energy consumption: 

- Electric power, 1,140,000 kWh 

- Fuel, diesel oil, 2,720 k£ 

Interviewees: Mr. Tan Boon Chin, Refractories Engineer 

Mrs. Yap Szu Lee, Chemist 

Mr. Here Heng Tuan, Cost & Management 

Accountant 

Date of diagnosis: Mar. 28 - 29, 1983 

Diagnosers: Mr. M Eguchi, Mr. R. Takahashi, and 

Mr. T. Sugimoto 

Counterparts: Dr. Mohd Ariff Araff, Dr. Ong Peng Su, 

Dr. Radu, Mr. Ahrnd Faizul, and Mr. Arizan 

Ab Manan 

-1 
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The factory was constructed in 1972 in the suburbs 

north-northwest of Kuala Lumpur. It is equipped with 

2 units of down draft kilns and 3 units of tunnel 

• kilns . 

There are two companies producing refractories in 

Malaysia. Each of the two companies shares 50% of the 

Malaysian market. 

2. Manufacturing Process 
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3. Major Equipment 

3.1 Major Equipment 

Name 
No. of Units 
Installed 

Type, etc. • 

Tunnel kiln 3 Continuous type 
I 

I No. 1 No. 2 No. 3 

I 
Built 1973 1979 1982 

I Fi rec lay High Fireclay & 

i Products alumina chammotte 
bricks 

bricks bricks 

a.ttput/ 
day 

20.8 t 8.5 t 31.0 t 

Downdraft kiln 2 Batch type 

Built: 1972 

I 
Products: Chammotto 

a.ttput: 60 t/charge 

Dryer 3 

• 
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4. SiLuat.ion of Enersy Hanayement 

There is no organization or system to promote the 

energy-conservation. The company conducts no parti­

cular PR for energy-conservation to its workers. 

As for workers training, personnel higher than a 

supervisory level are made to attend seminars from 

time to time. But, there is no training program for 

general workers. 

The energy cost to the turnover has risen to 22.4%. 

And the company has adopted a plan to energy-conserva­

tion. But, there is no specific target set for the 

reduction in fuel and electric power costs and the 

date of achievement. The company considers it suf­

ficient to save energy even slightly from the current 

level. 

Many cor.ipanies rely on suppliers in the purchase of 

fuel, but the company conducts a confirmation of 

weight. 

The electric power consumption is monthly confirmed 

through the bill as to the consumption by the whole 

factory. Recording is made daily on the fuel consump­

tion together with recording on other operation by 

each kiln. The energy consumption rate (kg/kg) is 

calculated, setting the criteria for operations. 

However, there is no production process control 

through the preparation of a process chart as generally 

done in Japan. 

Attention is paid to the maintenance and quality con­

trol including the cleaning of burners once a week, 

the chemical analysis of raw materials, sizing test, 

'etc. 

-1 
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5 Situation of Fuel Consumption 

The data_ of the Unit Puel Consumption for each kiln 

up to the present have been evaluated by the factory as 

follows . 
' 

No. l Kiln 1,100 kcal/ kg of uroduct 

No. 2 Kiln 1,650 kca~ / kg of product 

No. 3 kiln 850 kcal/ kg of product 

According to the requests of factory manager, only 

No. 2 Kiln which is the worst in the unit fuel consumution 

has been diagnosed on this survay. 

5.1 No. 2 Tunnel Kiln 

5.1.l Data used in Heat Balance Calculation 

(1) Factory Data 

(a) Unit Fuel Consumption 1,650 kcal/kg of P. 

{b) Amount of Produced Bricks oer Day 8,500 k!':'/day 

(c) Fuel Calorie Inputed per Hour 

(1,650 x 8,000)/24 = 584,400 keal/hr 

(2) Measured Data 

A) Q2 Content in Kiln 

(a) Cooling zone 

(b) Combustion zone 

(c) Preheating zone 

(d) Flue Gas 

18 ;, 

13 fo 

13 ~ 

12 fo 

B) Dispersion Heat Loss using observed Heat Flux and Area 

a) Cooling zone 

b) Combustion zone 

c) Preheating zone 

Total 

55,700 kcal/hr 

101,700 kcal/hr 

42,400 kcal/hr 

199,800 kcal/hr 
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c") Plue Gas Heat Loss 100,850 kcal/hr 

D) Bot Gas to Dryer 196,400 kcal/hr 

B) Car Cooling Beat Loss 58,900 kcal/hr 

P) Heat Content of Product and Car 15,400 kcal/hr 

5.1.2 Heat Balance Sheet of lo. 2 Kiln 

The heat balance for tunnel kiln operation based on hr 

is shown in Table D.5.1 as follows ; 

Description Innut Outnut 

kcal/hr ~ kcal/hr ~ 

Input 

Fuel 584,400 100. 

OutEut 
Hot Gas to Dr7er 196,400 33.6 

Car Cooling Heat Loss 58,900 10.l 

Plue Gas Heat Loss 100,850 17.3 

Dispersion Heat Loss 199,800 34.2 

Heat content o~ ear 
and Products 15,400 2.6 

Balance (Uncountable) 13,050 2.2 

Total 584,400 100. 584,400 100.0 

Table D.5.1 Heat Balance Sheet of No. 2 Kiln 

Actually, the heat carried out by the products from the 

kiln is only about 5,000 kcal/hr. The efficiency 

in common sense results in 5,000/584,400 s 0.009 or 0.9 ~. 

This value is too small. Then normally the effi-

• 
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ciency on the case of the tunnel kiln operation is substi­

tuted by the ratio of the maximum required heat of product 

to the total inputed fuel heat. The new defined effi-

ciency is ; 

354 x o.28 x (1250 - 30) = 120,900 kcal/hr 
( maximum required heat) 

120,900/584,400 • 0.207 or 20. 7"" 

Where 354 is weight of product per hr in kg, 

1250 is maximum required temperature in °c and 

0.28 is the specific heat of the brick. 

5.2 No. 1 and No. 3 Kiln Ouerations 

Bo measurement has been made on No. l and No. 3 Tunnel 

kiln in this survay. Based on the data provided by 

the factory, the unit fuel consumption for the two kilns 

are as follows ; 

No. 1 ; 850 kcal/kg of product or 

83 kg of fuel/tonne product and 

Bo. 3 1100 kcal/kg of product or 

108 kg of fuel/tonne uroduct 

These values are comparable to that of similar kiln 

for the ceramic product in Japan which have the values 

of bet~een 64 to 170 kg of fuel/tonne product on the 

unit fuel consumption. 
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6 Problems in Thermal Energy Utilization and their Potential 

Solutions 

Refering to Table D.5.1,about 65 ~ of the fuel energy 

inputed in No. 2 Kiln is thrown out to ambient,that is, 

surface heat loss, car cooling heat loss , flue gas heat 

loss, et al. ~he balance which is about 35 ~ is used 

only in the dryer. 

comoarable. 

6.1 Q2 Content in Plue Gas 

In Japan this va:.ue is almoat 

The o2 content in the flue gas of the tunnel kiln is 

excessive compared to the recommended valur of 5 ~. as 

being applied in some similar Japanese factories. 

To reduce the o2 content in the flue gas to as low level 

as possible, it is recommendable that o2 gas analizer 

should be installed in exhausting duct and inlet air flow 

rate for combustion should be controlled not so as to 

produce the soot or smoke from the stack. 

If o2 content could be reduced by 1 %, the fuel savig 

would be in the order of 1.0 to 2.0 ~ of the fuel consum­

ption depending on former o2 content. 

6.2 Extensive insulation of the roof side wall surfaces of 

the tunnel kilns 

The heat balance sheet of Table D.5.1 shows that the 

h~at losses tr.rou~h the surface of kiln account to about 

30 to 40 ~ of the total fuel consumption. Such hi~h 

heat losses would be effectively :recovered by ap-pling a 

• 
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suitable insulating materials onthe surface of the kiln. 

Assuming the con~tancy of the heat transfer coeffi­

cient, the decrease of 3~ of temnerature difference be­

tween the surfaee of kiln and ambient would result in 

the saving of l°" of total fuel consumption. 

Actually, because of the limited spaces of the inside of 

kiln, it is recommendable to spray the ceramic fibre on 

the surface of roof and/or to place the ceramic board 

on the surface of side w2lls not so as to exceed the 

allowable temperature of the framed steel. 

-, 
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7 Slectricity 

7.1 Electricitv consumotion chracteristic 

supplier National Electricity Board 

of the States of Malaya. 

contractual maximum de~and 320 kW 

- average monthly consumption 95 x HT kWh 

factory load factor 0.20 

contructual power factor 0.85 

transformer c~pacity 1000 kVA 

rated supply voltage : 415 ~alts 

electric power specific unit 63.3 kWh/ton 
(EPSU) 

Sche~atic diagram and outline of factory 

Electrical schematic diagram is as shown in figure 7.1. 

NEB 11/.433 kV 

1000 kVA 

Capacitor 
€> x 33.3 kVAr 

j 1------1 

House 0--o 
Gene rater 

165 kW 

Insulatig Brick section 

Extrusion 

Jaw Crusher 

Grinding Machine 

Ball mill 

Air Compressor 

Hydraulic ?resses Mixer 

Hydraulic Presses 

Hydraulic Presses 
Mixer 

D0wn Draft Kiln 

Tunnel Kiln 

(75. 12 kW 
45. 19 

76 kW 

3 x 22 kW 

1 x 45 kW 
4 x 15 kW 

60 kW 

41 kW 

108 kW 

2 x 45 kW 

( 1 x 22 kW 
4 x 5.6 kW 

'2 x 

3 x 60 kW 

Fi~ure 7.1 Electrical schematic diagram of 
SOUTH EAST ASIA FIRE BRICK3 INDUSTRIES SON. BHD. 

-
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Most of the electrical load in the factory is in 

the material and handling and processing section where 

large motors for crushing and pressing of raw material are 

used. The factory has three tunnel kiln and two down draft 

(batch system) kilns. The source of electricity supply is 

through a 1000 kVA, 3 phase transformer • 

Generally the load is less than 200 kW during the 

day peak demand. The machines in the material handling 

section are o'erating for 9 hours/day with a diversity 

factor of 0. 75 and the remainde;· of the equipments 

connected to the kilns and dryers are operating for 24 

hours/day. 

8. Proble~s in electric power utilization and their 

potential solutions 

8. 1 Source 

8.1.1 Transformer 

The transformer is rated at 1000 kVA with a maximum 

load of 333 kVA of which 5C% is required continuously. 

As shown in table 8.1 giving the details of the factory 

installed capacity and the power consumed by each section, 

it is obvious that the existing transformer is overdesigned. 

Job Installed Power Recommended trance-
Description capacity consumes Formers ca)acity 

( kW ) ( kW ) ( k'IA 

Raw material & 
processing 810 27'3 500 

Kiln 200 70 200 

Total 1010 345 700 

Table 8.1 Details of factory installed capacity 
~nd cower consumed 

l 
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Therefore it is recommended that the existin~ transformer ::> 

be replaced by two transformers of rating 200 kVA and 

500 kVA each. The transformer should be switched off 

durin~ non-working hours to reduce power loss. As shown 

in the culculation below a saving of $1515/year could 

be realized. 

Existing Transformer 

4P1 = 1000 (1-0.985) x 24 x 0.2 =72 kWh/day 

where .:1 Pt :iron loss/dau 

0.2 :iron loss factor 

24 :working hours of transfomer/day 

0.985 : efficiency of 1000 kVA transfomer 

Recommended Transformers 

.dPi = f200 (1-0.977) x 24 + 500 (1-0.983) x 15? 0.2 

=47.6 kWh/day 

where ~ Pz. iron loss /day of new system 

0.2 iron loss factor 

24 working hours of 200 kVA transformer 

15 working hours of 500 kVA transformer 

0.977 efficiency of 200 kVA transformer 

o.983 efficiency of 500 kVA transformer 

Therefore saving/year 

= (72-47.6) x 270 x 0.23 =$ 1515/year 

where 270 working days/year 

0.23 cost of electricity per kWh 

8.1.2 Voltage 

The name plates of the various equipments indicate 

l 
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that the equipments are rated at a voltage of about 400 

volts. However the actual supply voltage as measured 

was 440 volts. It is recommended that the supply voltage 

be stepped down to a value of 420 volts. 

8.1.3 Power factor 

Generally the power factor in the factory is good. 

This is because the factory has an automatic power factor 

correction equipraent. However well a house is kept. it 

should be maintained all the time to achive the good power 

factor. 

8.2 Electrical loads 

8.2.1 Extruder 

The factory has one extruding machine of rated 

capacity 76 kW. However our me~surement indicates that 

the useful power on full load is only 24 kW. this owes 

a load factor of the extruder to be 0.32. In our opinion 

the motor in the extruding machine is glossly overdesigned. 

Therefore it is recommended that the existing motor to 

be replaced by a smaller one of capacity around 50 kW. 

8.2.2 Hydraulic presses 

There are a few hydraulic presses of various 

from 18 kW to 90 kW ) in the factory, measurements 

were made for a duration of 10 minutes on one 90 kW pr3ss 

and one 18 kW press. The results of which are as tabulated 

in table 8.2 from the measurement of the 90 kW hydraulic 

press, it was found that the motor is overdesigned. 

Therefore in our opinion it is recommended that the existing 

l 
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90 kW motor to ~e replaced by one 75 kW motor so that 

losses could be reduced. 

Motor Load A'ctual power consume<l Pres3ure 

Cafacity (kgs) 
(kW) (kg/cm ) 

kW) Min. Max. l\verage Min. Max. 

90 200 x 10 25 81 40 7 300 

18 100 x 10 1.4 6.7 4. 1 3.5 70 

Table 8.2 Loading of hydraulic presses 

8.2.3 Lightings 

Generally the whole factory lightings are made of 

fluorescent lamps and mercury vaper lamps. It was found 

that some of the mercury vaper lamps in the kiln section 

are not in operating order and the whole factory lighting 

fitting have not been regularly cleaned. From our 

measurements luminosity during the day time is just 

sufficient. However in our opinion luminosity at night 

is insufficient. Therefore it is recommended that the 

factory lightings to be changed to metal halide lamps 

or marcury fluorescent lamps (of rating 400 watts each) 

for energy saving and easy maintenance. 

• 
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9 summarI 

9.1 Thermal Part 

No.2 tunnel kiln has a smaller dimension and capacity 

and a higher unit fuel consumption compared to No 1 and 

No. 3 tunnel kilns. The problems in this factory 

are to improve the unit fuel consumption to the level o! 

another kilns. 

(1) 1st. Phase Measures {no or litle investment) 

(a) o2 Content Control 

~ of fuel saving 
based on only No.2 

about 1~ 

(2) 2nd. Phase Measures (some investment) 

(a) Extensive insulation on surface 
of No. 2 tUIUlel kiln 

(b) Expediting the installation of 
the predrying plant for the mois­
tured ~aw clay using the flue gas 
from No. 1 and No. 3. 

9.2 Electrical parts 

about l~ 

Ou the electrical side the avenues for energy 3aving 

is rather limited except for the transformer rating as 

shown in section 8.1.1. 
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GENERAL CERAMIC MANUFACTURES SDN. BHD. 

1. Outline of the Fact~ 

Address: 6 Jalan Bersatu, Petaling Jaya 

Capital: 10,000,000 Malaysian Dollars 

Type of industry: 

Aajor products: 

AnPual output: 

No. of employees: 

Ceramic 

Ceramic wall tiles 

64,558,000 pieces (about 6,456 t) 

265 

Annual energy consumption: 

- Electric power, 1,862,426 kWh 

- Fuel, diesel oil, 3,126 ki 

Interviewees: Mr. Anthony Eccles, Factory Manager 

Date of diagnosis: Mar. 31, Apr. 1, 1983 

Diagnosers: Mr. M. Eguchi, Mr. T. Takahashi, and 

Mr. T. Sugimoto 

Co~nterparts: Dr. Mohd Ariff Araff, Dr. Ong Peng Su, 

Mr. Ahmed Faizul, and Mr. Alizal Ab. 

Manan 

Petaling Jaya, where the factory is located, is a 

rapidly grown modern satellite city on the southwest 

of Kuala Lumpur. Many of the major factories are 

forming an industrial complex in the area. 

The factory was constructed in 1970. It is equipped 

Nith 2 units of large spray driers, 8 units of forming 

machines, and 3 units of tunnel kilns, and is produc­

ing wall tiles. 
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There are two companies producing tiles in Malaysia, 

one of which is a joint venture with a U.K. firm, and 

the other is this company. The company shares about 

25% of the market, and is planning an expansion of the 

production facilities in the future. 

The company has a very strong concern fo~ energy-con-

servation. Energy-conservation is stJdied by the cost-

saving committee, but is not very active in practice, 

yet. 

The company once received an energy-conservation con-

sultation of Shell Company. 

2. Manufacturing Process 
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3. Major Equipment 

3.1 Major Equipment 

I 
No. of Units 

Name Installed 

Tunnel kiln 3 

Dryer 2 

Spray dryer 2 

- 104 -

Type, etc. 

Kind of Energy used : Diesel oil 

No. 1 Kiln: Stopped 

No. 2 Kiln: For bisque tiles 

No. 3 Kiln: For glossed tiles 

Kind of Energy used: Waste gas of 

tunnel kiln 

No. 1 Dryer: Stopped 

Kind of Energy used: Diesel oil 

FUel consumption: 181.44 kg/8 hrs. 

Production capacity: 3,500 kg/h 



3.2 Layout 
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4. Situation of Energy Manage~ent 

The production cost saving committee is heid weekly. 

Energy-conservation is one of the agenda of the com­

mittee meeting. 

The company once received the guidance on energy-con­

servation from an expert organization. 

The energy-saving investment was so far made on the 

heat insulation. The company desires to invest for 

energy-conservation, provided the pay-back period is 

less than two years. 

At fuel receiving, the officer-in-charge checks on 

quantities by the flow meter set on the receiving tank. 

Fuel consumption is daily measured every production 

equipment of kiln and spray driers, and is compiled 

monthly as well as yearly, and the energy consumption 

rate is calculated as well as cost accounting is done. 

The results are kept as data for examination. However, 

there is no examination through a control chart as 

generally done in Japan. 

Technical staff are made to attend seminars on energ:. 

But, there is no training program for general workers, 

nor there is a campaign made by the factory manager 

toward workers. 

-1 
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5 Situation of Fu.el Consumption 

In last year, 1982, 687,723 Imperial Gallons of diesel was 

purchased by this factory. The tunnel kilns which 

operate for 24 hours per day consume 80 % of the fuel, 

the remaining 20 % is consumed by the spray dryer which 

operate for 8 hours per day. Operatin~ data presented 

by the factory show that the fuel consumntion rate for 

the tunnel kilns is 1600 I.G./day and for one spray dryer 

is 400 I.G./day. 

The data of the fuel consumption rate would be used 

for analysis in this report. 

5.1 No. 2 Tunnel Kiln for Bisque Production 

The facilities of the factory comprise of 3 tunnel 

kilns, 2 tunnel dryers and 2 spray dryers. During 

the study period, one tunnel kiln one tunnel dryer and 

the smaller size spray dryer have not been operated. 

1,600 I.G./day as the fuel consumption rate is the com­

bined value for one bisque kiln and one glost kiln. 

The waste heat from the coolin~ zone of the bisque kiln 

has been utilized for the heat of the tunnel dryer. 

Since actually the individual consumntion of fuel oil by 

the bisque and glost kilns could not separately measured, 

in convenient the fuel on respective kiln is consumed ac­

cording to the proportion of the numbers of burner at-

tached to each kilns. This is a big asumption. 

If later the individual ~uel consum~tion cculd be clear 

by the suitable means, all the analysis should be checked. 

I 
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5.1.l Onerating and Measured Data 

(1) Pu.el Suecification 

(a) Type of Fuel 

\b) Gross Calorific Value 

(c) Specific Gravity 

(d) Fuel Consumption Rate 

1600 x 14/(14 + 18) = 700 

Diesel 

19,300 Btu/lb 

10,720 kcal/kg 

0.84 

700 I.G./day 

where 1600 is the combined fuel consumution, and 

14 and 18 are the numbers of burner in bisque 

and glost kiln, respectively. 

(2) Onerating Condition 

A) Plue gas condition 

(a) o2 content in flue gas at stack 

(b) o2 content at preheating zone 

(c) Temp. of flue gas at stack 

B) Car track time 

C) Tenroerature of tiles 

(a) Raw dried tiles at input 

(b) Finished tiles at output 

D) Wei~ht of the pile of tiles and car 

(a) The pile of tiles on one car 

{ b )·_ '!be refractory brick on one car 

(c) Steel structure of one car 

E) Dr_yer condition 

(a) moisture content of raw tiles 

( b) moisture content of dried tiles 

15.6 1' 

7.4" 

183 °c 

BC min/car 

125 °c 

130 °c 

1,300 kg 

2,221 k~ 

1,820 kg 

7 ;, 

0 "' 



- 109 -

5.1.2 Heat Balance for Bisque Manufacturing Process 

The heat balance sheet for combined system of the bi­

sque kiln and raw clay tile dryer is shown in table E.5.1 

as follows ; 

I 
·-

Description Immt Outnut 
- . 

kcal/hr ~ kcal/hr I ~ 

In:Eut 

Puel 1,110,212 100.:) 

Out1mt 

Plue gas from kiln 197,549 17.8 

Exhaust from dryer 12,867 1.2 

Car cooling air 109,264 9.8 

Heat of evaporation 
I in dryer 79,750 1.2 

Dispersion heat loss I 
I 

bisque kiln I 566,031 51.0 
I 

Dryer 54,600 4.9 

Heat content of 
outputed car 60,398 5.4 

Heat content of 
product at output 26,754 2.4 

Other (Balance) 3,000 0.3 

Total 1,110,212 100.0 1,110,222 100.0 

Table E.5.1 Heat Balance Sheet of Bisaue Kiln 
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5.2 Snray Dryer 

The factory data showed that 400 I.G. of fuel was con-

sumed for one day or 8 hours by the spray dryer. 

This value was found to be higher conparing to the design 

capacity descrived as 1,500,000 kcal/hr or 315 I.G./8 hrs 

in instruction book. On the analysis in this reports, 

the lower value, 1,500,00 kcal/hr, was used. 

5.2.l Operating and Measured Data 

(1) Raw Material 

(a) Slurry feed rate 

(b) Slurry density 

(c) amout of water in slurry 

(2) Drying Condition 

(a) Output rate of dried granular clay 

(b) Composition of granule 

Solid (clay) 

Water 

92 ;, 

8 ;, 

4,860 kg/hr 

1.66 kg/litre 

1,640 kg/hr 

3,500 kg/hr 

3,220 k~/hr 

270 kg/hr 

c) Water to be evaporate from slurry 1,370 kg/hr 

(3) Temperature of Combustion hot Air entering into 

Suray chamber 

Measured 405 °c 
Design 400 to 600 °c 

(4) Dischar~ed Temperature of Granular Product 

(5) Flue Gas Condition 

a) o
2 

content 

(b) Te111perature 

47 oC 

17.8"' 

106 °c 

• 
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5.2.2 Heat Balance on Snray Dryer Oneration 

The heat balance sheet on the spray dryer oper,,tion 

is presented using above data in Table E.5.2 as belows 

-
Description In nut Out·out 

kcal/hr % kcal/hr 

Innut 
Puel 1,500,000 100.0 

OutEut 
Plue Gas Heat Loss 319' 000 

Water Evaporated 
794,600 from Slurry 

Heat Content of dried 
Product 18,700 

Dispersion Heat l'JSS 135,800 

Balance (uncountable) 231,900 

% 

21.3 

53.0 

1.2 

9.1 

15.4 

Total 1,500,000 100.0 1,500,000 100.0 

Table E.5.2 Heat Balance Sheet on Snray Dryer Oueration 

-1 
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6 Problems in Thermal Ener~y Utilization and their Potential 

Solutions 

6.1 No. 2 Bisaue Tunnel Kiln 

The heat balance sheet of the No. 2 bisque kiln as in 

Table E. 5·. l is suggest in~ that about 50 ~ of the fuel con­

sumed is dispersed through the large surface of kiln. 

Then Extensive insulation on the surface of kiln to reduce 

the dispersion heat loss would be the most effective mea-

sures. Secondary measures iD be worth considering would 

be the recovery of heat from flue gas in kiln which acounts 

about 20 % of fuel consumution. 

6.1.1 Extensive Insulation on the outside surface of walls 

and roofs on tunnel kiln 

According with the observed data of almost all the kiln 

surface, most of the temperatures have been ran~ed between 
0 0 50 C to 100 C except the plates around the burners which 

have the temperature of about 150 °a to 200 °c. 

Based on similar tunnel krLns in Japan, it would be 

desirable to reduce the surfacE temneratures beyond the 

standard criteria to as low as pos ible. Accord in~ 

to the experience in Japan, the surface temperature of 

the kiln surface could be decreased with additional insu-

lation, rock or ceramic wool, on kiln surface by 20 % to 

30 % easly. If similar measures were taken on this 

kiln, the fuel consumption could be reduced by rou~hly 

8 % to 10 ~. Assuming that the fuel consum~tion 

for all kilns is rou~hly 2400 kl/year and fuel price is 
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approxi~ately $ 0.5/litre for convenience of easy account, 

due to t~is measures about $ 120,008 would be sa7ed annually. 

6.l.2 O~ Content Control in Flue Gas 
-~ 

The ~io. 2 bisque tunnel kiln has been operated at sli-

ghtly high level of o2 content, 7.4 ~. E'Te!'l u:i to 

now, .,-apa....'1.ese factories operating the tu..rmel kilns are 

endeavouring to reduce the o2 content of a.t::aosphere 

..,..~ .... .;""" -
----1->J -

1 ~ - . .,; r: 

it ~ere possible to reduce it to 5 %, ~he savinz of 1 % 

reduc:ion can be 

:he intake of secondary co~bustion air to burners. 

~his sa7ings result in about Z 12,000. 

~f~icien~v of the ~unnel ~iln Onera~icn 

~he efficiency of the ttmnel ~iln ooeration is often 

de:ined as follows 

~equired hea~ to hea;; un. ;;ne oroduct 
ta i:s =axi~~ te~9e~ature 

I~put of total He~t 
x 100 

3ased on the a~ove equa:ion, the efficiency of ~c. 2 

bisaue :.cil!"l is aoout 25 i~ mric:: is si:ni:!..a:r tc a7~raze 

~ralues o: e :f i.c i ~!'1.cy o: S ;-;1':] ..... 
-~----- k2.lns :n J:t~s .. n. 

As sha?m in the heat balance sh~et in ~aj~e ~.5.2, t~e 
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According to the L~struction • 1 
OOOK, +-' ~ne designed values 

are to range bet~ee~ ~CO to 600 °c. Otherwise the 

observed value of the air te~nerature at nearest point in 

duct pipe to t~e spray c~a.mber was 405 °c and t~e calcu-

lated co=bustion air temperature using the observed data 

on the sup~lied fuel rate and o2 conte~t in t?:.e ex....~austed 

flue gas was dQl 0 c. T~e difference, a.bout 200 °c, be-

t?1een tte desi!1.ged a..11d obser·.red air temneratre will sug-

gest th~~ there a=~ possibilities to save t~e fuel 

accor1ins to reduce the intaken air rate and then to i~-

crease the combustion air te~perature to allowable level, 

. ~ 'OC 0 c -d . +· aoouv 0 ' prov~ ea ~ne quality of dried 

=:.-'.Jduct is no influence. 

~i~~ t~is measure the f'!ue gas vo}".2e could ce reduced 

. ? .... ::I. oy _ r ,~. This would saYe the fuel and 

conswnption owing to reducing the flue gas heat loss a.nc 

t~a loading capacitJ of fl~e gas discharge fan. 

6.2.2 Pcssibi~itz oi ?ull Utilization of ?lue Gas from T~nnel 

kiln 

In prese?l.t t~e s~ray dryer is usin£ the combustion "' ; ... c.-.i.. 

from a..::ibient in ex~ess of 5 to 6 times of the theoretical 

air requirement for co~plete combus~ion. The:?:'e are 

:he possibilities that t~e combustion air of t~e spray 

d:.-yer might be taken f~om the tunnel kiln flue ~as ~hie~ 

has o2 content of 15.6 %, 183 °c and volume flow rate of 

1 

• 
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.!..nvno '" 3 ,1h~ ;.... " ,.. to .... h -:, -+ - .u _ -·• or_ e_ save ·~·-e .~e:::. ... 

It should be recogn:zed that presently the heat content 

of flue gas fron turUlel kil~ s:acks is only wasted to the 

al:lbient. Al -i::hou.gh a earful a..11d. skilled. plan is re-

aui=ed in conducting this imnrove~ent that long and huge 

C.ucts should be installed f:::-om the turmel kiln to t:i.e com-

t::i:s :neasures the sa-ring of fuel llight be 13. 9 ka:-/:u.· ?1hio:h 

is equivalent c! about S 20,000/year, c~e~~ing the sul-

nh~ cont~~t in !l~e gas as follows. 

6.2.3 ?roble~s on Sul~hur Conten~ and De~ ?oi~t of Ex~2us~ei 

The s 1J.lp!:ur c~n-:e~t in the flue g=ts is de::-.:. ·re1 ==~:n 

the c~mbus~i.on ~~ fuel ;vith 1 ;bwt. sul'Jhur which is burned ·~-

in t!':e spr::tJ d~Je!' and the tunnel kiln. 

in order tc prevent t~e steel construc':;ing the dryer fro~ 

the corrosion, the sul~hur content de·.v pain:':; of the 

flue gas should oe exar:?ined. bef'o!"e ::ie flue gas is reused. 

( "T ' . I -, Sulnh~ Conte!1t 

111.i T 151.2 = 263 k? of f~el/h!" 

r·:J',1 Assw:i;..,g sulo~u.,.. i-: :b .... + O":. "'"" 0 1 c'"',...DO"''""ia~ ...... ""' -,. ...,......, - - -.::> - 1 f'f~• ..- .1..A.J- ...JU,,.. -~·-'- 4~1 Ua.,_ 

bur!led du=in~ cambustionin ':>ot!l. fur:-

:i.a.ces i3 2. 6~ ~~ ~~ sui~~"~/"~ 
"" ;\.,"';) '.J- -~·-"""""'- - • 

(c) Yolwne of flue gaz ~i~h th.e moisture ?!:'Oduced by 3-ora.y 

drye!" is 
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(d) so2 content of the flue gas in the combined systems is 

{2) 

(a) 

(b) 

(c) 

(2.63/32) x 22.4/13,000 = 0.00014 or 0.014~vol. 

where 32 is molecular weightof sulphur and 22.4 is the 

volume of 1 kg mol. at standard condition in m3 

Dew Point 

Water van our from H in fuel 411.7 m3/hr 

Water vapour from slurry 1,705.0 m3/hr 

Total volume of flue gae about 13,000 m3/hr 

(d) Partial vapour pressure and dew point 

(411.7 + 1706.0)/13,000 = 0.16 atm. 

refering the eoventional steam table, the dew point cor­

responding to 0.16 atm of partial water vapour pressure 

is 55 °c. 

• 
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7 Electricity 

7.1 Electrical consurotion characteristics 

- supplier 

contractual maximum demand 

- average monthly consumption 

- factory load factor 

- contractual power factor 

- rated sunply voltage 

- el8ctric power specific unit 
(EPSU) 

- transfomer capacity 

National Electricity Board 

of the States of Malaya. 

340 kW 
3 

164 x 10 k'.1h 

0.49 

0.85 

415 volts 

30.2 kWh/1000 pcs. 

750 kVA 

7.2 Schematic diagram and outline of factory 

Electrical schematic diagram is as shown in Figure 7.1. 

NEB 11/.433 kV 

~Ball ~~ill 

~1 Agitater ( x4 
. Blunger ( x6 

---~~--~------Spray Dryer 

750kVA Presses ( No.1 - ~fo.6 

i-----Presses (No.7 - tro. 8 ) 

i-----Tunnel kiln 
Capacitor 
6 x 50 kVAr (No . 1 -No • 3) 

l:i--------+-------Office Air conditioner 

'-----Mech. Shop A~r compressor 
Lighting 

Figure 7.1 Electrical schematic dia~ram of 
GENERAL CERAMICS BHD. 
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This factory produces various types of glazed wall tiles. 

Major equipments are three large tunnel kilns, two spray 

dryers, four ball mills and eight hydraulically controlled 

presses with fly wheels. The electrical source is via 

750 kVA, 3 phase transformer. The major electrical loads 

a~~ four ball mill motors ( 37 kW each), eight hydraulic 

~ress m0~or (22 kW each ) and thirty seven smaller motors 

iistributed all over the factory of rated capacity of 7.5 

k~ each. The average ~ac~ory power consumption during 

working hours is 340 kW (J86kVA assuming p.f of 0.9). 

~his indicates that the main transformer is lightly loaded. 

clof'+-r;,, 
-~ - _, -~ J ... -- i..., oo~er utilizatinn and their 

~ot~n~ial solutions 

S .1 Sou!'ce 

~ ~. 1 :'r::i.nsfur:ner 

As stated earlier the average transformer load factor 

~~ avout 0.5. This is considered low for this purpose 

and it is recommended that the transformer be replaced 

by two transformers rated at 200 kVA and 300 kVA each 

:naking a total capacity of 500 kVA. the 300 kVA transformer 

can be switched off during non-working hours to reduce 

tr~ns~or:ner losses. this measure will provide a yearly 

saving in electrical energy as follows; 

~xisting tr~nsformer 

.1?1 = 750 (1-0.984) x 24 x 0.2 =57.6 kWh/year 

·..rhere i! p, iron loss of 750 kVA transformer 

24 working hours/day 

• 
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0.2 iron loss factor 

0.984: efficiency of 750 kVA transformer 

Recommended transformers 

.:1P2 = f(3oo (1-0.981) x 8) + (200 (1-0.978) x ~'.4)} 0.2 

=30 kWh/day 

where new iron losses of transformer 

24 working hours of 200 kVA transformer 

8 working hours of JOO kVA transformer 

0.2 iron loss factor 

0.981: efficiency of 300 kVA transformer 

0.978: efficiency of 200 kVA transformer 

The ref ore the annual saving is; 

(57.6-J0.2) x 355 x 0.23 = $2237/year 

where 355 workig days/sear 

0.23 cost of electricity per kWh 

8.1.2 Voltage 

The name plates of the vario~s equipments show 

that they are rated at 420 volts. However the actual 

supply voltage as measured is 438 volts. It is recommended 

that, since this factory has many motors the supply 

voltage be lowered to the 420 volts. This recommendation 

will increase the efficiency of the motors and provide 

considerable energy saving as shown by the following 

culculation. 

Since the total installed motors is about 870 kj 

and using the diversity factor of the motors as 0.7 

and load factor of 0.55 during working hours, the 

average output of each mofor can be shown to be 4.4 kW. 
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~herefore considering iron loss only (motor lightly 

1 ·)"',.; "'d) - ...... ...;.-..J the savi~g in energy, thus; 

4.4 x { ( 1-0.825) x 0.3] x 
2 ; { ( z~~ ) _ 11 x 200 x o. 7 

= 2. s 5 k-.·r 

0.825 efficiency of motor 

0.3 iron loss factor 

200 number of motors 

0.7 diversity factor 

438 existing voltage 

420 new recommended voltage 

yea;: is gi·1en by 

2.85 x 9 x 355 x 0.23 = $2094/year 

·~::.gr~ 

_) A -' . 
~ . . / 

9 

355 

0.23 

working hours/day 

working days/year 

~ost of electricity per k'.1h 

~his factory has automatic power factor correcting 

equipment which maintained good power factor 0.88 as 

indicated by our measurements. However the capacitors 

about 600 watts further to this, it was found that the 

capacitors are very hot and that we would like to make 

the following recommendations: 

(1) The capacitors housing should be modified to 

allow good ventilation. 

(2) The two tire arrangement of capacitors to be 

modified to single tire. 

(3) ~o adjust the automatic control such as the capacitors 

• 

• 
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to 0e switched off at a power factor of 0.35 and above. 

Th{s procedure will save energy as follow; 

0.6 x 4 x 365 x 0.23 = $4336/year 

where o.6 kW consumed by each capacitor 

4 number of capacitors 

24 working hours/day 

365 working days/year 

0.23 cost of electricity per k",•ih 

~-~ Electrical loads 

3.2.1 Motors 

The factory has eight hydraulic presses an= ~ach 

of these presses has a possible ~aximum load of iO ~~. 

:'he maximum load is only required for a very 

giving the motor operating chracteristic as indic~t:.e1 

in table 8. 1 • 

Power 
( 

~ro load 

38.5 20 

consumed 
bi ) 

load 

40 

I Power 

Factor 

o.6 

:'able 8.1 Load ie~and3 of hydraulic pr9sses. 

22 

?rom the above table, it is clear that the motors have 

both ::.ow load factor as ',.,rell as power f:ict;r. al':h·J•Jqh 

the exact load pattern is not very clear, never~~el~ss 

it is suggested that measure to improve individ~al 

motor power factor to be ta~en (i.e capacitor connected 

at the motor control cubicle). This me~sure ~~11 rei~~e 

~he mGtor c0pper lJsses. 

-1 
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There are many motor (total capacity 266 kW) 

used by the three kilns. These motor consumed only 

51 k~ of power which represent a load factor of less 

than 0.2. Ever. though most of these motors are in 

continuous o~eration in our opinion they are overdesigned. 

Considering the low power factor of 0.56 obtained 

iuring measurements, the ideal cowbined rating of all 

motors used by the kiln should be around 100 k~'i. It is 

recommended that the factory make a thorough individual 

check on all tne load of motors and make appropriate 

ac:ion to replace the motor commer.surate with the maxi~um 

load requirements. So that losses could be reduced, 

by the total motors efficiency will be incresed about 

3 %, together with power factor improve from 56 % 

to around 80 % • These measures are estimated yearly 

in electric energy as follows; 

irnoroved efficiency of motors 

= 51 kW x 0.03 = 1.53 kW 

{
. 0 56 )2 l = 51 kW x 0.03 x 1 - ( 0 : 80 1 = 0.78 kW 

There fore the annual saving is; 

(1.53 = 0.78) x 24 x 365 x 0.23 = $4654/year 

where 51 actual loads (kW) of 3 kilns motors. 

0.03 recommended increasable efficiency 

0.56 

0.80 

of 3 kilns motors. 

actual power factor 

recommended power factor of 3 kilns motors. 

• 
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24 working hours/day 

365 : working days/year 

0.23 cost of electricity/k~h 

8.3 LLrhti!'l~S 

Overall factory lighting is good except places where 

additional lightings are required; 

(a) office stairs where only 30 lux luminosity was 

registered. this situation is considered dangerous. 

( ~',· +h ·+ t _ v e agivavor room. 
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9 Summary 

9.1 Thermal part 

According to the diagnosis of this project, the perform­

ance skill for tile manufacturing using the tunnel kiln in 

this factory has been considerably resonable com~aring to 

the similar ceramic industories in Japan. If we dare 

pick up the items to improved on the energy conservations, 

the expectant measures are listed un as follows ; 

(1) 1st. Phase Measures (no or little investment) 

Annually fuel saving 

(a) O~ content contrc1 
c. 

from 7.4% to 5 'fo about 1 

(2) 2nd. Phase Measures (some investment) 

(a) Extensive insulation surface 

of tunnel kiln 8 to 10 

$ 

12,000 

200,000 

(3) 3rd. Phase Measures (large-scae process c~ange) 

9.2 Electrical parts 

In section 8. we have made the following recommendations 

with accumulated total saving in energy per year of $25220; 

\, Reduction .. in the size of transfor:ner. r. 1 ) 

(2) Lowering of operating voltage. 

(3) P~rtiaL change in the mode of power factor correction. 

(~) ~educing the size of motors using in the kilns section. 

Out of the four recommendation (2) requires no invest­

ment and should be carried immediately and remainder of 

the recommendations require some investment. 

l 

• 
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MALAYA INDUSTRIAL AND MINING CORPORATION BHD. 

1. Outline of the Factcry 

Address: Batu Caves, Selangor, Malaysia 

Capital: 15,000,000 Malaysian dollars 

Type of industry: 

Major products: 

Annu3.l output: 

No. of employees: 

Ce::nent 

Portland cement 

62,700 t 

80 

Annual energy consumption: 

- Electric power, 7,500,000 kWh 

- Fuel, fuel oil, 7, 000 kl, and diesel oil, 193 k 

Interviewees: Mr. Lim Yen Heat, Factory Ma~ager 

Mr. Lim Eng Seong, Chief Chemist and 

two engineers 

Date of diagnosis: Apr. 14 - 15, 1983 

Diagnosers: Mr. M. Eguchi, Mr. R. Takahashi, and 

Mr. T. Sugimoto 

Counterparts: Dr. Mohd Arif£ Araff, Dr. Ong Peng Su, 

Mr. Ahmed Faizul, and Mr. Alizan Ab. 

Manan 
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The factory is located in Batu Caves which is about 

11 km north of Kuala Lumpur. The production started 

in 1959. 

The Batu region shows the exposure of limestone over 

the whole area, and is situated in the southernmost 

position of the Asian Continent. The factory is most 

favorably lo(:ated with the mining claims of the lime-

stone, which constitutes 80% of the raw materials for 

cement. 

2. Manufacturing P~ocess 

i WATER IOY. 

L!MESTONE ~ C~USHIN~~ i 
~ocx ' "'-' i , Hc.:J 

• r---1 )&111NPIN~ i--!l!LE'IPIH~ , ~ 

~~ ~WMEAL I 
:.or. 

CEMHff 

_ \ p~cK1NG; H sroMaE l ~OOLINE; SINT'ERINff 

(i'f PSUM 
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3. Major Equipment 

3.1 Major Equipment 

Name Ne:- ".'f Units Type, etc. 
Installed 

Kind of energy used: Heavy fuel oil 
Rotary dryer 1 Nominal output: 4 t/h 

Type: Lepol grate type 

Rotary kiln 1 Kind of energy used : Heavy fuel oil 

Nominal output: 200 t/day 

Mixing plant l Pneumatic mixing system 
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4. Situation of Energy Management 

The energy cost to the turnover amounts to 48.9%. 

This is the reason why the factory m~~ager and key 

personnel have a strong concern for energy-conserva-

tiori. 

However, there is no organization and system, nor is 

there a target for energy-conservation. 

The company installed a nachi filter for the improve-

ment of production facilities. But now, there is no 

other specific plans. The company is willing to 

invest in energy-conservation provided that the pay-

back period is less than a year. 

Fuel consumption is checked by the flow meter set on 

the rotary kiln. Reading of the met2r i3 done hourly, 

and records are kept. The energy consumption rate is 

calculated daily, and rost accounting is made mo~thly . 
. 

But, there is no examination made chrough a control 

chart as generally done in Japan. 

It is said that workers' consciousness of energy-

conse=vation is very low. But, there is no training 

program directed to general workers. Nor, there is 

any PR done by the factory manager toward workers. 

Heat release is very large from the outer surface of 

the combustion chamber of the dryer, the rotary 

section of the combustion room and that bf the rotary 
I 

kiln. It is necessary to consider to prbvide the 
I 

lining of ceramic heat insulation materi'al. 
I 
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The burner of the dryer is of an oil pressure nozzle 

type, in which atomization is very poor. So, it is 

feared that imcomplete combustion is caused with long 

flame. It is necessary to improve the combustion by 

changing the burners. 
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5 Situation of Fuel Consumption 

The factory is purchasing about 6,433 tonne of fuel oil 

arumally. The clinker production process consums 92 % 
of the total purchasing fuel oil, while the remaining 8 ~ 

of fuel is consumed by drying process. 

5.1 Rotary Dryer 

5 .1 .1 

{l) 

Operating a.~d Measured Data 

Fuel Oil Specification 

(a) A class of fuel 

(b) Gross heating value 

(c) Specific gravity 

( d) Composition 

(2) Input Condjtian 

(a) Feed rate of raw material 

(b) Peed rate of fuel oil 

(3) Drying condition 

Heavy fuel oil 

42.4 MJ/kg 

10129 kcal/kg 

0.99 

c 
H 
s 

84 'fo 

12 'fo 
4 'fa 

3 tonne/hr (dry basis) 

0.1 tonne/hr 

(a) Raw clay moisture content before dryer 18 %wt. 

(b) After dryer 5 %wt. 

(4) Flue gas condition (observed) 

a ) 0 
2 

content 12 • 5 % 

b) Temperature in exhaust duct 172 °c 

5.1.2 Heat Balance for Rotary Dryer_Q~ation 

The heat balance for rotary dryer operation based on 

above data and additional of the surface temperatutre of 

rotary dryer is calculated as next pa~e ; 
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Descripticn In nut Ou tout 

' kcal/kgfuel _ 

"" 
kcal/kg fuel ; 

!D"OUt 
Heavy fuel oil 9,500 100.0 

Outnut 
Heat content of dis-
charged product 1,431 15.l 

Latent heat of eva-
porated water 2,573 27.l 

Dispersion heat loss 3,404 35.8 

Flue gas heat loss 1.162 12.2 

Balance (uncountable) 930 9.8 

Total 9,500 100.0 9,500 100.o 

Table F.5.1 Beat Balance Sheet for Dryer Ooeration 

5.2 Cement Clinker Production Plant 

Clinker production plant consists of Lepol station for 

preheating of the clay pellets as raw materials after pel­

letizer, the main rotary kiln for the production of clinker 

and the air quenching grate type cooler to cool the clinker 

discharged from the rotary kiln at 1 200 °c to 250 °c. 

At first, the heat balance sheets of individual process 

are calculated based on the operation and observed data, 

and finally, the overall heat balance sheet is summerized 

for presentation of the procedure to prepare the heat 

balance sheet. These heat balance sheets are very 

useful on the detection wnere the energy is wasted. 
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5.2.1 Onerating and Measureed Data 

(1) Pu.el Oil Snecification 

Same as the fuel for the dryer. 

(2) Input Condition 

(a) Peed rate of raw material(dried basis) 320 tonne/day 

(b) Composition of raw material drYed basis) 

(c) 

'd) 

(3) 

Moisture 

Caco3 
Clay 

content of 

10 "" 
of dry 

80 ;, 

20 ;, 

pellets 

pellets 

Peed rate of fuel oil 

intering Condition 

as raw 

256 tonne/day 

64 tonne/d::iy 

material 

32 tonne/day 

875 k~/hr 

(a) Sintering temperature for clinker in rotary kiln 

~450 °c 

(b) Temperature of discharged clinker 

(4) Flue Gas Condition from Rotary Kiln 

1200 °c , 

(a) o2 content 5.7 % 

·(b) Temperature of flue gas at kiln outlet 900 °a 

(5) Plue Gas Condition f~om Suction Chamber of Lenol Station 

(a) 02 content 

(b) Temperature of Lepol outlet gas 

(6) Production rate of Clinker Der Hour 

15.2 c;, 

170 °c 

8.788 tonne/hr 

5.2.2 Heat Balance of Clinker Production Plant 

The heat balance of individual process on clinker 

production plant are shown as follows ; 
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(1) Lepol Station 

Descrintion Inuut Output 

-
kcal/hr % kcal/hr 

"" 
Inuut 

Di charged Gas from l 

Rotary Kiln 4,453,000 100.0 

Outuut 
Discharged Gas from 
Lepol Station 1,854,000 41.6 

Heat content of pellet 
to Rotary Kiln 1,394,000 31.3 

Dispersion Heat Loss 204,000 4.6 

Latent Heat of Water 
inPellet 734,000 16.5 

Balance( uncountable) 267,000 6.0 

Total 4,453,000 100.0 4,453,000 100.0 

Table F.5.2 Heat Balance Sheet for Le~ol Station 

(2) Rotarv Kiln 

Description In~ut Output 

kcal/hr 'fo kcal/hr % 

I In nut 
! ?uel 8,225,000 66.1 
i 
I Inlet Air from Cooler 1,940,000 15.6 I 

Heat Content of inlet I 
Pellet from Lepol 1,394,000 11.2 

! 
' 

Exothermic heat of 
Reaction for clinker 879,000 7.1 

to be continued on next pa~e 
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Description In'!)ut Output 

kcal/hr ~ kcal/hr " Output 

Heat . 'Reaction for 
Decomposition of CaCO~ 4,174,000 33.6 

~ 

• Exhaust gas Heat Loss 
fron kiln to Lepol 4,453,000 35.8 

Discharged Clinker 
from Kiln to Cooler 2,566,000 20.6 

Dispersion Heat Loss I 
I 

from Kiln Surface 736,000 5.9 

Balance 509,000 4.1 

Total 12,438,000 100.0 12,438,000 100.0 

Table !i'.5.3 Heat Balance Sheet for Rotary Kiln 

(3) Rotary Kiln 

Description Input Outnut ! 
kcal/hr % kcal/hr 'lo I 

I 
I 

Input 
Heat Content of Cl in-
ker from Kiln 2,566,000 100.0 

Output I 

Discharged Clinker 421,000 16.4 

Exhaust Gas to Stack 279,000 10.9 

Hot Air recovering 
Heat from Cooler to Kiln 1,940,000 75.6 

Dispersion Heat Loss 34,000 1.3 

Balance (uncountable) - 108,000 - 4.2 

Total 2,566,000 100.0 2,566,000 100.0 

Table P.5.4 Heat Balance Sheet for ~ir Quenching Cooler 
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(4) Overall Heat 3alance for Clinker P~oduction Plant 

Description 

Input 
Fuel Oil 

Exothermic heat of 
Reaction for Clinker 

Outnut 
Discharged Clinker 

Exhaust Gas from 
Cooler to Stack 

Heat of Reaction for 
Decomposition of CaCO~ 

Latent Heat of Water 
in Raw Pellets 

Discharged gas from 
Leuol Station 

Dispersion Heat Loss 
of Surface of ; 

Lepol Station 

Rotary Kiln 

Air Quenching Cooler 

Balance (uncountable) 

Total 

Input 

kcal/hr 

8,225,000 

879,000 

9,104,000 

90.3 

9.7 

Output 

kcal/hr 

421,000 4.6 

279,000 3.1 

4,174,000 45.8 

734,000 8.1 

1,854,000 20.4 

204,000 2.2 

736,000 8.1 

34,000 0.4 

668,000 7.3 

100.0 9,104,000 100.0 

Table F.5.5 Overall Heat Balance for Clinker 

l 
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6 P:!:'oblems in ~~e:-:nal Ene!:"z_y Utilization a..'1.d thei:- Potential 

Solutions 

~he fue~ consu.uiotion ratio (kg of fuel/ tonne of pron.) 

of the fuctory is 99.6 k<?; of fuel/tonne clinker. T'!l·~ 

ce~ent prociuc~ion factories using Lepol station in_ Japan 

have average fuel consum~tion. ratio of 91. 7 k2- of fuel/tonne 

of clinker. Such fuel consumntion ratio of this 

factory is only slightly higher than a7erage value in 

Jaoanese ce~ent industry. 

6.l Rotary Dr~er 

6.1.1 Comoution Control 

The flue gas of dryer o2 content of 12.5 % and this com­

bustion situa:ion could be i~oroved by reducing the o 2 

content in flue gas to 5 % provided there is no smoke 

for~ations. T~e reduction of o2 content in exhaust 

gas owe to control intake air for combustion would give 

the ~avings of 5 to 6 ~ of fuel consumotion on the dryer. 

T~is savin~ of fuel is annually equivalent to about 

ld,000 S to 16,000 $ 

6.1.2 Extensive Insulation 

The inner surfaces of cylinder of rotary dryer are com-

pletely not insulated which result in hi~h heat loss from 

sur!'aces It would be better to install t~e insulating 

brick.en the inner surface of rot~tin~ cylinder with pr~-

uer thickness. In present it is difficult tn estimate 

the effect of savings because of the lack of suitable data 

and surva.y time. 

- - --~- - ~---------------'--------------------" .......... 
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6.2 Ce~e~t ~otarz Kiln 

Refering ooerational data on Jaoanese ce~ent 

industries, the fuel consumption on rotary kiln operation 

is al~ost reasonable. 

6.2.l .Restriction of air flowin~ into suction zone of Leool 

Station 

In suction zone on Lepol station, ambient air consi-. 

der~olyis sucked resulting in to lower t~e te~oerature 

of the atmosphere of pellet inlet space. It would 

be better to close the opening located on case of station 

as many as possible, as to heat un the cold pellet to 

hig~er te~oerature as posiole, provided that heated oel-

let is no effect. 

6.2.2 Alter:iative resource for crehe.at of fuel oil 

T~e supplying systeCTs of fuel oil to the burner of 

rotary ~iln is equipped wit~ electric oil heaters. 

T~e re~uired energy for electric heating of fuel was eaui-

'Talent to 40 kw. If 'Naste heat, fa'!" example, from 

the air quenching cooler is utilized insteac of the ele-

ctricity, an amount o~ saved electricity is estimated to 

be about $ 60,00C annually. 
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7. Electricity 

7.1 Electrical consumoticn chracteristics 

- supplier 

contractual maximum demand 

- average monthly consumption 

factory load factor 

contractual power factor 

rated supply voltage 

transformer capacity 

7.2 Schematic diagram and outline 

National Electricity Board 

of the States of Malaya 

1000 kW 

548 x 10 kWh 

0.54 

0.85 

415 volts 

2 x 1000 kVA 

El8ctrical schematic diagram is as shown in figure 7.1. 

T~is factory manufactures portland cement. The major loads 

are one rotary kiln, four grinding mills and two blower 

exhausts. The source is through 2 x 1000 kVA, 3 phase 

transformers of which one is very lightly loaded. Majority 

of the motors are made up of large and medium size 3 

phase induction motors numbering total of 120 and 

combinned capacity of 1650 kW. Most of the large size 

motor have load factor of 0.6 to 1.0 which are considered 

reasonable for this industry. 

-1 
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Raw Meal Grinder 52 

R.M.S. 23 

33/.433 kV Rrw Meal Mill ( 2) 249 

Raw Meal Silos 357 

1000 kVA 
Lepol Kiln Plant 256 

Cement Grinding Mill ( 3) 9 
& Plant 

NEB 
Cement Mill (4) 353 

33 kV Raw Meal Grinding 64 

Rotary Dryer 

Grinding Mill ( 1 ) 
33/.433 kV 

Rotary Kiln 

1000 kVA Cooling Plant 

Cement Grinding Plant 

Capasitor Cement Silos 
6 x 40 kVAr 

r~---+--- Packing Department 

Figure 7.1 Electrical schematic dia~ram of 

MALAYA INDUSTRIAL MINING CORP. 

( 3) 

8. Problems in electric power utilization and their 

potential solutions 

8.1 Source 

8,1.1 Transformers 

13 

180 

105 

89 

188 

30 

49 

The factory transformer capacity total 2000 kVA and 

the load registered as shown in the table 8.1. 

kW 

kW 

kW 

kW 

kW 

kW 

kW 

kW 

kW 

kW 

kW 

kW 

kW 

kW 

kW 
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The transformer No. 1 is suitably loaded whith load factor 

0.79, however transformer No 2 is under utilised with a 

load factor of only 0.31. It is suggested that the total 

transformer installed capacity be reduced to 1500 kVA of 

preferably by 2 x 750 kVA transformers and operated in 

parallel with the 500 kVA reduction in the installed trans­

former capacity an energy saving of $2418/year can be 

realized, as shown by the followin~ 
0 

calculation. 

saving/year, 

= f 2 x 1000 (1-0.985) -2 x 750 (1-0.984)} x 0.2 x 24 

where 

x 365 x 0.23 = $2418/year 

1000 

750 

0.985 

0.984 

0.2 

24 

365 

0.23 

existing transformer capacity 

recommended transformer capacity 

efficiency of 1000 kVA transformer 

efficiency of 750 kVA transformer 

iron loss factor 

working hours/day 

working days/year 

cost of electricity/kWh 

8.1.2 Voltages 

The measured voltages for the two transformers 

are 422 volts for transformer No 1 and 441 volts for 

transformer No 2 against the motor rating 400 volts 

to 415 volts. It is recommended that the transformer 

voltages be lowered to the lower rating of the motors, 

i.e, 400 volts. It is generally accepted facts that 

motors used in this type of industry, lowering the supply 

l 
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voltage will results in increase motor efficiency and 

also improve power factor. 

According to the log book of the factory it is 

indicated that when the factory is not fully loaded (8.00 

am ) the supply voltage is about 430 volts and when the 

factory is on full load (9.00 am), the supply voltage is 

about 412 v0lts. This voltage is considered significant 

and corrective actions should be taken to improve the 

factory voltage regulation. 

8.1.3 Power factor 

The power factor on transformer No.2 is very high, 

about 0.98 at full load. It is possible that the power 

factor would be leading at base lead. This is due that 

the capacitor of power factor correcting equipment installed 

for this tr~nsformer is too large for the network connected 

to it. This undesirable condition can be rectified by 

removing some of the centralised connected capacitors and 

install separate capacitor banks for individual large 

motors. Theue capacitor bank should be switched in 

parallel with the motors simultaneously. 

8.2 Electrical loads 

8.2.1 Unbalanced loading 

For transformer No. 2, the current as measured shows 

about 13 % unbalanced loading. This large unbalanced 

condition in the load current resulted in unbalanced 

voltage of about 5 %. This condition introduces reverse 

torque and vibration in the motors which reduce the 

l 
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efficiencies of the motors and increase maintenances 

on motor bearings to excessive vibration and heating. 

It is recommended that the factory conduct a thorough 

investigation of the electrical load distribution and 

to redistribute the phasal loads equitably to restore 

the balance conditions. 

8.2.2 1arge motors 

In accordance to the name plates of the various 

are as shown in table 8.1 below. 

Description Rating Actual measurements Load 
of power voltage power I voltage I power factors 

Motors ( kW ) ( v ) ( kW ) ( V ) factor -

Grinding 160 400 130 433 0.87 I 0.81 No 2 

Grinding 
I 

I 
No 3 150 400 157 i 432 0.91 1.05 

! 

' 
I 

Cement 230 400 210 
) 

418 0.84 0.91 
Grinding 

Exhaust 110 
I 

97 I 418 0.77 0. i3 9 
No 3 ! 

' 

Roots 75 

I 
56 I 430 0.84 o.74 

I Blower 
' 

Total 650 
i 

Table 8.1 Ratings and loadings of large motors 

The grinding and the exhaust motors have low powe~ factor 

(between 0.7 to 0.84). It is also observed that the voltage at 

the motor terminals for this two types of motors are also 

very low in spite of the comfortable supply voltage of 418 

volts. Therefore it is sugested that the factory should 

I 
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look into the ratings and sizes of the wirings of the 

CTotors. Further power factor correcting capacitor should 

be installed for these motors as recommended earlier. 

~.:.: Sontinuously running of motors and maintenance 

It was observed that the factory is working .n 

a continuous shift basis (24 hours/day) and very often 

a lot of machines are running continuously. This situation 

ma~e maintenance scheduling very difficult. Nevertheless 

we have also observed that many motors are running without 

any load connected to it, and soroe motors are still 

running even when the beltings are already snaped. 

?~is leaves to the conclusion tpat the factory has very 

~oar ma:ntenance procedure. This practice is very wasteful 

and should be avoided to save energy. We recommended, 

therefore that a systematic maintenance schedule to be 

drawn for the electrical installations and for those 

mortars which are completely indispensable duplicate system 

should be installed. 

For motors larger than 50 kW we would also recommended 

to provide simple automatic no load alarm systems be 

installed to enable the operators to swich off the motors 

as soon as they are no longer required for the process. 

?v~~ allowing for only about 30 minutes of idling time 

per day for each motors a saving of about $29656/year 

can be realised as shown below; 

saving = 650 x 0.5 x 365 x 0.25 = $29656/year 

where 650 conbined rating in kW of large motors 

0.5 idling time in hour/day 

l 
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working days/year 

cost of electricity/k~h 

8.2.3 Compressors 

The factory has two air compressors that are not 

suitably located such that hot air is used as the intake 

air into the compressors. Since hot air intake reduces 

the efficiency of the compressor it is suggested that 

either the intake channels be located at a suitable place 

( outside the factory ) or resite the location of the 

compressors. We also observed that the t~o compressors 

are work intendem such that both compressors are 

switched on and off simultaneously. In our opinion it 

would be better to redesign the compressed air system 

based on two compressors of smaller capacity where one 

will be operating continously and the other intermit­

tently, thereby save energy on motor losses. 

8.2.4 Heaters 

For fuel oil heating the existing system used 60 kW 

electic heater. Our calculation shows that only 40 kW 

heater will be sufficient for the factory ( See Heat Section) • 

However we feel it would be more appropriate and economical 

to replace the electric heater, with that of heat exchange 

utilizing waste heat from other processed in the factory 

(see recommendation in Heat Section). 

Further measure such as insulating the fuel tank 

with lagging material will reduce heat losses and further 

saving in energy. If all these measures are taken only 
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22 kW heat equivalent will only be necessa~y to heat the 

fuel oil to the required temperature. As an example for 

every 8 kW reduction in energy requirement will save about 

$17500/year. 

8.2.5 Lightings 

It was found that the factory spaces were very poorly 

lighted and is considered unsafe for working. We strongly 

recommend that more lightings to be installed and proper 

lighting cleaning schedule to be implemented. 

8.3 ~aintenance 

As mentioned earlier the factory maintenance system 

need improvement and that machines should be kept clean 

and belting should not be allowed to slack which can 

introduce belt slipping, thus causing heating, belt snappi~g 

and wastefull operation of motors, etc. It is important 

to note that for each kilowatt save is equivalent to saving 

of $2190/year on energy cost 

--
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9 Summary 

9.1 Thermal uart 

The fuel consumption ratio for the cement clinker manu-

facturing using Lepol station in this factory was_found 

to be resonable comparing to the data of similar cement 

industries in Japan • 

Fuel savings can be achieved by the following measure 

(1) 1st. Phase Measures {no or little investment) 

Annually fuel saving 

(a) o2 content control in com­
bustion of rotary dryer 

{b) Control of air intake at the 
suction zone of Lepol station 

(2) 2nd. Phase Measures 

(a) Extensive insulation of 
rotary dryer 

(b) Preheating of fuel oil using 
waste heat 

5 to 6 

s 
about 
14,000 

60,000 

(3) 3rd. Phase Measures (large-scale process chan~e) 

Por furthersavings in fuel, the conventional study 

for replacement of process ~lant should be carried out, 

for example, "New Suspension Process". 

l 
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9.2 Electrical parts 

For this factory there are several avenues where energy 

saving can be achieved and in addition-to improve working 

condition and factory management. The following major 

recommendations have been suggested; 

(1) Reduction in transformer capacity to commensurate 

with the loading of the factory as suggested in 8.1.1. 

(2) Install automatic no load alarm system for the large 

motors. 

(3) To change electric heater for fuel oil with that of 

heat exchanger utilizing waste heat • 
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CHEMPAKA NEGRI LAKSHMI TEXTILES SON. BHD. 

1. Outline of the Factory 

Address: Senawang Industrial Estate, Seremban, 

Negri Sembilan, Malaysia 

Capital: 30,000,000 Malaysian dollars 

Type of industry: Textile 

Major products: Textile yarn (cotton & blended) 

Present output of major products per day: 

45 s Polyester viscose 1,900 kg, 

45 s Polyester cotton 400 kg 

24 s Polyester viscose 2,250 kg, 

32 s Polyester cotton 650 kg 

No. of employees: 500 

Annual energy consumption: Electric power, 7, 560, 227 kl:h 

Interviewees: Mr. Prem K. Sahgal, Factory Manager 

Mr. Dinesh Agurwal, Spinning Master 

Mr. Heblikar, Maintenance Engineer 

Mr. Rao, Quality Control Officer 

Mr. Rajen Oran, Asst. Maintenance Engineer 

Mr. Fanny, Officer of Special Duty 

Date of diagnosis: Apr. 4 - 5, 1983 

Diagnosers: Mr. M. Eguchi, Mr. R. Takahashi, and 

Mr. T. Sugimoto 

Counterparts: Dr. Mohd Ariff Araff, Dr. Ong Peng Su, 

Mr. Ahmed Faizul, and Mr. Alizan Ab. 

Ma nan 

I, 
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The factory is located in Seremban, the capital city 

of Negri Sembilan, which is situated about 65 km south­

west of Kuala Lumpur. A north-south highway links the 

city with Kuala Lumpur. The company is specialized in 

spinning. 

The company imports polyester from Japan, cotton from 

South America, Pakistan, and Singapore, and sells its 

products to nitting factories in the country. 

Energy is consumed only to operate airconditioners, 

compressors, motors, etc. no fuel is used. 

The key officers of the factory seem to have a strong 

concern for energy-conservation. The data of electric 

power consumption per equipment are well compiled, and 

kept in good order. 

---

• 



- 151 -

2. Manufacturing Process 
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3. Major Equipment 

3.1 Major Equipment 

No. of Units 
Installed 

Blowing Machinery: Scutcher l 
... 

Mixing Bin 3 

Automixer l 

Carding Machinery: Aerofeed Card 16 

Drawing Machinery: Draw Frame 8 

Combing Machinery: Comber 7 

Roving Machinery: Simplex 7 

Spinning Machinery: Ring Frame 32 

Winding Machinery: Winders 4 

Circular Winder 12 

Automatic Winder l 

Compressors: 4 



3.2 Layout 
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4. Situation of Energy Management 

Energy consumption is only in electric power. No 

fuel is used. 

The key officers have a strong concern for energy­

conservation. They plan to establish concrete targets 

for the power saving ratio as well as the date of 

achievement. 

There is no organization for the promotion of energy-

conservation. 

There is no training program directed to general 

workers. But, the staff members are made to attend 

seminars from time to time. 

The factory manager makes PR to general workers for 

energy-conservation. But, workers' consciousness is 

poor. There is also a suggestion box. But, no sug­

gestion has been received so far. 

Daily recording is made on power consumption by equip­

ment, production process, and factory. Recordings are 

compiled and kept in good order. The electric power 

consumption rate (kWh/kg. yarn) is obtained. And cost 

accounting is made monthly. These abundant data are 

kept in good order. 

As for power consumption, a substantial consideration 

is given to energy-conservation through measures in­

cluding load measurement on transformers, improvement 

of power factor by condensers, etc. However, there 

are some unreasonable things being done including the 

installation of compressors which have a large heat 

release or the taking-in of exterior air in an air­

conditioned room. 
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5 Situatiom of Fuel Consumution 

6 Problems in Thermal Energy Utilization and their Potentioal 

Solutions 

All the management of factory has been ooerated using 

only the electricity as energy source. Then the des-

cription on above items is eliminated. 

7. Electrici tv 

7.1 Electrical consu=otion chracter~stics 

- supplier National Electricity Board 

of the States of Malaya. 

contractual maximum demand : 950 kW 

- average monthly consumption 
3 

557 x 10 kWh 

- average factory load factor 0.45 

- contractual power factor :0.85 

- transformer capacity 2 x 1250 kVA 

- rated supply voltage 11,000 volts 

7.2 Schematic diazrarn and outli~e of factory 

Electrical schematic diagram is as shown in Figure 7.1. 

This factory consumed only electrical energy. The electrical 

energy management of the company viz input voltage, power 

fact or, coun terrneasure s against maximum demand. and load 

balance is considered well. The factory installed 2 x 

1250 kVA, 3 phase transformers and recieved supply at 11 kV. 

However the two tra~sformers are lightly loaded and 38 % 

of the total load is consumed by the air conditioning 

equip~ents. The total installed motor capacity is about 

900 ~~. but actual power consumed by these motors is 

only 4J % and there are many ~otors ~hich are rated bel0w 

-1 
I 
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.-----Room Carding 

..._.......---Spinning (No 1-16) 

Capacitor ( 2 x 50 kVAr) 

342 kW 

463 kW 

1250 kVA 
~....----Spinning (~o 17-32) !;.08 k'.'l 

Capacitor ( 2 x 50 kVAr) 

1--.......---Winding 187 k':l 

Capacitor ( 2 x 50 ki/Ar) 

.-----Lighting 

11/.433 kV 
i----- Pump. Fun 

i------Extention Spinning 
1250 'i;_i/A 

1-----Air conditioner 
i------ (No 1, 2) 

Capacitor 
( x 50 kVAr).__ _____ Main Office 

Canteen 

Figure 7.1 Electrical schematic diagram of 
CHEMPAKA LAKUSIMI TEXTILZS SDN. 

8. Problems in electric oower utilization and their 

ootential solutions 

8. 1 Source 

8 .1 .1 Transformers 

73 kW 

293 kW 

239 kW 

521 kW 

27 kW 

The total capacity as indicated before is 2500 kVA 

and the loads registed by these transformers are shown 

by table 8.1 below; 

l 
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Description Transformer ri'ransfor:ner Total 

No 1 No 2 

Capacity of 1250 1250 2500 
Transformer(kVA) 

Installed load i 

1400 1160 2560 I 

capacity (kW) I 
I I 

Power taken by 450 450 I 900 i 
I I 

loads (kW) I I 
Average monthly I 

332 x 10 370 x 10 702 x 1 .J i 
I 

consumption (kWh) I 
I 

Power factor I 0.95 0.96 0.95 
I 

' ' 
Actual consumption 

474 469 0 IC:. I / '+,I 
( kVA) I 

Calculated load 0.38 0.38 0.38 
I factor 

Table 8.1 Transformer ratings and loading ~ondition 

It is obvious that the transformers are under utilized 

with conbined load factor of only 0.38. It is recommended 

that the total transformer capacity be reduced to dis-

connecting one of the transformers and the whole of factory 

supply be connected to the other transformer. If such 

step is carried out the following cost of energy can be 

saved. 

Saving = 1250 x (1-0.986) x 24 x 365 x 0.2 x 0.17 

=$5212/year 

where 1250 rating in kVA of the transformer 

to be taken off. 



0.986 

0.2 

24 

365 

0.17 
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eficiency of 1250 kVA transformer 

iron loss factor 

working hours/day 

working days/year 

cost of electricity /kWh 

3.1.2 Voltage and power factor 

~he measured output voltage of the two transformers 

are about 421 volts and when compared against the various 

~otor rating~. this value is considered reasonable. The 

factory ~eeps very good power factor (0.95) by installing 

individu~l capacitor for each motor for compensation. 

2.2 Ele~tric power consumin~ ~anagernent 

For transformer No. 2 a considerable unbalanced loading 

was measured ( 6.4 % unbalanced current i.e, 55 Amps 

neutral current ) . Therefore we recommehd that the factory 

should redistribute the loads connected to this transformer 

to improve the balance condition. 

During our visit the factory was not in full 

production. Therefore it is not possible for us to recom­

~ended the new contractual maximum demand value. It is 

recommend that the factory make a study on the maximum 

demand required during full production operation for the 

while and re-evaluate the value of contractual maximum 

demand. If the factory maximum demand is lower than the 

present contractual maximum demand, a renegotiation with 

the supplier on a new contractual maximum demand value 

should be carried out. 

l 
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It is also suggested that a special alarm system 

to be installed for total consumed power indicator to 

prevent the factory operating beyond the contractual maximum 

demand. 

8.3 Electrical loads 
• 

8.J.1 Ai~ con~itionin~ 

This factory has two central air C8r.ditioning systems 

with refrigerators, pumps and b:owers. The ~ajor ia~a for 

the system are given bellow in table 8.2 and 8.J. 

Actual Aver~ge mon~hly consu- Inst al led 

Description motion ( Mar. 3 3 1 ) capacity load " Oi tJ'Gal ;a 

(kW) ( k.•Ih) !!!Onthly (kW) 
I Refrige- 3 I +' 210 16Jx10 23 521 

·rl ration 
'O 
c Pumos and 3 
0 tlJJ 141 107x10 1 5 293 () c Blo~ers 

·rl 
i-. C 

270x1d ·rl 0 Total 351 38 314 <C ·rl 

I 

Table 8.2 Data for air conditioning system 

Description I '! alue I 
.. I 

Room capacity 22000 w 

No of work men I 
8 () 

! 
-~ 

Power rating of I 
40 kW i lighting I 

I 

I I 

Power rating of I 
operating machines I 298 kW 

Table 8.3 Major heat load data 
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It was found that there are several heat dissipating apparat-

us such as air compressors (3 units) and static capacitors 

located in air conditioned rooms. This practice increases 

the load on the air conditioners, and therefore it is 

strongly recommended that these heat dissipating equipments 

to be located in well ventilated and non air conditioned 

spaces. If such measures are carried out the following 

cost of energy can be saved. 

Heat dissipated by 

/hr 
= 7.5 x 3 (1-0.75) x 0.5 = 2.8 kWh/hr 

3 compressors 

where 7.5 

0.75 

0.5 

rating of compressor in kW 

efficiency of compressor 

diversity factor 

Energy required by air 
condition plant to take 
a~ay the compressor heat/hr 

1 
= 2.8 x 0.7 

= 4 kWh/hr 

wnere 0.7 efficiency of air conditioned plant 

saving/year = 4 x 24 x 365 x 0.17 = $5957/year 

24 

J65 

0.17 

8.3.2 ~otors 

working hours/day 

working days/year 

cost of electricity/kWh 

Some of the motors in the factory are lightly loaded 

overdesigned ) • Generally the motors operating within 

70 % to 80 % load factor give better efficiency and in 

this context, for these operating below 40 % load factor 

should be replaced by one, whose rating is appropriate 

I 
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for the load. The factory was found clear and maintenance 

system seems adequate. However the compressed system 

it is suggested that compressed air leakage be checked 

for distribution pipe and whole system periodically 

8.3.3 Lightings 

Most compartments and sections in the factory 

have good lighting system except in the spinning and 

winning section, where the light intensity at working 

position is only 150 lux. The usually lighting standard 

for this type of work is 300 lux (Japanese practise). 

Therefore it is recommended that the lighting fittings 

in these sections be lowered by 1.0 meter or extra 

lighting fittings be installed to achieve the lighting 

intensity for work efficiency and quality. 

9. Summary 

9.1 Tharmal parts 

9.2 Electrical parts 

For this factory the following recommendations were 

made for saving electrical energy. 

(1) Operating with one transformer only. 

(2) Reduce maximum demand load and utilizing maximum alarm 

indicator~ 

(3) Decreasing air conditioned load by relocating the 

dissipating equipments such as compressors and 

capacitors. 
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FUSAN FISHING NET MANUFACTURING BHD. 

1. Outline of the Factory 

Address: Jalan North Port, Port Kerang, 

Serangor, Malaysia 

Capital: 10,000,000 Malaysian dollars 

Type of industry: Textile 

Major products: Fishing nets, agricultural nets, ropes 

Annual output: Fishing nets 400 t, agricultural nets 

11,000 pieces, ropes 660 t 

No. of employees: 350 

Annual energy, consumption: 

- Electric powe~, 3,000,000 kWh 

- Fuel, fueJ oil 168 ki 

Interviewees: Mr. Choo Kok Keong, Factory Manager 

Mr. Ralmah, Personal Manager 

Mr. Tan Guan Seng, Senior Production 

Assistant 

Mr. Yap Eng, Senior Supervisor 

Mr. Phan Yoke, Electrical Engineer 

Date of diagnosis: Apr. 7 - 8, 1983 

Diagnosers: Mr. M. Eguchi, Mr. R. Takahashi, and 

Mr. T. Sugimoto 

Counterparts: Dr. Mohd Ariff Araff, Dr. Ong Peng Su, 

Mr. Ahmed Faizul, and Mr. Alizan Ab. 

Man an 
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The factory is located in Port Kelang which is about 

8 km from Kelang, an old capital of the state, which 

is situated about 32 km west of Kuala Lumpur. 

The company was established in 1967. And since 1968 

the company has been engaged in the production of nets 

and ropes using nylon pellets, polyester pellets, 

polypropylene pellets as raw materials. 

There are two companies including this company in 

Malaysia producing fishing nets. Each of the two 

companies shares about 50% of the market. 

2. Manufacturing Process 

/ 
/ 

NETTIH Gr PAC.Kl N er 



3. Major Equipment 

3.1 Major Equipment 

Name 

Polyester monofilament 
extrude rs 

Nylon monofilament 
extruder 

Polypropylene tape 
extruder 

Heat stretching 
machines 

Steam depth stretchers 

Dyeing machines 

Boilers 

- 164 -

No. of Units 
Installed 

12 

1 

1 

3 

2 

2 

2 

Type, etc. 

Products: Polyester mono­
filament yarn 

Nominal output: 90 t/M 

Kind of energy used: Electrical 

Products: Nylon monofilament 
yarn 

Nominal output: 10 t/M 

Kind of energy used: Electrical 

Products: Polypropylene tape 
yarn 

Nominal output: 8 t/M 

Kind of energy used: Electrical 

Products: Fishing nets 

Nominal output: 50 t/M 

Kind of energy used: Electrical 

Kind of energy used: Steam 

Kind of energy used: Steam 

Old boiler 

Installed: 1968 

Maker: The Kure Shipbuilding 
& Engineering Co., 
Ltd. 

Max. press: 10 kg/cm2 

New boiler 

Installed: 1973 

Maker: Allen Ygnis Ltd. 
(London) 

output: 3 ,ooo lb/h 

MaX. press. : 150 PSI 
(10.5 kg/cm2

) 
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3.2 Layout 

Nfl. 3 

___ N_•.Z.;_____ __ O/f1cloi/ 

T&ttl<. 
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I 
I 
! 
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I r.; •• ;.,. l'f.,.;n .. 

.____ _ _:__ _ __J . I,._ 
____ _l 
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4. Situation of Energy Management 

There is no organization and system, nor any training 

and PR activity for energy-conservation. 

The company relies on the monthly bill to know the 

consUMption of electric power and fuel. No measuring 

instrument is used. It will be necessary to confirm 

the quantities by scale at fuel receiving. 

Measuring of the exhaust gas temperature from the 

boiler and exhaust gas analysis was conducted for the 

first time since starting operation. 

There are a number of points for improvement such as 

the on-off (intermittent) operation of boiler, no re­

covery of steam coPdensate, etc. This means that the 

effect of energy-conservation, when achieved, will be 

great. 

Energy management is entirely new to this company. 

-1 
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5 Situation of Fuel Consumotion 

At a present the f~el oil in this factory is consumed 

by t~o boil~rs which are sometimes ooeratei in nar~llel to 

each ·nhen the steam dema..Yl.d is hizh. 

demand of steam the old boil2r is shut dowm. 

In 1982, the fuel consumntion on the t~e boilers was 

168 kl per year. All the steam orocuced on t~e boilers 

was only utilized on the dyeing and stretchin~ processes 

o~ fishing nets, while an the hot wa~er baths at boiling 

condition in the extrader ~achines, ~~e electricity to 

be extremely expensive energy has been utilized for only 

heating with the electric resistance ele~ents. This 

heating systems should be i~~roved by alte~ating t~e 

energy sources like as the steam or direct or indirect 

firing of fuel as soon as possible in order to save the 

operation costs. 

5.1 3oiler Ooera~ion 

5.1.l New Boiler 

(1) Ouera~in~ and Measured Data 

A) Fuel oil soecification 

(a) Sulphur content ; 

(b) Gross heating value 

(c) Annual fuel consum~~ion 

B) Flue zas condition 

(a) o
2 

content 

(b) Teciperature 

2 ~ 

13 1 500 btu/lb 

or 10,278 kcal/kg 

168 kl/yea~ 

avera~e 12.2 % 

ave!"age 254 °c 

-1 
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C) Blow down nrocedure 

(a) ?eriod ; once in each ~ hours 

(b) ~ater level indicator about l i~c~ (25.4 mm) drop 

D.) Steam condition 

(a) Operating pressure 

(b) Operating temperature 

(2) Heat Balance on New Boiler 

10 kg/cm2g. 

1.80 °c 

The heat balance on new boiler in terms of per kg of 

fuel is estimated using above data as follows 

Description In nut Output 

kcal/kgfuel % kcal/kg.fueJ % 

In.nut 

Fu.el 9,580 100.C 

Out'Out 

Flue gas heat loss 1,879.8 19.6 
I 

Dispersion heat loss 152.5 1.6 

Blow down neat loss 232.6 2. &. 

Produced steam 
(froa balance} 7,315.1 76.d. 

Total 9,580 100.C 9,580.0 100.0 

Table H.5.1 Heat Balance Sheet on new Boiler 

5.1.2 Old Boiler 

(1) Onerating and Measured Data 

A) Fuel oil snecification 

Same as new boiler. 
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B) Flue gas condition 

(a) o
2 

content 

(a) Te:nperature 

C) 3low down nrocedure 

Sa.me as new boiler 

D) Steam condition 

(a) Operating pressure 

(b) Temperature 

(2) Heat Balance on old Boiler 

average 

average 

13.03 ,, 

257 °c 

175 °c 

The heat balance on old boilor in ter:ns of per kg of 

fuel is estimated using above data as follows 

Desc!:"i. n ticn Immt uut-out 

kcal/k~fuel % kca1/k.gfueJ % 

In out 

Fuel 9,580 100.0 

I 

Outnut 

Flue gas heat loss 2 ,~91. 9 22.9 

Disuersion heat loss 261.0 2.7 

Blow down heat loss 273.0 2.2 

Produced steam 
(from balance) 

' 
6,85J..:t 71.6 

Total 9,580 100.0 9,580.C 100.C 

Table H.5.2. Heat Balance Sheet on old 3oil@r 

5.2 Steam Consu.motion ?acilities 

5.2.l Dyeing Machines 
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(1) Onerating ~d Measured Data 

A) Time schedule_of dyeing operation 

(a) Sorking ti~e for dyeing per one batch 45 min. 

(b) No. of dyeing processing ~er day and machine 

(c) No. of total processing per day 

16 

32 

B) Dyeing machine specification 

(a) No. of dyeing machine 

(b) Sorking temperature (amb. temp. 30 °C) 

2 units 

85 °c 

(c) Volume of dyeing solution 1,000 litre 

(d) Surface area of dyeing vessel about 6.3 m
2 

(2) Required Heat on one Batch Operation 

(a) Heating up of dyring solution 
from 30 to 85 oc 

(b) Evaporation heat loss 
from free 3urface of solution 

(c) Dispersion heat loss from 
surfaces ass~ing 
h = 20 kcal/m hroc 

(d} Total required heat neglecting 
reaction heat for dyeing 

(3) Amoult of Required Steam 

(a) Heat released through the adia­
batic exnansionfrom 150 of steam 
to 85°c of condensate to heat 
the dyeing solution 

(b) The total consumption of steam 
per day for dyeing process 

(65,181/571) x 32 = 36,53 

5.2.2 De-oth Stretching Machine 

(1) 0-oerating and Measured Data -

55,000 kcal/batch 

5,000 kcal/batch 

5,181 kcal/batch 

65,181 kcal/batch 

571 kcal/kg 

k~ of steam 

A) Time schedule of depth stretching operation 

(a) Sorking time per batch 20 min. 
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(~) No. of total p~ccessing oer day 30 

3) St!.'etchin~ mac~ine soecification 

(a) Yolume of "Vessel 33.3 !!13 

( . ' ~ I Area of vessel cover '1 7. 6 
? :n-

(c) Sorking temperature 100 oC 

(d) Surface temner~ture of vessel cove~ 60 oc 

(2) Reaui~ed Stea!!! on one stretching Q~o~~tinn 

(a) ?illing up in stretchin€ vessel 
assuming t~ice steam of ~olume of 
stretching vessel 

(33.3/0.3921.) :c 2 = <10 kg of ste~/batch 
,., 

wher"! 0.392'1 is scecific 1ral•.l!rte of stesrr at 150 'J~ 
in mJ/kg. 

(b) Disoersion heat loss ld. l.(':;-
••'.:) 

(:) Heat con:ent of fishing nets 0.2 !::z 

(d) The total reaui!"ed steam for one ba~~::: 

<10.0 + 14.0 + 0.2 = 54.. 2 kg 

(3) The recui.red. Steam !Je~ da7 

54.2 x 30 = 1,626 :.cg/day 

5.2.3 The Calculated Amount of SteaCT Consumed 

3 ·• 6 5 3 t l ' 6 2 6 = 5,2it9 kg/day 

5.2.it Averae-e Am.cunt of Generated Stearn ne!." da.v from 

Annual ?uel Consu:?ntion 

a) Anm1al f1J.el ::on.swnotion J.62 '.-<.l/year 

b) Annual wor~i~g dats 291 days/year 

c} Specific gravity of fuel 0.95 

d) Assumed boiler e:ficiency annr·n:. 70 ~ 

e) Temoe!."ature of steam 

I 
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f) Total amount of steam 

(168,000/291) x 0.95 x 0.7 x (10,278/631) = 6,253 kg. 

where 631 is the heat reauired to evaDorate one kg of 

water at 30 °c to saturated steam at 170 °c. 

It seems to be considerably reasonable in spite of the 

rough assumotion. Refering to this results on the 

steam oroduction and consumption, it seems that the only 

new boiler is sufficent to supply the reoired a.mount of 

sT.eam to the steam consuming facilities. 

According to the boiler instruction book, the new boiler 

has steam. generating capacity of 3,000 lb/hr= 1,360 kg/hr. 

The rated outnut of steam for one day, 16 hours/day, 

continuously is resulting in to 21,770 kg of steam/day 

Nhich is corresponding with aboQt 3 times of actually gene-

rating steam in presents. Therefore, due to a~ange 

the ma..~ufacturing schedule of stretchin~ ~achine so as to 

match the demand to SU?ply, the total ST,eam requi~~ent 

would be satisfied with only new boiler in loading factor 

of 60 to 70 %. 

---1 
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6 Problems in Ter~al Energy Utilization and their Potential 

Solutions 

6.1 Boil~r 

6.1.l Reduction of o2 conten~ in the flue Gas 

The o
2 

content in the flue gas of new boiler is 12.2 % 

and of old boiler is 13.03 %. These show that both 

boilers are operated on high air ratio. some con-

siderable effect for energy conser-.,ation should be ex-

pected according to reduce o 2 content in the flue gas by 

closing the air damper for secondary combustion air. 

However, some caution should be taken to orevent the ge-

neration of smoke from the stackes. 

If o
2 

content in the flue gas were reduce till 5 % 

which is recomendable value for the small oackage boiler 

using liquid fuel in Jaoan the savings in fuel consumotion 

are 8 to 9 % on .... • . 1 "ne new ool._e!" and 10 to 11 ;!, on t~e old 

boiler. These percentage of savin~s are eauivale~t 

to annually about $6,700 and $8,3JO for respecti7e 
. . , oo l..:..e>rs. 

6.1.2 Decrease of the Temoerature of Flue zas 

At presents, the te~peratur-e of flue gas of both boiler 

inthis factry are about 250 to 260 °c These are clear 

on the value of recomendable criteria, 300 °c, in Jaoanese 

industries. Actually, the tem~erature of !lue z3s 

is affected by a lot of factors or undefined circlli~stance, 

that is, the.loading factors, the degree of scales de?O-

siting on the surfaces outside and/or inside of the heat-

ing boile~ tubes, the flo~ing linear velocity of combustion 

-1 
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gas t~raugh the boiler t~bes, so on. In oractice 

nowadays almost of all factories having s~all oackage 

are endeavouring to red~ce the temperature of flue gas 

a3 low as ~ossible beyond criteria. 

T~e most ef:ective measures to reduce the tefiloerature 

of flue gas will be to re:nove the scale attatched on the 

surface o: inside and outside of the boile-:!." tubes with 

periodical over~aul of boiler bodies. 

Boiler Water Qualitv Control 

Tr.e values of ?:t ar:.d elec";~ic conductivity on the blow-

down wate:!." from both boil~rs are clearing on its rec omen-

d2.ble 7alues in Jaoan -;vhich ;:i,r~ l:..o to 11.8 and 6,0CO Ms/c::i. 
I 

respectivi:y. As a :natte:- of fact, the blow-down ooe-

r~tion of acilers in ..... ... rris factory -;vas conducted without 

c::-teckin.g the ?!1 a..11.d elect:-ical conductivity of the the boil~r 

In order to orevent the unnecessary blow-down 

;vhich would cause chemical and heat losses, it is suggested 

:~a: the boiler wate~ quality should be ~easureed and the 

blow-riown orocedu:?."e should be imn:?."'.JYed pe~iodically. 

, 1 1 
b • - •.. Continuous Ooe:::-ation of 3oile rs 

~he ope:::-at~on of only one new boil~:::- to meet the dyeing 

J.'.1.d .J::::-etchi!1.2; s:::::a..:n de:nand.s 'RGt:.ld be suf:icient as desc:-i· 

V•:?d in 5. 2. J... To ena~le the continuous ooe:::-ation of 

new boil~r, steam demand should be planned and continuous 

cne:::-3tion of boilPr would reduce the fuel oil consumntion. 

On case of suf:erin~ the troublesome ~lanning, it would 

·0e better to install the well desi.:;n~(~ st23.m accumulator. 
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Stea~ Cons:..unotion Facilities 

6.2.l I~stallation of ?~rtition 3a=rier in Stretc~in~ Vessels 

~he fishing nets with smaller length than 10 m are ~re-

quently processed for the finishinss, although the stre-

tching vessels have 20 m in lengths. In such cases 

the half snace of vessels is not completely utilized and 

the filling un steam into such vacant sDace is ~ore wast-

able, In order to reduce the s~e~ill ~onsumntion it 

would be recornenda~le to nlace a nartition barrier on end 

of the fisi":..o.'1.ets so as to preYent t'.!.e le'!ka~e of steam into 

unused. Yacant snaces. 

Althou~~ it is ci:~ic~lt to estimate accurately the 

effects to save the steam:, as ::i g-'..less f:~e saYin£>:3 ·Noulci 

be rou~hly 10 % of the steam reauire~ent of the 3tret~h-

ing processes. 

ing non-full size net3 is 50 %, Steam ratio i "' ..:.. .J 

10.84 kg of steam/ litre of fuel oil,and fuel oil 

is$ O • .i7/litre oi ·::1el,the effect 0f t::e ~a:!'."L"'.:ion ·::ia~-

rier would be eauivalent to annualy abou~ $ l,OCO. 

6.2.2 Lowe:-in2:' One!."::.:inz ~essure on Boil~!'!2 

T~e dyeing ~~d stretching machi~e are oper3.:::in.os at 

and 100 °c rescectivelv under a:mosnhe:ci.c oressure. - ., . . 

Considering to the hasic ener~y ccnser7ation ~rinci?l~, 

it would be reccmendahle to be operated wit~ as law nr~s-

sure as possible. The oresent concition to be 

8 , I ? o~ !<:g cm-g. and 170 ·~ is too excessi·re. 
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Only as Reference 

6.3 Extruder 

6.3.l Onerating. and Measured Da~ 

(1) Size of Hot Bath 

(a) Volume of bath ; 90 litre 

(b) Freesurface area of bath being exposed to ambent 

0.16 m2 

(2) Make-up water rate 0.2 m2/a sec. 

(3) Temperature of water in bath 100 °c 

6.3.2 Estimation of Required Heat ner unit Bath 

(a) Dispersion heat loss approx. 1.,020 kcal/hr 

(b) Heat loss due to evapolation 
of water from uncoverd free 
surface. 2,700 ~cal/hr 

(c) Heat loss due to excess make-. 
up water. 

(d) Total requirement of heat per 
unit bath 

Thie figure is equivalent to 

6,300 kcal/hr 

10,020 kcal/hr 

11.65 kw 

6.3.3 Possibility of Performance Cost Reduction in Extruder 

Processing 

Though the final results are not obtained easly, as the 

common sence, it would be able to understand that 20 to 

30 % of total expences of electricity consumption for the 

extruder processing are saved according to substitute the 

electricity for another energy sources. 

I 
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7. Electricity 

7.1 Electrical consumotion characteristics 

- supplier 

contractual maximum demand 

- average monthly consumption 

- average factory load factor 

contractual power factor 

transformer capacity 

rated supply voltage 

National Electricity Board 

of the States of Malaya 

550 kW 

246. 5 x 10
3 

kWh 

o.63 

0.85 

1000 kVA 

415 volts 

7.2 Schematic diagram and outline of factory 

Electrical schematic diagram is as shown in Figure7.1. 

NEB 11/.433 kV 

1000 kVA 

Figure 7.1 

1'wisting 

Netting. Fishing 

Dyeing 

Roshel Machine 

Extruding 

Roping 

Workshop. boilor 

Capacitor 

Electrical schematic diagram of 
PUSAN FISHING NET MFG; BHD. 

5x 

154 kW 

134 kW 

44 kW 

25 kW 

254 kW 

223 kW 

50 kW 

8 kVAr 

This factory produces fishing nets and nylon ropes. 

Except for steam energy which is used for curing and dyeing 

purposes the remainder of energy requir8ment of the factory 
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is provided by electricity. Major installed equipments are 

~xtruders, roping and netting machines and electrical 

heaters. ~he electric source i3 a 1000 kVA, 3 phase 

transformer. 

3 Problems in electric power consumption and their potential 

.solutions. 

3. 1 Source 

8. 1 . 1 T:r-ansformer 

The factory average loading is 550 kW (640 kVA assu-

ming 0.86 power factor ) and transformer capacity is 

sui +..able. 

3.1.2 'Joltai:::e 

Most of the equipments are rated between 415 volts 

and 420 volts, but the actual supply voltage measured was 

440 volts. It is therefore recommended to lower the 

supply voltage down to 420 volts. This measure will cert­

ainly reduce losses and improve power factor. 

8.1 .J Power factor correction eguipments 

As mentioned earlier. The factory power factor is 

about 0.86. This power factor is still considered low 

in spite of the use of capacitor bank. Our measurements 

also indicate that the capacitors are worsened ( consumed 

large power about 420 watts each), which makes them very hot. 

Therefore it is suggested to change the capacitors with 

that of more efficient ones. Acceding to Japanese industrial 

standard JIS C 4902 (1977)) all capacitors for this 

purpose and at the rating as installed in the factory should 

• 
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have losses less than 175 watts each. If such measure is 

take~ the effect in electricity cost can be calculated as 

follows, 

Saving/year = ( 0.42 - 0.175 ) x 5 x 24 x 365 x 0.25 

-· $2683/year 

where 0.42 

(). 175 

loss in kW of existing capacitor 

24 

365 

0.25 

8.2 Electrical loads 

loss in 

to JIS 

working 

working 

cost of 

kW of capacitor according 

c 4902 

hours /day 

days /year 

electricity /kWh 

Acceding to the company's last annual report the 

total electrical energy comsumption per year is 3 millions 

kWh/year and distributed to the extruding section (33 %) , 

Twisting machines (25 %) and the remainder roping and 

other machines. 

8.2.1 Extruders 

The block diagram of the extruding processes is 

as shown below with the power consumption of each process 

tabulated in table 8.1. 

Block diagram of 8xtruding processes 
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Extr- No of Rating Power consumed ( kW ) Actual Total! 
uder Simi- ( kW ) power rower 

No lar !Mot- Hea- Motors Heaters Total consu- AxB) 
units Heat- mption 

(A) ors ters Hr1 He Hr ( B) kW kW er 

E1 8 11 28 6 6 7 - 13 19 152 
I 

E10 4 37 72 19 18 16 -1 34 53 212 

E13 2 31 56 16 16 16 13 45 61 122 

Total 14 - - - 152 152 26 330 - 486 

Table 8.1 Power consumptions of extruders 

From the table it is shown two third of the electri-

cal energy that is required by the extruding process is 

used by the various heaters and the remainding one third 

by the extruding motors, and the spinning processes of 

the extruders. It was also observed that the hot baths 

used at the extruders are not properly lagged and that steam 

from the hot baths escaped freely. Therefore it is 

recommended that the following measures to be taken to 

reduce energy consumption of the extruding machines; 

(1) To lag the extruding machines and the baths. 

( 2) Cover the bath and monitor the temperature so that 

the heaters are cut off at about 95 • c. 
( 3) Preferably the heaters for the bath of the spinning 

process should be replaced by steam or fuel heating. 

If steam or combustion heaters are used for the hot 

bath, then the following cost of energy can be saved; 

' 

I 

I 
l 
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Existing Electrical system 

Electricity cost /year 

= 152 x 0.5 x 24 x 296 x 0.25 = $134,976/year 

where 152 

0.5 

24 

296 

0.25 

Alternative system 

Fuel cost /year 

actual rating in kW of baths 

diversity factor 

working hours/day 

working d1ys /year 

electricity cost /kWh 

= 152 x 0.5 x 860 ;10000 x 0.47 x24 x 296 

= $21,823 /year 

where 860 conversion factor kcal /kW 

heaters 

10000 heat content of fuel kcal /litre 

0.47 cost /litre of fuel 

Saving 

saving /year= $134,976 - $21,823 = $113,153 /year 

It is also observed that the recommendations as 

stated above will reduce the power factor of the equipments 

in the factor and that capacitors should be installed 

to contract the3e charges. On the other hand since water 

evaporation is suppressed water requirement of the factory 

can be reduced. 

8.2.2 Twisting and Roping 

This section has 13 machines of various capacities. 

The loading conditions for these machines are shown in 

table 8.2 below. 



[ 

I 

I 
I 
I 

Section 

Twisting 
section 

D . ,,oping 
section 

Note 
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R.ating No. of Average Measured Power 
Capacity units of Power 

similar consumed voltage Factor 

(kW) size (kW) (V) 

12 3 4.9 435 0.56 

1 5 7 7.9 435 0.68 

19 1 9 442 0.53 

16 2 8.2 440 0.65 

(1) Combined rating of Twisting machines is 141 kW 

and average load factor is 0.5. 

(2) Combined rating of Roping machines is 51 kW 
and average load factor is O.J4. 

Table 8.2 Loading conditions of twisting and roping 
machines 

It was found that the motors are under utilized by 

as much as 50 % of capacities and operating at low power 

factor. Therefore we recommend that the factory conduct 

a through investgation of loading requirement for each 

machine and replaced those which has load factor less 

than 0.6 with those commensurate with the load requirement. 

Further we suggest that individual capacitor be installed 

in the machine to improve power factor and reduce losses. 

8.2.3 Lightings 

In the roshel machine section the lighting intensity 

is very low ( within JO - 60 lux ) • -It is recommended 

extra lightings be installed improve the luminosity 

200 lux. 

-1 

.. 

• 

• 
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9.1 Ther~al Part 

It seems that the management on the ene=s.r , fuel a.'ld 

electricity, consu~tion should be conside=ed a little 

bit more in crier to reduce the expence on pw:-~~asing 

ene::-gy. The=efore in this factory, the considerable 

cost down on energ:/ would be expected. 

As a reference, for exam~le, since t~e hot bathes in 

ext=uders have been utilized the elect=ic resistance 

heatersto heat un water only to 100 °c, it is recommended 

that t~is systems should be substituted to a 3l~e~~ative 

ene~gy sourc~-.. that is, steam or di?:"ec t fuel c cm.bust ion. 

According to t!i.is surYays, the subst:.. tut ion to steam 

would be oossible because the boilers ~ave ~he steam ge-

heat for the e:ct:-ude. operations as ;vel2. as t:::i.e existi:i.g-

facilities consuming steam, t~e dyeing ~~d stretciing na-

chines. 

(1) 1st. Phase Measures (no or a little invest~ent) 

(a) o
2 

content cont=ol in 

flue gas to ~educe t~ 5~ 

(b} Manage~ent of blow-down 

procedure 

(c) Lowe~ing of steam pressure 

as possible 

Annually fuel saving 

about 

:.fax. 

10 

l 

6,700 -

8, 300 

I 
I 

I 
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A.~nually f~el saving 

(~) Conti~uous boile~ oor­

:-ation 

(2) 2nd. P~ase ~easures 

(a) Installation of partition 

oar:-ie~ in stretc~. ~ach. 

(b) Additional insuration of 

steam piping syste~s 

A ~ajar electrical recommendations for ~nis factory 

suos-:;antial 
. ... .. . 

c.an oe r'3.~.!..:.. :ec. 3h0{,,"Il in. 

s~c:.ian .3.i.J and 3.2·.1. In 3.i.J ::-e?lacing ':.h.e ?Ow-er 

f~c~or cor::-ection caoacitors is reco~mended. An al':.a~native 

s~cticn 3.2.1. 

• 

• 

• 
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KIMA SON. BHD. 

1. Outline of the Factory 

Address: Sungai Chua, Kajang, Serangor, Malaysia 

• Capital: 4,000,000 Malaysian dollars 

Type of industry: Textile 

.. Major products: Cotton textiles 

Annual output: White cloth, 400,000 m. 

No. of employees: 558 

Annual energy consumption: 

- Electric power, 5,484,400 kWh 

- Fuel, fuel oil 958 ki 

Kerosene 98 kl 

LPG 9 t 

Interviewees: Mr. Hamid Ibrahim, Chief Production Manager 

Mr. Heu Foot Lin, Manager of Engineering 

Dept. 

Date of diagnosis: Apr. 11 - 12, 1983 

Diagnosers: Mr. M. Eguchi, Mr. R. Takahashi, and 

Mr. T. Sugimoto 

Counterparts: Dr. Mohd Ariff Araff, Dr. Ong Peng Su, and 

Mr. Arizan Ab. Manan 
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The factory is located in Sungai Chua which is about 

25 km south of Kuala Lumpur. The production began in 

1971. 

The planning of the factory was undertaken by Unitika, 

a leading Japanese textile company. The factory has a 

rationally laid-out integrated production facility to 

produce white cloth from cotton. 

Some of the workers received technical training in 

Japan. And the company received Unitika's technical 

guidance up to 1978. 

Power and fuel consumption and other operations are 

recorded in detail, and data are kept in good order. 

The company maintains a higher level of energy manage­

ment as compared with other companies. 

The company is the only manufacturer of cotton white 

cloth for batik in Malaysia. But, under the influence 

of the global economic recession,· the operations are 

at a level lower than 50% of the plant capacity. But, 

this company belongs to Mara, a large industrial group. 

And, all the products are delivered to Mara. No 

marketing efforts are necessary despite business 

recession. So, the company has no sales department. 

• 

• 
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2. Manufacturing Process 
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3. Major Equipment 

3.1 Major Equipment 

Name 
No. of Units Type, etc. 

Installed 
• 

Boilers 2 Cochran boiler 

Flue tube type .. 
Rated evaporation: 7 t/h 

Rated steam press. : 10.55 kg/cm2 

Kind of energy used: Fuel oil 

Oil heater l Store Vapor Liquid Phase Heater 

Products: 200°C heated oil 

Kind of energy used: Kerosene 

Spinning machines 41 Products: Spun yarn 

Nominal output: 90 t/M 

Kind of energy used: Electricity 

York centrifugal 2 Products: Chilled water (7°C) 

chillers Nominal output: 3,600 1../min at 7°C 
and 

I 
40C 1../min at 20°C 

Kind of energy used: Electricity 

I Weaving loom. 520 Products: Grey cloth 

Nominal output: 850,000 m 

Kind of energy used : Electricity 

• 
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4. Situation of Energy Management 

The production corrunittee meetings are held twice a 

month. Energy problems are discussed whenever neces-

• 
sary. 

Training programs are only directed to staff members. 

• 
There is no training program directed to general 

workers. But, the factory manager conducts an energy-

conservation campaign to workers. 

Daily recording is done on powe~ and fuel consumption 

with respect tc the major equipment, and data are kept 

in good order. Whenever we asked for data, they were 

quic~ly produced. 

Energy cost accounting is done monthly. Data analysis 

for energy consumption rate or a control chart, or 

variable factors analysis is not apparently done. 

Ambient temperatures and humidities are measured every 

two hours at several ppints in the afrconditioned 

spinning mill, and the results are irrunediately shown 

on a graph. This was the only factory in Malaysia 

where such activities were observed during our surveys. 

This is extremely useful in enhancing the workers' 

consciousness. 
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5 Situation of Fuel Conswnn~ion 

capacity of 

7 tonne of stea~/h~ is 0 ; l ~---- _..,, 

• of 952 ~l. aIL~ually . 

• 
sumption of 98 kl. armually, 71hi.le the d.esizi!l~ :nac?!.i!'l.e 

the "!'::.as 

L?G ccnsumoticn ~a~e of 9 

f!l.e l 

white cot~cn ~lot~. 

F'c r::u...71.a ~ e 1.7 

one man t:t a.."ld onl7 :fo. l bo ile:- ';V':!S ot:-e:-?. ted.. 

tion the of fuel 

a7aila'ble. 

I:; , l 
,,1.l..._ 

(1) 

A) ?uel oil s~ecifica~icn 

(a) S~ecific g~a'lity a. 95 7 
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or 10,272.0 kcal/kg 

(c) Ca~positin (by w-t.) c 85 fa 

12 % 

3 % • 
(d.) Un.it ~rice 0.51.38 $/litre 

232 litre/hr • 

3) ?l~e ~as ccrrdi~icn 

10.5 ~ 

(b) Te!!!pera t~e 220 °c 
C) 31'.J'R-<io;vn n :::-acedure 

(a) ?e:::-iod once/.t hours 

(b) Mark of water level meter 1/2 inch 

(c) A~n~oxina~e disc~arged volume 100 litre 

(2) Eea"': 3alance on No. l Eoi:er Oue:::-ation 

ITsi~g a~ove da:a, the heat balance is calc~rated in 

ter~s a: ~e~ Kg of fuel as ~elows ; 

In~u~ Ou tout 
I 

~cal/k.>tf"lell i 

I ~ kcal/k~fuell % I -
r--- I - I 
I I!'lnut 

ioo.oj I I 1"':le l. 9, 62d.. 0 

I Ou~:mt I 

I ~2.r.ie 5as hea"': 10ss l, 38.1.. 0 l!l. d. 

D isne::::-s ion heat less 102.C 1.1 

3low- 0:iown ~eat loss 16.0 I o.l 

I Gcne:::-ated stea:n 
I (fr'Jm balance) I 

I 8,122.0 8d.. ii I I 

I m""' ·~1 J,,.•J ..., __ 9,62d..0 I ioo.oj 9,62d..0 100.0 

~able I.5.1 ~eat 3al~ce of Ne. 13oil~~ 



• ---
1 

- 193 -

5.1.2 No. 2 Beile~ 

T~is ~oiler was ove=~auled only before .. .. ..... aoou" one man ":i 

according to the pe=iod~cal maintenance. 

for~ance of the boile~ would ~rovide the useful infor~a-

ticn on the effects due to the cleaning of the outside 

surface of the boiler tubes. 

(l) One:::-a~in~ a~d ~easured data 

Al~cst of all dai;a of No. 2 ~oiler are same as No. l 

excent the flue gas conditions. 

A) ?lue gas condition 

(a) a
2 

cante!'lt 5.1 % 
( b) Te::!mera ture 

(2) ~eat 3ale.nce :n No. 2 3oilE>!' One-:::-ation 

Using aoove data, the ~eat balance is calcurated in 

ter~s of ~er kg of fuel as belows ; 

I ! i 
Desc~iot:..an In:iu: i Cu-!::out I 

- i I 

lkcal/k~.fuel: I . - ;1 - J I 
% 

..... I i :<cal. K.:r:ue· i"' I - I 

' ! r 

In::ut I I 
I I 

:?uel 9,62&..01 100. 01 
I I 

Cu-r;out I 

I ?lue ga.3 hea~ loss 81'1.. 0 3.5 

Jisoersion heat loss 
I 

lr~2 • •J 1.1 

32...Jw-domi heat loss I 16.0 .l 

Gene:::-ar;ed. steam I ( f::."JCI1 be.lane e) I 3,692.C 90.3 
I 

Total I 
I 

9,62!.ol ioo. ol 9,62!!.J) l 100. o I 
Table !.5.2 Hea~ 3al~nce of ~o. 2 3oil~r 
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5.2 Bleachin~ Range in Pinishing Line 

The straight and smooth steam piping lines are suit-

ably insulated except in areas which are located near to 

the boilers and the steam consuming facilities. 

the roughly estimated amount of dispersion heat from 

• 

indivisual steam consuming machines in the ~reaching range • 

is as follows ; 

Description 
x Units Nos. 

1. Dry 
Cylinder 

2. W~sher x 
1 

Temp.! 

oc 

100 

Bared 
Surf 
Area 

I Free 

I 
o. 34 

Case 
9.23 

Piping Dispers. 
Heat Pipe Pitt. 

"xm "xpcl: kcal/hr 

2x2 V 
2xl 

2xl 

840 

lo,8s6 I 

600 

3. Desize i Case 2x9 V 
Saturatorr 80 34.6 2xl 

17,300 

2,520 

4. Washer x 
3 

5. Cau:Jtic 
Saturator 
x 1 

6. Vanorloc 
x i 

1. Washer x 
3 

100 Same 
as 2 

2xl v 
2xl 

32,658: 

100 

130 

100 

Same 
as 2 

lxl v I 
1x1 I 

1,800 

10,886 

350 
I 

31.6 2x2 V ... 31,620 
2x4 

p 
2x2 1,920 

Same 2x3 V 34,458 
as 2 2x6 

lx3 Flx.3 

2,880 

8 840 

Disuers. Recov. 
after In- Heat 
sulation 

kcal/hr kcal/hr 

707* I 

I 3'110 . 7,776 

95 505* 

6,920 10,380 

3991 2,121* ! 

9,331 25,127 

285 

3,110 

50 

1,515* 

7,776 

300. 

6,324 25,296 

304 1,616• 

9,845 24,613 

456 

126 

2,424* 

714* 

-1 
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Description Temp. Bared Ptoing Dispers. Dispers. I Recov. 
x Unit Nos Surf. pi-pe Pitt Heat after In- Heat 

Area sulation 

8. Peroxide Room 
Saturat. Temp. 

• 
9. Vaporloc 115 31.6 2x2 

x 1 
v 37,944 

2x4 
8,928 29,016 

F 
2x2 2,160 342 I 1,818* 

lO. Washer 
x 3 100 same 2xl. Sp 44,458 9,845 2.!.,613 

as 2 2x2 
1,800 285 1,515*1 

Ill. Drying 2xl2 v 4,720 734 3,982* 
Rolls x lx8 2x2 
16 

Summar;y: on Recc·1ery of Heat 

Intensive Insulation on Cace 
154,597 kcal/hr 

Intensive Insulation on Pipin~ 

17,217 kcal/hr 

Total 171,814 kcal/hr 

as steam 312 kgLhr 

Notes 1) Line of * mark is the value on pipin~. 
2) Heat loss after insulation on next column of last 

is calculated as follows ; 
a) 

b) 

Due to intensive insulation on cases, 
Assuming 
50 °c, 
Initial 

that the surface temp. decrease to 

heat loss x 

where T1 , and T
8 

are 
and after insulation 
temp. of ambient. 

(Ti - To)/(Ta - ~o) 
tem~. of surface before 
respectively and T

0
is 

Table I.5.3 Dispersion Heat Loss in Bleaching Ran~e 

I 
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6 Problems in T~er~al Enerzy Utilizatior- and t3eir Potential 

Solutions 

T~o boilers in this factory ha7e been performed rela-

ti vely well, espetially No. 2 boiler, al though some de~ee .. 

of excessive che~ical dosing might have occured. 

Actually according to the observing the blow-dovm. water • 
the boiler water in vessel are preswned. to be brownish in 

colour. 

Comparing to t~e boiler performance, the manage~e~t on 

steam consumption is not enough. 

6.1 3oiler Cueration 

6.1.1 Q2 Content in Flue Gas 

No.2 boiler, whic~ had just been over~auled, t~e flue 

gas condition of 5.1 ~ o2 content and tem~erature below 

200 °c. This flue gas condition wtic~ is very close 

to recommended v·alues in Japan, could be achie·1ed p:-i::na:-ily 

due to the descaling of the heat tra-~s:er bcile·r tubes 

d~i!'lg t!!e pe~i:Jdi.cal ove~?laul. If No. l bci!.e r 

1...mderwent similar overhaul, t~e fuel consumntion would be 

imor~ved ~J 6 ~ comparing to before ove~haul. 

This improvement is equivalent to a~out Sd,000/~onth 

o~ ~33,600/year of fuel savings. therefore it is 

re~ ommenC.aole that Uo .1 boiler should undergo the o•..rer:i.aul 

as soon as possible. 

6.2 Steam Consumnticn ?aci1ities 

6.2.l 3xtens.!.ve Insulation of Steam Pioing Lines 
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If extensive i~sulations were car~ied out on steam ni~~ 

ing lines close to the facili~ies, ~it~ re:erence to the 

table of the dispersion hea~ loss in the b~eac~ing r2....~ge 

• shown in Table I.5.3, the estima~ed amount cf f~el savi~~ 

wculd come to about 17,000 kcal/hr ~hie~ ccrres~onds to 

10 kl/year or $5,~00/year. 

6.2.2 ~xtensive Insulat:on or.. Su:=."face o-:-~ Zcui:::r:!ent i::'!. 3leac~-

ing Ran,g-e 

T~e eristing surface temperature of the st2ara cs~su.:n-

ing equipments in the bleacning ra.~ge is aoou~ lQC 0 c 

r: proper insulation is aDnlied on t~e e~uipmen~ sur:ace, 

and the te~perature would be able to be lowered ~o 50 °:, 

T!:lis measures would gi7e 150,0CO kcc.:/~r as s!:own 

i!l ~able I. 5. 3. T'!lis •ralue is ecuiYa:ent 

92 k~/year or about S50,000/year. 

6.2.3 Similar MeasU!"e on Ot~er Ranze in ?i~is~ir.~ Line 

These equi?ment suet as mercering r~~e stou~i oe 
similarly insulated to 2chieve !u~t~e~ savings t~ fue: 

consuraption . 

.. 
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7. Zlectricity 

7.1 Electrical consumption characteristics 

- supplier 

contractual maximum demand 

average monthly consumption 

average factory lo~ci factor 

contractual power factor 

rated supply voltage 

transformer capacity 

National Electricity Board 

of the States of Malaya 

950 kW 

302.5 x 10 kWh 

0.36 

0.91 

11000 Volts 

2 x 1500 kVA 

2 x 800 kVA 

2 x 750 kVA 

7.2 ~che~atic diagram and outline of factory 

Electrical schematic diagram is as shown in Figure 

7.1. This factory is widely spread and has a lot of 

equipments installed utilizing both electricity and steam. 

The factory recieved 11kV supply and has six step down 

transformers installed with total capacity of 6100 kVA. 

The major electrical loads are air conditioners and large 

number of small motors with total installed capacity of 

2000 kW. This transformers are very lightly loaded and 

25 { of the load is utilized by air conditioning equipments. 

• 

• 
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11 I .433 kV .... ,---- ~re-spinning 
~-----Spinning & Rewinding 

1----- Alr conditioning 

Lighting & others 

Pre-spinning 

11/.433 kV----- Spinning 

~--+---~ Refrigeration 

1500 kVA 1----- Air conditioning 

.__---Lighting & others 

i-----Preper9.tion 

11/.433 k'J1-----Weaving (1) & Checking 

1---+-----H1.imidi ty C)ntrol 

750 kif A 
1----- Main office 

......_ ___ Lighting ,~ F3.ns 

.-----Preperation 
11I.43 3 k~J 

L__~1----- Weaving ( 2) 

~;A------Humidity co~trol 

Lighting .~ Fa!'.ls 

----- Bleaching Range 

Mercerising ~ange 

Other Finishing 
11/.433 kV 

750 kVA 
1----- '.~ater Treatment 

1----- Fire Hydrant pump 

Bailor & Oil ~eater 

11 I .433 kV..__ __ _ Lighting & Others 
800 kVA 

.__ __ {{<;\~:,•later pump 

~Chillers 

& Lighting 

302 k'.~ 

702 

155 

84 

88 

212 

161 

71 

61 

76 

2"/ LO 

99 

<:; 1 
/ ' 

/ I 

04 

120 

1 I 'J 

"""' 
53 

'<" ,, ~ 

167 

1 I C. '+,I 

295 

67 
!' ,.., 
o~ 

101 

79 

1 34 

54 

370 

Figure 7.1 Electrical schematic diaaram of KIMA SDN. BHJ. 
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3. ?r8blems in electric power utilization and their 

ootential solutions 

8.1 Sour~e 

8.1.1 iransformers 

As mentioned earlier the factory has total installed 

transformer capacity of 6100 kVA against total load of 

1934 kW ( 2125 kVA assuming 0.9 p.f ) and the load is 

distributed every through out the six transformers. 

The load conditions for the various transforme~s are 

indicated below in table 8.1. 

Trans- Rating Actual Measured data Load 
f or:ner load 

~oltage Power Power factor 
conne-
cted con sum- factor 

ed No (kVA) (kW) ( V) (kW) 
f. 
~ 

1500 417 607 
I 

0.89 0.45 i 1 1243 
I 
I 

2 1500 
I 

593 431 315 0.86 ! 0.24 

I I· I 

0.94 
I 

0.57 3 750 515 410 405 I 
i 

4 800 347 424 209 0.96 I 0.27 I 
t 

i 

5 750 1050 423 185 0.90 0.27 

6 800 424 430 213 0.93 0.29 

Total 6100 4172 - 1934 0.91 0.35 

Table 8.1 Load conditions of transformers 

The outline of the factory against the location 

of the transformers is as shown in the Figure below 

-1 
i 

• 

• 
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~ -(D-No2 

Outline of factory against transfor~er locations 

Since the transformers are lightly loaded it is 

recommended that only three transformers (i.e Nos. 1, J 

and 5 ) to be used for all the loads with total installed 

transformer capacity of 3050 kVA and the remainder 

to be placed on stand by but not switched on. It is 

also recommended that the low voltage switch board 

connected to each transformer be interlinked to provide 

flexibility of supply. If such measure is implemented 

the saving in energy is as follows; 

saving/year= [ 1500 ( 1-0.988) + (750 + 8C'J)x(1-0.986)j 

x0.2 x 24 x 365 x 0.17 

where 0.983 

0.986 

= $11,324 /year 

efficiency of 1500 kVA transformer 

efficiency of 800 kVA or 750 kVA trans-

f or:ner 

0.2 ir0n loss factor 

24 working hours /day 

365 working days /year 

I, 



- 202 -

3.1.2 1foltao::ce 

From the name plates of the motors, they are rated 

from 400 volts to 415 volts but the actual supply voltage 

measured varies from 410 volts to 430 volts. It is 

recommended that voltage to the factory be standardized 

at 415 volts for all equipments. This exercise will 

improve power factor and expected to save energy cost 

as follows; 

saving /year= 1934 ( 0 ~ 81 - 0 ~ 812 ) x 16 x 298 x 0.17 

= $4782 /year 

where 1934 actual power in kW cosumed by all the 

motors. 

0.81 efficiency of typical 1.5 kW motor 

at voltage of 430 volts. 

0.812 

16 

298 

0. 17 

efficiency of typical 1.5 kW motor 

at 415 volts. 

working hours /day 

working days /year 

cost of electricity /kWh 

8.1.J Power factor 

The factory has automatic power factor correcting 

equipments installed for each transformer such that power 

factor of input supply is good 0. 91 ) • However some . 
of the capacitors are operating at temprature above 70 C. 

Power input into these capacitors are also considered high, 

about 420 watts each see report or FUSAN FISHING NET 

BHD ). Therefore it is recommended to replace the capaci-

~ors ~i~h ~h1se that consume less power ( l~ss than 175 

-~l 
I 

c 

• 
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watts for a typical 50 kVAr capacitor ) and suitably 

ventilated. 

8.2 Electric oower consumin~ management 

These factory has contractual maximum demand of 

950 kW. During our visit the factory was not in full 

production. Therefore it is not possible for us to 

recommend the new contractual maximum demand value. 

It is recommended that the factory make a study on the 

maximum demand required during full proJuction operation 

and re-evaluate the value of contractual maximum demand. 

If the factory maximum demand is lower than the cont-

ractual demand, a renegotiation with the supplier on 

a new contractual roaximum demand value should be carried 

out. 

It is also suggested that the factory install 

a total consumed power indicator and alarm to prevent the 

factory operating beyond the·contractual maximum demand. 

S.3 Electrical loads 

8.3.1 Air conditioning 

This factory has two central air conditioning 

system installed to control air humidity and temperature 

in factory spaces of approximately 25000 square meters. 

Unfortunately many section of the factory are not utili­

zed but are still air conditioned. ( e.g. one third of 

spinning area are not utilized). It is suggested that 

for those a~ea which are not utilized be sectionalized 

from the operating area with suitable temporary curtains or 

sheetings ( vinyl ) to prevent unnecessary wastage in 

-1 
I 

I 
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the air conditioning system. Further saving in air condi-

tioning system can also be realized by re~ocating the air 

compressors, sizing machines outside the air conditioned 
• 

room and introduce special curtain to reduce free mixing of 

air at the many doors. Assuming that one third of the 

spinning room is comp~rtmentalized a saving of $22696 • 

/ year can be realized as shown by the culculation 

below; 

Calculation 

(1) Total power taken ·by refrigeration plant 

= 213 kW 

(2) Total cap&city of blower for air conditioning 

plant = 503 kW 

(3) Total capacity of blower f0r the spinning room 

only = 59 kW 

Therefore proportional power required to air 

condition the spinning room 

( 59 ) = 213 x 503 + 59 kW = 84 kW 

If one third of the room is empartmentalized the energy 

• 
save 

1 = 84 x } = 28 kW 

Therefore saving/year = 28 x 16 x 298 x 0.17 

= $22,696/year 

where 16 working hours/day 

296 working days/year 

C.17 cost of electricity/kWh 



• 
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8.3.2 Meters 

Our measurements indicate that the motors in the 

spinning section have very low load factor (only 0.25 ). 

Therefore it is recommended that the factory carry out 

a through study on the load requirements of these motors 

and steps should be taken to replace those motors h~ving 

load fac~or less than 0.6 with those commensurate with 

the load requirements. This measure will certainly improve 

the power factor and thus increase the motor efficiency 

In the weaving section however most of the motors 

are fully loaded and some condition of over load were 

registered. It is generally accepted that this condition 

is safe and good provide the maximum moto~ temperature 

rise is net exceeded. 

8.3.3 Lightings 

Overall factory lighting is reasonably good as 

shown in table 8.2 be1ow. 

-

Section of the lighting intensity 
factory ( lux ) 

Spinning 105 - 256 

Rewinding I 140 
' 
I 

164 Weaving 35 -
I 

Finishing 360 - 650 

Tabl~ 8.2 Factorv lighting intensi!:.Y 

From the table the lightings in the three sections of 

the factory , i. e spinning, rewinding and weaving sections 

-- ~j 

I 
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are below the comfortable level. According to JIS 

starrdar1 a fa~tory of this nature requires li~hting inten-

si~y of 250 lux to JOO lux. Therefore it is recommended 
• 

that lighting fittings of these sections to be lowered 

by one meter to achieve the required intensity. The 

• exa:nple below shows that by lowering the lighting 

fittings from : weters to 4 meters an improvement of 

lighting intensity from 150 lux ~o 234 lux can be achieved. 

For areas with luminousity below 100 lux extra lighting 

fitting are necessary. 

exa:nole 
l. 

new intensity = 150 x ( i = 234 lux. 



• 

• 
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The ooil~rs have been pe~:orned canside=ablly ~ell. 

On ot~er side, the manage~ent on stea~ ccrrsu:npt:on i~ 

tn.e finishing lines ~ve not bee!l e!"'..cug!: • 

(1) lst. ?~ase ~easu=es c~o or a lit~le in7esti~ent} 

A!:!....~ually fuel savi~g 

(a) T~ over~aul No. l boiler 

( 2) 

(a) 

as a pe=icdical ~a~nt'ce 

2nd. ?hase Meas::!!"es (some 

!o insulate the stea~ 

piping systems 

6 

invest:nent) 

(b) To insulate the case of 

( ~' 
\ :.. / 

( 3) 

( L..) 

ecu:~men~s in bleac~ing 

range 

1: I '7::: ':: I.,,,,.,,,... 
,,,,., ("J-J. ---

1 , ..... ..;'°' ,,·~~".3- .;'"C.·.;,...,"'.]-"'\,..( _s.~:..:~r.. :na.<_nu:n , __ na .• c. ____ ::i -·· ---~'"'- 1 

8. 2 ) 

33,600 

a~out 5,iOO 

about 50,000 

sa·r~ s 
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Energy Conservation Survey 
~.I.* Jl-- ~·-~~~ 

Name of Factory 
I tl, ,t 

2 Location 
pjf :(£ !tf! 

3 Name of Company Officials 4 
~f±H:~-t 

President 
5 

t1: ~ 

Factory Manager 
I rl; tt 

Energy Manager 6 
L ;f. Ji,.. :!'f-ffi3:# 

7 Number of Employees 8 
{.tE1l; ~fl 

9 Major Products 
3::~.i.,m~ 

10 Production Capacity of Major Products 
::E. ~ .i.~ ~ V') ~ ,m ~~ 1J 

Nominal 
1: M 

Present Condition 
!ff. ~ 

Tel. 

Segment of Industry 
~ ff: 

Capital 

~*~ 

Annual Turnover 
~raiftJ:.~ 

Number of Engineers 
ttf!M~fi 

Electricity 
·.t ~ 

Heat 
~ 

• 

• 

M$ 

• 
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l I Fuel Consumption 
~f:vww-s-. l raJ 

D Fuel oil 
kl/y M$/Y .. idl 

D Diesel oil 
kl/y M$/y 

ff idl 

D Kerosene 
kl/y M$;y 

tr idl 

D Gasoline 
kl/y m;/Y If'/ 1);; 

D LPG 
t/y M$;y 

ill H~ -6 idl If A 

D Natural gas 
m'/Y r.f!/y 

T-..'!!!: If A. 

CJ Lignite or Brown Coal 
t/y M$1Y 

~~-:xJ:fl~ 

c Bagassc 
t(m')/y M$/y 

,..; If A. 

D Charcoal 
t/y M$/y 

* ~ 

D Firewood 
t(m•)/y M$/y 

~ 

D Others ( ) /Y M$/y 
.f :1) f& 

12 Electric Power, lf.11 

Electricity Consumption 
KWh/y M$/y 

~tJiWtUJi 

Contract Demand 
KW. 

~m~n Receiving Voltage 
v. 

Power Factor ~11~1± 
% 

tJ * 
Power Plant 

Have or Not 
Capacity 

KW or KVA. 
~~!111 t;g 1J 

13 Water Consumption, Jf<t~•-
Sea Water River Water 

In' or t/y m' or t/y 
/if * i. * 

Underground Water 
m' or t/y 

City Water 
m' or t/y 

~ 1" *' * ii * 
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14 Boiler, *' 1 7 

Nominal Capacity l Operating period 
Built(A.0.) Type ~~ fill ~ fJ Kind of Fuel kt: £ ~ ~., 

;;1 ~l( E9 llf ) '"' tt Steam Press. Evaporating 
~fl(/) tUrl · t·. 

Volume hrs/day days/y 
kg/Clll'G 

t/h • 

• 

15 Major Facilities Using Energy, ..I. ;f... Jv ~--ffffl 0) 3:.~~fiift 

Output Kind of Operating period 
Built( A.O.) Name of Facility Products '..t:. 11l~ .·r Energy used ~ ii:Z u~ r .. 'I f1tl 

.i1~ ( i!.§iff) •I\. f'li r. '.f_;>l(rtJ Nominal Present 
~IA.x.*1~~-,iA, 

Condition hrs/day 
'.L~ tilt 1lft• days/y 

tJI. .j,k 
. 

.. 
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16 Flow<hart of Producing Process of Major Products, i.~'.tri:fm<7)1:_JiI.f£~ 

Example I. Paper 

Cllop (1loMoall Pulper 

• 
Screen 

• i'..ct ool 

Kiln 

Package Cutter Reel Dryer Press Wire 

Example 2. Glass 
F- 1Toni ,,. Pao 

,--··----------------------------· 
I I 
1 Melting Relining Cooling ' 
I I 
I I 

Main 
RiAw Marn-r•I Mixing Forming 

ry--A-n-:~-li-:-:-~------C-u --u--i:-g----~------F--.-~--is-~-in-:-,----_-J ____ _J 
Sub 
Raw Ma1tt1al 

• 
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17 Energy Flow-chart, ..r.. ;f.- Jv ~ -it.Etl ~ 

EXample I. Paper Example 2. Glass 

60'• ·b 
Evaporator 

Borler 
85?~ • 

Fuel oil- Digester Tank or Pot Furnace 

Kiln Hot Water 
Fuel oil Annealing 40"~ 

Bleach • 
l"o 

Others 
Paper Machine 

Others 

• 



• 

• 
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18 Skeleton Diagram. !ji~*Sfl~ 

Ex.ample 

CB 

Kca:iving 
Vollagc __ KV 

Conlract 
Demand l1I 

Total Capaciry 
for faci lilies 

OS : Disconnecting Swirch 

CB : Circuil Breaker 

Lighting Facilities 

toral 
Lathe 

or e-.i.ch 

Grinder 
!Ola( 
or each 

Blower for Furnace 

Pump for Boiler 

Dryer for Wood 

!Ola I 
Others or each 

--~ 
I 

toral l(W 

or e-.u:h 

~-

~-

!Ota( KW 

or each 

total ~\\ 

or each 

total ~ .. 
or each 

11." 
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19 Plant Layout, I:tl;~cii~ 

• 

• 

- -- - - -~--------------'------------------......._ 



• 

• 

' 

- 215 -

20 In case you have any problem(s) m your course of promotion of 

energy conservation, please circle the no(s). of applicable item(s} 

among the following: (Maximum 5 items) 

( I ) Prospect of energy price is nol clear . 
.x. :t-1" ~ -fiifA<n JI.ii L IJ'1-llJI • 

· ( 2 ) The proponion of energy cost in the whole cost of enterprise is small. 
~•,.:J>tt .Q .X.;f./ .... ~-ft.Jll<1>ift~IJ'+~ P• 

( 3 ) Increase of energy cost can be covered by raising the prices of products. 
i. *'"~-ft .111<1> J:Jl.l;t Sl:':af«J:.t f "'(·,.,, ,_ -r· ~ ~. 

( 4) Instability of energy supply. (power stoppage. etc.) 
.x.;t.1.,~-0U81J'1--ii:~ (t:f~~c). 

( 5 ) Shortage of engineers. 
fUfiitlJ'1- Ji.. 

( 6 ) Difficulty in obtaining good energy conservation equipmcncs. 
~ ..x. .:f. '"~-llUitnJ: .,, L <1>1J'~I.: A. 11 fti. '• 

( 7) Information such as active cases is not easy lo obtain. 
~-1"<1>J: i ~tltllJ'J...') '.: < .... 

( 8) System of research and development is not sufficient. 

ifJtn;! Jli*-lllb'1'+"". 

( 9) Shortage of fund for facility improvement. 
ttWat:•Q>R:*IJ'1-.li.. 

(10) The facilities arc superannuated. 
S•b'~fJftL -ci.•o. 

(11) Employees' consciousness is low. 

fl••<ntAo'fi'-'• 

(12) No personnel is available who can educate lhc employees. 

tt•••ur t "?:"~ o An'"'~"·· 

(13) Shortage of measuring cquipmcncs. 
ltAtt•n'1-.i.L -Ci.•o. 

( 14) No time to analyze energy consumption rate. 
Jl¥iM:•fff:'ff 1 lltf'lllb'~P• 

(15) Shortage of information on government's measures. 

1t11J••"'tt•n'1-.i.. 

(16) Shortage of government's subsidiary measures. 

1t"'"' 111 mt• t>'1-a. 
(17) Others 

f Cf>fl. 



1 Energy Management c .:r. * '" +· - W lll!> 

1 I Company's Energy Conservation Policy I ~•11J1!i.:r.:f.,v+-1ii~ 

2 

Setting up Target 

Numerical Value of Target 

Completion Deadline 

Investment for Energy Conservation 

Investment Scale 

Judgement for Investment 

Check on Energy Consumption 

Measurement of Consumption 

Factory Total 

By Major Process 

By Major Facility 

Data Analysis 

Graap of Energy Consumpt's. rate 

Preparation of Control Chart 

Analysis of Variance 

Cost Control 

Energy Coat Accounting 

Energy Coat Distribution by Process 

Accounting of Heat Balance 

I Diagnoser I --) 

• 

IHI ti ,;E 

13 • fil 

it lil. M lllt 

1f i * '"+-N:W 
ft • fl 

Mt••• 
i;t.iv+-11'1•••• 

il'l••ttiM 

I .II It 

%.I,UtJ 

:%t!&llSIJ 

7'-:9Mffi 

lllUlltiLe• 

••111~n 

illbl! l!l~ffi ,. ... 
.%. * JV.- - II iilt• 
I4UtJE~ 

MWJJ! 

Set up not set up 

X improve to base 

by 

1981 Bts 

1982 Bts 

1983 Plan Bts 

Pay Back Time, within Yrs 

Electric Power Fuel r.,; 
...... 

Times/ Times/ " 
done not done done not done 

done not done done not done 

done not done done not done 

done not done 

done not done 

done not done 
I 

~ 
Monthly, Times/y, not done = n> 

>C 

done not done ...... 
...... 

done not done 

I Date I I Factory I 

• • 
' i 
I 

___ ! 



) Organization tit • 
Planning and Promotion 1Eii • fflil 

Committee • • ~ 
Frequency of Holding INH• d II 
Committee Chairman ~ • A 

Project Team 7•0,,;~.., 1--f"-.t. 

Consultant Contract ::1;.,<-t}'111~Yl-~f.J 

4 System '1J II: 
Improvement Proposition System &•t1••u1 
Achievement Conunendation System 

~--~•lit'. 
Inspection. Audit VUit ltJJi 

5 Education of Employees fitMtOUt 

Seminar llf • ~ 
Observation Meeting H. ~ ~ 

6 Campaign to Employees llMil"-©lfU.O•tt 

Appeal from.Factory Manager .Itl!\©if U b•tt 

Poster. etc. ljt~~- lot 

7 Activities in the Business Circles MW©i'UIJ 

• 

Section 

held 

Times/y 

made 

made 

is 

is 

done 

held Times/y 

held Times/y 

done 

done 

Practised 

• 

Person in Charge 

not held 

not made 

not made 

isn't 

isn't 

not done 

not held 

not held 

not done 

not done 

not practised 

t.,,; 
....... 
'--1 



') Heat 

2-1 F~rnace, Kiln, Dryer 

l Part I Ji 

2 Name of Equipment ti • .g 

3 Use m ia! 

4 Charge •1llMlt'J 

5 No. of Furnace • tt 
6 Type lb ~ 

7 Maker ~ - h -

8 Time built &ll~M 

9 Outer 11 it. -.r ~ 
Dimension 

Length or Dia. 1\ ~ • ti 
Width rJJ 
Height iii 

10 Design 
Capacity &•nn 

11 Usage i!l!lll~ifl 

Continuous ii a 
Batch . 

'~ii a 
h/Day 
h/month 

12 Induced Draft fb..-VJ.i!JiUI 
Fan 
Forced Draft f'l'.iMil-9 
Fan 

13 Improvement a<••• done 

[~iagnoser I =1 
' 

ml/h mmAq kW -- - -

-- - -

• 

·-

. 

I nace I ! F~~~;r- · __J 

• • 

,.,, 
..... 
co 

--·-



14 Fuel 

Name 

Lower Heating Value 

Specific Gravity 

Moisture 

15 Average Consumption 

16 011 Storage 

Tank Contents 

Volume 

Temp. 

Insulation 

17 Fuel Receiving 

Measuring Volume 

Temp. 

Sp.grav. 

Analysis 

18 Oil Leak 

19 Steam ' 

Pressure 

Temp. 

20 Electricity 

Elect. Heater 

Infra Red Lamp 

.. 

• " g rii 

ltMa C«t~> 

It. e: 

* ~ 
l!*lf!JHa <iJZ~n 

1111 f? • 
., :-- ., 1111 " ~ • 

iM II'. 

~ iM 

~ A. n 
It • 
Uilll! 

tt11t N 

~ Vi 

1111 ~ n 
~'1'-J.. 

EE 1J 

iM ll 

11 -n 

• M 

Df.~7::..-7' 

Kcal/kg. t. m3N 

-·-· /h 

m3 

•c 

mm 

done not done 

done not done 

done not done 

done not done 

good not good 

kg/cm2G 

•c 

kW v 
kW v 

• • 

·- -

·-

·-

r-..i ,_. 
"' 

I ' 
t I 



No. of Equipment tit .. g 

21 Combustion 

Burner .--<--r-

Burner Tile ,-<-7-~ '1 JI; 

Cleaning of ,-<-7-f-l, 
Burner tip 

Flame Color * ~ @!. 

Length A ~ 

Sparks ?E * Blow ~~cei 
off 

Color of Smoke At OJ @!. 

Air/fuel ratio ~ I\ !t 

Automatic ...... 
Controller 

' 
Fuel • '4 • Consumption 

Fuel Temp. id! iM 

Air Temp. N!!t\U 

Primary Air -~!!ti.a 
flow 

Secondary Air .=I':)::!!~· 
flow 

Atomizing ... ff 
press. 

• 

Pressure jet, Low pr.air Steam or air 
atomizing, atomizing, 

Good not good 

times/y 

Zone 

good not good Burner Type 

good not good Upper Zone 

good not good Lower Zone 

good not good 

good not good 

Factory Data Measured 

exist not exist 

kg. t.m3/h 

°C (at Burner, after Heater) 

Rotary, Intermixing, Interior Semi 
atomizing, mixing 

Quantity of Burners 

Preheating H~ating Soaking 

axial Side axial Side axial Side 

0.21 
m • 0.21 - (02) 

• • 

Iv 
Iv 
0 

~ 



• 

No. of Equipment ~ • • ~ 
22 Furnace Pressure tP ££ 

Pressure Control tP ££ ., Ill 

Movement of Damper '9 =--·"-fillJ 

Air Sucking ~II.St~ 

from Wall tP It 

Burner Side -~-'fbt'J 

Door tU A a 
Truck siJ ::.- -ii-

State of Stack. ti~. dilo.>t1\D 
Gas duct 

Cooling Air lt111~~ 

23 Heating 1JI ~ 

Furnace Temp. tii i& 

Charging Tem~. 1i A l.li&ll'. 

Extracting Temp. fill tU lM ti: 

Temp. measure- lM II'. dl•lli:'. 
ment ' 

Temp. Controller i&l.l'.M•atm 

Burner Setting -.:- :r-llllH 

Arrangement of 
Charge 

~Ant! 
(Furnace Load 
Factor) 

Seal 

24 Size of Charge H '4 '1 it: 
Heat Utilization 
of previous pro- ;t-.,,, i-+.-r 
cess, Hot Charge 

• • 

mmAq (Measuring Point mmH) 

done not done 

good not good 

good not good 

good not good 

good not good 

good not good 

good not good 

m3/min. 

oc 
---------

Preheating Zone Heating Zone Soaking Zone 

oc Set oc oc oc 
oc Actual oc oc oc 

Thermocouple( ). Resistance Thermometer. Optical Pyrometer. 
Radiation thermometer. Seger cone 

exist not exist 

good not good 

good not good. Truck Speed 

done not done 

tv 
r-.J 
...... 



No. of Equipment 

25 Drying 

Air Temp. 

Air Flow 

Moisture of 
Charge 

Inlet 

Outlet 

26 Insulation 

Structure of Wall 

Refractory Brick 

Insulating Zone 

Outer Wall 

Color of Wall 
Surf ace 

Temp. of Wall ' 
Surface 

Side Wall 

Roof. Crown 

Heat Flux 

Insulation of 
Skid 

Weight Reduction 
of truck. 
conveyor. etc. 

lit fl • it 

tl. • 
.Ill iM 

JI. • 
liAtM<.~ 

A. D 

tfj D 

Ii M 

•iiiM n 
ii * « 
Ii M « 

n • 
lit <D f!. 

It iii iM II 

.. iii 

J:. ifii 

~ + ·~ t:lfiM 

a•. :i :,1...;7W<D 

ua1t 

' • 

oc 
m3/h 

~ 

t 

Preheating Zone 

oc 
oc 

kcal/m2h 

good 

done 

Heating Zone Soaking Zone 

oc 
"C 

not•good 

not done 

, 

oc 
"C 

• 

l;,,l 
N 
N 



No. of Equipment 

27 Weste Heat Recovery 

Nam~ of Recovery 
Equipment 

Type 

High Temp. Fluid 

Low Temp. Fluid 

Heat Recovered 

Flow 

Temp. Rising 
(Falling) 

Specific Heat 

Temp. of Waste gas 

Furnace Outlet 

After Heat 
Recovery 

Clearing of 
Heating Surf ace 

Preheating Zone 
in Furnace 

Air Leak in Heat 
Recovery Equip. 

Cooling Water flow 

I Water Inlet temp. 

I Water Outlet temp. 

• 

Ii • • ft 

• • LID ~ 

LID t:: l!l: • -8 

~ A 

iii • zl1i '* 
iii • • '* 

@) i& M • • • 
U..t.Jl fir) 

It. • 
• ti ~ . ,. 

tji lb CJ 

• •@ !& • 

~ M iii fl~ 

Iii 0) =t ~ '1lf 

ltH~ffil i&ISl: ~ 0) 

~~~ti. 

~!ll*• 
,, ADU 
N UlDiWt 

• 

oc 
oc 

Times/y 

exist not exist 

found not found 

• 

_J 

t.:i 
N 
w 

• 

I 
I 



No. of Equipment lit " 
28 Operational .. • 'ii 

Management 

Operation fl: • • Standard 

Heating Curve 

Recording 
·~ Maintenance ~ j: • 

Period 

Record 

29 Current JI( 

Performance 

Output 
(or Input) 

Fuel 
Conswnption 

Heat Efficiency • llJ 

Loss with 
Waste Gas 

Loss with 
Coolant 

Loss through 
Wall 

• ft 

l!I! 

• made 

JJ ill db .. exist 

s good 

• good 

Ill »I 

Ii! .. good 

.. 
~ ft! • . .,.. • 
• 
•11~1n~ 

lt1P*tft~ 

tt. fl~ 

• 

not made 

not exist 

not good 

not good 

ly 

not good 

t/h 

.t.kg. m3/h 

% 

Y..cal/h 

Kcal/h 

Kcal/h 

% 

% 

% 

• • 

I 

N 
N 
~ 

I • 

I 



• 

2-2 Steam Consuming Equipment Cat\Cf ltllitl) 

l Part I •1 
2 Use m it 

3 Name of Equipment ill: • g 

4 No. of Equip. a I} 

5 Type ~ A 

6 Maker ~ - fJ -
7 Time built ts): • q Q 

8 Dimension .,. 11 

9 Heating surface 
area fi M iii It 

10 Volume g • 
11 Capacity lit TJ 

12 Subject of 
heating l*1JlMU; 

13 Heat source M • 
14 Quantity of 

~ • Treatment II 

15 Operating • tM • ~ i4 
condition 

Temp. ii& ll 
Press. EE TJ 

16 Insulation Ii M 
Surface • iii ii& II 
Temp. 

[o~~noser I ] 

I. "' h 
nun x nun x mm 1 

m2 

Steam: kg/cm2G. 

oc 
kg/cm2G 

mm 

oc 

• • 

d h 
nun x mm 

oc t/h. Hot water oc. 

good, not good 

heat .:1ux Kcal/m2h 

I 0~~~1 I Fa~~~~yr 

-

t/h 

_J 

N 
N 
V1 

: I 

I 
I 

__ t 



17 Cleaning for 
heating ii; M iii OJ fl • 
surface 

18 Instruments It a 
19 Auxiliary Equip. Jlf • tit fl 

Heat Recovery M 191 l(Jl 

High Temp. iii illill u; 
Fluid 

Low Temp. (11 illillf u; 
Fluid 

Temp. rising ill II _t ,,. 

(falling) <Mr> 
Flow ill • 
Condensate 1-· v~@ll(Jl 

recovery 

Rate of 191 l(Jl 1tl 
Recovery 

I 
I 

! 
! i 

• 

done not done 

Temp. Press. Flow, Other: 

exist not exist type 

specific heat 

specific heat 

ml/h 

done not done. open system. 

% 

closed system 

• • 

N 
N 

°' 

I 

--- I 



• 

2-3 Boiler (or. -1 7) 

r--
Part I l _[ 

·~ I r--
2 Use m .l! 

) No. of Boiler • ~ 

4 Type ~ ~ 

5 Rated evaporation lE~at\a 

6 Manufacture date ~ii~>'JB 

' 7 Steam pressure ff 1J 

8 Heating surface ii Ai!\ ifii tJ 
area 

9 Auxiliary Equip. Ht • N: II 

10 Fuel Lt\ .f4 

Name ~ lFi 
' Lower Calorific ~ Ml • Value ( fil:.UL) 

~1 
Specific gravity lt 1fi 

Usage f~ ijj t': iR. 

I Continuous .id! fl 

L1 Batch J~ .iM! a 

l-~iagnose-r ! I 

• • 

Water tube boiler ( l)(.'i) Flue tube boiler ( ;t,PrlJ) Once-through boiler ( aMt) 
Hot-water boiler ( iM1~ ) Other ( t-CDl!ll) 

t/h 

Rated < li!m) kg/cm2G, Normal ( ~·m ) kg/cm2G 

m2 

Superheater ( i1H~ft) m2, Reheater < M~il'i > m2 

Economizer ( 11i~ili ) m2, Air heater ( ~~i-~ili) m2 
--

Kcal/kg,.t,m3N 

h/d, d/m, h/y, 
-------------

r~mr 1F~~y1 1 

tv 
r...:> 
-...J 

I 
_j 



Item rj l'l 

12 Oil Tank ldl ~ :,I 7 

Volume g • 
Temp. il1l ii& 
Insulation ~ iJil 

Leak i!tt n 
13 Boiler * -1 7 

Steam Pressure • ~ff 11 

Steam Temp. • ti. dill'. 

Feed water i{t * flow rate itt*• 
" Temp. iM II'. 

" Meter MUilt 

Blow off flow rate :1 0 - • 

Boiler water ifi * pH ' t:' " .x. ·;. "f 

Conductivity 11Ul\5'iJJ~ 

14 Feed Water tft * pH 
t:' " .x. '"J "f 

Cond .... .;tivity 
-~fi.;itifl 

Preparation ~ Ill! fl; 
method 

Testing ft ft fA,. 
time 

Cl' content 7 o -1vil(/I 

• 

Unit 

ft1 tiL 

--
m3 

oc 
mm 

--
--

kg/cm2G 

oc 

m3/h 
oc 

m3/d 

--

µS/cm 

--

µS/cm 

--

--
ppm 

Nominal Actual 

lE ~ jl ... 
Remarks 

• iJ" 

good, not good 

Type 

Continuous, Intermittance, Heat recovery 

• • 

. 

t-.:i 
N 
(X) 

• 

I 

\ 



• 

Item Jj ~ 

15 Combustion • • 
Fuel • f4 

Consumption fl! m • 
Temp. i&& .IJI: 

Meter It II 
Burner ;"(--f" -

Type ~ i\: 

Capacity s • 
Burner tile i~- -r - 9 -i "' 

Clinker -') IJ "./ 1J-

Air ratio ~ ~ tt 
Insulation Ii ~ 

Sucking air flA~~ 

16 Color of smoke ~ (]) ~ 

17 Air heater ~~i"~iif 

Air temp. ~~i&&ll 

Inlet A D 

Outlet tl1 D 
- -

Unit Nominal Actual 

• m. iE M w d 

.t.kg.ml/h 
oc 

.t.kg.m3/h 

nun 

oc 
oc 

• • 

Remarks 
{I ~ 

exist, not exist 

Oil burner 

Low press, air atomizing < w:E•lll~ > 
Steam or air atomizing ( jljlfDJlfi() 
Press. jet type (iltd£~) 

Rotary (@•ii~) 

Gas burner 

Intermixing type ( ~81\il&~) 
Injector atomizer (~S«itt&~> 
Semi-mixing (.!j!il&i\:) 

good, not good 

found, not found 

Measuring point ( 1'l·lll!.) 

good, not good surf ace temp. 

good, not good heat flux. 

good, not good 

exist, not exist 

t..i 
t..i 
ID 

' 



--

Item Jj l=j 

02 % Inlet AD 
Outlet um 

Waste gas temp. YJtiA iWff 

Inlet AD 
Outlet WO 

18 Economizer .X:J/?1~f-

Waste gas temp. il~tiA/Mlt 

Inlet AD 
Outlet WD 

Feed water temp. tQJtc.ia,. 
I 

Inlet I AD 
Outlet um 

19 Automatic Controller €1 llJ ltl 111 
Subject j;J8( 

System Ji~ 

Operation fl:llJ 

20 Steam accumulator A"1--J,.""#~ -

Capacity wa 
Pressure ff.1.J 

22 Evaporation ratio • ft ftl lt 
Boiler efficiency :t< '1 ; tlJ • 

Loss with waste 
gas •t1Afll~ 

' • 

Unit Nominal 
ijl (il. li: m 

% 

% 

oc 
oc 

oc 
oc 

oc 
oc 

m3 

kg/cm2G 

Kg/kg,1 

% 

Kcal/h 

Actual Remarks 
~ •• {Ml ~ 

exist, not exist 

exist, not exist 

Steam press. air ratio 

good, not good 

exist, not exist 

Hh base, Hl base 

• • 

N 
~ 
0 

i ' 

I 
: 
i 
I 
I 

___ I 



• • 

Item Jj 13 

123 Soot blow A-t-:J'o-

Service a burner ,-:--r-EJ'.A. 

Removal of scale A T - Jv Mi$; 

Air heater ~"'d'·~ilil 

Economizer :I.:lJ7-{-tf-

Gas duct lt ii 

Stack lt ~ 

Cleaning burner 
,~H·~7· f.A. 

tip 

L__ __ 

Unit Nominal 
lj El ~ ~ 

/d 

/m 

/y 
II 

II 

" 

/m 

-- -- -------

• 

Actual Remarks 
~ •.a • 

• 

·-

IJ 
w 
~ 

' 



2-4 Steam Piping, Condensate Recovery ( t.lt\W. t' v :.-t~l!O() 

,- - Steam Piping 
·~~. 

Insulation l¥ " Leakage .. & 
--

Recovery of 77·:1::.-'.,.ll 
Flashed Steam t\©lllffl 

Cy 11 nde r Hood yl) :.-~t-J: exist, not exist 
0)7-1-' 

fi • Condensate ... v :.-lfili& 
Recovery 

Flow 1e $.a ml/h 

Rate @) ~ 141 % 

System @~Jj~ open, closed 

Steam Trap ~"f--.l.1'-?·;,7· 

Type ~ ~ 

No. of Unit It • 
Present ' 

fflb~ii. good, not good 
Condition 

Flow Sheet 7D-~-I-

Steam • tl 
Condensate I-' v ;I 

[niagnoser I I 
~ • 

I Date I I Factory [H I 
I • 

h) 

""" t~ 

i I 

I 
I 

f 



3. Electric Power Management 

3-1 Electric Power Management <•1JW!ll!) 

l General -- tit 
(1) Record of used power for every fij IJ C1.l Ii! lfl 111J Ill I KW){) C1.l IC!U 

month 

(2) Examination the cause for f!l!m-.anatif!l:ft. L t.:v.:111ti©tnt 
variance for used power 

(3) Stability of voltage and 'Jt•111 f I Ml dUtO")ie:Q:WR. 
frequency of source 

' 
2 Electric power specific unit (EPSU) •1.JMUPUL 

(1) Calculation for major fiiijO")~·~~C1.l·1.J~$fi'.LO")•ili 
product's EPSU monthly 

(2) Preparation table on the right IJJit81J • IfU111c:tiittl'.fH1tl• 
for every process and use 

(3) Numerical EPSU target 111Jnit $U! '° EJ difi 

) Load Factor A r.i qi 

(1) Record of hburly consumption fiiqMC1.l i~HUl 1JC1.l lcO 
of power 

(2) Daily load curve graph BftfilidB'* 
(3) Improvement of load curve BftfiljO").j;.;§1-£-fflJ;l~j";fift 

4 Value of power factor contracted 11:11"1 aJJli:'.1:©111*! 
( 1) Supplier 11l1J42U 

(2) Penalty fee ~-/"Jv7 -1 

[Uta~n~serl -- J 

• 

.-------- ·----- - ----·--------- ·-

done not done ( FJ!tll ) 

done not done 

stable not stable 

Yes No 

Output Used power EPSU ratio of electric power 
(A) (B) (B/A) fee per total cost 

~iUllAl 11l 1Jfil! JJI JI (Bl IMlt\'l(~ 'EIUI IC 6 ~?I •n11J~· 

~~-CP¢ determined ~~-CPfJ~' not determined 
(value ) 

lcliL T~ 'li 
d (max. 

one (min. kWh~ tcAIL-C~'fJP not done 

?.7 7ftLTP-6 done LT~ •f,H' not done 

fjfJ --.1:'~''-i done fjf.i .-,""('f.iP not done 

(;eel I Factory,. - --- ~ 

t.i 
IN 
w 



5 Substation ~~11N:fl 

(1) Meters at receiving panel and ~Jltll CTJ U l.S O)t01l ~ t' 0) 
ad~quancy of indication 

tit~®!if6 

(2) Measurement of transformer load ~££aiDft. fuidl•Jli: 

(3) Transforwer exclusively for 
11:rrmwm~££a lighting 

(4) Turning off transformer when 
't'~~iD !1:££ ili.ilUli 

off load 

(5) Improvement of power factor by 
:J ;.tj';.t~-ICJ; o1Jifti!lcl!t 

static condenser 

(6) One-line diagram PC'*~~~®fUll 

b Distribution system PC~N:fi 

(1) Measurement of main circuit £@~~1)0) ft (iljzll1J)i: 
load ' 

(2) Rate of voltage drop of main 
circuit 

£@ilOJIJO)lltlf!llJ l-~ 

(3) Balance in three phases f~flljC}), -( 7 /' ~ ·. 
7 Motor 111 lb • 

(1) Measurement of load of motors ~ !i kwRt®llil/Jtll®ft faidltJ 
over 15 kW 

(2) Periodically lubrication of -¥1' ~11l1Jtl\iD~JOj(f.Jf.1*ftn11 
gear and motor 

l (3) Turning off motor when off load Mft rai~®1ll/11l®W 11: 

' 4 

Meter Voltage Ampere 

H ll'i 18 IE ii art 
Wimary 

·-- l)..: RI•! 

Secondary 
.:: ~ ON 

Note Good 

Ii if Not good 

Yes 

Yes 

Yes 

Yes 

Have 

Yes 

Voltage 

Yes 

Yes 

Yes 

kW kWh Power 
Factor 

181J 1U1Jlll JJ ~ 

, Current 

• • 

kVr 

lltt~fiUJJ 

No 

No 

No 

No 

No 

No 

No 

No 

No 

kVrh 

11tt~11l1JA 

. 

t.J 

"" +-

i ' 



• 

! 

8 Mutur driven machine 
~ 

(l) Flow control of blower and 

I pump 

I 

(2) Checking leakage of compressed 
air or water 

(3) Keeping adequate working 
pressure of compressed air 

(4) Keeping adequate discharge 
pressure of pump 

9 Lighting fittings 

(1) Cleaning lighting fittings 

(2) Turning off unnecessary light 

10 Electric welder 

(1) Static condenser exclusively 
for welder 

(2) Transformei exclusively for 
welder 

(3) Keeping circuit balance of 
three phases 

(4) Cable length from welder to 
holdt!r 

(S) Primary cutout type voltage 
reducing device 

11 Classification of load 

ft faj 0) Ii! ;t 

• • 

-- -------------·-------------- ------·--· 
llill1ta1rn1~11 
------------------------ ----------------
7 o ? -.op ;t. ;.17'0)bfilU1JdlJ Mutor speed control •ll11Jl0),i!Jft1J(jtl 

Control of numbers of operating motor tll!ctllilll 

Damper or valve control 9··,n{-, ,~,i,,7·0JB~M 

Others {-O)ftl!. 

fHil~~~J)<O){itt,OH .... , 7 Yes No 

lflflJlO)f~lfllf 1Jl;i ill iEt.l• Yes No 
--

,-f. ?7°0)Dllllffl;l.iliiEf.P Yes No 
·-

JI« OJI N: {j 

Jl«UJIHJtO)~flt Yes No 

~-f.Lll«HJlo.>if!tiT Yes No 

11Qtltil 

W1tlo.>1J~i!!lifltl:J ;;7;;..,-- Yes No I 

¥Hfl 0) ~ff u Yes No 

1111110)amo.>, ~ 7 ;; ;J. Yes No 

iSJlll;IO)f-j{;i "{'O)~tJll~~ Yes No 
·----

--tXtJJAl:tllU»lVi 11:.il!O)fi·~" Yes No 

Machines Air Compressors Pumps Heaters Lighting Air Conditioner Total 
±•(})~9- :J;;7'v.,-tt rtt ;; 7' t: - 9 - ~« UJI ~ &W f3 H 

------~ -
kW kW kW kW k\~ kW kW 

% % % % % % 100.0 % 

N 
I,.> 
V' 

I ~ 



3-2 Transformer for ~·1t:i1'2l ) 

l 

2 

) 

4 

5 

b 

8 

9 

Type of Transformer ~ j\ 0 Oil Immersed Self Cooling ( 111JAfl~.J\. ) 0 Llry Typt.! ( *. .J\. ) 

0 Air cooling Forced 01 l ( .i!nl1~iftj\ ) D Others ( tO)fl!! ) 

Number of Phase 

Connection 
(Single Phase) 

Rated Output 

Rated Voltage 
Rated Current 

Rated Frequency 

Maker. Year Made 

Loss 

I m tt ID ) Phase ( =:fll ) --- D single Pli_asl! (-,,'ff, --I 

t.1i&a7i1! 106-A DA-ti Oll-6 Ov-v 
( ttlflHr > 

no ta tU 1J 

no * 1&t LI 
~ * 11 iJli 

~*>alilltt 

;I. -IJ t.~~if: 

f I ~ 

Primary v. 

Hz. 

Iron Loss 
( ~Ill ) 

kVA, 

A 

Number of Bank 
(d/71!() 

Secondary v, A 

--- - - , -: - 1! / I' % A t -··- I El % J mµcd.incel 1 :,.- _t:·- ~ :.-- :.\ __ 

Copper Loss At Full Load 
kW, < -?-: C'l i.:, ~ m > 

--
kVA Uasc 

--__ J 

kW, I 
------

Measurement Record ( -ill~IC!M ) 

Time 
~ lli'J 

Voltage 
·c ff 

v 

Current 
• iJlt 

A 

Apparent Power 
JR ffllll 11 

kVA 

Power 
'IU 11 

kW 

Power 1''ac tor 
11 1*1 

% 

- -------,....-- -------
O i J Tl•mp. He ma r lu; 

ilh 11.l Uh ~-

oc 

t I +------ . - ·-- --··- -

----1- --------

I Diagnoser I I Gi_J I Fae~----- ] 

• 4 • • 

t...i 
'-"I 

"' 



• • • • 

)-] Motor Driven Machine except Air Compressor"' Over 15 kW <'Utl1:1HUtlN:ll::i:.-7'i,..~1f~r.'l\<-15kWvJI.".) 
---.-- ------ ------·-

l Name of l':quipment Ii • .g Numb~r of Similar Equipment 
~ 

ra!Plll>ji"->lt 

2 Kind of Motor •11J•©P1Ui OD.C. ( iilili ) 0In<luctor ( M!la ) ~Wound Rotor Oochers 

OA.C. ( ~illl ) D _ Squirrel Cage 
Sync ronous ( lfil JOIM ) 

) Rating of Motor •"-'•"->~~ Output ( tl.111) kW. Vol cage ( 1IH£ ) -- V • Current ( lUiAf) A 

Frequency ( f.\lattt _) __ llz, RPM (@lfitt) --rpm, Magnetic Pole (fi tt ) -----
4 Starting Method ~ 

.,, Jj ~ D Full-Voltage oscar-delta (.1.-6) 0Rotor-resistance ( =~ 00thers 
( 1tt A. ) flHt ) 

5 Coupling Apparatus fI. ii ll • D Direct( 1rH&) 0Belt( ""'"' !- ) [] Ge<ir ( Wiili) 0 Others 

L Mnteri al (Wal ) 0Natura1 ( fJ f..!\t')J ) __ , Tension( ~l!!l!t ) 

0 Synthetic( AT.t'A ) __ , Number( :.t.:tt) -
b Equipment Ill: ,. • t« 0 Pump ( :t! :.- 7' ) Oiuower ( 'Jo '7 - ) Oothers -
7 Kind of Flow and 0Air 0 Water Oothers, 0 Density (or Specific Gravity) 

Den3ity 61i~.gt\tll'. 
(~~ ) (JI<.) ( it It )(. I Ht 111 ) 

kg/m) (lb/m3) 

8 Flow Control !)It. li!J jp O•utomatic (!,.,) [Dvalve ( ,;,,7) D Speed Control ( i!l!llltl• ) 

0 Manual ( f-ilJ ) Onamper ( 9 /J~- ) Oothers 
--·-

9 Speed Control ii II'. $11 "° 0Motor roPole Change (~U) D Vo 1 tage ( 'lllff ) J 0Mechanical 
c t - 9 -> D _ D Others <•t«~) " Frequency ( J,!;i Dille ) 

10 Automatic Cutting-
~ tJ; t:f (}) Oves (fj) D No { #tt) off (When Off-Load) ~ Ill " tl:. titdl 

11 Fr~quency of 
times/yi::ar( fiiJ/ff ) 12 Frequency of llJ(A, 7 .( Jv:S' -

Lubrication lit i!H fj lJ'. filter clt•aning (# ~ times/Month ---

[Diagnosel- I rn:-:er--------ra~tory I J 

N 
L.J 
"-J 

' ' 



Motor driven machint! ( ltll!JPllt.;HU~lll} 

Name of machine 

Used power Used 
Temp. 

Flow Q m)/min Fluid Valve Velocity Es ti- Effie!- Remarks 
rt m • n power 

of 
Oli M Q' t/h Iii , ... 

Posi- of fluid mated cund ) -- /rated 
ency 

Date Voltage Current Fower Elect- fluid Actual Pressure Pipe tion Load Vibration 
factor ric power Ra tee.I 1111J ~ !IA ll'kg/cm2 Inner Leakage 

power x 100% oc max. Dia- J~Jv 7' Others 
v A % i<.W 

~Jllllt:1J 
min. llm meter BN nt m/s kW i. 

• EE • • 1J ~ • 1J /~fl8at:1J ·~ ~~~ lf n Wilcm Mt .i.!li fft}Etl. fP ~t;~Jlll lilt ~ 

I I 
1) Required electr~c power of blower A·q·PT PT: Total pressure (mmAq), A: Allowance, 11: efficiency of 

.i!a•Wi••n 
P• 1,000•1')•6.ll (kW) (1.1-1.3) blower .0.72-0.78%) 

~ ff 1R m * ~Ill ~J~ 

2) Required electric power of pump A•y•Q•ll Q' ·ll' A: allowance (l.OSr,1.2) 11: efficiency of pump 
p"" n·6.12 or P = Y·n·36.7 (kW) 1R m ~ ;f. ;.;7·~,~ (0.8'\-0.85%) 

3) Velocity of fluid 
U "' ~ (m/sec) 

Q: flow (m3/sec) -------- velocity (m/sec) pressure (Kg/cm2) 
6!W~illji. •• QI :>-. 

µ µ City water 7f<il7'< 0.6 "\; 1.5 1.8 "\; 3.0 
A: sectional a~ea CQ ·.-1 

of pipe (m 2) 
::s u 
er o River water -Mt* 1.5 "\; 3.0 3.0 "\; 10 
QI ..... 

Wr>iliifiita "C QI 
<( :> Air ~ ~ 8 '\, 1 s 1 '\, 2 

' 4 • • 

N 
IN 
00 
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3-4 Operation of Motors ( -t:-9-0)~l/iWR.) 

Process Used for Maker Year Output No. 
built 

T_ ti Ill ~ J -tJ- ~ii~ 8 • a Cl< 

kW 
HP 

. 

~· -

[niagnuser I I 

• • 

Voltage Curri:nt 1ll Mt Rt!volu- Spt!ed Power Note 

Rated Actual tions control factor 

1ll ££ 11:'.~® Wi1111® @/@ @fill< Jlill'.$11'8 1J ~ • if 

v A A " r.p.m. % 

---

·- - --·------------ - ·-

~---- ---~-=-T;a-;;:r~1--·---.---·-·----J 

N 
w 
\Ci 



3-5 Air Compressor ( .x.7::1 :.t:J"v .. j--t-) 

Type 
Process Use for Pressure Volume Input No. 

~ ~ 

I ti m • If 1J ££•• A. 1J Oil Oil-
less att 

reci- reci-
pro. pro. 

screw screw 

[Diagnoser I I 
• 4 

Installation On-off Coo 1 i ng 
Operation Water Temp. Air leakage 

ti ii Jj ~ a tt a;.1 ~ KHll JI<. i&ltl'. IW ~ 

Centra- Se pa- Yes No Inlet Out pet Ratio Body Pipe Valve Joint 
lized rated ti 111t A. D Ill [l ~ .... u; ,...•1 7" d,..,7 ti .f-

--

--

-

[Date I !Factory! J 
• f 

N 
~ 
0 



.. • • 

3-6 House Power Plant < ~*ltlft11U!t<I > 

l I Kind of Engine 

2 Output of Engine 

4 Kind of Fuel 

5 Caloric Value of Fuel 

6 Rated Output of 
Generator 

8 Rated Voltage, 
Rated Current 

9 Daily Record 

·-----------

x. ;- :,; ;-u.>MM I D Diesel Engine 0 Steam Turb J ne 

0 Condensing turbine 

0 Gas Turbine 0 Back Pressure Turbine 

0 Extraction and Back Pressure Turbine 

i ;..- :;; :nb 11 PS( kW) _2J;~ei_~ons~mption I_ ~f.,;il!IUM I --- --i~g) /-h-

MS .f4 M jJIJ D Coal oueavy 011 D Diesel Oil D Others 
-- ----
Iii) J:. <D ft ~ a Kcal/i(Kg) 

ft'lla<D 
~•iliJJ 

~ • • ff 
~fi•Mf 

____ kVA(kl~) 

v 

ii ~ a tt I D Yes ( fi) 

7 Rated Power 
Factor 

A 

);£~1J~ 

ONo (jjlt) 

·-

-------------

% 

Measurement Record ( illl~lc&a) 

Time Generated Energy Fuel Consumption Steam Temp. Steam Pres 
a:; 11ti ft • • I.\ *'I 1A U a lk. ~ il llt "ii. ~ /l 

Voltafe Current Power f'actur Hemarks 
1ll J ·t11 Oft 1J ijl II it 

sure 
}} 

-
kWh Kc In. oc In ·-v A % ~ 

Out Out 

-- ---·· ·-

---- -----·-

·- ------------- ----·-----· ---------------------------------

I Diagno~~~[- -~--1 [~~~~~[~~~- ~-_ --~~~---~]-~~ c to-;~_L--~-- __ 
····----] 

I~ 

~-



3-7 Air Conditioner (~-~fill) 

1 Type of System ~ • Jj ~ 

2 Room Air Conditioned ~ qJ ~ ;st 

(l) Room Size ~ 0) "};;. ~ ~ 

(2) Number of person • in the Room 
l.tif A tt 

(3) Usage m ~ 

(4) Room Temp. • ii 

(5) Humidity II ti 

(6) Air Flow • JI 

) Water Cooling Tower '7-tJ;.;~· 

~9-

4 Type of Refrigerat-
ing Machine itOll•IDH U 

5 Refrigerant it d 

j tH agnoser I I 

• 4 

------·-----

D Air Duct Conditioning 
< m1ti"Ji~ > 

DFrn Coil Unik Oun(t Air Co1~~tioning 
- 7·1/:J-'f1v}j ') ,..:.~>J--:J1-F 

--- -

Floor Space Room Volume 

(~ffiiM ) 'l. m • ( ~8t• ) m3 

A 

·-0 Office '- 4JM._ ) D Works ( Tti ) 0 Others 

Actual Temp. ( ~illUUJl ) oc Set Temp. ( ilt~iMll ) oc 
Measurement Method D Manual Control Method 0 Manual 

( lltliMJii\: ) D Automatic ( ,,, Ill Jj i\: ) D Automatic 

Actual ( ~11t1fiMlt'. ) ( tll:ll!&ll!r ) 

Measurement Method 0 Manual Control Method 0 Manual 

( dltl ~ Jj J:t ) 0 Automatic ( lli!Hall'}j~ ) 0 Automatic 

Fresh Air Flow Induced m3/ndn, Circulating Air Flow m3/min. -- --
( nt\lll!A.iUI ) ( W t'i MllliUt ) 

Actual Temp. Wet Bulb Temp. Flow Delivery Press. 

( WilltliWI) oc, ( lli1'4'1• ) oc, <*.) 1/min., ( i>J:tll/E ) kg/cm2G --
0 Compression Type ( !Hih-~ ) 0 Absorption Type (~Ill(~ ) 

D Ammonia ( 7 '/~~7 ) 0 f<'reon ( 7 a :..- ) 

D lligh Pressure ( itiff ) 0 Low Pressure ( Iliff ) 

[D~-t~ I Fae tory I ~ 

• • 

N 
.i:­
N 



• " 

-----r-

ti Cleanness of Air dt flt 111: 

(1) Method for removement of lil.*SM!~Ji~ 
flying cotton 

(2) Method for electrostatic shielding tJ1IUJi1l:1i~ 

7 Insulation of roof and wall llHd, Vcolfi~ 

8 Insulation of duct and pipe 7'.IJ "· ~·Q)Wj~ 

9 Tightness of window and door :tt, . I-' 7 CD~it 

10 Separation heat generating equipment ~~-~ITJstM 

11 Partial air conditioning in large Ji:~IUllTJtPITJ~ilM·~'t '.> 86st 
ITJl!IB room 

12 Heat recovery by total enthalpy i:•3(1iu1c: J:. 7.> ~@Ii& heat exchanger 
1 

u Water spray on roof w ... Jlj( * 
14 Starting and stopping time of 

air conditioner ~i.I CD!i;!!l/Jl"J 1LN:;t1J 

15 Stopping water pump when ttit•ff tJ:BjlC: it !P* of. ~ 7"CD 
refrigerating machine stops Wd: . 

16 Prevention over cooling and 
stopping when unnecessary iA~l/id:., ~~ftCD.i!tilf tl:. 

,, ~ 

·-----------·. -

0 Nozzl c absorb 1 ng ( 1A"11.14bt~ ) 

[]Traveling absorber (ji!S@lll!il~) 

OFloor d·~·ct ( *iffilll!~) 
[]Air conditioner ( ~~- >

1
0 Wiper ( 'J 11-(-~ ) 

D Blowoff ( :/o -;t 7.:i:t ) 

Humidifier ( *&iita ) Electric ( Cfrt.Ji~) 

good not good 
·-

good not good 

good not good 

yes no 

yes no 

yes no 
(Type ) 

done not done 

Starting timt! 
Stopping time 

stop not stop 
(auto, manual) 

--
yes no 

N 
p. 
1,..1 



·-----·-------------
17 Setting most suitable *Ill IC .t. .f> lltiE Gi&ll Q) It I! yes 

temperature by climate 

18 Control of induced fresh air ·~-l!~~·©'iii!I! yes 

-
19 Checking temperatures of 

evaporation, condensation rt1*a©1.UtU. &Uli!U©'iil!M, $111111 yes 
and pressure of refrigerating EE©ti!I! 
machine 

20 Cleaning (Condenser) lflfl( ~i4Ull:J :..-r:..--tJ"-) done 
( times/month) 

21 Cleaning (Air Conditioner Coil) 11tM < ~•m ;J 1 '" > done 
( times/month) 

22 Cleaning (Air Filter) i1til ( x. 7 7 -f '", - ) done 
( times/month) 

23 Cleaning (Cooling Tower) ,. .. ( ., - IJ :I.,. ii IJ - ) done 
( times I year) 

-

Air Conditioner Measurement Record No .1 ( ~Nillll~l~U t"CD 1.) 

Inlet' Fan Circulating Fan Cooling Tower Refrigerating Machine ( ~i!Utlll ) 

Pump Fan Compression Type Absorption Type 

~QA.7 7:,;) < Wr>iWU•IH 7 7 :.- ) ( ;f. :.-7") (77;/) ( IHllfl:\: ) ( ~!&~) 

Rated kW kW kW kW kW Kcal/h 

( }EfQ\ ) 

Actual kW kW kW kW kW Kcal/h 

(~it! ) 

- .. • 

---

no 

no 

no 

not done 

not done 

not done 

not done 

c 

--

--

N 

--~ +-



• 4 

Air Conditioner Measurement Record No. 2 ( ~&llhlO!IC!U -ton.) 

Place ( llwr ) 

Temperature Set Q ~ •c 
11 II Actual • ii •c 

Humidity Set l!t it'. % 

ii II Actual " 11111 % 

Cleanness of Air itt ~ ,. 

Insulation Ceiling Material « • 
Ii • ~ J~ Thickness lJ h 

Wall M. M • • T. JJ h 

Floor M. +t • 
it.: T. rt h 

Window Double glass =ilt1f7;A. 

:g Heat-absorbing glass 
--~!&ti?~ 

• Blinds :171:.t~· 

Tightness of Room \t:M~iit 

Heat source Persons A. A 
Mt\ t~ Motor -t:-1'- s 

Lighting Mi llJj kW 

Steam or Fuel :A.7-J.. 

Ilea ter 11& ~ kW 

• 

-

--

-------- -
-

------·--- ------- ----

• 

·-

- ·-

----- ------

-------->-·--·-

·------

-------- ----·-
--·--·-

r,,; 
.i:­
V• 



l- ~ Lighting Fittings { M\HJ\~11) 

~ 

1 Lighting System v1a«11J1 -n ~ 

2 Method of Turning ~ illl -n ft. 
On and Off 

) Circuit Separation ~ ~ JM(BJI ID 

(In case of General ti f\' ID 
Lighting) 

@) • Jj A 
>--· 

4 Kind of Lamp 

7 :; :t© 11.a 

5 Cleaning Frequency II<( IJI • - Q.) 
of Lighting Fittings VI fl M II 

6 Utilization of 
Daylight • 1t ••I Ill 

Measurement Rec'ord ( ill~~- ) 
Place 
( tUooh) 

Illuminance 
( ~") 
Distribution of 
I 11 um i nance( 11111:~~ . 

Kind of I.amp 
< 7 :.- 7•0lMtll ) 

Wall Color 
( WID~} 

Power Consumption for Lighting 

Ol llJI llhA R • n > 

[IH~-;~ser I I 

• .. 

- ----·-0 General ( ~~ll«UJJ ) 0Geuera1 and Local ( ~ ~ II(( UJI .!:: liiHltl JK( 11/1 ) 
·---------------·--·-

0 Automatic ( ~ll!Adl. ) 

D Both Automatic and Manual 

0 Manua 1 ( f!IJJ>,~ilil ) 

0 One Switch per Room ( 11v- i.. I A 1 ",/.,.) 
--

0 Several Switches per Room ( I ,.,_ i. lJtt;1.1 ·~ -1) 

Qone Switch per Line (Turn, Line by Line from Window side) ( 7 1 :;tt)ll~ll«) 

0 Fluorescent Lam;> (daylight color) LJ Incandescent Lamp ( S~f ) 

0 Fluorescent I.amp (White) 
U:)'t~'.ilttt{f 

c a~:atw > D Fluorescent Mercury Lamp C '.iltit7j(IHf) 

D Energy Conservation Type F. L. D Good-color 111 gh Pressure Sod tum Lamp 

< 1f x * ~~lhUT > < iliilllf!!.!rliliff 1' t- •J i. "H ) 

0 Others 

Times/Year (@I/if::) 

DGlass 
fl? ;I. 

Ovi~yl_ chloride 
.IJift t: .::.. - JV 

0Polystyrene 0 Acryl resin 0 Polycarbonace 
;1.+a-1v 7-'J•)?11- ;)!IJIJ-iC(;j,-t-

Day T lme ( llrJI ) 
Night ( flrJJ ) 

kWh/h 

kWh/h 

AM 
Time at PM 

-------

from daily record 
B ~b·.; 

I na te I ! Fae tory I 

• 

< rt~IWlllt ltJ > 

' 

Ooctwrs 
t'(J){I!! 

--

. 

~ 

N 
.i:-
0' 



l 
i 

- 247 - ANNEX Ill 

• 

INSTRUMENTS LIST 

No. Instrument type 

1 Hot wire Anemometer V-02-A700 

2 Heat Insulation Tester MH2 

3 Portable Oxygen Meter 6232 

4 Pocket Thermometer 2542 

5 Thermopetter 400 

6 Portable Radiation Thermometer IR-HP2 

IR-HPJ 

7 Pocket Conductivity Meter SC51 

8 Pocket PH Meter PHSl 

9 Lux-Meter ANA999 I 

10 Clip-on AC Power Meter 2433-11 

11 Clamp-on Power Hi. Tester "'136 

12 Integrator 3141 

13 Digital Printer 3171 

14 Volt Slider S-260-5 

15 Multi tester 3009 

16 Portable Thermo Indicater M-350 

17 Voltage Detector 

18 Revolution Indicater 

19 Digital Pressure Gauge DLMl-10 
• 

20 Ultrasonic Audio-Visual Checker UC-1 
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