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1. Purpose of t.he Survey 

This survey report was ccropiled on the results of 

energy diagnoses of nine factories in Malaysia which were 

conducted by three Japanese experts and their four Malaysian 

couu~erp~rts as a part of the UNIDO/ASEAN Energy-Conserva-

tion Project of United Nations Industrial Development 

Organization {UNIDO). 

The purposes of the energy diagnoses of factories 

• were: 

1) To transfer the experience technology, and know-how 

of energy-conservatton 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 future 

advisory activities on a national .. program level. 
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2. Survey Team Members 

T~e members of survey team are as shown in Table 2.1. 

The survey team was made up 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 listed in Table 2.2 went along with the survey team 

to extend their cooperation and to learn diagnostic techniques 

and know-how. 

In addi~ion, Or. Radu, who is attached to the 

National Electricity Board, took part in the diagnoses as 

an obser7er. 

• 

• 
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Table 2.1 Member List of the Survey Team 

Name Present Post 

~.anager, Technical Division 

Team Leader and 
The Energy Conservation Center 
(E.C.C.) 

Energy Management Masa taica. Eguchi 
Registered Diagnoser of the 

Expert E.C.C. 
Qualified Person for Energy 
Management 

Director, Techr-ical Division 
Thermal Energy 

Ryoji Takahashi Energy Engineering Co. , 
Management Expert Registered Consul~"lt Engineer 

Manager of Pollution Control 
Activities 

-

Registered Diagnoser of the 
Electrical Energy 

Toshio Sugimoto E.C.C. 
Management Expert Registered Consultant Engineer 

Chief Electrical Engineer 

Table 2.2 Malaysian Counte:cparts 

Name Attached to 

Dr. Mohd Ariff Araff 
Chief of Counte:::p~ts 
National Electricity Board 

Dr. Ong Peng Su National Electricity Board 

M.::. Ahmad Feisal National Electricity Board 

Mr. Alizan Ab. Ma nan Ministry of Ene:::gy, Telecommunications & Posts 
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3. Schedule for the survey 

March 
14 (Mon.) 

15 (Tue.) 

16 (Wed.) 

17 (Thu.) 

18 (Fri.) 

19 (Sat.) 

21 

s 
April 

19 

(Mon.) 1 
(Tue.) 

20 (Wed.) 

'; 

Travel from Tokyo to Kuala LWilpur 

Prearrangement for meeting 

Preparatory meeting at the Ministry of 

Energy, Telecommurtications and Posts 

A.M. Testing and adjustment of instruments 

which had be6n brought from Japan 

P.M. Instruction on heat management for 

counterparts 

A.M. General meeting at the Ministry of 

Energy, ~elecommunications and Posts 

Explanation of the use of instruments for 

counterparts 

Diagnosis of selected £actories 

A.M. at National Electricity Board 

1. Cleaning, maintenance, and testing of 

a number of instruments which had been 

brought f rcm 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. 
20 (Wed.) 

Presentation of the instruments which had 

been brought from Japan by experts to 

·Mr. Syed, representative of the Minis_try of 

Energy, Telecommunications ana ~osts. in the 

presence of Mr. Luttik, UNDP. 

21 (Thu.) Final discussion with Japanese experts and 

Malaysian counterparts 

l. Checking whether there were missing 

data 

2. Offering advice to counterparts 

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

tion of the first phase of this project, 

and departure from Kuala Lwnpur 

23 (Sat.) Arrive at ~okyo/Narita 

<..9 
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4. Factories Diagnosed 

The factories diagnosed are as shown in Table 4.1. 

All of these factories are located in K~ala Lumpur and its 

periphery. 

Table 4 .1 Factories Diagnosed 

Name of Factory 

MARCO SHOE SON. BHD. 

US META SON. BHD. 

GOH BAN HUAT PO'l"l'ERY WORKS 
SON. BHD. 

SOUTH EAST ASIA FIREBRICKS 
INDUSTRIES SON. BHD. 

GENERAL CERAMIC M.i\NUFACTURES 

SON. BHD. 

MALAYA INDUSTRIAL & MINING 
co. I BHD. 

CHEHPAKA NEGRI LAKSHMI 
TEXTILES SON. BHD. 

FUSAN FISHING NET ~ANU­
FACTURING BHD. 

KIMA SON. BHD. 

Products 

Shoes, rubber mats 
etc. 

Retreated tyres 

Sewer pipe, 
sanitary wares 

1 Refractories, fire-
1 bricks, heat insu~ 
I lating bricks 

Ceramic wall tiles 

Portland cement 

Textile yarn 

Fishing nets, ropes, 
agricultural nets 

Cotton teKtiles 

. 

Date of 
Diaqnos:: .i.s 

21 "1.22 Mar. 

18"' 19 A.pr. 

25"" 26 Mar. 

28"' 29 Mar. 

31 Mar. "' l Apr. 

14"' 15 Apr. 

4"' 5 Apr. 

7 "'8 Apr. 

11 "1.12 Apr. 

• 

• 
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5.1.l Preliminary study through questionnaire 

A questionnaire (Attachment 1) was sent out in 

advance via the Ministry of Ene~gy, Teleromm.unications 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, 

numl::er 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) Production 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 (Attachment 2) , an interview was 

held with plant managers to look into: 

(1) current production and sales conditions, 

{2) energy conservation measures taken so far, 

(3) energy management situation, and 

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

5.1.l overall factory inspection • 
An overall inspection was made of each factory, 

following its manufacturing processes, in order to gain an 

understanding of: 

(1) general man~gement conditions, 

(2) layout, and 

(3) priority facilities to be surveyed and measured. 

5.1.~ Survey and' measurement 

Priority facilities wera surveyed according to the 

items stated in the checklist (Attachment 2) 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 instruments 

brought in (Attactunent 3). 

The conditions examined were: 

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

c. preventiv~ of heat release, 

o. waste heat recovery, 

E. conversion of heat into motive power, 

F. electricity loss by resistance, etc., and 

G. conversion of electricity into motive power and heat. 

5.1.5 Discussions 

The survey_ and m~asurement results were o~tlined to 

factory managers and problem points were discussed. 

5.2 Transfer of Techniq~es to Malavsian Counterparts 

5.2.1 Handling of measuring instru.nents 

Before making a factory diagnosis, the Malaysian 

counterparts were instructed at the National Electricity 

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. 

Cit 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 should be con-

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

in order, what information could be obta!ned from the data, 

and how data should be calculated for analysis. 

r 
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6. Results of Factory Diagnosis 

6.1 Factory Management 

6.1.l Level of consciousness of energy conservation of the 

plant operators and managers 

Generally speaking, all the plant operators and 

managers, it seemed, were well a~are of the necessity for 

energy conservation in view of soaring energy prices. 

There were very few cases, however, where some specific 

energy-saving measures were taken. Only one factory had 

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

made recent energy~saving investments. 

6.1.2 Management system for promoting energy-consarvation 

There were a few cases where the management system 

worked with energy conservation. 

One factory had an energy-conservation committee, 

and three factories had cost savings committees or quality 

and production committees. No other factories had such 

committees. 

6.1.3 Techniques for promoting energy-conservation 

Not all the factories employed scientific, numerical. 

data control technology. The level of energy-s~ving tech­

nology can effectively be raised by adopting a management 

method based on or. Deming's POCA circle. 

In other words, the following process should be re­

peated to improve t~e patterns of energy consumption: 

• 
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· ( 1) To set a target and formulate a plan for improvement 

based on a full understanding of the existing con-

ditions as well as taking into account economic 

efficiency and the current technological level; 

(2) To make the aim and details of the plan g~nerally 

known to all workers before implementing it; 

(3) To provide complete measuring instruments in order to 

accur~tely understand the results; 

(4) If there is a difference between the results and the 

plan, to clear up the proble~ and wake a new plan; 

and 

(5) To carry out the new plan. 

I 
I ,. 

Fig. 6.1 Deming's Circle 
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6.1.4 Understanding and measurement of energy consumption_ 

To accurately grasp the quantitative aspect of 

energy consumption is the starting point as well as the illOSt 

basic thing for energy conservation. The following were 

the situations observed in the nine factories which we 

visited. 

(1) Instruments for measuring and control were not provid-

ed in many of the factories. There were some but 

were out of order. There was no factory ~hich was 

equipped with a boiler with a water meter. There 

were only two factories in which fuel flow meters 

were provided. It is impossible under these situa-

tions to constantly check the boiler efficiency. 

There were a number of factories whe~e 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 worker.s knew only 

vaguely the.daily energy consumption, or did not 

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

9 facto~ies were dependent on the N.E.B. bill. As 

for fuel .consumption 2 out of 8 factories were 

dependent on the supplier's bill. 

6.1.5 Maintenance of equipment 

There were some factories where checking and 

maintenance of equipment were not properly done. For 

• 

• 
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example, we ocserved that drive-belts were loose, insulation 

materials of steam-pipes were fallen off, steam was leaking, 

and measuring instr~ments were out of order. These things 

could cause, directly or indirectly, energy losses, or 

could cause to shorten the V.fe of equipment. 

6.1.6 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 equipm€nt and to keep equipment 

in good. order. 

For example, we frequently observed the following 

situations: 

(1) The rotors of belt conveyors, and pullies are not 

covered. 

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

sensors, etc. placed at high position. 

(3) Equipment and measuring instruments are not properly 
' 

aligned, making it difficult to inspect them. 

6.1.7 Employee training 

Observation of the employee training was as follows: 

(1) There was practically no systematic training given to 

workers. But there were 2 factories where managers 

were giving instructions to workers. We often heard 
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managers saying that workers had very low conscious­

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

being made for e~ployee training. It is important to 

improve the level of technical people, but for energy 

conservation, it is extremely useful to enhance t.~e 

level of skilled people who are dir~ctly involved in 

energy consumption. 

(2) All companies provide seminars to technical people. 

(3) There was no factory that employed ~ suggestion system 

for work improvement. 

saw a suggestion box. 

There was a factory where we 

But, according to people there 

was no single suggestion ever made. 

i -

• 
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6.2 Situation of Thermal. Energy Consumntion 

6.2.l Puel Com~ustion in Bo11ors 

(1) o2 Content in Plue Gas 

The results of diagnosis of 4 factories which..haTe 
. -

package boilors are as shown in .!able 6.2.l • 

With the exception of I factory, o2 content in :flue gas 

of the other 3 factories have va1ues about 9'f.. The 

recommended Talue for o2 content in fl~e gas of package 

boilors of similar size and loading factor at 7()'/, in 

Japan is about 5"· 
ratio in l.J • 

This value is equivalent to air 

The o
2 

content must be improved by controlling the pri­

mary -or secondary air for combution without s~okin, ~rom 

the stacks. J>Ue to.o2 _control of ~ue gas, the fuel 

saving of 6~ to 14~ of the total fuel consumption of the 

boilors would be achieved with no investment. 

(2) Dispersion Heat Loss through Boilor Sur;faces 

Generally, the surface of package boilors consist ot the 

cylindrical, front and back parts. Although the 

surf ace area ratio of the cylindrica1 part to total is 

about 60 to 8~, the contribution of the dispersion heat 

loss is not so much because of relatively low tempera-

ture !rom 50 to 70°c. On otherwise, the surface 

temperature or the front and back parts are app~oximately 

a range between 100 and l04°C. It is, therefore, 

more desirable to insulate the front and back parts than 

the cylindrical part. 



Table 6.2.l 

Juel type 
Fact- Comno;i ti,Q!L_ 
ory 

c JI s 

A 85 '·1~ 1 

B 05 14 l 

I 
l 

No. I 

1 85 13 2 

H 

! 
I 
' 

2 85 13 2 
; . 
. -----·------· ... 

l 85 12 3 

I 

2 85 12 ., 

.-, 
'. 

Summary of Boiler Operations 

Plue Gas l) 

0 
·:fotes l) (value) or m in Plue gas column 

air ratio. 

Heat Balance Sheet ( per k~ fttel) 
Net Cal. Condition Flue gas ·n.L Disperi. H L Blow-down Steam Value· 
kcal/kg 

02 "" 
Te'8P• .. c kcal 

9.5 
m = 

9,976 (i.83) 195 1,151 ' 

9.0 

10.1'35 (1.75) 240 1, 4 29 

1'3.0 

9,576 (2.63) 25'/ 2,).92 

12.2 

9,576 (2.39) 254 1,879 

10.5 

9,624 (2.00) 220 1,384 

. 
-

5.1 

9,624 (1.31) 198 814 

-

'1' kcal ~ 

11.3 230 2.2 

13 .1 . 196 1.8 

22.9 261 2.7 

19.6 153 1.6 

14.4 106 1.1 

8.5 100 l. 0 

-

kcal " 
50 0.5 

83 0.8 

273 2.8 

233 2.4 

16 0.1 

16 0.1 

" 
' 

86.0 

-
8~.4 

76.4 

71.6 

84,4 

90.'3 

..... 
(1\ 
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In practice, it is very difficut to accurately estimate 

the heat loss dispersed through the heated surface, 

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

wlnd ~elocity, 3hape, roughness, material and own tempe-

rature of the surfaces. HoweTer even though it is 

rough, it is neeecrsdry to estimate the dispersion heat 

loss for prepBring the heat balance sheet. 

Here we rave two methods to estimate the such heat 1oss, 

one is to direct17 get the heat flux using the heat 

flux meter, and other is to c~1culate it using the sur­

face temperature and reasonabLe heat transfer coefficient 

assumed by experience. On the case of not possessing 

the heat flux meter, we must fol1ow in later and get 

the heat flux by calculation as follows ; 

Dispersion Assumed Heat ( } 
Heat Loss = Trans. Coe!!. x Area x T - T0 

where generally the heat transfer coefficient of above 

equation will be ranging between 10 to 20 kcal;m20c hr, 

and T and T
0 

are the surface and ambient temperature 

respectiTely. The sized area in m2 should be sured 

to haTe approximately uniform ambient condition. 

According with the heat balance of boilors which are 

is the basic information !or energy management and in 

any case, must be prepared by the engineer engaging in 

the energy problems o! own factory, it is clear that 

the approximate amount o! heat loss by dispersion from 

boilor surface would be calculated about 1 to 1.5~ ot the 
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total fuel consumption. Then it is effective to.-
• ~-

confirm roughly and quickly the temperature pattern 

of surface, in order to make a plan for the energy 

conservation. 

(3) Flue Gas Temnerature 

In Japan, the factories which have the boilers of 

capacity of not more than 10 tonnes steam/hr and 70"J, 

of loading factor are recommended to operate the boilor 

at flue gas temperature less than 320°c. 

According with the result of diagnosises in this 

survays, above criteria has been cleared ;on all the 

:factories. But this criteria should be appreciated 

as maximum and allowable values. Actually it is 

better to keep it as low as possible. However 

when the high sulphur fuel is using in boilers, the 

flue gas temperature should not be decreased the sul-

• 

phuric acid dew point in order to preTent the corrosion. 

For example, the minimum allowable temperature of the 

flue gas is about 170°C for fuel with 1 to 2~ S eon~ent.~ 

On practice, the flue gas temperature can be reduced 

by the following measures ; 

(a) to remove the scale on inside and outside of boiler 

tubes at overhaul, 

(b) to carry out the routine cleaning of the burner tips in 

order to ensure the complete combustion, and 

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

way of flue gas ducts with some modification of the 
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forced draft fans of boilor.in order to recover the 

from the flue gas. 

{4) Blow-down Heat Loss 
. It has been observed that all the factories do not 

check the boilor water quality such as PH and elect­

rical conductiTity before each blow-down operation is 

carried out. The recomnended procedure would be 

to make the operation manual of blow-dom, that·-.is, 

how long of period and how much, on being aware of the 

b ::>ilor water quality. 

The amount of the fuel saving achieved by resonab1e 

blow-down operation would be about 0.5 to l.~ of the 

total fuel consumption of the boilors. 

It is to be noted that the recommended values for water 

quality of smoll package boilors in Japan are as follows; 

PH 

Electrical Conductivity • . 
11.0 to 11.8 

under 6,000~S/cm 

the suitable operation of blow-down would cause not 

only the fuel saving, but also the ~e:.ving of the chemical 

for boiler water. 
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6.2.2 Puel Combustion in Industrial Furnaces 

The industrial furnaces which have been diagnosed in this 

study are classified as f oilows ; 

(1) Tunnel Kiln 

(2) Shattle Kiln 
-
(3) 

(4) 

(5) 

- . 
Rotart Kiln (including Rotary Drye~) 
. . 
Grate Kiln 

S"Dray Dryer 

Generally, the measured va1ues of o2 content in the flue. 

gas are over 5~ which indicate the possibility of the 

recovery of wasted heat through the stacks of the kilns. 

The surface temperature on walls and roofs of all furnaces 

except some parts of rotary kiln are well below the recom­

mended values on maximum allowable temperature. 

However, because of the raising cost of fuel, it would 

be jastable to apply the suitable insulation to lower down 

the surface temperature as much as possible, depending 

upon the availability of financial resouces on the facto19 

ries. Especially in the case of tunnel kilns, the 
' heat of the flue gas should be fully utilized for the 

preheat of any r~.w material. 

The summary on daily operation in miscellaneous kiln 

listed up above are sho\'fll in table 6.2.2. generally 

speaking, almost of all kilns in factory survayed on this 

diagnosises are operatea relatively resonaole comparing 

to simil.?.r Japanese industries. 



Table 6.2.2 •• SYmma~~ o! M1acellane-
aus Kiln Ope~aticn 

Type of Fuel Specification 
Kiln 

Fact• Composition 
ory Type of Type of 

" Opera- Fuel 
ti on c JI s 

Shuttle 
c Diesel 85 14 .1 

Batr.h 
i-- ··----

Tunnel 
D Diesel 86 13 l 

Contin. 

Tunnel I 
Diesel 85 14 1 l 

Contin. 
E 

Spray 

I Dryer Diesel 85 14 1 
Contln • I 

. 
Clinker 
Rot. Kiln 

Fuel oil 84 12 4 

F 
Contin. 
Rotary 
Dryer 

Fuel oil 84 12 4 
Contin. 

fiJ 

Heat Halancc -per hr 

Net Input Output 
a.v. Fuel Fl~• g~s I Disp·~rs. Other 
kcal Heat' loss Heat l• .. 

leg x Meal x Mcn;L x : :cal x Meal 

48,669 14,617 6,341 12,952 
10,145 /batch /batch /batch /batch 

100% 30.0~ 13.1% 26.6% 

584.4 356.l. 199.8 13.l 
10,200 

10~ 61.0" 34.2% 2.2% 

1,110~0 320~0 620.6 3.0 
9, BOC 

100% 28.8% 55.9% 0.3% 

1,500.0 '319.0 135.0 231.9 
9,800 

100,&. 21.3% 9.1% 15.4% 

8,225.0 2,133.0 974.0 668.0 
9,50C 

90.3% 23.5% 10.7% 7.3% 
It * * *g30.o 9,500.0 1,162<0 3.404.0 

9 ,500 
100% 12.2" 35.8% 9. 5% 

Note ; 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 

;a.5 

* 4, OO<E'· ~ 0 

42.2% 

Appear-
ance 
heat 
Effie!. 
ency 

'30.3% 

20.7% 

27.5% 

53.0" 

58.5% 

27.1" 
I 
I 

IV ..... 
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6.2.3 Steam Consumntion in Factories 

The modes of steam consumption by the diagnosed factories 

are as follows ; 

(l} In rubber-product industries, steam is consrmed for val-

canizll:Lg and pressing processes. 

(l) In textiie industries, steam is consumed for dyeing, 
. 
stretching and finishing processes. 

Most of the piping 1ines or steam. between the boilor 

and steam consuming raeilities are app~opriately insu- ~ 

lated except in areas._which are located near the boilors 

and facilities. According with the normal "hcuse-

keeping'' ~or maintenance, the wasted heat because of 
-

broken insulation of steam piping should be easily im-

proved. 

At the first, the engineer engaging in energy ~roblems 

must be familiar on th ca~culation bf steam demand and 

supply and must fL~d out where is waste-points in own 

factories. 
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6.J Electrical energy consumption 

6.J.1 · Electric uower managements 

With the exception of the two large textile factories 

which we have visited where electric en~rgy comsumption 

log books are properly kept, the remainder of the 

factories have no standard procedures 3f recording elec-

tric energy consumptions of the f~~tories 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 be quickly detected and countermeasures 

can immediately be introduced to avo~~ ?urther wastage. 

6.J.2 Electric source 

Except for two factories vhich received 11 kV 

( H.V ) supplies from the utility ( National Electricity 

Board ~f the States of Malaya), the others are connect-

ed to 415 volts, 3 phase distribution voltage. All 

factories have equipments rated about 415 volts. 

(1) Transformers 

The. load factors in all factories against the •ra.ted 

transformer cap~cities are low (around 0.5 ). These 

values are unusually low for factories of these sizes. 

The load factor histogram is as shown in Figure 6.2.J. 

It was also observed that the transformers were operating 

at a higher temperature ~ise ( hot ) in spite of the 

low load factor. 

I 
I 

I 
I ; 
i 

I 
.~ 
;; 

' i 

I 
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Factory 

Figuar 6 .3 .1 J,9ad f'actor histo~ram of the eight f'actoT"; es 

As stated earlier all factories have installed 

large capacity transformers of sizes either 750 kVA, 

1000 kVA ~r 125u kVA. These capacities provide large 

margins of unnecessary iron losses. 

( 2) Suoplv voltage 

The name plate ratings of various equipments 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 6.2.4. 

• 
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Figure 6.J.2 The secondarv su~yly voltaue histogram 

Transformers in the factor;es 

Only six transformers in t~o factories were main~ 

tained at comparatiYely good voltage between 420 volts 

and 430 volts while others were either too low or 

too high. 

(3) Power and static condensers 

All the eight factories ( except B factory ) have 

automatic power factor correction equipments. Except 

for one factory where 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 ~ere 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 capacities 

of the power factor c9rrection equipments have decreased 

and in our opinion this is mainly due to high supply 

voltage. 

(4) Phaae current balance 

Generally the secondary current of all transformers 

vi.th the exception of two were found to be balanced. 

(5)_ . Understanding of the electrical Tariff 

It is vital for all factory managements to under-

stand the Tariff and conditions of electricity, as this 

would enable them to plan the ouerations of the factories - .. 
such that electrical energy cost can be reduced. Further 

to this it can also enable factory managements to 

forecast and provide realistic targets for energy 

conservation. 

6 .3_.3 Electrical loads 

Electrical leading condition of various industrial 

groups are as shown in table 6.2.4. 

• 
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Details cf major loads 
Indus- Pro- Descriptions Power I Rating 
trial ducts of consu'1-, capacity Remarks ed (~ of each 
groups major of the motor 

loads total (kW) 
oower) .. -

I -
lrnter:nittent load, I Mixer, Grae-

kers and 50-52 75-93 t.~or·motor- is small 
Open roll .. 

mills. 
Rubber Shoes Press and 

I 
Continuous loading, 

air compres 20 30 L.-F~of-motor.is small 
-sor 

Crashers, Conti loading(24Hrs), 
BalL_mills 15-30 44-60 L.F*or- motor_ is small 

Cera- Tiles, and blungers .. 
I 

mies Fire- Extrude rs Cont! and intermit-

1 brick and Press. 40-46 30-82 tent ·.19ading. 
1L.F*of·motor i~.small 

I Fans, blow-
112-40 130-60 I ers Cont-it loading(24Hrs) 

I 

I Mills(raw 
material and 51 110 to Contif loading(24Hrs) 

port ... I cement) 230 1L.F*of motor is ~cod Cece- I 
nt land I Kilns, Blow 

cecie:it I -ers and 25 22-110 Cont"t loading(24Hrs) 
.I Exhauster L.F*of motor is ~cod 
I 

Air compre- Contt loading(24Hrs) 
ssors. air-
separators 

L.F*of motor is good 

Carding, Spi. (- -ning, Windi 50-65 10-25 Cont-it loading(24Hrs) -ng, Weaving L.F*of motor is good Cotton Finishin2: 
Wool Air conditi-and tioning 25-46 200 Cont~ loading 

Text- other L .. F*is good 
iles I Extruding Cont-It loading 

Poly- ( including L.F*is small 
ester heaters) 

Twisting 17 7.5-20 Cont-It loading 
L .F*is small 

Roping and 32 Less Cont~ loading Netting than L .F* is good 
25 

* Cont. : continuous L.F : load fa~t~~ 

Table 6.3.1 Electrical loadini conditions of yarious 

induetrial grouos 
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• 
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, 

0 250,000 rubber mats 

No. of employees: 516 

Annual energy consumption: 

- Electric power, 1,235,505 kWh 

- Fuel, diesel oil, 263.7 kl 

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

Mr. Ho Hong Seng, Maintenance Superintendent 

& Electrical Engineer 

Mr. R. Subramanian, Senior Supervisor 

0 Mr. Gurmeet Singh, Senior Supervisor 

Mr. Wan Idris Bin Jusoh, Mechanic 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 Arif£ Araff, Dr. Ong Peng Su, 

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

Ab. Ma.nan 
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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 sport shoes and other rubber goods from the 

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

ed. 

The energy consumption cost in the factory is 2.8% of 

the turnover, a relatively low figure. But, the 

managers of the f acto.ry have a great concern for 

energy-conservation. We could feel their great 

respect toward our diagnosis and surveys. 

2. .Manufacturing Process 

CHcMtc.AL MfXfNqo 
WlrRHIN~&t eyrTIN~ ......_ .. 

RUBBER CA LEH l1'D!Nlt PRf'3'l1Ntr~OL'E 

Ir 

TfATILES' - tDH81141"6r CITTTIN~ eHECKlN(f ,_ 

, 

~ 

GKINDR'( 
rlHA-l ...... 
>tSS948L)' 

I LAC.f 
~ PACl<IN(f ~ C.H'Etl(IN~ . -

I 
VULtAHIZINl\'I 

r 
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3. Major Equipment 

3.1 Major Equipment 

A-3 

No. of units 
Name Installed 

Boiler 1 

Vulcanizer A 1 

VUlcanizer B 1 

Hydraulic press 5 

Calenderinq roller 3 

Type, etc. 

Steam pressure: 13 kq/cm2 

Rated evaporation: 1,600 kq/h 

capacity: 840 pairs/charqe 

Dia. 2.1 m x lenqth 

7.8 m 

Safe workinq press: 0.9 kq/C1112 

capacity: 840 pairs/charqe 

Dia. 2.1 m x lenqth 

7.8 m 

Safe working press: 
2. 6.3 kg/cm 
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3.2 Layout 
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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 

melde. 

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. 

• 
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. 
5 Situation of Fuel Consum-otion 

The data given by factory Manager was as fo1lows ; 

Diesel oil 2637 k1/year 

Working days 250 day/year 

Working hours 16 hr/day 

Daily consumption of fUel 87.9 1/hr 

This factory has a 100 hp. Wet-back lla.xitherm boilor. 

Kost of the steam is for the vu1canisation process, while 

the remai.D.der, for forming presses and rollers 

5.1 Boilor Operation 

The measured and observed values of some of the essen-

tia1 parameters of the boilor were as follows ; 

(a) Flue gas te!lperature 195°C 

{b) o2 content in flue gas 9.5 ~ 

(c) Dispersion heat loss 

(d) .Amount of blow-down 

{e) :Fuel feed rate 

11,590 kcal/hr 

0~31 kg/kg Of :f'Uel 

1.4 1/min 

It is the most important step to prepai:ethe heat balance 
-

.sheet of the oojective facility !or diagnosis. 

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

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

thermal. energy as ~able A.5.1 at !ollowing page. 

5.2 

(1) 

Autoclave Operation 

According to the !actc~~· ~anager, 70 ~ of the steam is 

consumed by the two autoclaves. The tE!lllperature 

measurement made on autoclave-B surface gave the !ollowing 
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Description Input Output 

kca1/kg fuel 1' kcal/kg f'uel 

In.pQt 

Puel. (lfe~) 9970 97.9 
. . 

Peed Water 220 2.1 
-- -. 

Output 

- Plue .gas - 1151 
. 

Dispers·'n Heat 
Loss. 230 
-
Bl.ow-down 50 

Steam (balance) 8759 
.. 

--

Total 
10190 100 10190 

Tabl.e A. 5 .1 Heat Balance Sheet 

readigs ; 

Cylinder 

Door 

50 °c 

100 °c 

(2) Heat content or Equipment 

(area 55 m2 ) 

(area 4.2 m
2 ) . , 

(a) Kass of' autoclave-B was aswaed as 20,000 kg. 

Therefore, the heat content of' the autoclavu is 

Q = 20,000 x 0.12 x (125 - 32) 

=223,000 lccal./Batch 

"' 

11.3 

2.2 

0.5 

, ~6.0 

100 

where 0.12 is 8peci!ic heat of steel in unit of' 

kca1/kg. 0c . 

-

• 
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{b) Insulation-Material. 

The insu1ation material. has total. mass of about 2r200 kg. 

Then the heat content of insu1ation material is as 

f ollo•s ; 

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

where 0.2-is specific heat of insu1ation material. and 

1/2 i.s-used becouse it is assured that 1/2 of insu1ation 

material is affected by the temperature difference. 

(e) Tota1 Heat Requirement in Start-uu Operation 

It ia the slim of {a) and (b), 

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

(d) Hot Loading 
- -
Once autoclave has started, the temperature vary 

between 125 and 80 °c for loaded and unloaded condition 

respectivel7. The heat requirement for the-hot 

loading operation. is cal.cul.ated rough1y as follows ; 
, 

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

= 117,798 kcal./Batch 
- . 

(3) H.eat Requirement of Content Material 

(a) ~he shoe rack has a mass of about 2324 kg/Batch. 

The heat requirement is ; 

Q = 2324 x 0.12 x (125 - 32) 

= 25,936 kcal/Batch 

(b) The aluminium lasts have total mass o! about 1,277 

kg/Batch. !he heat requJ.rement is ;. 

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

= 26,127 kcal/Batch, 
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where o.22 is the specific heat of aluminium. 

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

averagely the mass of about 554 kg/Batch. 

Heat reqirement is ; 

Q = 554 x 0.4 x (125 - 32) 

= Z0,609 kca1/Batch 
where 0.4 is the average specific heat of the shoe. 

(d) The tota1 heat requirement of the content materia1 is, 

therefore, 

~ = 25,936 T-26,127 + 20,609 

= 72,672 kcal/Batch 

The heat requirement per batch operation of valcanization 

on the autoclave-B is tabulated below ; 

-

Description 
Start-ut> Hot loading 
from coid 

kcal/Batch "' 
kcal/Batch 'lo 

Surface Heat 
1) 

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

left! content of 243,450 69.5 117.798 52.5 
. q paen 

Keat requirement 72,672 20.8 72,672 32.4 
of content 

!otal 350,106 100.0 224,454 100.0 
-. .. 

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

Table A.5.2 Heat requirement in Valcanization Process. 

• 

• 
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Each autoclave is operated at rate or 4 batch a day. 

Assuming that autoclave-A carries out on simi1ar operating 

cyc1es and heat requirements. Then the tota1 heat 

requirements for two autoclaves per one day is as .tollows ; 

Q~ = 350,l.06 x 2 - 224,454 x 3 x 2 

= 2,046,936 kl!al./day 

( 4) Effici.ency of Steam Consunmtion in Autocl.aves 
ifb.e energy in the steam is 86 1" of the tota1 fUel. ini>ut 

in·boilo~. The two autocl.aves consume about 70 1' 
.... ·-- ..:;.. ... .--- _... --. - . 

of the steam produced. the energy va1ue of steam 

supplied to the autocl.aves is therefore ; 

Q =-o;s~'x 10,190 x 0.1 x 71.4 x a 
·- . 

= 3,503,958 kcal/day 

•her& 10-,190 ; Net fuel. conbustion heat kcal./~ of fuel. 

; .Amount o:r fuel consumution per haur 
kg of fuel/hr . 

8 . , Working hours per day 

~ 

~e ef'.ticiency of alitoc1ave .is therefore ~ 

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

= o.584 = 5a.4 ~ 

,· 
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6. Problems in Therma1.En.erg:y Utilization and their Potential 

Solutions 

6.1· Boilor Oueration 

(1) Q.2 control.~in Exhaust nue gas 

If' the o
2 

content were reduced to 5 tj,, the fuel saving 

wou1d be as follows i 

Description Observed lJ!1i>roved 

. 
o

2 
content in nue Jas c ) 9.5 5.0 

Air-ratio 1.8'.5 1.3 

Plu• gas Vol • (Bm3/kg f'uel) 21.41 15.47 

. 
Heat 1oss infiue gas 

{kca1/kg fuel) 1151.0 832.0 

The .. saved . .heat .O.Q woul.d be . t 

A Q = 1151.0 - a32.o = 319 kcal/kg of fUel 
. 

which is equivalent to the amount 3. 2 '/, of fuel input 

in the boil or. 

The saved S in fuel due to this reduction would be ; 

.oi.s = 121,000/year x O.OJ = S3630/year even with the 

nue gas temperature of 195 °c. 

( 2) Boil.or Water Qual.i tr ... Control 

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

ductivity Keters. The blow-down operation is gene-

• 

• 

rally carried out according to reference o! water quality. 

With the suitable blow-down operation the savings obtained 

wou1d be about o.5 '/, in Maximum o! total energy input 

on boilor. 
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{3) Peed Water Meter 
- . 
It should be equipped to correct1y monitor the quantity 

of water entering boilor which is equivalent to produced 

steam.. In this survay the amount of produced steaa 

has been estimated through the balance which is calcu­

lated by substruction the total. heat loss from the in­

put energy. 

6.2. . Steam ConSU1111>tion 

(1) Autoc1ave ODeration 

The loading and unl.oading operation of each autocrave 

takes place about one hour by one hour. This re-

sulted in large heat losses and decrease of boilor 

loading factor. It would be better to operate the 

autoclaves on continuous basis so that the heat losses 

would be reduced and the boilor fully utilized. 

To reduce the unloading period, it is suggested to be 

fully ready to charge the new batch material before 

_unloading the contents in the autoclaves. 

(a) Door Operation 

In present, the door of autoclave is keeping on openning 

until next operation. It cause the waste energy. 

Then after un1oading the door should.be closed to pre­

vent to cool down the autoclave except to be ready on 

the next charge. 

(b) Door Insulation 
. . 

If the measure !or the door insulation is only carried 

out, the heat loss would be reduced by 3,000 kcal/hr. 
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As·suming that fuel llllit cost is 0.054 $/1000 kcal. and 

working hours per year is ; 

250 day/year x 12 hrs/day = 3000 hrs/yea:r:. 

Saving S with two autoclave is as follows ; 

I = 3,000 x o.054/l,OOO x 3,000 x 2 

= 912 s /year. 

(2) !o insu1ate the Press machines 
. -According to the factory Manager, the press machines 

consume about 25 '/. of the total. steam generated. • 

The recomended are as f ol1oes ; 

{a) Whole cover Insu1ation on Machine 
With reference to Japanese experience such measure 

would save 25 ~ of energy originally required by the 

press machine. ~he savings would be able to cal-

cu1ated as f ol1ows ; 

Saved Heat= 8,759 x 71.4 x 8 x :.25 x 0.25 
• 

= 312,700 kcal./day 

Sayed $ = 312,700 x·0.054/1000 x 250 

= 4220 I/year 

(3) To insulate the Boilor Peed-Yater Tank 

The feed-water tank which was bare should be insulated 

• 
to reduce.surface heat losses. .The dispersion heat 

from the feed-water tank was measured to be about 8,400 

kcal/hr which was equivalent to.about 1.0 litre/hr of 

!u~l. The annua1 saved I obtained by proper insu-

lation of the !eed-wat r tank would be as !ollows ; 

I = 8,400 x 8 x 0.054/1000 x 250 

= 840 S/yea:r: 
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(4) To insu1ate the Drain Recovery Pine 

The drain recovery pipe lines from the autoclaves and 

the press machines have no insulations which resulted in 

heat losses. Especial.ly it would be effective to 

insulate the drain pipe lines of autoclave which consist 

of 50 mm or diameter and about 50 m of length. 

According with the insulation of this !>ipe line, the 

amount of saving energy, 10,000 kcal./hr are achieved. 

The saved I annual.17 woul.d be as f'ollows ; 

s = 10,000 x 0,054 x 8 x 250 

= 1,080 S /year 

6.3 .Another Comments 

According to factory Manager, it is difficult to keen 

on the temperature of inside of autoclave-B which has 

been builded recently, homogeneously. Maybe, it 

would result in to install the unsuitable thermocouples. 

Due to exchange them to quick responding sencer, exce­

lent operation would be expected. 

1 
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7. -- Electricity 

'7;1 Electrical ccnsumption~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 J 

0.9 

750 kVA 

415 Volts 

7 :2 Schmatic diagr.am and outline of factory.· 

Electrical schematic diagram is as shown in Figure 7.1. 

Cra-cker Mill 75kW 

ZRoll 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 Xi )OkW 

Valcanizer 2 x 5.5kW 

.__--Main Office 

t-------t...ighting 

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

'-----1·1-Condenser 6 x 50kVAr 

Figure 7.1 Electrical schematic diagram of MARCO SHOES BHD. 

The factory uain loads are; 

• 

• 
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(a) nine open roll mills of total capacity of 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 oh the low.·.voltage -side. 

8. Problems in electric power utilization and their noten­

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 (467 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 factory. 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 Oneration 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 m&asured 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. This 

action requires that transformer tappi~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. 
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8.1.3-- Phase balance condition 

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 

motors .. · Therefore· ef.fort · is· required.. to ·redistribute some 

of ~he ~~ngle.phase loads. 

8 :2· Electrical- loads 

- 8. 2. t- · 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 Consumntion(kW) 
idle loades ti on rating(kW) 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 
I 

2xJ.O 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 ~otors is 492 k~ 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 cptimu~ 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 = / 5f x 1.0 +.492z.x 0.25 = 225 kW 
·-- 1 • 25 

P as calculat3d 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 

combined 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~ 

~mer rating: required can be calculated as follows (assuming 

a p.f of 0.9); 

Required transformer rating= 2250~9 1 • 25 x2 = 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 



0 

A-19 

would be sufficient. The saving below can be realized 

if the two 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 . 
J.O . working . hours per day 

250 . working day per year . 
0.23 : the electricity tariff 1 i.e 1 23 cents/kWh 

8.2.2 .Fly wneel effect 

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 

(b) 

operations of the rollers can be avoided or reduced 

by increasing of material "'-:.it-sizes. 

The material once placed in the rollers are 
'. 

continuously being rolled even though they 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 w~s noted that the Valcaniser ( autoclave ) requires 

compressed air of pressure 3 kg/er! • However the pressure 

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

in pressure is too large. Normally a 1kg/c:n2 pressure 

• 
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difference is sufficient. Nevertheless other equipments 

pressure, requirements could not be determined. Therefore 

it is adYisable to lower the compressed air pressure in 

stages to suit the complete factory ~equirements. If it·Mas 

found 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 surfaces is around 200 lux. It is reco1r1-

mended that the lighting fittings in this section be 

lowered by O.J meter to achieve an intensity of JOO lux. 

This value is sufficient for this nature of work, thus 

improving the efficiency and quality. 
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9 Summary 

9.1. Thermal. Part 

The effective measures on the thermal energy conservation 

are summ.erized as f ol1ows ; 

(1) lst. Phase Measur& (No or little investmen~} 

{a) Air ratio inurovement 
to reduce o2-~ro~ 9" to 5~ 

{b) In~rovement of Autoclave 
Performance 

Annual.J.y fuel saving 

$ 

3.2 3,630. 

Guessed value ~ 
about 10.0 

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

9.2 

Insulation of drain-return (a) 
lines from autoc1.ave l.,080 

(b) Insulation of boil.or feed 
tank 840 

(c) Insul.ation of door of 
autoclaves 972 

(d) Case cover insulation 
Pressing machine 

or about 25~ o~ present 
·consumption 

Ele.ctrical oart 

On the electrical side there are 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 or $336/yea~. 

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

air pressure could realized a saving or about 3 % 

for each kilogram pressure reduction. 
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(3) The stop I start operations should be avoided. 

However the saving could be substantial but could 

not be quantified at this stage • 

• 
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1. outline of the Factory 

Address: No. 2 Lorong Enggang El!?pat, Taman Keramat, 

Kuala Lumpur 

Capital: 2,800,000 Malaysian dollars 

Type of industry: Rubber 

Major products: Retreated tyres 

Annual output: 36,ooo·:t 

No. of employees: 33 

Annual energy consumption: 

- Electric power, 223,390 kWh 

- Fuel, diesel oil, 186 kt 

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, Fi_tter tr Foremeo.n 

Date of Diag~sis: Apr. 18·- 19, 19~3 

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

~- T. Sugimoto 

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

Mr. Ahmed Faizul, and Mr. Arizan Ab. Manan 
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This is a factory to produce retreated tyres, belon9inq 

to the MARA qroup 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. Manufacturinq Process 

REPAIR IN~ 

C.URIHq. OUILDINE:;- CEHEl'fTIN 

s:tu- . 

• 

• 



3. Major Equipment 

3.1 Major Equipment 

B-3 

No. of units 
Name Installed 

CUrinq machine 

Larqe size press 10 

Small size press 18 

I 
Boiler 2 

Compressor l 

l 

Type, etc. 

No. of nev type: 4 

No. of old type: 6 

Steam consumption: 18 - 20 kq/h 

Steam pressure: 5 kq/cm2 

No. of new type: 6 

Steam consumption: 10-13" 1c.q/t:;m2 

Steam pressure: 5 kq/cm
2 

No. of old type: 12 

Steam pressure: 10. 5 kq/cm2 

Rated evaporation: 2,268 kq/h 

30 iP, 12 kq/cm2 

25 IP , 12 kq/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, the 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 shortninq the period of 

the off operation. 
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5- Situation of Fu.el Consumntion 
-

(1) Terms o:f-Puel 

(a) .Amount o:f f'uel. sunply 10,900 litre/3 weeks 

{b} Net Heating Value of' Fuel 

!he net heating value of the f'uel. is cal.culated as 

.follows ; 
.. 

10,891 - 600{9 x 0.14) = 10,135 kcal/kg of :fuel. 
. . 

where 0.14 is the wt. rj of' H molecu1e in H2o, 
600 kcai/kg is the rough latent heat of' vaporization 

o.f H2o and 9 is the ratio of ~O to H2 in weight, 

18/2. 

(e) Energy Innut ner hour to the Boilor 

Based on the fuel. consumption rate and the net 

heating value of fuel, the heat energy input to 

the boilor is as follows ; 

93.7 x 10,135 = 950,000 kcal/hr 

(2) Terms of Boilor O'Oeration 

{a) Actual. Yorking~Baurs 

(b) 

Working hours from Mon. to 1ri. were 12 hrs and on 

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

were 

This 

fuel 

The 

The 

. , 
{12 x5 x 3) + (9 x 3) = 207 hrs. 

values corresponded to the amount of hrs for 

supplying period to the factory. 

cycle of operation 

cycle of operation has been observed as follows 

Pt.111 firing 

Half firing 

5 min. 

15 sec. 

•• 

• 

. , 
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Fire atop 5 min. 30 sec. (incl. purge 
30 sec.) 

one full cycle observed was lOmin 45sec of which the 

firing time was 47.2 ~ and the no-firing time with 

purging time was 52.8 'Ii of the cycle. 

(c) Actua1 Fuel Consllt'-ption 

Based on the operation cycle and corresponding fuel 

supply data, the fuel consumption was estim•ted as 

follows ; 

10,900 x 0.84/207 x 0.472 = 93.7 kg/hr 

where 0.84 is specific gravity of fuel and 0.472 is 

the potion ratio of firing time in operation. 

5.1 Boi1or O~eration 

We must notice that the boilor disperse the heat 

with natural drafting during the non-firing part of the 

cycle. The boilor operation cycle of firing, purging 

and non-firing is illustrated below ; 

5.1.1 Datum of Cycle on Bailor O~eration 

Description Time 02 Temp. Linear Velo. 
in' Duct 

min 1' OC m/sec 

?ull Firing 5 9 240 -
Stop Pi ring 5 21 200 1.5 

Purging Blow 0.5 21 200 -
Half Piring 1/4 - 220 -

Table B.5.1 Combustion Cycle 

:I 

I 
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5 .• 1:.2 Heat Balance for Bailor Oneration 

The heat balance for boilor operation in terms of' kg 

of fuel is shown in -~=a:1e B.5.2 below ; 

Description - - Inuut Output 

-
kcal/kg of '/, kcal/kg of' ~ 

fuel fUe1 

OU:B!ut 

!'l.ue gas Heat Loss 1429 13.1 
(during firing) 

Plue Gas Keat Loss 210 1.9 
( non-firing) -

Bl.ow-down 83 0.8 

Dispersion heat 196 1.8 
Loss 

Produced Steam 8979 82.4 
(from Balance) 

Input 
. 

Pue1 10135 9;.o 
- . -

Feed Water 762 7.0 

• 

(hot charge) 0 • 
Total. 10897 I 100.0 I 10897 100.0 , 

Table B.5.2 Heat Bal.ance Sheet for Boil.or 
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5.2 Steam Consumotion 

5.2.l Reauired Heat 

The theoretica1 required heat is the sum ~f the heat 

content of the curing rubbers and some heat ror vulca-

nization processes. Actually the later heat was 

omitted because of rel.atively sma11 value in comparing 

to another much heat 1oss. 

(1} Tyre Mass 

Big Tyre 

Small Tyre 

60 kg/piece 

30 k,r/piece 

(2) Number of Batch Processes per day 

Big- one 

Ho. of Mach. 

10 

Small one 6 

Batch/day 

7 

16 

(3} Summary of' regired Heat per da;y 

Total No. 

70 

96 

big one 60 x 0.25 x (180 - 30) x 70 = 157,500 kca1 

Small ; 30 x 0.25 x (180 - 30) x 96 = 100,000 kcal 

Total = 257,500 kcal. 

where O. 25 is specific heat of rubber and 

180-30 is the temperature difference between 

steeam and ambient. 

This val.ue is correspo11ding to on1y about 2.6 '/, of the 

heat energy supplied by steam. 

5.2.2 Heat loss 

(1) Dispersion Heat Loss !rom Sur!ase of Curing Machine 

The curing machines have complicated structures and 

shapes and then the surf ace areas were roughly estimated 
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. that the big one is 5 m2 and the small one is 3 
2 m • 

The cal.cul.ated dispersion heat loss are as follows ; 

Big one ; 5 x 300 x 10 x 12 = 300,000 kcal/day 

Sm.all ; 3 x 300 x 6 x 12 = 108,000 kcal./day 

Total. = 408,000 kcal/day 

where 5 and 3 are the e~timsted surface areas in m2 ,. - . 

300 is the observed dipersion heat fl.ux kca1/m
2.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. The heat content of thecuring machines to 

be heated from 30 to 180 °c is calcul.ated as follows ; 

. --
Machine size Weight Heat content 

kg kcal/batch 
. . . 

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

Big Al 200 200 x 0.2?. x {180 - 30) ;: 6,600 

Total = 24,600 

Steel 600 600 x 0.12 x (180 - 30) = 10,E:!OO 

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

Total = 15,750 

• 

: 

where o.12 and 0.22 are the specific heat of steel and alu­

minum respectively and the weight of material is the guess-

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 kca1/day. 

Being compared to the heat available from steam which is 

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

kcal/day , the percentage of energy required by the 

curing machines is about 32 ~-

5.2.3 Heat Bal.ance of Curing Operation 

The heat bal.ance in terms of kca1/day is as follows ; 

-Description-- Input ·Output 
-

kcal/day 'lo kcal/day ~~ 
I 

Input 
Heat from steam 10,096,000 100.0 

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

Dispersion Heat 
Loss 408,000 4 0 
-
Heat Content of 
Curing Machines 3,234,000 32.0 

' 
Condensate for 
above Heat 1,998,000 10.9 

Uncountable Heat 5,098,000 50.5 

Total. 10,096,000 100.0 10,096,000 100.0 
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6 Problems in Therma1 EnergY Utilization and their Potential 

Solutions 

6.1 Bailor 

The o2 content in the flue gas could be reduced from 9 ~ 

to 5 ~ and the flue gas temperature could be degreed from 
o··· o 250· .c to 1.80 C:. In addition to these measures, the 

boilor should be operated continuously. The a.mount 

of energy saved by al.l these measures is 9.6 ~ of total 

heat supplied, in detail, 

3.0 '/,is saved by reducing o2·content • 

4.7 '/, is saved b;y reducing nue gas temperature and 

1,9 ~ is saved by continuous boilor operation. 

This factory used to spent about 94,000 I/year for fuel 

based on 10,00 litre/3 weeks and 0.054 $/1000 kea1. 

Then this factory would have a chance to save the fuel 

cost by conductng the above measures as follows ; 

o2 content· 

l'lue e:,as ~temperature 

Continuous operation 

6.2 Steam Consumption Pacilities 

2800 s 
4400 s 
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 wou1d probably be due to 

leakage through the steam traps.· · · !he %eturn conden-

sate has been mixed with raw steam, because the water 

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

turned back waa about loo0c, Boiling state of water. 

• 



• 

~-13 

this drain recovery system extremely is unusual. comparing to 

the normal one. 

The leakage might has originated from defective steam. 

traps which should proapt1y be checked. If the leakage 

from steam traps were avoided, about 20 to 30 ~ of the in-

puted steam could be saved. As cost, about 20,000 $ 

would easi1y be saved with the severe "house-keeping" and 

a smal1 investiment • 
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7. Electricity 

7.1 Electrical consumotion chracteristic 

- supplier : National Electricity Board 

of the States of Malaya. 

contractual maximum demand : 100 kW 

average monthly consumption : 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 

7'56"kvA=--------­
+--------Buffing.Machine 

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

------Compressor 

....---- Boilor 

1-----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 .1kW 

Figure 7.1 Electrical schematic·diagram of USMETA SND BHD. 

The factory main ~ads 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 

~ransformer which also supply neighbouring factory. Meterings 

are at 415 volts on the factory distribution board. 

• 
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8. Problems in electric power utilization and their potential 

solution. 

8.1 Source. 

It was observed that the incoming switch board com.part­

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 T.o 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/cm~. 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 
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level or 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/cm, :it is recommended to install stop 

valve. The purpose or the stop valve is to maintain the high 

pressure at the curing machines when the machines have warmed 

up such that the bw:k pressure from tbs 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-

erature of the ccapressors should be as low as possible for 

better·efficiency. It was observed that temperature of intake 

air is around 3a•c. If the temperature of the intake air can 

be reduced by placing the compressors outside the factory with­

sui table shed and good air circulation for cooling~ consider­

able energy can be saved. Assuming tho external ambient 
• temperature is 28 C the possible saving of $575/year can be 

realised following the culculation below. 

AP _ (27f+38)-~273+28) _ o 032 p- - 273+3 ' - • 
dP where -p-- is the percentage saving in power 

Therefore the average saving per year 

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

where 12 ~ the working hours/day 

JOO : the working days/year 

0.23 : the cost or electricity/kWh 

0.7 the working factor 
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9 

9.1 Thermal. Part 

The effective measures on the thermal enertrr conserva-
. 

tion are summerized as follows ; 

{1) 1st. Phase measures {No or a little invest:nent) 

(a) Boilor Operation 

Annually fuel saving 

~ $ 

i) to reduce o2 content 3.0 2,800 

ii) to reduce fiue gas temp. 4-- 7 4-,400 

iii) to keep on continuous ~er. 1.9 1,800 

(b) Recheck on the RUlllling Steam 

traps 

with rough esti:lation 20 to 30 20,000 

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

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

(b) Case cover over curing 
machines 

9.2 Electrical parts 

About 25~ o! present 
steam consum~tion 

On the electrical side the avenues for energy 

saving is rather limited with the exception of the 

compressors where ~ome improvements requiring no 

investment have been suggested in section 8.2.2. 
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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 kt 

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 

L1.impur. 

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 respect:ively, 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 new factory where 

sewer pipes are produced. 

2. Manufacturing Process 

• 
P.AW - CLAI - STO RAtrE 

,___ 

MAT&RIALS 
.; 

CRUSH IN~ 
,, 

DR"f'I N 'r . PRESS IN& 
POWD~ GRINDIN~ 

........-
,..- & M:XINGr 

( Cl1AM 6 E-!cS) I 

SE-Lt:C.TION STO~A ~E-

0 
~ FIRINt\- QIJALIT'f 

. 
'FIH(SH'f:i> --

(l<ILN) CONTROL G,OoDS 

' 

DELtV ER'( l<C--· 
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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 

MaX. temperature: l,160°C 

Products: Sewer pipes 

Drying chamber 7 

• Electric kiln Batch type, 

Products: Sanitary wares 



0 

C-4 

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. The~e is no employee training and 

PR activity in practice. 

As for the heating/cooling pattern, which is extremely 

important 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 calculation of 

energy consumption rate and the prepar~tion of a con­

trol chart. 
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5. Situation of .Pue1 Consumntion 
-

5.1 -Shuttie Kiln Operation with Batch Process 
-. -

(1) Standard 0Deration Data·: 

The standard operational data - in the shuttle kiln for 

the manufacturing raw sewerage soi ~ -oe are mainly as 

f o11ows ; 
.. 

(a) Manuracturing C;rcle 

Heating and ca1cination period 

Cooling period 

~ota1 hours of one batch 

36 hr/batch 

40 hr/batch 

76 hr( 3 days) • 

(b) Weight of the soil l>il>e charged in One batch 

45 to 50 ton. 

(c) Amount of fuel consumution in one batch 

About 6,000 litre 

(2) Descrintion 

Because of the batch process, if we want to implement 

the accurate anaJ.ysis, the data on a complete cycle, 76 

hours, should be obtained with suitable intP=~a.:L 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 h.eat balance of shuttle kiln wss barely 

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

(3) Heat Balance of Batch Ol>eratiQ!! 

Differing from the continuous process, the calculation 

of heat balance in the batch process is slightly 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 estimated 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 '/o 

--

Inuut 

Fuel 48,669,000 100 

. 
OutPut 
- Product SPil Pipes1 ) 

at.1165°C 14, 729,001 30.3 H.eat content 

Plue, gas· Heat·Loss2 ) 14 , 61 7 t 0001 30.0 
I 

Dispersion Heat Loss~: 6, 341,000; 13.1 
' 

Kiln Heat Content 12, 952, ooo· 26.6 
(Balance) 

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

Tab1e c.5.1 Heat Balance Sheet for Shuttle Kiln 

Jlotes ; 1) 

2) 

3) 

50,000 x 0.26 x (1165 - 32) = 14,729,000 kca1/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 '/o as constant through heating 
c~lr. · ·. 
roof ; 74. 7 x 15 x (100 - 32) x 34 = 2',.594,000 
sides ; 127.7 x 15 x (. 90 - 32) x ~4 =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 respectivel3, 
and 34 is the heating hours of the batch cycle. 
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The unit fuel consumption, which is the ratio of tota:L 

consumption of fuel in litre to the tota:L weight of the 

produt soil pipes in kg for one batch operation is ; 

5:,650 litre/50,000 kg = o.i13 litre/kg • 

This value similar on :the ceramic industries in Japan 

is bdtween O.l to o.13 litre/kg of ceramic product. 
- -

The unit fuel consumption in this factory ls reasonable 

comparing to that of Japanese Industries. 

5.2 Dryer OUeration 

(1) Re<luired Heat 

{a) A mount of the water evaporated in the Dryer 

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) Reauired heat 

= 2,500 kg/batch. 

Therefore, the heat required to reduce the moisture 

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. 0c , 

80 is the temperature of dryer in °c,and 

600 is rougb latent heat of vaporizatior1 or water 

in kcal/kg 

(2) Heat Content of Hot l'lue Gas for Dryer 

• 

The heat content available in hot nue gas is _estimated 

by graphica1 intgration using the temperature o2 content 

Of the fiue gas in duct through firing CJ'Cle. 
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The total amount of heat energy integrated is 

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

(3) !he 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 frGm kiln. Then 

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

= or 15 ~ 

6 Problems in Thermal Energy Utilization and their Potencial 

Solutions 

The factory has · new shuttle· kilns, one of which was 

diagnasel 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

rage Japanese industries. 

6.1 Shuttle Kiln Operation 

(1) overall Efficiency of Manufacturing of Soil PiDes 

The shuttle kile operation is followed to the drying 

proce&s. 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 proper Combustion 

~he mean value or o2 content of t:ue 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 energy saved is illus~rated as follows ; 

Heat Loss Terms o
2 

Content 
;. kcal/batch 

10 14,617,000 present 

5 10,200·,000· improvement 

Saved Heat 4,414,000 7 ;. of :fuel 

!his saved heat is equival.ent to 4800 S/year assuming 

the following data ; 

Annually purchased fuel 

Price of thermal energy 

Density of .fuel 

1440 kl, 

0.054 S/l,OOOkca1 

0.84 kg/1 

In this measure, the generation of the smoke from the 

stack should be prevent. 

6.2 nryer o~eration 

As shown in 5.2 the dryer operation only at 15 ;. effi-

ciency which means that the !lue gas .from ~e kiln is not 

fully utilized by the dryer. The exess heat from 

!lue gas could be furthermore used to dry th~ raw wet 

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

pipes is not completely a1'!ected. 

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-

utilize the excess heat in the flue gas, we would operate 

more efficiently the shuttle kiln with batch processes. 

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

preheating the raw soil pipes in the other kiln until 

300°c· without to damage the soil pipes on quality, the 

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

7.1 Electrical consumu~iuu ~h~~~~t~~istic 
National Electicity Board 

of States of Malaya 
- supplier 

contractual maximum demand ::250 kW 

- average monthly consumption 
: 66 .5 x10

3 
kWh 

. 0.42 . 
- factory load factor 

. 0.85 . contractual power factor 

. 750 kVA . 
transformer capacity . 415 Volts . 
rated supply voltage 

electric power specific 
. 73. 9 kWh/ton . 

unit (EPSU) 

7.2 Schematic diagram and outline of factory 

Electrical schematic diagram is as shown in figure 7.1 

NEB 11/.415kV 

750kVA 

22kW 

44kW 

Extruder (piping machine) 2 x 75kW ~ 1 x 49kW 9 

Compressor 

----Exhaust Blo"'er 

·----Blower 

Capacitor 

2 x 37kW 

30kW 

3 x 22kW 
1 x 13kW 

8 x 25kVAr 

Figure 7.1 Electrical schematic diagram of GOH BAN 

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

earthen ware sewage pipes.utilizing automatic extruding 

machines, 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 

uotential solutions 

8.1 Source 

8.1.1 Transformer 

The main substation transformer is rated 750 kVA 

but ~verage 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; 

.4P, = 750 (1-0.984) x 0.2 x 24 = 57.6 kWh/day 

where A Pt iron loss /day 

0.2 iron loss factor 

24 operating hours /day 
0.984 : efficiency of 750 kVA transformer 
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Recommended transformers • 

.dP.ot = f 200 (1-0.977) x 24 + 250 (1-0.978) JC 8} 0.2 

= 30.8 kWh/day. 

where ~ Pz : iron loss/day 

6.2 : iron loss factor 

24 : operating hours of 200 kVA transformer 

8 : operating hours of 250 kVA transformer 

0.977 : efficiency of 200 kVA transformer 

0.978 : efficiency of 250 kVA transformer 

Therefore. saving 

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

where 350 : number of day/year 

0.23 cost/unit of electricity 

S.1.2 Voltage 

From the name plates of various equipments and capa­

citors ( power factor correction ) they are rated at 415 

volts btit the actual supply voltage measured was 438 volts. 

It iz 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 correCttOn) 

There are altog~ther eight static capacitors 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 

8 .1 below: 
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mark of vi re 
Ne. red yellow blue description 

1 -0- 0 -0 Good 

2 ---0 -o- 0- Good 

3 -Ii -x- -b.- Open circuited 
' 

4 -f:.- ./). -X Open circuited .-

5 -X--· A Ii Faulty connection 

6 -A A -11 Faulty connection 

7 A A 0- Faulty connection 

8 A fl. -- -- . 0- --- Faulty connection 

mark -X-: <0.3, -A :<0.7, 0-:)0.8 (1.0 = 22.5 kVAr) 

Table 8.1 Conditions of static condensers 

From the table avove, it is apparent that the 

automatic pave~ factor correction equipment is faulty. 

As a result the capacity become in short for full loads, 

so pover f·J.ctor can not be kept hi.; a. Therefore we 

recommended defective capacitors be replaced, also capacitors 

be ventilated and adequate voltage must'be supplyed to 

prevent worsening again. 

8.2 Electrical loads 

8.2.1 Extrude.!,! 

The three extruders 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 

2 100 115 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. 

p = 
z. <r. 

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

With a safety factor of 2.0 for this nature of 

work the motor rating is suitably designed. 

8.?.2 Comuressed air system 

It is ne-::e.:osary to examine the whole compressed 
air system in the factory because the pressure as deli-

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

and this pressure appears too high for the factory 

application. It is P~ssible that the various equipments 

in the factory could very well perform 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/cm'" reduction in pressure a saving of 

3% of the total power consumed by the compressor. 

Since the delivered air pregsure is high and extensive 

piping, it is recommended~also that the factory consider 

a formal program for periodic leakage checking. 

• 

• 
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9 summary 

9.1 Thermal Part 

Because:. shuttle kiln operation on this factory is batch 

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

proper data with time passage through full period in kiln 

performance. According to the l.imi tation of ·t;he su'!:'-

vay times the resul.ts and potentioal solution is always 

not expected on correctness. 

If it is dared to say some suggestions, the expectan~ 

measures on the energy conservation a:re listed as follows ; 

(1) 1st. Ph..ase·Measures (No or little i;1vestment) 

Annually fuel saving 

(a) o2 control 

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

;, 

7 

s 

4,800 

The suttle kilns are comparatively well insulated and · 

the heat balance in table C.5.1. shows that it is comparable 

to recomended values in Japan. Espetially, no minor 

change would be significant on the existing design. 

(3) 3rd. Phase Measures (large-scale process 9hange) 

(a) Combined performance with two shullle kiln-dryer systems 

This would require the interconnected operation of the 

two systems. An interconnected underground ducts between 

the systems should be constructed. 

Provided that the quality o! products of soil pipes 

are not affected, the fuel savings which could be obtained 

by this measures would be preswna'bly about 7'fo of the total 

fuel consumption. 
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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 transformer f~om 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 working· hours. thu~ giving a 

saving or $2157 /year. 

In section 8.1~J.·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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l. outline of the Factory 

Address: 8 3/4 Miles, Jalan Ipoh, Kuala Lwnpur 

Capital:· 4,000,000 Malaysian dollars 

Type of industry: Ceramic 

Major products: Refractories, heat insulating bricks, 

fire clay bricks, hiqh alwnina bricks 

Annual production: 18,000 t 

No. of employees: 150 

Annual energy consuruption: 

- Electric power, 1,140,000 kWh 

- Fuel, diesel oil, 2,720 kt 

Interviewees: Mr. Tan Boon Chin, Refractories Engineer 

Mrs. Yap Szu Lee, Chemist 

Mr. Here Heng TUan, Cost & Management 

Accountant 

Date of dia;nosis: Mar. 28 - 29, 1983 

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

Mr. T. Sugimoto 

count~rparts: Dr. Mohd Ariff Araff, Dr. Ong Peng Su, 

Dr. Radu, Mr. AJ:und Faizul, and Mr. Arizan 

Ab Manan 
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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 

• 
RAW COARSE 

CTklNDI N6r MATERIALS 
. 

CRUSH IN~ 
; ---

MOISTURE 
HIXINEf SlEVI Nfr !<.--~ 

CONTROL 

0 f:>R e SS I N Gr . AIR 
~ DR'(FR ~ -. DRY (N qo • 

FINAL ,_ COOLIN E; . FlR\ NG- iofr-- -
IN1iPE:CTtON (KILN) 

~ 
STORES 
&. t>f SPATCH 
~ 
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3. Major Equipment 

3.1 Major Equi.pment 

Name 
No. of Units Type, etc. 
Installed 

Twmel kiln 3 Continuous type 
,.. 

No. 1 No. 2 No. 3 

Built 1973 1979 1982 

Fireclay High Fireclay & 
Products alumina chammotte 

bricks . - - -· --
bricks bricks • output/ 20.8 t B.S t 31.0 t 

day 

Downdraft kiln 2 Batch type 

Built: 1972 

Products: Chanmotto 

output: 60 t/charge 

Dryer 3 
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3.2 Layout 
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4. ·situation of Enersy Management 

There is no or~anization or system to promote the 

energy-conservation. The company conducts no parti-

cular PR for energy-conservation to its workers. 

ks 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 consid~rs it suf-

f icient to save energy even slightly from the current 

level. 

Many companies 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

tior: 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 produ=tion process control 

through the preparation of a process chart as generally 

done in Japan. 
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Attention is paid to the maintenance and quality con­

trol including the cleaning of burners or.ce a week, 

the chemical analysis of raw materials, sizing test, 

etc. 

• 

• 
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5 Situation of Fuel Consumntion 

5.1 

The data_ o:C the Unit Puel Consumption :ror each kiln 

up to the present have been evaluated by the factory as 

follows ; 

No. 1 Kiln 

Ho. 2 Kiln 

Ho. 3 kiln 

1,100 kcal/ kg o:r product 

1,650 kc~1/ kg of product 

850 kcal/ kg of product . 

According to the requests o:r factory manager, on1y 

Ko. 2 Kiln which is the worst in the unit fuel consum:9tion 

has been diagnosed on this survay. 

No. 2 ~el Kiln 

5.1.1 Data used in Heat Balance Caleu1~tion 

(1) Factory Data 

(a) Unit !'uel Consumption L,.650 kcal/kg of P. 

{b) Amount of Produced Bricks per Day 8,500 kg/day 

(c) Fuel Cal~rie Inputed per Hour 

(1,650 x 8,000)/24 = 584,400 kca1/hr 

-
(2) Measured Data 

A) o2 Content in Kiln 

(a) Coo1ing zone 18 'f. 

(b) Combustion zone 13 'fo . 

(e) Preheating zone 13 'fo 

(d) Flue Gas 12 'fo 
. 

B) DisEersion Heat Loss using observed. Heat Flux and Area 

a) Coo11ng zone 55,700 kcal/hr 

b) Combustion zone 101, 700 kcal/hr 

c) Preheating zone 42,400 kcal/hr 

Total 199,800 kcal/hr 
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E) · Car Cool.ing Heat Loss 

:r) Heat Content of Product and Car 

100,850 kea1/hr 

196,400 kcal/hr 

58,900 kcal/hr 

15,400 kcal/hr 

5.1..l Heat Balance Sheet of Ko. 2 Kiln 

.. 

Th.e heat balance for tmmel kiln operation based on hr 

~s shown in !able D.5.1 as follows ; 

Description Input ·0utnut 

kcal/hr 1' kcal/hr " 
Innut 

Fuel. 584,400 100 •. 
·-· 

OutEut 
- Hot Gas to Dryer 196,400 33.6 

-
Car Cooling Heat Loss . 58,900 10.l 

Pl.ue Gas-Heat Loss --100,850 17.3 

Dispersion Heat Loss . 199,800 34.2 

Heat.content of car 
and PrcJucts · - 15,400 2.6 

Balance {Uncountabl.e) 13,050 2!.2 

~ota1 584,400 100. 584,400 100.0 

!abl.e 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 = 0.009 or 0.9 ~-

This val.ue is too small.. Then normall.y the e!fi-
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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 0.28 x {1250 -. 30) = 120,900 kcal/hr 
( maxi~Wll required heat} 

120,900/584,400 = 0.207 or 20. 7tt/i 

Where 354 is weight of ¥roduct per hr in kg, 

1250 is maximum required temperature in °a·and-
0.28 is the specific heat of the brick. 

5.2 ?lo. 1 and No. 3 Kiln Ooerations 

Ho measurement has been made on No. 1 and No. 3 Tunnel 

ki1n in this survay. Based on the data provided by 

the factory, the unit fuel conswr.ption for the two kilns 

are as :!ollows ; 

No. 1 ; 850 kc3.l./kg of product or 

83 kg of fuel/tonne product and 

Bo. 3 ; 1100 kca1/kg of product or 

108 kg of fuel/tonne product 

These values are comparable to that of similar kiln 

for the ceramic product in Japan which have the values 

of between 64 to 170 kg of fu~l/tonne product on the 

unit fuel consumption. 



0 

0-10 

6. Problems in Thermal Energy Utilization and their Potential 

Solutions 

Ref~ring to Table D.5.1,about 65 ~ of the fue1 energy 

inputed in No. 2 Kiln is thrown out tc a.mbient,that is, 

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

loss, et al. ~e ba1ance which is about 35 '/, is useQ. 

on1y in the dryer. In Japan this vuue is al.most 

comparable. 

6.1 o2 Content in-.Pl.ue Gas 

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

excessive compared to the :recoiDDlended valur of 5 ~. as 

being applied in some simi~ar Japanese factories. 

To reduce the o2 content in ·i:he flue gas to as low level 

as possible, it is recommendable that 02 gas ana1izer 

shou1d be installed in .exhausting duct and inlet air flow 

rate for comb~stion 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 l.O to 2.0 ~ of the fU~l ccnsum­

ption dep~nding on former o2 content. 

6.2 Extensive insulation.0£ the roof side wall surfaces of 

the tunnel kilns 

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

hea.t losses through the surf'ace of kiln account to about 

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

heat losses would be effectively recovered by appling a 

• 
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suitabJ.e insu1ating materials onthe surface of the kiln. 

Assuming the constancy of the heat transfer coeffi­

cient, the decrease of 3Cf/; of temperature difference be­

tween the surface of kiln and ambient would resu1t 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 surrace of roof and/or to place the ceramic board· .-.. 

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

allowable temperature of the framed steel. 
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7 Electricity 

7.1 Electricity consumption chracteristic 

- supplier 
. National Electricity Board . 

of the States of Malaya. 

·ontrl-..ctual maximum demand . 320 kW . 
- average monthly consumption . 95 x HT kWh . 

- factory load factor . 0.20 . 

- contructual power factor . 0.85 . 

- transformer capacity . 1000 kVA . 
e - rated supply volta~e . 415 volts • . 

- electric power specific unit . 63.3 kWh/ton . 
(EPSU) 

7.2 Schematic diagram and outline of factory 

Electrical schematic diagram is as shown in figure 7.1. 

---------Insulatig Brick section (75 •. 12 kW 
. 45. 19 -

'--------Extrusion 76 kW 

·Jaw Crusher 3 x 22 kW 

0 Grinding Machine 1 x 45 kW e 
4 I 15 kW· NEB 11/.433 kV . ·. 

I 

Ball mill 60 kW --"'( O· 
1000 kVA 

Air Compressor 41 kW 

Hydraulic Presses Mixer 108 kW 

Hydraulic Presses 2 x 45 kW 

Hydrauiic Presses ( 1 x 22 kW 
Mixer 4 x 5.6 kW 

Capacitor 
6 x 33.3 kVAr 

J;r....-----1 
jt 

Down Draft Kiln '2 x 

Tunnel Kiln 3 x 60 kW 
House -0-o 'I 1 .... -------
Genera ter --, 165 kW _...._. __ _ 

Figure 7.1 Electrical schematic diagram of 
~H EAST ASIA FIRE BRICKS 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 operating for 9 hours/day with a diversity 

.factor of 0. 75 and the remainder of the eq:.ipments 

connected to the kilns and dryers are ~perating for 24 

hours7day. 

8. Proble3S in electric p~wer 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 50% 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 Inst.alled Power Recommended trance-

Description capacity consumes Formers car~city 
( kW ) .( kW ) ( kVA 

Raw m·aterial & 
processing 810 275 500 

Kiln 200 70 200 

Total 1010 345 700 

Table 8.1 Details of factory installed capacity 
and power consumed 
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Therefore it.is recommended.that the existing transformer 

be replaced by two transformers of rating 200 kVA and 

500 kVA each. The transformer should be switched off 

during non-working hours to reduce power loss. As shown 

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

be realized • 

Existing Transformer 

dP1 = 1000 (1-0.985) x 24 x 0.2 =72 kWh/day 

where d Pt :iron loss/dav 

0.2 :iron loss factor 

24 :working hours of transfomer/day 

0.985 : efficiency of 1000 kVA transfomer 

Recommended Transformers 

A P.z. = f 200 (1-0.977) x 24 + 500 (1-0.983) x 151 0.2 

=47.6 kWh/day 

where 4Pz. . iron loss /day of new system . 
0.2 . iron loss fac'tor . 
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 

• 

e· 
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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 supp~y 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 i3 because the factory has a~ ~utom~tic power·f~ctor 

correction equipment. However ~ell a house_is.kept, it . 

should be maintained all the time ~o achive the good power 

fac~or. 

8.2 Electrical loads 

8.2.1 Extruder 

The factory has one extruding machine of rated 

capacity 76 kW. However our measurement :ndicates 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 press 

and one 18 kW press. The results of which are as tabul~ted 

in table 8.2 from the measurement o. ~he 90 kW hydraulic 

p~ess, it was found that the motor is overdesigned. 

Therefore in our opinion it is recommended that the existing 
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90 kW motor to be re~laced by one 75 kW motor so taat 

losses could be reduced. 

Motor I Load A·ctual power consumed Pressure 

Cafacity (kgs} 
(~W} (kg/cm } 

kW} Min. Max. l\.verage Min. Max. 

90 200 x 10 25 81 40 7 JOO 
. 

18 100 x 10 1.4 6.7 4.1 J.5 70 

Table 8.2 Loading of hydraulic ores~ 

8~2.3 Lightin~s 

Generally the whole factory lightings are made of 

fluorescent laillps and .mercury V?-per: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 

fittiug 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 lall'.ps 

or marcury fluorescent lamps (of rating 400 watts each} 

for energy saving and easy maintenance. 
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9 Summary 

9.1 Ther~al Part 

No.2 tunnel kiln has a smal.ler dimension and capacity 

and a higher unit fuel consumytion com~ared to No 1 and 

Ho. 3 tunne1 kilns. The problems in this factory 

are to imyroY~ the unit fUel consumption to the level or 
another kilns. 

(1) 1st. Phase Measures (no or 11tle investment) 

'/, of fuel saving 
based on only No.2 

(a) o2 Content Control about l~ 

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

(a) Extensive insulation on surface 
of Ho. 2 tunnel kiln about 

{b) Expediting the installation of 
the predrying plant for the mois- _ 
tured :?"aw clay using the fiue gas 
from No. 1 and No. 3. 

9.2 Electrical parts 

l~ 

On the electrical side the avenues for energy saving 

is rather limited except for the transformer rating as 

shown in section 8.1.1. 
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1. Outline of the Fact~ 

Address: 6 .Talan Bersatu, Petaling Jaya 

Capital: 10,000,000 Malaysian Dollars 

Type of industry: Ceramic 

Major products: Ceramic wall tiles 

Annual output: 64,558,000 pieces (about 6,456 t) 

No. of employees: 265 

Annual energy consumption: 

- Electric power, 1,862,426 kWh 

- Fuel, diesel oil, 3,126 kt 

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, Or. Ong Peng Su, 

Mr. Ahmed Faizul, and Mr. Alizal Ab. 

Hanan 

Petaling Jaya, where the factory is located, i.s 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 

with 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 

produc~ion facilities in the future. 

The company has a very strong concern for energy-con-

servation. Energy-conservation is studied 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. 

l. .Manufacturing Process 

BALL i3ALL 
lLA '( MILL 

tHINA BALL 
C.LA''( MILL 

• 



3. Major Equipment 

3.1 Major Equipment 

Name 
No. of Units 
Installed 

Tunnel kiln 3 

Dryer 2 

Spray dryer 2 

E-3 

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 kq/8 hrs. 

Production capacity: 3,500 kg/h 
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3.2 Layout 

0 

S.lDr..c. 

IQ. ,.JA,4 i. 

Office. 

0000000 
E!aJLMills 0 000 Pre-ss~ 

1· 

I 
I 

Bf~ 

• 
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4. Situation of Energy Management 

The production cost saving committee is held 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 organiz~tion. 

The energy-saving investment was so far made on the 

heat insulation. The compar..y 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 consu~ption 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 energy. 
' 

But, there is no training program for general workers, 

nor there is a campaign made by the factory manager 

toward workers. 
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5 Situation of Fuel Consumntion 

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

purchased by this factory. The.tunnel kilns which 

onerate for 24 hours per day conswue 80 '/, of the f'ue1, 

the remaining 20 1' is consumed by i;he spray dryer which 

operate for 8 hours per day. Operating data presented 

b:f the factory show that the fuel consumption 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 Bisaue Production 

- The facilities of the factory co~prise 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. 

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

bined value !or one bisque kiln and one gloat kiln. 

• 

•• The waste heat from the cooling zone of the bisque kiln 

has been utilized for the heat of the tunnel dryer. 

Since actually the individual consumption 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 or the numbers of burner.at-

tached to each kilns. This is a big asumption, 

If later the individual fuel consumption could be clear 

by the suitable m~ans, all the analysis should be cheeked. 
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5.1.1 Onerating and Measured Data 

(1) Fuel Snecification 

{a) Type of Puel 

(b) Gross Calorific Value 

{c) Specific Gravity 

(d) Puel 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 !uel consum~tion, and 

14 and 18 are the numbers of burner in bisque 

and gloat kiln, respectively. 

(2) Onerating Condition 
. . 

A) Plue gas c~ndition 

(a) o2 content in flue gas at stack 

(b) o2 content at preheating zone 

{c) Temp. of fl.ue gas at stack 

B) Car track time 

C) Te1111>era:ture of tiles 

(a) Raw dried tiles at input 

(b) Pinished tiles at output 
. 

D) Weight of the :eile of tiles and 

(a) The pile of tiles on one car 

{ b )·. b refractory brick on one car 

(c) Steel structure of one car 

E) D;:rer cond~tion 

(a) moisture content of raw tiles 

{b) moisture content of dried tiles 

cai.: 

15.6 '/, 

7.4 ;, 

183 °c 
80 min/car 

125 °c 
130 OC 

1,300 kg 

2,221 kg 

1,820 kg 

7 '{. 

0 ~ 
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5.1.2 Heat Balance for Bisaue Manuf'acturing 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 ; 

Description . Input Out!)Ut 
- - -- -

kcal/hr 'Ir kcal/hr '/, 

Inuut --

Puel._ - 1,110,212 100.0 

OUt"DUt . - -

nue gas-from kiln 197,549 17.8 
. 

Exhaust frc:u dryer 12,867 1.2 

Car cooling air 109,264 9.8 

Heat of eva"Doration 
in dryer 79,750 7.2 

Dispersion heat loss 
bisque kiln 566,031 51.0 

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 1,110,212 100 .. 0 

Table E.5 .. l Heat Balance Sheet or Bisaue Kiln 
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5.2 ~ay I>rier 
-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 kca1/hr or 315 I.G./8 hrs 

in instruction book. on the anal.ys~s in this reports, 

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

5.2.1 OUeratin! and Measured Data 

(1) Raw Material 

(a) S1urry feed rate . 

{b) Slurry density 

{c) am.out of water in s1urry 

(2) D~ing Condition 

(a) Output rate of dried granular clay 

{b) Composition of granule 

Sol.id (clay) . 
92 "" ' 

Water ; 8 ;, 

c) Water ~o be evaporate from slurry 

4,860 kg/hr 

1.66 kg/litre 

1,640 kg/hr 

3,500 kg/hr 

3,220 kg/hr 

270 kg/hr 

1,370 kg/hr 

(3) Temnerature of Combustion hot Air entering into 

Spray chamber 

Measured 405 OC 

Design 400 to 600 °c 

(4) Discharged Temperature of Granular Product ; 

47 oC 

(5) Plue Gas Condition 

a) o2 content 

(b) Temperature 

17.8;, 

106 °c 
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5.2.2 Heat Balance on Snray Dryer O'Deration 
- -The heat ba1ance sheet on the spray dryer operation 

. is presented using above data in Table R.5.2 as belows ; 

Description Input Outnut 

--·-
kca1/hr 1' kcal/hr "' 

lnt>Ut 
:rue1 1,500,000 100.\l 

Outl!ut -
111.ue Gas Heat Loss 319,000 21.3 

Water Evaporated 
:rrom Slurry 

794,600 53.0 

Heat Content of dried 
Product 

18,700 1.2 
-

Dispersion Heat Loss 135,800 9.1 

Balance (uncountable) 231,900 15.4 

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

0 
Tab1e E.5.2 Heat Ba1ance Sheet on Suray Dryer Onerat!on • 
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6 Problems in Thermal Energy Utilization and their Potential 

Solutions_ 

6.1 No. 2 Bisaue Tunnel Kil.!1 

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

Table E. 5-.1 is suggesting that about 50 'fo of the fuel con­

swned is dispersed through the large surface of kiln. 

Then Extensive insu1ation on the surface of kiln to reduce 

the dispersion heat loss would be the most effective mea-

sures. Seconda-"":f measures 1D be worth considering would 

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

about 20 'fo of fuel consumption. 

6.1.l Extensive Insu1ation 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 rar.ged between 

50 °c to 100 °c except the plates around the burners which 

have th~ temperature of about 150 °c to 200 °c. 

Based on similar tunnel kilns in Japan, it would be 

desirable to reduce the surface temperatures beyond the 

standard criteria to as low as pos ible. According 

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 'fo to 

30 'fo easly. If similar measures were taken on this 

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

8 'fo to 10 '{.. Assuming that the fuel consumption 

!or all kilns is roughly 2400 kl/year and fuel price is 
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approximately o.5 $/litre for convenience of easy account, 

due to this measures about 120,000 $ would be saved annually. 

6.1.2 o2 Content Control in Plue Gas 

The No. 2 bisque tunnel kiln has been operated at sli-

ghtly high leTel of o2 content, 7.4 ~- Even uu to 

now, Japanese factories operating the tun!!.~l kilns are 

endeavouring to reduce the o2 content of the atmos~here 

in preheating zone to 5 ~ or air ratio = 1.3 If 

it were possible to reduce it to 5 ~' the saving of 1 ~ 

of :fuel consumption ~or ki~ns would be achieved. 

This o2 content reduction ca...~ be carried out by cotrol1ing 

the intake of secondary combustion air to burners. 

This savings result in about 12,000 S 

6.1.3 Ef~iciencv of the T'Unnel Kiln Oueration 

The efficiency of the tunnel kiln operat .onis often 

defined as follows ; 

Required heat tp heat up the product 
to its maxi:aam temperature 

Input o£·tota1 Heat 

Based on the above equation, the efficiency of No. 2 

bisque kiln is about 25 ~ which is similar to average 

values o! the efficiency of similar tunnel kilns in Japan. 

6.2 Snray Dryer 

As shown in the heat balance sheet in Table E.5.2, the 

e!!iciency on evaporation of water from slurry accounts to 

54 ~ of the total heat input. Then this s~ray dryer 

relatively has being operated with good conditions. 

• 

• 
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6.2.1 Hot Air Generating Furnace 

According to the instruction book, the designed values 

for hot air temperature entering into the drying chamber 

are to range between 400 to 600 °c. Otherwise the 

observed value of the air temperature at nearest point in 

duct pipe to the spray chamber was 405 °c and the ealcu-

1ated combustion air tem~erature using the observed data 

on the supp1ied fue1 rate and o2 content in the exhausted 

flue gas was 401 <!c.. 1!he differe.YJ.ce, about 2.00 °c, be-

tween the desinged and observed air temperatre wolud sug­

gest that there are the possibilities to save the fuel 

according to reduce the intaken air rate and then to in­

crease the combustion air temperature to al1owab1e level~ 

about 600 °c, provided the qualit1 of dried granular clay 

product is not badly af!ected. 

With this measure the f'lue gas vol'!.!!!le could be reduced 

by 27 1'- This would save the fUel and eleetrie 

consumption owing to reducing the flue gas heat loss and 

the loading capacity of flue gas discharge fan. 

6.2.2 Possibility of Full Utilization of Flue Gas from Tunnel 

kiln 

In present the spray dryer is using the combustion air 

from 8.?llbient in ex ess o! 5 to 6 times of the theoretical 

air requirement for complete combustion. There are 

the possibilities that the combustion air of the spray 

dryer might be taken from the tunnel kiln flue gas which 

has o
2 

content of 15.6 ~. 183 °c and volume !low rate or 
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4000 m3/hr in order to save the heat. 

It should be recognized that presently the heat content 

of f1.ue gas fron tunnel kiln stacks is only wasted to the 

ambient. Although a earful and skilled plan is re-

quired in conducting this improvement that long and huge 

ducts should be installed from the tunnel kiln to the com-

bustion chamber of spray dryer. According with the 

this measures the saving of fuel might be 13.9 kg/hr which 

is equival.ent of about 20,000 I/year, checking the slll.­

phur- content in flue gas as follows. 

6.2.3 Problems on Sulnhur Content and Dew Point of Exhausted 

Plue ~as for Reutilization 

The sulphur content L~ the flue gas is derived fro~ 

the combustion of fuel with 1 ~wt. sulphur which is burned 

in the spray dryer and the tunnel kiln. Therf ore 

in order to prevent the steel constructing the dryer from 
: r • 

• 

the corrosion, the sul.phur content and the dew point of the 

nue gas should be examined bef'ore the fiue gas is reused •• 

(1) Su1"Dhur Content 

(a) The total fuel consumed per hour by the bisque tunnel 

kiln and the spray dryer is ; 

111.4 ~ 151.2 = 263 kg of !uel/hr 

{b) Assuming sulphur is l ~wt. ot fuel composition, the 

weight of sulphur burned during combustionin both f'ur:-

naces is . 2.63 kg of sulphur/hr • 
' 

(c) Volume of !lue gas with the moisture produced by spray 

dr7er is . about 13,000 m3/hr. 
' 
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(d) so
2 

content of the flue gas in the combined systems is 

- (2.63/32) x 22.4/13,000 = 0.00014 or O.Ol4~vol. 

where 32 is molecular weightof sulphur and 22.4 is the 

volume of l kg moi. at standard condition in m3 

(2) Dew.Point 

(a} Water vapour from Hin fuel 411.7 m3/b:r 

(b) Water vapour from slurry 1,705.0 m3/b:r 

(c} Total volume of n.ue gas about 1.3,000 m.3/hr 

{d} Partial. vapour pres:.n1re and dew point 

(41i.7 - 1706.0}/13,000 = O.l6 atm. 

refe~ing the coventional steam table, the dew point cor­

responding to 0.16 atm of partial water vapour pressure 

is 55 °c. 
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7 Electricitv 

7.1 Electrical consumotion characteristics 

. National Electricity Board . supplier·.-

of the States of Malaya. 

contractual maximu~ demand 

- average monthly consumption 

factory load factor 

- contractual power factor 

- rated sunply voltage 

electric power specific unit 
(EPSU) 

- transfomer capacity 

: 340 kW 

164 x 
! . 10 kWh . 

: 0.49 

. 0.85 . 
: 415 volts 

: J0.2 kWh/1000 

: 750 kVA 

7.2 Schematic diaeram and outline of factory 

pcs. 

Electrical schematic diagram is as shown in Figure 7.1. 

NEB 11/.433 kV 

----Ball Mill 

"----- Agi tater ( x4 ) 
Blunger ( x6 ) 

3 x 37 kW 
1 x 22 KW 

100 kW 

• 

31.5 kW-.,_ __ _._ ______ Spray Dryer 
.-...,..-...-

750kVA 

Ca'Oacitor 
6 x 50 kVAr 

1------- Presses ( No .1 - No .6 ) 

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

~----Tunnel kiln 

(No. 1 -No. 3) 

.,_-------+-------Office Air conditioner 

..._-----Mech. Shop Air compressor 
Lighting 

Figure 7.1 Electrical schgmatic diagram of 
GENERAL CERAMICS BHD. 

( 103 kW 
29 kW 

( 29 kw 
49 kW 

{ 107 kW 
127 kW 
132 kW 
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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 

are four ball mill motors ( j1 kW each_}, eight hydraulic 

press motor (22 kW each ) and thirty seven smaller motors 

distributed all over the factory of rated capacity of 7.5 

kW e~ch. The average factory power consumption during 

working hours is 340 kW (386kVA assuming p.f of 0.9). 

This indicates that the main transformer is lightly loaded. 

8. Probrems in electric pow~r ~t;lization and their 

notential solutions 

8.1 Source 

8.1.1 Transformer 

As stated earlier the averag9 transformer load factor 

is 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 

making a total capacity of 500 kVA. the 300 kVA transformer 

can be switch~d off during non-working hours to reduce 

transformer losses. this measure will provide a yearly 

saving in electrical energy as follows; 

Existing transformer 

l1P1 = 750 (1-0.984) x 24 x 0.2 =57.6 kWh/year 

where ,dp, : 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 

AP2 = f (300 (1-0.981) x 8) + (200 (1-0.978) x 24)} 0.2 

=30 kWh/day 

vhere ~& : nev "iron losses of transformer 

24 : vorking hours of 200 kVA transformer 

8 : vorking hours of 300 kVA transformer 

0.2 : iron loss factor 

0.981: efficiency of 300 kVA transformer 

0.978: efficiency of 200 kVA transformer 

Therefore the annual saving is; 

(57.6-30.2) x 355 x 0.23 = $2237/year 

vhere 355 : vorkig days/year 

0.23 : cost of electrlcity per kWh 

8.1.2 Voltage 

The name plates of the various 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. 

Sine~ the total installed motors is about 870 kW 

and using the diversity factor of the motors as 0.7 

and load !actor of 0.55 during ~orking hours, the 

average output of each motor can be shown to be 4.4 kW. 

• 
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Therefo~~ considering iron loss only (motor lightly 

loaded) the saving in energy, thus; 

z 

4.4 x { (1-0.825) x 0.3) x { ( 438 ) - 1Jl x 200 x 0. 7 
420 

= 2.85 kW 

vhere 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 . 
saving/ year is given by 

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

where 9 : working hours/day 

355 : working days/year 

0.23 cost of electricity per kWh 

~.1.3 Power f~ctor correciion ecuiument 

This factory has automatic power factor correcting 

equipment which maintained good powe~ 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 ventilati~~ 

(2) The two tire arrangement of capacitors to be 

modified to single tire. 

(3) To adjust the automatic control such as the capacitors 
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to .De switched off at a power factor of __ o .85 and above. 

This procedure·. will save energy as follow; 

0.6 x 4 x 365 x 0.23 = $4836/year 

where 0.6 : kW consumed by each capacitor 

4 . number of capacitors . 
24 : working hours/day 

365 . working days/year . 
0.23 . cost of electricity per kWh . 

8~2 ··Electrical loads 

8.2.1 Motors 

The factory has eight hydraulic presses and each 

of these presses has a possible maximum load of 40 kW. 

The maximum load is only required for a very short period, 

giving the motor 0parating chracteristic as indicated 

in table 8.1. 

Motor Power consumed Power Average 
cafacitr ( kW ) Power consum 

kW No load load Factor -ption ( kW ) 

38.5 20 40 0.6 22 

Table 8.1 Load demands of hvdraulic presses. . . 
From the above table, it is clear that the motors have 

both low load factor as well as power factor. although 

the exact load pattern is not very clear, nevertheless 

it is suggested that measure to improve individual 

motor power factor to be taken (1.e capacitor connected 

at the motor control cubicle). This measure will reduce 

the motor copper losses. 

I 
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There are many motor (total capacity 266 kW) 

used by the three kilns. These motor consumed only 

51 kW of power which represent a load factor of less 

than 0.2. Even though most of these motors are in 

continuous operation in our opinion they.are overdesigned. 

Considering the low power factor of 0.56 obtained 

during measurements. the ideal combined rating of all 

motors used by the kiln should be around 100 kW. It is 

recommended that the factory make a thorough individual 

check on all the load of motors and make appropriate 

action to replace the motor commensurate with the maximu~ 

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; 

imoroved efficiency of motors 

= 51 kW x 0.03 = 1.53 kW 

imp~oved power factor o~ motor 

f 
0.56 2 l = 51 kW x 0.03 x 1 - ( 0. 80 ) J = 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 

of 3 kilns motors. 

0.56 actual power factor 

0.80 recommended power factor of 3 kilns motors. 
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24 : working hours/day 

365 : working days/year 

0.23 : cost of electricity/kWh 

8.3 Li~htings 

Overall factory lighting is good except places where 

additional.lightings· are required; 

(a) office stairs vhere only JO lux luminosity was 

registered. this situation is considered dangerous. 

(b) the agitator room. • 
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9 summary 

9.1 Ther~al uart 

Accordin~ to the diagnosis of t.~is project, the perform-

ance skill for tile 1:1.2I1Ufac~.iring using the tunnel kiln in 

this factory has been considerably resonab1e com~aring to 

the similar ceramic industories in Ja~an. If we dare 

pick up the items to improved on the energj conservations, 

the expectant measures are listed un as follows ; 

(1) 1st. Phase Measures (no or 1itt1e investment} 

Annually .fuel saving 

(a) o2 content control 

from 7-4~ to 5 ~ 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;. 

(1} Reduction-in the size of transformer. 

(2) Lowering of operating voltage. 

(3) PartiaL change in the mode of power factor correction. 

(4) Reducing 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. 
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1. Outline of the Factory 

Address: Batu caves, Selanqor, Malaysia 

Capital: 15,000,000 Malaysian dollars 

Type of industry: Cement 

Major products: Portland cement 

Annual output: 62,700 t 

No. of employees: 80 

Annual energy consumption: 

- Electric power, 7,500,000 kWh 

- Fuel, fuel oil, 7,000 Rt and diesel oil, 193 kt 

Interviewees: Mr. Lim Yen Heat, Factory Mar.ager 

Mr. Lim Eng Seang, Chief Chemist and 

two engineers 

Date of diagnosis: Apr. 14 15, 1983 

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

~- T. ?ugimoto . 

Counterparts: Dr. Mohd Arif£ Araff, Dr. Ong Peng Su, 

Mr. Ahmed Faizul, and Mr. Alizan Ab. 

Ma.nan 
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The factory is located in Batu Caves which is alx>ut 

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 located with the mining claims of the lime-

stone, which constitutes 80% of the raw materials for 

cement. 

2. Manufacturing Process 

NOOOLIZltfq 

C91EHT CUHlrdf 

• PACKINq SiOAAEt'E ~INl>INGr~SINTE~/Nfr .....__ __ ..... ,,,.. 
4-% 

~'(PSUM 

• 

• 
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3. Major Equipment 

3.1 Major Equipment 

Name 
No. of Units Type, etc. 
Installed 

Kind of energy used: Heavy fuel oil 

Rotary dryer l Nominal output: 4 t/h 

Type: Lepol grate type 

Rotary kiln l Kind of energy used: Heavy fuel oil 

Nominal output: 200 t/day 

Mixing plant 1 Pneumatic mixi.nq system 
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4. Situation of Energy Management 

r 

The energy cost to the turnover amounts to 48.9%. 

This is the reason why ~he factory manager and key 

personnel have a strong concern for energy-conserva-

tion. 

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 meter is done hourly, 

and records are kept. The energy consumption rate is 

calculated daily, and cost accounting is made monthly. 
. , 

But, there is no examination maae through a control 

chart ·as generally done in Japan. 

It is said that workers' consciousness of energy-

conservation 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 of the rotary 

kiln. It is necessary to consider to provide the 

lining of ceramic heat insulation material. 
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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 i~complete combustion is caused with long 

flame. It is necessary to improve the combustion by 

changin~ the burners. 

• 

• 
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5 Situation of Fu.el Consumnti~ 

The factory is purchasing about 6,433 tonne of fuel oil 

annually. The clinker production process consum.s 92 ~ 

of the total purchasing fuel oil, while the remaining 8 ~ 

of fuel is consumed by drying process. 

5.1 Rota;y Dryer 
-

5.1.1 Onerating and Measured Data 

(1} Puel Oil Snecification 

(a) A class of fuel 

(b) Gross heating value 

{c) Specific gravity 

( d) C~mposi tion 

(2} . Input r.ondjt1an 

(a) Feed rate of raw material 

(b) Peed rate of fuel oi1 

(3} J)riing condition 

Heavy fuel oil. 

42.4- MJ/kg 

10129 kcal/kg 

0.99 

c 84 ;, 
H 12 "f, 
s 4 'fa 

3 tonne/hr (dry basis) 

o .. i tonne/hr 

(a} Raw clay moisture content bef'ore dryer 18 ~wt. 

(b) Af'ter dryer 5 ~wt. 

(4} Plue gas condition (observed) 

a) o2 content 12.5 ;, 

b) Temperature in exhaust duct 172 oc 

5.1.2 Heat Balance for Rotary Dryer Operation 

The heat balance !or rotary dryer operation based on 

above data and additional of the surrace temperatutre of 

rotary dryer is calculated as next page ; 
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Description Innut Outuut 
I 

kca1/~-fliel _ ~ kca1/kg fuel ;, 

Inuut 
Heavy :fuel oil 9,500 100.0 

out12ut --

Heat content o:f dis-
charged product 1,431 15.l 

Latent heat o:f eva-
porated water 2,573 27.1 • Dispersion heat loss 3,404 J5.t: 

Flue gas heat loss 1.162 12.2 

Balance (uncountable) 930 9.8 

Total 9,500 100.0 9,500 100.c 

Table F.5 .1 Heat Balance Sheet :for Dryer Oneration 

5.2 Cement Clinker Production Plant 

Clinker production plant consists o:f Lepol station :for 

preheating of the clay pellets as raw materials after pel- ~ 

l&tizer, the main rotary kiln for the production of clinker 

and the air quenching grate t71>e cooler to cool the clinker 

discharged from the rotary kiln at 1. 200 °a 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 

!or presentation of the procedure to prepare.the heat 

balance sheet. These heat balance sheets are very 

useful on the detection where the energy is wasted • . 
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5.2.1 Onerating and Measureed Data 

(1) Fuel Oil Snecification 

Same as the fuel for the d~yer. 

{2) Innut Conditicn 

(a) Peed rate of raw material(dried 
-

basis) 320 

{b) Composition of raw material .drYed basis) 

Caco3 
80 ;, 256 

Clay 20 "' 64 

(c) Moisture content of pellets as raw material 

10 '{o of dry pellets 32 

(.d) Feed rate of fuel oil 875 
-

(3) .intering Condition 

tonne/day 

tonne/day 

tonne/day 

tonne/day 

kg/hr 

(a) Sintering temperature for clinker in rotary kiln 

l,.450 °c 

{b) Temperature of discharged clinker 

(4) Flue Gas Condition from Rot~y Kiln 

1200 °c • 

(a) o2 content 5.7 ~ 

(b) Temperature of flue gas at kiln outlet 900 °e 

(5) Plue Gas Condition from Suction Chamber of Lenol Station 

(a) 02 content 15.2 '{o 

(b) Temperature of Lepol outlet gas 1~0 °c 

(6) lToduction rate of Clinker ner Hour 

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) Lenol Station 

Description Input Output 
. -· --- - -

kcal/hr '{o kcal/hr ~ 

ln"Out 
Di. charged Gas f'rom . 
Rotary Kiln 4,453,000 100.0 

. 
Outnut -

Discharged Gas from 
Lepol Station 1,854,000 41.6 

Heat content of pellet 
to Rota..7 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 Leuol Station 

(2) Rotary Kiln 

Description Input Output 

-
0 kcal/hr 'fo kcaJ./hr ~ 

In-out • 
Puel 8,225,000 66.1 

Inlet Air from Cooler 1,940,000 15.6 

Heat Content.of inlet I 
Pellet f'rom Lepol 1,394~000 11.2 I 
Exothermic heat of 
Reaction !or clinker 879,000 7.1 

to be continued on next page 
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Description Input Output 

kcal/hr 'It kcal/hr ; 

Outt>ut 
Heat . 'Reaction f'or 
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 

• from Kiln Surf ace 736,000 5.9 

Balance 509,000 4.1 

Tota1 12,438,000 100.0 12,438,000 100.0 

Table :P.5.3 Heat Balance Sheet for Rotary Kiln 

(3) Rotary Kiln 

Description Input . Output. r 
' . 

kcal/hr 5' kcal/hr ~ 

--Int>ut 
Heat Content of Clin-
ker from Kiln 2,566,000 100.0 

Qut"DUt 
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 "Air Quenching Cooler 
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(4) Overall Heat Balance for Clinker ~ocuction Plant 

Description Input Output 

kcal/hr 1' kcal/hr 1' 

In"DUt 
Fuel Oil 8,225,000 90.3 
. 

Exothermic heat of 
Reaction for Clinker 879,000 9.7 

Outt>ut 
Discharged Clinker 421,000 4.6 

Exhaust Gas from . 
Cooler to Stack 279,000 3.1 ' 

Heat of Reaction for 
Decomposition of CaCO~ 4,174,000 45.8 . 
Latent Heat of Water 
in Raw Pellets 734,000 8.1 

Discharged gas from 
Lepo1 Station 

' 1,854,000 20.4 

Dispersion Heat Loss 
of Surface o:C ; 

Lepo1 Station 204,000 2.2 

Rotary Kiln 736,000 8.1 

0 Air Quenchlng Cool.er 34,000 0.4 

Balance (uncountable) 668,000 7.3 

Total 9,104,000 100.0 9,104,000 100.0 . 
Table P.5.5 Overall Heat Balance for Clinke~ 
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6 Problems in Thermal Ener~y Utilization and their Potential 

Solutions 

The fuel consumption ratio ~kg of fuel/ tonne of prod.) 

of the fuctory is 99.6 kg of .fuel/tonne clinker. The 

cement production factories using Lepol station in.. Japan 
- . 

have average fuel consumption. ratio or 929, 000 kcal/tonne 

of clinker. Such fuel consumption ratio of this 

factory is only slightly higher than average value in 

Japanese cement industry. 

6.1 Rotary Dryer 

6.1.1 Combution Control 

The flue gas of dryer o2 content of 12.5 ~ and this com­

bustion situation could be improved by reducing the c2 

content in flue gas to 5 ~ provided there is no smoke 

formations. The reduction of o2 content in exhaust 

gas owe to control intake air for combustion would give 

the ~avings of 5 to 6 ~ of fuel consumption on.the dryer. 

~his saving of fuel is annua1ly equivalent to about 

14,000 S to 16,000 S 

6.1.2 Extensive Insulation 

The inner surfaces of cylinder of rotary dryer are com­

pletely not insulated which result in high heat loss from 

surfaces It would be better to install the insulating 

brick:on the inner surface of rot~ting cylinder with pro-

per thickness. . In present it is difficult to estimate 

the effect of savings because of the lack of suitable data 

and survay time. 
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6.2 Cement Rotary Kiln 

Refering to the operational data on Japanese cement 

industries, the fuel consumption on rotary kiln operation 

is almost reasonable. 

6.2.l _Restriction of air flowing into suction zone of Lenol 

Station 

In suction zone on Lepol station, ambient air consi-·: 
. 

derablyis sucked resulting in to lower the temperature 

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 up the cold pellet to 

higher temperature as posible, provided that heated pel-

let is no effect. 

6.2.2 Alternative resource for nreheat of fuel oil 

The supplying systems of fuel oil to the burner of 

rotary kiln is equipped with electric oil heaters. 

The required energy for electric heating of fuel was equi 

valent to 40 kw. If waste heat, for example, from 

the air quenching cooler is utilized instead of the ele­

ctricity, an amount of saved electricity is estimated to 

be about 60,000S annually. 

• 

• 



F-15 

7. Electricity 
- . . ·. .... -

7.1 Electrical consumoticn chracteristics 

- supplier : National Electricity Board 

of the States of Malaya 

contractual maximum demand : 1000 kW 

- average monthly consumption : 548 x 10 kWh 

factory load factor : 0.54 

contractual power factor : 0.85 

rated supply voltage : 415 volts 

transformer capacity . 2 x 1000 kVA . 

7.2 Schematic diae"!'am and outline 

Electrical schematic diagram is as shown in figure 7.1. 

This 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'or 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. 
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Raw Meal Grinder 52 kW 

R.M.S. 23 kW 

33/.433 kV Rrw Heal Mill (2) 249 kW 

Raw Meal Silos 357 kW 
1000 kVA 

Lepol Kiln Plant 256 kW 

Cement Grinding Mill ( 3) 9 kW 
&: Plant 

e NEB Cement Mill (4) 353 kW 

0 

33 kV Raw Meal Grinding 64 kW 

Rotary Dryer 13 kW 

33/.433 kV 
Grinding Mill (1) 

Rotary Kiln 

1000 kVA Cooling Plant 

Cement Grinding Plant (3) 

Cement Silos Capasitor 
6 x 40 kVAr 

-r~-- Packing Department 

Figure 7.1 Electrical schematic dia~ram of 
MALAYA INDUSTRIAL MINING CORP. 

8. Problems in electric oower utilization and their 

potential solutions 

8:1 Source 

8.1.1 Tra~sformers 

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 

• 

• 
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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 following calculation. 

saving/year. 

= f 2 x 1000 (1-0.985) -2 x 750 (1-0.984)} x 0.2 x 24 

x 365 x 0.23 = $2418/year 

where 1000 : existing transformer capacity 

750 : recommended transformer capacity 

0.985 : efficiency of 1000 kVA transformer 

0.984 : efficiency of 750 kVA transformer 

0.2 : iron loss factor 

24 : wor~ing hours/day 

365 : working d·ays/year 

0.23 : 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 again~t the motor rati~g 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 
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~oltage 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 volts. 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 load. This is due that 

the capacitor of pover factor correcting equipment installed 

for this trar.sformer 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. These 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 

• 

• 
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efficiencies of the motors and increasP. 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 

tc redistribute the phasal loads equitably to restore 

the balance conditions. 

a.2.2· Large motors 

In accordance to the name plates or the various 

are as shown in table 8.1 below. 

Description Rating Actual measurements Load 
of power voltage power voltage power factors 

Motors ( kW ) ( v ) ( kW ) ( v ) factor -- -- --
Grinding 160 400 130 433 0.87 0.81 No 2 

Grinding 
No 3 i50 400 157 432 0.91 1.05 

Cement 230 400 210 418 0.84 0.91 
Grinding -

-
Exhaust ·110 97 418 0.77 0.89 

No 3 
Roots 75 56 430 0.84 o.74 
Blower 

Total 650 

Table 8.1 

I 

The g~inding and the exhaust motors ~ave low power factor 

(between 0.7 to 0:84). It~~ ~l~o o~served 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 



0 

0 

F-20 

look into the ratings and sizes of the wirings of the 

motors. Further power factor correcting capacitor should 

be installed for these motors as recommended earlier. 

8.2.2 ContinuousLy running of ·t:t.0tors·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 

make maintenance scheduling very difficult. Nevertheless 

we have also observed that many motors are running without 

any load connected to it, and some motors are still 

running even when the beltings are already snaped. 

This leaves to the conclusion that the factory has very 

poor maintenance 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 operatc.s to swich off the motors 

as soon as they are no longer required for the process. 

Even 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 belo~; 

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 

• 
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365 : working days/year 

0.25 : cost of electricity/kWh 

8.2.J 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 two compressors 

are work intendem such that both compressors are 

switched on and off simultaneously. In our opinion it 

would be better to redesign the co~pressed 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 b~ more appropriate and economi=al 

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 

j 
' 
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22 kW heat equivalent will only be necessary 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 Maintenance 

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 snapping 

and wastefull operation of motors, etc. It is important 

to note that fozr each kilowatt save is equivaleµt_ to savir."g 

of $2190/year on energy cost' 

• 

• 
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9 summary 

9.1 Thermal ~art 

The fuel consumption ratio for the cement clinker manu­

facturing using Lepo1 station in th~s·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 ; 

(l} 1st. Phase Measures (no or 1ittle investment) 

(a) o
2 

content control 1n 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 

Annually fuel saving 

5 to 6 

$ 

about 
14,000 

60,000 

(3) 3rd. Phase Measures (large-scale process change) 

?or furthersavings in fuel, the conventional study 
I 

for replacement of process ~lant should be carried out, 

for example, "New Suspension Process". 

·' i 
' 
I 
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9.2 Electrical parts 

For this factory there are several avenues vhere .energy 

saving ~an be achieved and in addition-to impro!e wo~king 

condition· and factory managemen-t. The .f.ollowiri.g maj.or 

recomaiendations Ii.ave· been· suggested;. 

··· ( 1) Reduction --in transformer ..:capacity 'Co:.commensurate 

with the loadi.Iig of :the factory as· suggested :in:"..8~·1.1. 

(2) Install automatic~no load alarm system for the large 

motors. 

(J) To change electric heater for fuel oil with that of 

heat exchanger utilizing waste heat • 

• 
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1. Outline of the Factory 

Address: Sanawang Industrial Estate, Seremban, 

N~gri 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 cot~on 650 kg 

No. of employees: 500 

1i..nnual energy consu.'Uption: Electric power, 7, 560, 227 k~:h 

Interviewees: Mr. Prem K. Sahgal, Factory .Manager 

Mr. Dinesh Agurwal, Spinning Master 

~tr. Heblikar, Maintenance Engineer 

Mr. Rae, 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: or. Mohd Ariff Araff, Dr. Ong Peng Su, 

Mr. Ahmed Faizul, and Mr. Alizan Ab. 

Manan 
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The factory is located in Seremban, the ~apital city 

of Negri Sembilan, which is situated about 65 km south­

west of Kuala Lumpur. A north-south highway links the 

city with Kuala Lumpu~. The company is specialized in 

spinning. 

The company imports polyester from Japan, cotton frora 

South America, Pakistan, and Singapore, and sells its 

products to nitting factories in the country. 

Energy is consumed only to operate airconditicners, 

cdopressors, 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. 
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2. Manufacturing Process 
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3. Major Equipment 

3.1 Major Equipment 

No. of Units 
Installed 

Blowing ~.achinery: Scutcher l 

MLxing Bin 3 

Autooixer l 

Carding ~.achinery: Aerofeed Card 16 

O?:awing ~achinery: Draw =rame 8 

CoC!bL"l.g f'.achinery: Comber 7 e 
Roving Machinery: SL-nglex 7 

Spinning ~.ac:U.nery: Ring Frame 32 

Winding :r.a.chinerf: Wir.de!"S 4 

Ci?:cular Winder 12 

Autc~tic Winder l 

4 
Compressors: 



•• 

• 
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4. Situation o= Ene!:"gy r-!anagement 

Energy consumption is only in electric power. No 

fuel is used. 

The key officers have a strong concern for energy­

conserva ~ion. They plan to establish concrete targets 

for t~e power saving ratio as well as the date of 

achievement. 

There is no organization for the promotion of energy­

conservation. 

There is no tr~ining program directed to general 

workers. But, the staff me~bers are made to attend 

se~inars from ti~e 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. 

Oaily record~ng ~s made on power consumption by equip-

ment, production process, and factory. Recordings area 

com?iled and ke?t in good order. The electric power tt 
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 lead measurement on transformers, improvement 

of power factor by condensers, etc. However, there 



• 
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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-

condi tioned room • 
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5 Situatiom of Fuel Consumntion 

6 Problems in Thermal Energy Utilization and t~eir Potentioal 

Solutions 

All the management of factory has been ooerated using 

only the electricity as energy source. 

cription on above items is eliminated. 

T~en the des-

• 

• 
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7. El~c~~icitv 

7.1 Sl~c~ric~• co~2u~ntivn chracte~istics 

- sunnlier National Elect=icity Board 

of the States of Malaya. 

contractual ::!aximur!l de:iand : 950 kW 
:; 

- average monthly consuuption : 557 x 10 kWh 

- average factory load factor 0.45 

- contractual power factor :0.85 

• t~~~sfor~er capacity 2 x 1250 kVA 

11,000 volts 

7.2 - .. . .. _ ......... ~-!l-,,.... 
..... •J !. ~ .... ~~ - . J - _, 

~l~ctrica.l sch~::atic diag-rs.ra i.s as sho~ in ?igur~ 7.1. 

This fac~ory co~su~ed only electrical e~ergy. The electrical 

ene~gy ~a~ag~~en~ of the c~mpany viz i~put voltage, power 

counter~easuras against oaximum de!:!and and lo3.d. 

-.-=·~11. T~e factory installed 2 x 

125J kV~, 3 phase tra~s~or=ers and recieved supply at 11 kV. 

• Eowe~er t~e t~o transfor~ers are lightly loaded and 38 % 

of the total load is con3uraed by the air conditioning 

equi?~ents. The total !nstalled moto~ capacity is about 

900 kW, but actual po~er consu~~d by these motors is 

only 40 % and there are many motors which are rated below 
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i.-...-,--,-Spi:mir:g Cfo 17-32) 

I Capacitor ( 2 x 50 kV~r) 

-----:·finding 

I-Capacitor 

'-----?u:ip. Fun 

( 2 X i:;O '.c-F:l .... ) 
J ·- '-· - • 

C. ~xtentio~ Spinning 

~1 -~ir cond.itioner 

Ca-:Jac~~or I' ( ifo 1, 2 ) 
( .. ~o ~,.J. .... ) 

..._ J .. 
1 
··- -'-----~·!ain Office 

Canta en 

?ig~~e 7.1 ~lect~ical sch~~atic ~ia~ra~ of 
C~E~?A~A LAKUSI~I ~ZX!IL~S SJN. 

uotential solutions 

8 .1 3011!'(:9 

8.1.1 Transfor~ers 

342 

i 8 7 }:~·I 

7 3 it::{ 

The total capacity as indicated before is 2500 kVA 

a~d the loads registad by these transformers are show~ 

by table 8.1 be~o~; 

• 

• 
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Dascrio:Oion Transfor:::ier ~ransforaier Total 

No 1 No 2 

I Capacity of I 

1250 1250 2500 

I Transf'or!ler( k'/A) 

i 
I 

Install~d. load I 

1400 . -
- ' 2560 I 

capacity (k:-1) I I 
I ?o:..;e!'" taken by I I 

450 450 I 900 
loads (k:of) I 

I I I AYera.ge monthly I 332 x 10 I 370 10 702 :< 10 .• I 
consi.Etpt.:on I• T) I j \.Ko'(!. 

PcT..rar f ac:ior 
! I 
' 0.96 I I 0.95 0.95 
I I ! 
I ! 

Ac~ug,l c ons~;.m pt ion 
474 469 945 i 

I 
( l.1fl) l ~ --

i 
Calculated load 

I 0.38 0.33 0.38 
f a.ctor 

Table 8.1 ?ra.nsfor~er ratin~s and loadi~g condi~ion 

It is ob•1ious .L. • 

'"'.r a::; the transf or~ers are under u~i:!.ized 

with conbined load fac~or of only 0.38. It is reoom~e~ded 

that the total transfor=er ca.oacitv be reduced to dis-. .. 
connecting one of the transforoers and the whole of factory 

supply be connected to the other transfor~er. 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 

whe!"e 1250 rating in kVA of the transfor~er 

to be taken off. 
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0.986 eficiency of 1250 kVA transformer 

0.2 iron loss factor 

wor£ing hours/day 

365 working cays/year 

0. 17 cost of electricity /k~h 

8.1.2 Volta£e a~d co~er fac~or 

T~e ra~as~rea output voltage of the t~o transfor~ers 

~r~ about 421 7olts and when co~pared against the various 

• 
For transfo~~ar No. 2 a considerable u~bala~ced loading 

was ~easured ( 6.4 % unbalanced current i.e, 55 Asps 
• • J.. -r.na .... the factory 

s~culd redistrib~~a the loads connected to thi3 
. ~ 

r,r~nsror:ier 

to cona.i:,:.on. 

Durin5 o~r visit the factory Nas not in full • production. T~erefore it is not possible for us to recom-

men~e~ the new contractual maximum de~and value. It is 

rsco~~end t~at t~e factory ~ake a study on the ~axim~m 

demand required during full production operation for the 

w~ile and re-evaluate the value of contractual maximum 

de~and. If the factory maximum demand is loNer than the 

present contra~taal ~axi~um de~and, a renegotiation Nith 

t~e supplier o~ a new con~~actual maximum denand value 

. • d . . ' 
s~ou1 ca =~rr:e~ '.'.>Ut • 
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It is also suggested that a special alarm system 

to be installed for total consu2ed power indicator . to 

pre1ent the factory operating beyon1 the contrac~ual maxi~uc 

demand.. 

3.3 Elect~iCa~ loads 

?~is factory has t~o central air conditioning syste~s 

refrigerator~ pu~ps and blowers. The sajor data for 

the 3yste~ are given ~ellov in table 8.2 and 8.3 . 

! 
I ~ .Q :: ..... ..,... ~ ...... ~ i ·"""',., I...)_,.., ....... __ ....,...; __ ... _ 

'

•. Actual 
load. I 

Ave~age ~onthly co~su- Installed 
-o"'"~on ( 'f<>r ·83') 
~ ~~ · 1~-;·~f ~o~al ·icapacity I -

' ! ti ( '..-'·~ \ -oa.•• .. (k~h) monthly (~~) 
3 

163x10 23 521 

3 

107x10 15 293 

Desc::-iptio!l 'Jalue 
-

' 
. ...,A. ; '.·! .•• , 

ti.,. ••• • .• .: • ; I ·'° M'3 ! . , ··•. Room capacity 22000 . 
i 
I 

No of work men 80 I 
I ? 

Power rating of I 40 kW I 1 . h .. -l.g.1<.l.:tg 
! I 

I 
Power rating of I 

operating machines I 298 kW 
I 

~able 3.3 Major h9at load data 
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It ~as found that there are several neat dissipating ap9arat-

us such as air coopressors·(3 units) and static ca9acitors 

located in air co~ditioned rooms. This practice increases 

the load on the air conditioners, and therefore it is 

strongly recomnended that these heat dissipating equipments 

to be located in well ventilated and non air conditioned 

spaces. If sue~ ~easures are carried out the follo~ing 

cost of energy can be sa ed. 

Heat dissipated by 

3 co8pressors /hr 

·.-Ih.e~e 7.5 

0.75 

= 7.5 x 3 (1-0.75) x 0.5 

n c:: 
....) • ,,,J diversity r~~~or 

Energy requireQ oy 
co~dition pla~~ to 
away the cospressor 

air 
take 

M:i~.:../.._,,.. _ _. __ ..,, ~ .. -
1 = 2.8 x 0.7 

= l k~.·rh/b.r 

= 2. 8 ~(:!h/hr 

.. :.,~.,..~ ""··-- - 0.7 affic~encJ of air c~nditio~~d plant 

saving/year = 4 x 24 x 365 x 0.17 = $5957/year 

24 working hours/day 

365 working days/year 

0. 17 cost or electricity /k':lh 

8.3.2 Motors 

So~e of the motors in the factory are lightly loaded 

( overdesigned ) . Genera:ly the motors oper~~ing within 

70 % to 80 % lead factor give ~ettar efficiency and in 

this contex~. for these operati~g below 40 % load factor 

should be rapla~9d by on~, whose rating is a?propriate 

• 

• 
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for the load. The r~ctory was found clear and maintenance 

syste~ seems adequate. However the co~pressed system 

it is suggested that compressed air leakage be checked 

for distribution pi?e a~c whole system periodically 

Most comnart~ents and sec~ions in the factory 

have good lighting syste~ excent i~ the spinning and 

winning section, where the lig~t intensity at ~crking 

-- ?osltion is only 15G lux. ~~~ usually lign~i~g standari 

for this ty?e of work is 300 lux (Japanese prac~ise ). 

Therefore it is r~co=~ended that ~he lighti~g fit~i~gs 

in these sections be lc~ered by 1.G ~eter or ex~ra 

lighting be installed to the lighting 

intensity for ~or~ efficiency and quality • 

• 
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For this factory the following recoraaendations ~ere 

made for saving electrical e~ergy. 

(1) Operating ~ith one transfor~er only. 

(2) Reduce maximum demand load and utiliz~~~ ~axiiu~ alar~ 

indicator~ 

(3) Decreasing a;~ conditioned load by reloc~ting the 

dissi~ati~g equipaents such as compressors and 

ca~acitors. 

• 

• 
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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, fuel oil 168 kt 

Interviewees: Mr. Choo Kok Keong, Factory Manager 

Mr. Ralmah, Personal Manager 

~.r. Tan Guan Seng, Senior Production ,, 

Assistant 

Mr. Yap Er.g, 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. 

Manc:i.n 
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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 

• 
NETT11'~ PAC.Kl N(?r 



3. Major Equipment 

3.1 Major Equipment 

Name 

Polyester monofilament 
extrude rs 

Nylon monofilament 
extruder 

H-3 

No. of Units 
Installed 

12 

1 

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 

Kini of energy used: Electrical 

Products: Polypropylene tape 
Polypropylene tapa yarn 
extruder 

Heat stretching 
machines 

Steam depth stretchers 

D']eing !l'.achines 

Boilers 

1 

3 

2 

2 

2 

Nominal out;:ut: 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: 

New boiler 

2 
10 kg/cm 

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 
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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 condensate, etc. This means that the 

effect of energy-conser-·~tion, when achieved, will be 

great. 

Energy management is entirely new to this company. 







I.I 

'. .. II~ 2 8 001~ 

:111132 I .2 
1U,~ . .. I 2.0 

11111

1
·
8 

11111.1.
25 

111111.
4 

ll!!!J.6 

MICROCOPY RESOLUTION TEST CHART 
NA fl ONA I fll HH Al I ()F •; T ANflMHJ'; 

•;rANflMl[J fHffllfNCf MATf fllAI min .• 
u\N'-.;I ,ir1r! I';() Tr'; T CHMH Nr· ?1 



H-6 

5 Situation of Fuel Consum.otion 

At a present the fuel oil in this factory is consumed 

by two boilers which are sometimes operated in narallel to 

each when the steam demand is hi~h. ~ring the low 

demand of steam the old boiler is shut dowm. 

In 1982, the fuel consw:ipti0n on the twe boilers was 

1.68 kl per yea:r. All the steam produced on t~e boilers 

was only u~ilizcd on the dyeing and stretching processe~ 

of fishing nets, while in the hot water baths at boiling 

condition in the extruder machines, t..~e electricity to 

be extremely ex~ensive energy has been utilized for only 

heating with the electric resistance elements. This 

heating systems should be improved by alternatin~ the 

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 Baier Oneration 

5.1.l. 

(1) 

A) 

New Boil.er 

Ouerating and Measured Data 

Puel oil snecifieation 

(a) Sulphur content ; 

(b) Gross heating va1ue ; 

(c) Annual fuel consumption 

B) Plue gas conditio~ 

(a) o2 content 

(b) Temperature 

2 ~ 

18,500 btu/lb 

or 10,278 kcal/kg 

168 kl/year 

average 12.2 % 

average 254 °c 

• 

• 
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C} Blow down nrocedure 

(a} Period ; once in each 4 hours 

{b) Water level indicator ; about l inch (25.4 mm} drop 

D.} Steam condition 

(a} Operating pressure 

(b} Operating temperature 
-

(2} Heat Balance on New Bailor 

10 kg/cm2g. 

180 °c 

The heat balance on new boiler in terms of uer kg of 

fuel is estimated using above data as follows ; 

Description Inuut Output 

kcal/kg:fuel ~ k:cal/kgfueJ 

Innut 

Fuel 9,580 100.0 

Outuut 

~ 

Plue gas heat loss 1,879-·8 19.6 

Dispersion heat loss 152.5 

Blow down heat loss 232.6 

Produced steam 
(from ba1ance) 7,315.1 

Total 9,'590 100.C 9,580.0 

Table H.5.1 Heat Balance Sheet on new Boiler 

. 
5.1.2 Old Boilor 

(l} Onerating and Measured Data 

A) Pt.tel oil sueci!ication 

Same as new boilor. 

1.6 

2.4 

76.4 

100.0 
l 



B) Flue gas condition 

(a) o2 content 

(b) Temperature 

C) Blow down nrocedure 

Same as new boiier 

D) Steam condition 

(a) Operating pressure 

(b) Temperature 

H-8 

(2) Heat Balance on old Boilor 

average 

average 

13.03 ;, 

257 °c 

8.5 kg/cm2g. 

175 °c 

The heat balance on old boilor in terms of per kg of 

fuel is estimated using above data as follows ; 

Descrintion Inuut Outnut 

kcal/kgf'uel ;, kca1/k~fueJ 

Inuut 

Fuel 9,580 100.0 

Qutnut 

P1ue gas heat loss 2,191.9 

Dispersion heat loss 261.0 

Blow down heat loss 273.0 

Produced staam 
(:rrom balance) 6,854.:t 

• 

,. 

22. 

2.7 

2.e 

71.6 

Total 9,580 100.0 9,580.0 100.0 

Table H.5.2 Heat Balance Sheet on old Boiler 

5.2 Steal:l Consumntion Pacilities 

5.2.1 Dyeing Machines 
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( 1.) Onera ting and Meas".1.red Data 

A) Time schedule _of dyein~ ot>eration 

·(a) Sorking time for dyeing per one batch 45 min. 

(b) No. of dyeing processing per day and machine 

(c) ?Io. of total processing per day 

16 

32 

B) Pyeing machine suecification 

(a) No. of dyeing machine 

(b) Sorking temperature {amb. temp. ; 30 °c) 

2 units 

85 °c 

(c} Vol.ume of dyeing solution 

(d) Surface area of dyeing vessel 

{2) Required Heat on one Batch O~eration 

(a} Heating up of dyring solution 
from 30 to 85 °c 

(b} Evaporation heat l.oss 
from free surface of solution 

(c) Dispersi~n heat loss from 
surfaces ass~ng . 
h = 20 kcal/m hroc 

(d} Total required heat neglecting 
re2.ction heat for dyeing 

(3) Amoult of Required Steam 

(a) Heat released tl1-."90ugh the adia­
batic expansion.from 150 of steam 
to 85°c of condensate to heat 
the dyeing solution 

(b) The tota1 consumption o~ steam 
per day for dyeing precess 

1,000 litre 

about 6.3 m2 

55,000 kcal/batch 

. 5,000 .kcal/batch 

5, 181 kcal/batch 

6Sp181 kcal/batch 

571 kcaJ./kg 

(65,181/571) x 32 = 36,53 kg of steam 

5.2.2 Denth Stretching Machine 

(1) Oneratin~ and Measured Data 

A) Time schedule of denth stretching operation 

{a) Sorking time per batch 20 min. 
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(b) No. of tota1 processing per day 

B) Stretching machine snecification 

30 

(a) ·volume of Vessel 33. 3 m
3 

(b) Area of vessel cover 47.6 m
2 

( ) loo oc c Sorking temperature 

(c) Surface temperature of vessel cover.· 60 °c 

(2) Reauired Steam on.one stretching Onerat!on 

(a} Pilling up in stretching vessel 
assuming twice steam of volume of 
stretching vessel 

(33.3/0.3924) x 2 = 40 kg of steam/batch 

wher3 0.3924 is specific volume of steam at 150 °c 
in m· /kg. 

{b) Dispersion heat loss 14 kg 

(c) Heat content of fishing nets 0.2 kg 

(d) The total required steam for one ba~ch 

40.0 t 14.0 + 0.2 = 54.2 kg 

(3) The required Steam ner day 

54.2 x 30 = 1,626 kg/day 

5.2.3 The Calculated Amount of Steam Consumed 

)", 653 + 1, 626 = 5,249 kg/day 

5.2.4 Average Amount of Generated Steam ner day from 

.Annual Pu.el Consuamtion 

a) Annual. fuel co: . .sumption 168 kl/year 

b) Annual working dats 291 days/year 

c) Specific gravity of fuel 0.95 

d) Assumed boiler efficiency approx. 70 'I> 

e) Temperature of steam 170 oC 

• 

• 
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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 required to evanorate one kg of 

wa t·er at 30 °c to saturated steam at 170 °c. 

It seems to be considerably resonable in snite of the 

rough assumption. Refering to this results on the 

steam production and consumption, it seems that the only 

new boilor is sufficent to supply the reqired amount of 

steam to the steam consuming facilities. 

According to the boilor instructio~~ book, the new boiler 

has steam generating capacity of 3,000 lb/hr = 1,360 kg/hr. 

The rated output of steam for one day, 16 hours/day, 

contin~ously is resulting in to 21,770 kg of steam/day 

which is corresponding with about 3 times of actually gene-

rating steam in presents. There.fore, due to arrange 

the manufacturing schedule of stretchin~ machine so as to 

match t~1e demand to sµpply, the total steam requirment 

would be satisfied with only new boiler in loading factor 

of 60 to 70 '{o. 
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6 Problems in Termal Energy Utilization and their Potential 

Solutions 

6.1 Bailor 

6.1.l Reduction of o2 content in the flue Gas 

The o
2 

content in the flue gas of new boilor is 12.2 ~ 

and of old boiler is 13.03 ~. These show that both 

boilors are operated on high air ratio. some con-

siderable effect for energy conservation 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 prevent 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 package boiler 

using liquid fuel in Jauan the savings in fuel consumption 

are 8 to 9 ~ on the new boilor and 10 to 11 % on the old 

boilor. These percentage of savings are equivalent 

to annually about 6,700 $ and 8,300 $ for respective ooilors • 

6.1.2 Decrease of the Temuerature of Flue gas • 
At presents, the temperature of flue gas of both boilor 

inthis factry are about 250 to 260 °c These are clear 

on the "'Talue of recomendable crlteria, 300 °c, in Jananese 

industries. Actually, the tem~erature of flue gas 

is affected by a lot of factors or undefined cir~umstance, 

that is, the loading factors, the aegree of scales denc­

siting on.the surfaces outside ~d/or inside of ~~e heat­

ing boiler tubes, the flowing linear velocity of combustion 
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gas through the boilor tubes, so on. In practice 

nowadays almost of all factories having sQall package 

are endeavouring to reduce the temperature of flue gas 

as low as possible beyond criteria. 

The most effective measures to reduce the te~~~rature 

of flue gas will be to remove the scale attatched on the 

surface of inside and outside of the boilor tubes with 

the periodical overhaul of boilor bodies • 

. ~ 6.1.3 Boiler Water Quality Control 

The values of PH and electric conductivity on the blow-

down water from both boilors are clearing on its recomen­

dable values in Jauan which are 11.0 to 11.8 and 6,000 s/c~ 

resyectivity. As a matter of fact, the blow-down ope-

ration of boilors in this factory was conducted without 

checking the PH and electrical conductivity of the the boilor 

water. In order to prevent the unnecessary blow-down 

which would cause chemical and heat losses, it is suggested 

that the boilor water quality should be measureed and the 

blow-down procedure should be imnroved periodically. 

6.1.4 Continuous Oneration of Boilors 

The operation of only one new boilor to meet the dyeing 

and stretching stea: .. demands would be sufficient as desert 

ved in 5.2.4. To enable the continuous operation of 

new boilor, steam demand should be planned and continuous 

operation of boilor would reduce the fuel oil consum~tion. 

On case of auffering the troublesome nlanning, it would 

be b~tter to install the well designed steam accumulator. 
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6.2 Steam Consumntion Facilities 

6.2.l Installation of Partition Barrier in Stretchin£ Vessels 

The fishing nets with smaller length than 10 m are fre-

quently processed for the finishings, althoug~ the stre-

tching vessels have 20 m in lengths. In such cases 

the half space of vessels is not completely utilized and 

the filling up steaz into such vacant space is more wast-

able, In order to reduce the ~team consumytion it 

would be recomendable to place a partition barrier on end 

of the fishnets so as to prevent the leakage of steam into ~ 

u.~used vacant spaces. 

Although it is difficalt to estimate accurately the 

effects to save the stea::, as a guess the savin~s would 

be rou~hly 10 ~ of the steam requirement of the stretch-

ing processes. Assuming that a chance of the process-

ing non-full size nets is 50 ~. Steam ratio is 

10.84 kg of steam/ litre of fuel oil,and fuel oil price 

is 0.47 $/litre of fuel,the effect of the partition bar­

rier would be equivalent to annualy aboul 1000 $. 

6.2.2 Lowering Operating Pressure on Boilors • 
The dyeing and stretching machine are operating at 85 °c 

0 and 100 C respect! vely under ,:·.tmospheric pressure. 

Considering to the basic energy conservation principle, 

it would be recomendable to be operated with as low pres-

sure as possible. The present condition to be 

8 kg/cm2g. and 170 °c is too excessive. 



Only as Reference 

6.3 Extrude?: 

6. 3 .1. Or.era ting: and !leaaured. Data 

(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 

(3) Te~perature of water in bath 

0.2 m2/d ~cc. 

100 °c 

6.3.2 Estimation cf Reauired Heat uer unit 3ath 

(a) Dispersion heat loss approx. 1.,020 kcal/hr 

(b) Heat lo~s du~ to evapolation 
of water from uncoverd free 
surface. 2,700 l<"cal/hr 

(c} Heat loss due to excess make-. 
up water. 6,300 kcal/hr 

(d) Total requirement of heat per 
unit bath 10,020 kcal/hr 

This figure is equiv~lent to 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. 
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7. Electricitv 

7.1 Electrical consunotion cha~ac~eristics 

- supplier National Electricity Board 

of the States of Malaya 

contractual maximuo demand 550 kW 
3 -: 246.5 x ~a k~h - average contlly consumption 

average factory load factor o.6J 

contractual power factor 0.85 

transfor~er capacity 1000 k'IA 

rated supply voltagg 415 volts 

7.2 Sc2enatic dia~ra~ and outline of facto~v 

Electrical sche=a~ic diagrao is as sho~'"!l irr Figure7.1. 

::~3 11 I .433 kV 

1000 kVA 

Figure 7.1 

twisting 

Netting. Fishing 

Dyeing 

Roshel Machine 

Extrudi!1.g 

Roping 

Workshop. boilor 

Capacitor 

Electrical schematic diagram of 
rOSAN FISH1NG N~i MiG: dnu. 

5x 

154 k:•I 

134 k;:I 

44 k~of 

25 kr.r - .. 
254 b:W 

223 £~4 

50 kW 

8 kVAr 

ThiJ factory produces fishing nets and nylon ropes. 

Except for steam energy which is used for curing and dyeing 

purposes the remainder of energy requi~ement of the factory 

• 
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is provided by electricity. Major installed equip~ents are 

extruders. roping ar-d netting mac~i~es and electrical 

heaters. The electric source is a 1000 kVA, 3 phase 

transformer • 

. 8 Proble~s in electric oo~er consumotion and cotential 

solutions. 

8.1 Source 

8.1.1 Transformer 

~ The factory average loading is 550 kW (640 kVA assu-

~ing 0.86 power factor ) and transfor~er capa~ity is 

suitable. 

8.1.2 Voltage 

Most of the equipments are rated between 415 volts 

and ~20 volts, but the actual supply voltage measured was 

440 volts. It is therefore recommended to lower the 

supply vo1tage down to 420 volts. This measure will cert-

ainly reduce losses and improve power factor. 

8.1.3 Power fact0r correction eauioments 

As mentioned earlier. The fa~tory power f~ctor is 

about 0.86. This power factor is still c~nsidered low 

in spite of the use of capacitor bank. Our measurements 

als0 indicate that the capacitors are ~orsened ( consumed 

large power about 420 watts each), which makes them very hot. 

Therefore it iJ suggested to chan~e the capacitors wi~h 

that of more efficient ones. Acceding to Japanese industrial 

standard ( JIS C L902 (1977)) all capacitors for this 

purpose and at the rating as installed ~n the factory should 
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have losses less than 175 watts each. If such measure is 

taken the effect in electricity cost can be calculated as 

foll0ws, 

Saving/year = ( 0.42 - 0.175 ) x 5 x 24 x 365 x 0.25 

= $2683/year 

where 0.42 

0. 175 

0.25 

: 

loss in kW of existing cap9.citor 

loss· in· k~·! of capacitor according 

to JIS C 4902 

working hours /day 

working days /year 

cost of electricity /' .. h l.C'.'J. 

8.2 Zlectrical loads 

Accoding to the company's last annual report the 

total electrical energy comsu~ption 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 pr0cesses is 

as shown belcw with the power consumption of each process 

tabulated in table 8.1. 

Block diagram of extruding oroc~sses 

I 
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Ex tr- No of Rating Pow-er consumed ( k~·f ) I~ . ~ Total!! r-c~ua..L 
uder Sil&li- ( kW ) po~,;er oo'.l'er 

No lar }tot- Hea- Motors Heaters Total co=i.su- tAx3) 
units Heat=-- motion 

(A) ors ters H11 :I n (3) id k:f u6 nr er 

E1 8 11 28 6 6 71 - 13 19 152 

~~-, 
I I 

I 181 16 -I I I 
4 37 72 19 34 53 212 I I 

I E13 2 31 56 16 16 16 131 45 61 122 I 
I I 
! I 

I 
1521 I iTotal 14 - - - 152 26 330 - 486 

I I -

Table 8.1 Power consumotions 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 haths 

used at the extruders are not properly lagged and that steam 

from tha 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 tha heaters for the bath of the spinning 

process should 'be replaced by steam or f~el heatlng. 

If steam or combus~ion heaters are used for the hot 

bath, then the following cost of energy can be saved; 
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Existing ~lectrical sy~ 

Electricity cost /year 

= 152 x 0.5 x 24 x 296 x 0.25 = $134,976/year 

wrere 152 : actual rating in kW of baths 

0.5 : diversity factor 

24 : working hours/day 

296 : working days /year 

0.25 : electricity cost /kWh 

Alternative svstem 

Fuel cost /year 

= 152 x 0.5 x 860 ;10000 x 0.4/ x24 x 296 

= $21 ,823 /year 

860 conversion factor kcal /kW 

heaters 

10000 : heat content of fuel kcal /litre 

0.47 : cost /litre of fuel 

Savir?.g 

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 tne equipcents 

in tte factor and that capacitors should be installed 

to contract these charges. On the other hand since water 

evaporation is suppressed water requirement of the factory 

can be reduced. 

8.2.2 T~isti~g and Roping 

This section has 13 machines of various capacities. 

The loading conditions for these machines are shown in 

table 8.2 below. 
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- Rating No. of Average Measured Po;,.rer 

Section 
Capacity units of Power voltage Factor 

similar consumed 

(kW) size (kW) (V) 
' 

Twisting 12 3 l a 4.35 I 0.56 '*. ~ 
section I I 15 7 7.9 4.35 0.68 

Roping I 19 1 I 9 442 0.53 
I 

section I 16 2 8.2 440 o.65 

Note : (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 0.34. 

Table 8.2 Loading conditions of twistin~ and rJoing 
:!lac nines 

It was fou~d 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 i!".vestgation 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 Li~htings 

In the roshel machine section the lighting intensity 

is very low (within 30 - 60 lux ). -It is recommended 

extra lightings be installed improve the luminosity 

200 lux. 
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9. Snrnma.,.;r 

9.1 Thermal Part 

It seems that the management on the energy , fuel and 

electricity, cons~tion should be considered a little 

bit more in ~rder to reduce the expence on purchasing 

energy. Therefore in this factory, the considerable 

cost down on energy would be expected. 

As a reference, for examyle, since the hot bathes in 

extruders have been utilized the electric resistance 

he~tersto heat up w~ter only to 100 °c, it is recommended tt 
that this systP.~s shoald be substituted to energy soursr. 

steam or direct firing. 

According to this survays, the substitution to steam 

would be possible because the boilors have the steam ge-

nerating capacity which might be enough. ··or the required 

heat for.the extrude. operations as well as the exi~~ing 

facilities consuming steam, the dyeing and stretching ma-

chines. 

{1) 1st. Phase Measures (no or a little investment) 

Annually :tuel ·saving 

$ 

(a) o
2 

content control in 6,700 -

nue gas to reduce t.J 5~ about 10 8,300 

(b) Management o! blow-down 

procedure Max. l 

(c) Lowering o! steam pressure 

as possible 
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(d) Continuous boilor onr­

ration 

(2) 2nd. Phase Measures 

{a) Installation of partition 

barrier in stretch. mach. 

(b) Additional insuration of 
steam. piping systems 

9.2 Eiectrical parts 

--~ 

Annually fuel saving 

$ 

A ~ajor electrical reco~mendations for this factory 

where substantial saving can be realized are s~own in 

section 8.LJ and 8.2~1. In 8.1.3 replacing the power. 

factor correction capacitors is recommended. An alternative 

energy source for the bath heaters is reco~me~ded in 

section 8.2.1. 
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1 .. Outline of the Fr.ctory 

Address: Surr~ai Chua, Kajang, Serangor, Malaysia 

Capital: 4,000,000 Malaysian dollars 

Type of industry: Textile 

~ajor 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 

Kerosene 

LPG 

958 ki 

98 kl 

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. Ma nan 
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~he 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, ~nd data are kept in good order. 

The com?any maintains a high~r 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 gloQal economic recessior1, the 1 operat·ions are 

at a level lower than 5~% of the plant capacity. But, 

• 

this company belongs to Mara, a large industrial group. tt 
And, all the products are delivered to ~.ara. 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 Eauipment 

3.1 Major Equipment 

-

Nar::te 
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 I 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/:-1 

Kind of energy used: Electricity 

York centrifugal 2 Products: Chilled water poc) 

chillers Nomi.."'lal output: 3,600 2./cin at 7°C 
and 
400 i/min at 20°C 

I Kind of energy used: Electricity 
I 

Weaving lco::ns 520 I Products: Grey cloth 

Nominal output: 850,000 m 

Kind of energy used: Electricity • 
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4. Situation of Energy Management 

The production committee 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 power and fuel consumption 

with respect to the major equipment, and data are kept 

in good order. Whenever we as~ed for data, they were 

quickly produced. 

Energy cost accounting is done monthly. Data analysis 

for energy consum.pt_,n rate or a control chart, or 

variable factors analysis is not apparently done. 

Ambient temperatures and humidities are measured every 

two hours at several points in the airconditioned 

spinning mill, and the results are immediately shown 

• 

on a graph. This was the only factory in Malaysir>. • 

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 Consumution 

The t~o boilors with comnletely same and capacity of 

7 tonne of steam/hr is consuming the fuel oil at the rate 

of 958 kl. annually. 

A heat transfer solvent furnace l::as the kerocene con­

sumption of 98 kl. annually, while the desizing machine 

in the breac~ing ra-~ge of f ini~hLng lines for nroduct has 

LPG consilllption rate of 9 tor-...ne arurnally. 

According to the factory manager, 90 % of the fuel oil 

purchased on factory has been converted to stea:n and 90 ~ 

of its stea~ has been utilized for finishing lines of the 

white cotton cloth. 

5.1 Bailor Oueration 

Actually in this factory the daily amount of fuel con­

sumption is recorded in summerizing togather of two boilers. 

Fortunately overhal of No. 2 boiler was undertaken before 

one month and only No. 1 boiler was o~erated. 

therefore from the record fo~ 3Uch period of single ooera­

tion the rate of fuel consumnion for sin~le boiler was 

available. Using this data of fuel consumption, the 

diagnosisses for the boilers have been barely implemented 

as follows. 

5.1.1 No. 1 Boiler 

(1) OueratL~g and Measured Data 

A) Fuel oil soecification 

(a) Specific gravity 

(b) Gross calorific value 

0.957 

43.0 MJ/kg 
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or 10,272.0 kcal/kg 

(c} Compositin (by wt.) c 85 % 

H ; 12 ~ 

s ; 3 ~ 

(d) Unit price 0.5138 $/litre 

(e) Puel consumution per boilor 232 litre/hr 

B) Flue gas condition 

(a) o2 content 

(b) Te!i!perature 

C) Blow-down procedure 

10. 5 fa 

220 °c 

(a) Period once/4 hours 

(b) Mark of water level meter 1/2 inch 

(c) Approximate discharged volume 100 litre 

(2) Reat Balance on No. 1 Bailor Oneration 

• 

Using above data, the heat balance is calcurated in 

terms of per kg of fuel as belows ; 

Descriution Input Cutnut 

tKcal/kg:fuel 'fa kcal/kgfuel % 
.. 

I::-rout 
fuel 9,:624.0 100.0 

Out-out 
:E'lue gas heat loss 1,384.0 14.d. 

Disuersion heat loss 102.C 1.1 

Blow-down heat loss 16.0 o.l 

Generated steam 
(from balance) 8,122.0 84.d. 

Total 9,624.0 100.0 9,624.0 100.0 

Table I.5.1 Heat Balance of Mo. lBo!lor 
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5.1.2 No. 2 Boilor 

This boilor was ove~~auled only before about one ~onth 

according to the pe~iodical maintenance. Then. the ner-

f ormance of the boilor ~ould nrovide the useful inforaia-

tion on the effects due to the cleaning of the outside 

surface of the boiler tubes. 

(1) One:r"atin~ a..~d Measured data 

Al?!!.ost of all data of lio. 2 boilor are sa!!le as ~Io •. l 

except the flue gas conditions. 

A) Flue gas cendition 

(a) o2 content 

(b) Temperature 

(2) Heat Balance en No. 2 Bailor One~ation 

5.1 % 

Using above da~a, the heat balance is calcurated in 

tercs of per kg of fuel as belows ; 

Desc:r-iption Input I Ou tout 

kcal/k~fuel '% kcal/kgfueJ 

In nut 
Fuel 9,624.C 100.0 

Outnut 
Plue gas heat loss 814.0 

Dis~ersion heat loss 102.0 

Blow-down heat loss 16.0 

Generated steam 

I (from balance) 8,692.0 

~ 

8.5 

1.1 

.1 

90.3 

Total 9,624.0 100.0 9,624.0 100.0 

Table I.5.2 Heat Balance of No. 2 Boilor 
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5.2 Bleachin£ Ran£e in Finishing Line 

Tne straight and smooth steam piping lines are suit­

ably L~suJ.ated except in areas which are located near to 

the boilers and the steam consuming facilities. 

the roughly esti:rlated amount of dispersion heat from 

indivisual steam constl!!ling machines in the breaching range 

is as follows ; 

Description Terap~f Bared Piping Disners. DispersJ Recov. 
x Uni 'ts Nos. Surf "P. I i". tt Heat after In Heat 

,.__ __ .........;.~A=r~e~a;;_·~--i_p_e_...r_-_1 ___ ·*---------!-=s=ul=:::a~t~i=o=----------"~. 
I 0 c ·1 ---I!l2 -- 11Xill "xpc~ kcal/hr kcal/hr kcal/!:.r ( 

i--1_. __ ~_Y_l_i_n_d_e_r ___ l ____ ~!;,,,.-----1--2-x_2_ . ..;,_v_2_x_l~-----8~4~+1-----l-3-3-+l ____ 1_0_1_*_.i 

-:r I 100 1

1 
Pree 2x1. V 2:tl 10, 886 I 3, 110 ! 2. Washe.c ., 

.L. 

3. Desize I 
Satu.rator 

4. Washer x 
; 

5. Caustic 
Saturator 
x 1 

6. Vanorl.oc 
x·i 

7. Washer x 
3 

80 

100 

100 

130 

100 

0.34 

I Case 
9.23 

Case I 
34.61 

Same 
as 2 

Same 
as 2 

i 

2xl 

v 
2xl 

v 
2xl 

lxl. V 
lxl 

v -- . 
2x4 ., 
2x2 

Same 2x3 V 
as 2 2x6 

600 

17,300 

2,520 

32, 658 ! 
1,80() 

10,886 

350 

31,620 

1,920 

34,458 

~.aao 

8 840 

7,776 

95 505* 

6,920 I 10,3ao ; 

399 ! _ 2,121* ! 
9, 331 I 25,121 I 

285 l,515* le 
3,110 ! 7,776 

50 300. 

6,324 25;296 

304 

9,845 24,613 

456 

126 

2,424* 

714* 
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Description Temp. B~ed 
x Unit Nos Surf. 

PiDing Disners. 
. . ""· Heat pipe Pitt. 

Dispers .1 
af'ter In­
sula tionl 

Recov. 
Heat 

8. Peroxide 
Saturat. 

9. Vaporloc 
x1 

tto. Washer 
x 3 

Room 
Temp. 

115 

100 

Area 

31.6 

I sa::ie 
as 2 

2x2 v 37 ,944-
2x4 

F 
2x:21 2,160 

I 
2xl.5p 

2x2 

4-4,458 

1,800 

• 
8,928 

342 

9,84-5 

285 

29,016 

1,818* 

24,613 I 
1,515*1 

~l. Drying V I 4,720 734 3,982*JI 
Rolls x 2x2 l 
~ I 

I 2x12 
1x8 

1------------'----_..!.----....!------!.----!------~------~-------· 

Notes 1) 
2) 

SUJ!mary on Recovery of Heat 

Inte..~sive Insulation on Cace 

154,597 iccal/~ 

Intensive Insulation on Piping 

17,217 kcal/hr 

Total .171,814 kcal/hr 

as stea!!l 312 kg/hr 

Line of * mark is the value on piping. 
Heat loss after insulation on next column of last 

is calculated as follows ; 
a) Due to intensive insulation on cases, 
b) Assuming that the surface temp. decrease to 

50 °c, 
Initial heat loss x (Ti - T0)/(Ta _ t

0
) 

where Ti, and Ta are temn. of surface berore 
and after insulation respectively and T

0
is 

te~p. of ambient. 

Table I.5. 3 Disnersion Heat LoHs in Bleachin~ Ranze 
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6 Problems in T~e~mal Energy Utilization and their Potential 

Solutions 

Two boilors in this factory have been perfor~ed rela-

tively well, espetially No. 2 boilor, although some de~ee 

of excessive chemical dosing aight have occured. 

Actually according to t...~e observing the blow-down water 

the boilor water in vessel are presm::ed to be colored like 

as tea. 

Comparing to the boilor performance, the management on 

steam consumption is not enough. 

6.l Bailor Oneration 

6.1.1 Q2 Content in Plue Gas 

No.2 boilo~, which had just been over~auled, the flue 

gas condition of 5.1 ~ o2 content and temperature below 

200 °c. This flue gas condition which is very close 

• 

to recoa::tended values in Japan, could be achieved primarily 

due to th·? descaling o~ the heat transfer boiler tubes 

during the periodical pver~aul. If No. 1 boilor 

underwent si~ilar overhaul, the ruel consU!!lntion would be ~ 

improved by 6 ~ co:nparing to before overhaul. 

This improvement is equivalent to about 2,000S/month 

or 33,600$/year of fuel savings. therefore it is 

recommendable that No.l boilor should undergo the overhaul 

as soon as possible. 

6.2 Steam Consumption ?acilities 

6.2.1 ~xtensive Insulation of Steam Pioing Lines 
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If extensive insulations were carried out on stea~ nin~ 

ing lines close to the facilities, with reference to the 

table of the dispersion heat loss in the bleac~ing range 

shown in Table I.5.3, the estimated amount of fuel savins 

would come to about 17,000 kcal/hr which cor~esponds to 

10 kl/year or 5,400$/year. 

6.2.2 :::xtensive Insulation on Surface of Eauiu::i.ent in Bleac 

ing Ran~e 

The e~isting surface temperature of the stea3 conswa­

ing equipments in the bleaching range is about. 100 °c 

If proper insulation is applied on the equipment surface, 

and the temperature would be able to be lowe~ed to 50 °c, 

m~_i s measn,..es wou"'.i.a· give 1 en ·1 "0 1~-a, Ii..- a"' ~},,...-.1.:.l. ......_ - _ _,v' V\J ""-'-' .4./ .i.a...:.. -> ~-..,•·•~ 

in Table I.5.3. This value is equivalent to _ 

92 kl/year or about 50,00C$/year. 

6.2.3 Similar Measure on Othe~ Ran~e in Pinishin~ Line 

These equipment such as mercering range should be 

similarly insulated to achieve further savings in fuel 

consumption. 
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7. Electricity 

7.1 ~lectrical consu~otion characteristics 

- sup?lier 
: National Electricity Board 

of the States of Malaya 

contractual maxi!!lu:n del!!.and : 950 k~f 

average ~onthly consumption 302.5 x 10 k~fh 

average f ac~ory load factor 0.36 

contractual power factor : 0.91 

rated supply voltage i 1000 Volts 

transfor~er capacity : 2 :< 1500 k~!A • 
2 x 800 kVA 

7.2 O !•f'•-!r.!l> - J __ .. _ of' facto!"y 

Electrical sc~ematic diagra~ is as shor..rn in 

7.1. This factory is widely spread and has a lot of 

equip~ents installed utilizing both electrici~y a~d steam. 

The factory recieved 11kV s~p?lY and has six step do~-n 

transfor~ers installed with total capacity of 6100 kVA. 

The oajor electrical loads are ai!" conditioners and large 

nu~ber of small motors ~ith total installed capacity of 

2000 kW. This transformers are ~1ery lightly loaded and 

25 % of the load is utilized by air conditior.ing equipme~ts. 
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..------~re-spinning 

11/.433 kV 1----- Spinning &: Rewinding 

-l------Air conditioning 

l_________-Lighting & others 

P~e-spinning 

:1/.433 kVr---- Spinning 

;---+----Refrigeration 

15-u~~O~~kVA L= Air conditioning 

Lighting & others 

~--- Preperation 
11 I .433 k'I 

1------Weaving (2) 

750 kVA 
a-----Hunidity control 

L---- Lighti~g & Fans 

..------ 3leaching Range 

1----- Mercerising Range 

Other Finishing 
11/.433 kV 

Clip Stenter Range 

750 kVA 
1----- Water Treat:nent 

Fire Hydrant pump 

Boiler & Oil ~eater 

11 / .433 k1/'----- Lighting & Others 
800 k.VA 

L..---(f\\~ i·iater pu::ip & Lighting 

~~Chillers 

302 kW 

702 

155 

84 

88 

212 

161 

71 

61 

76 

226 

99 

51 

64. 

120 

142 

53 

32 

167 

145 

295 

67 

62 

101 

79 

134 

54 

370 

Figure 7.1 Electrical schematic diagram of KIMA SOM. BHD. 
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8. Problems in electric newer utilization and their 

potential solutions 

8.1 Source 

8.1.1· Transformers 

As mentioned earlier the factory has total installed 

transforaer capacity of 6100 kVA against total load of 

1934 kW ( 2125 kVA assu~ing 0.9 p.f ) and the load is 

distributed every through out t~a six transfor=ers. 

The load conditions for the ,-a::-ious transfor!'.le!"s are 

indicated belo~ in table 8.1. • 
Trans- Rating Actual Measu!"e:i data I Load I f or::er load ,ro1 taa- 0 IPa··p.... l?o··~ ... I f :i.ctar 

conne- " - 0 .... - -n_,_ 1- v. __ I lco=:su::i- fa:::tor 
cted. I ~~ 0 ed I I {kif A) (kW) (V) (kW) I I 

! I I : I 

r 

I I I I 
I I 1 1500 1243 J..17 607 0.39 
I 0.45 

' i 
I I I 
! I I I 

~ I I I 
I ! I I 

0.36 
I 

2 1500 593 431 315 i I 0.2l 
j I I 

I ! ; 

j I I I I : i 
I 750 515 410 405 ; 0.94 ' o.;1 3 I I 

; I i i 

1 I I i 

I 0.96 
I 

4 800 347 424 209 ! 0 .27 I i I 

5 I 750 1050 423 185 I 0.90 : 0 .27 I I i 

I I ' 

6 800 424 430 213 0.93 ! 0 .29 
I i 

Total 6100 4172 - 1934 0.91 I 0 r35 

Table 8.1 Load conditions of transfor~ers 

The ou~line of the factory against t~e lcca~ion 

of the transformers is as shown in the Figure below 
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-ffi:ro1 

Since the transfor~ers are lightly loaded it is 

transfor~er capacity of 3050 kVA a~d the re3ainder 

to be placed on stand by but not s~itc~ed on. It is 

als~ recom~ended that the low voltage s~itch board 

connected to each transfor~er be in~erlinked to provide 

flexibility of supply. If such measure is i~ple~ented 

the saving in energy is as follows; 

saving/year = f 1500 (1-0.988) + (750 + 800).x(1-0.986)} 

x0.2 x 24 x 365 x 0.17 

where 0.988 

0.986 

= $11,824 /year 

: efficiency of 1500 kVA transfor~er 

efficiency of 800 kVA or 750 kVA trans-

former 

0.2 iron loss factor 

24 working hours /day 

365 working days /year 

0.17 cost of electricity /kWh 
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8.1.2 Volta:?:e 

From the na~e plates of the motors, they are rated 

from 400 volts to 415 volts but the actual supply ~oltage 

measured varies fro~ 410 volts to 430 volts. It is 

recommended that voltage to the factory be standardized 

at 415 volts for all equip~ents. This exercise will 

i~prove power factor and expected to save 9~ergy cost 

as follows; 

saving iyear = 1934 ( 0 ~ 81 - 0 : 812) x 16 x 298 x 0.17 

= $4782 /year 

1934 actual power in k:·I cosumed by 
~ ., J.. .. 

a.LL .. ne 

::iotors. 

0.81 efficiency of typical 1.5 k~ motor 

at 'loltage of 430 volts. 

0.8i2 : efficiency of typical 1 • 5 k:ii raotor 

at 415 volts. 

16 : working hours /tia7 

298 : working days /year 

0. 17 cost of electricit7 /kWh 

8.1.3 Po~er factor 

The factory has autocatic 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 recocrnended to replace the capaci­

tors with those that consume less power ( less tha~ 175 
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•~tts for a typical 50 kVAr capacitor ) and suitably 

ventilated. 

8.2 Electric newer co~su~in~ mana~e~ent 

These factory has contractual ~aximua aeraani of 

950 k~. During our visit the factory vas not in full 

production. Therefore it is not possible for us to 

reco~oend the new contractual ~axi~uw dema~d 7alue. 

It is recoramenied that the factcry ~aLe a st~dy on the 

~aximu~ decand raqui~ed du~ing full producti~n operation 

and re-e7aluate t~e value of contractual ~axi~u~ de=and. 

If the factory ~axi~u~ de~and is lower than the cont-

ra~tual demand, a r~negotiation ~ith the s~pplier on 

a ne~ contractJal maxi~u~ de~and value should bg carried 

o~t. 

It is also suggested that the factory install 

a total ~~nsumad po~er indicator and alarm to prevent the 

factory operating beyond the contractual oaxirau~ de~and. 

3.3.1 Air conditioning 

This factory has t~o central air conditioning 

s7s~em installed to control air hucidity a~d temperature 

in factor] spaces of approxi~ataly 25000 square meters. 

Unfortunately cany section of the factory are not utili­

zed but are still air conditioned. ( e.g. on~ third of 

spinning ar~a are not utilized}. It is suggested that 

for those area which are not utilized be s~ctionalize1 

f~o~ the cpersting a~ea with suitable temporary curtains or 

shee~ings ( vin]l ) to pre'lent unnecessary ~astage in 
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the air conditioning system. Further saving in ai~ condi-

tioning syste~ can also be realized by relocating ·the air 

co~pressors, sizing machines outside the air conditioned 

roo~ and introduce special c~rtain to reduce free ~ixi~g of 

air at the raany doors. Assu~ing that one third of the 

spinning roo~ is co~part~entalized a saving of $22696 

/ year can be realized as shown by the culculation 

below; 

Calcul:ition 

(1) Total power taken:by refrigeration plant 

= 213 kW 

(2) Total capaci~y of blo~e~ for air conditicni~g 

plant = 503 k':l 

(3) Total capacity of blower for the spi~ning room 

only = 59 k':I 

Therefore proportional power required to air 

conditio~ the spinni~g rooc 

= ( 213 x 
5

6§ + 59 ) kW = 84 k':I 

If one third of the room is c~part=entalized 

save 

1 = 84 x J = 28 kW 

Therefore saving/year = 28 x 16 x 298 x 0.17 

where 16 

296 

0 .17 

= $22,696/year 

worki·. · hours/day 

cost of electricity/kWh 

the energy 

• 
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8.3.2 Motors 

Our oeasurements indicate that the motors in the 

spinning section have very low load factor (only 0.25 ). 

Therefore it is reco~~en~ed that the factory c~rry out 

a through study on the load require~ents of these aotors 

and steps should be taken to reolace those ~otcrs having 

load factor less tha~ 0.6 with those comme~surate with 

the load require~ents. This measure ~ill certainly i~prove 

the power factor a~d thus increase the Botor efficiency 

• In the ~.;ea7ing section howeve::- :rrost 0f . ' . 
i::;:ie mo~ors 

are fully load.ad. ar..d so~e conditio:-~ 

regista~e1. I~ is g~ne~ally ac:apt~d that thi3 condition 

. ~ is sa.re ..... 
L.fi9 

rise is not . . exceea.ec.. 

8.3.3 Lig:htin~s 

Overall factory lighting is reasonably good as 

shown in table 8.2 belo~. 

I Section of the lighting intensity 
factory ( lux ) 

I 

Spinning 105 - 256 

Rewinding I 140 
I 

Weaving I 35 - 164 I 
Finishing 360 - 650 

Table 8.2 Factorv liEhting intensitv 

From the table the lightings in the three sections of 

the factory , i. e spinning, rewinding and weaving se~ti~ns 
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are below the comfortable level. According to JIS 

standard a factory of this nature requires lighti~g inten-

sity of 250 lux to 300 lux. Therefore it is rec~~~ended 

that the lighting fittings of 
• .. • • .L. 

~aese sec~ions uO be lowered 

by one meter to achieve the required intensity. The 

exa~ple belo~ sho~s that by lowe~ing the lightirrg 

fittings frocl 5 ~eters to 4 3eters an i~proveraent of 

lighting 150 lux to 234. lux can be achie•red.. 

For are~s with lu~inousity below 100 lux extra lighting 

fitting are necessa!"Y • .. • 
exa.wole 

l. 

-- 1J-0 X ( 45 ) -- 2;~ 1 luv. n.er,; intensi~y "" ....... 
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(1) A"i"TAC!!MENT 1 

Energy Conservation Survey 
~.:r.*11..-~-~~~ 

l Name of Factory 
IJl.i~ 

2 Location 
PJf ~i& 

3 Name of Company Officials 4 

~tti~.R~ 

President 5 
ti: ~ 

Factory Manager 
Ifl!E 

Energy Manager 6 
.x.:f;.1i..~-m~:::-

7 Number of Employees 8 
VE~Jiti:. 

9 Major Products 
~~1:.~~ 

10 Production Capacity of Major Products 
~ ~!£.;m~cn 1:.&lt:h 

Nominal 
~ M 

Presenr Condirion 
Jt tt 

Td. 

Segment of Industry 
~ fl: 

Capital 

jf * ti 
Annual Turnover 
~rsiftJ::r!i 

Number of Engineers 
fi~~fl 

Electricity 
;[ 't 

Hc:it 
I! 

MS . 

M$ 



(2) 

11 Fuel Consumption 
#!ffiWWi!i 

0 Fuel oil 
tl/y f11$/Y • i* 

0 Diesel oil 
tl/y MS/y 

ft i* 

0 Kecoscne 
tl/y r:£/y 

if ill 

0 Gasoline 
tl/y tfS/Y ff'/ •J ::;.-

0 LPG 
t/J M$/y 

iliUiitffA 

0 Natural gas 
rrf/J r/$/y • ~91{.ff'A 

0 Lignite or Brown Coal 
t/J tli$/y 

!atJt!11alJt -

0 Bagassc 
t(rrt)/y MS/y ,, ff A 

0 Charcoal 
t/J K$/y 

* JJt. 

0 Firewood 
t(rrt)/y M$jy • 

0 Others ( ) /J MS/y 
-?' q) flt 

12 Electric Power, 11.11 
r· • j 

Electricity Consumpaoo 
M$/y 

....... 
KWb/y 

-:f:tJil12i9i 

Contract Demand 
KW. 

-.f.1~11 Receiving Voltage v. 
Power Factor ~--% 
tJ $ 

Power Plant 
Have or NoL 

Capacity 
KW or KVA. 

Jl~tts • tJ 

13 Water Consumption, *iWWft 

Sc3 W:uer River Water 
r11 or 1/y rrf or l/y • * M * 

Underground War.er 
rrt or 1/y 

City Water 
rd or l/y 

Jtr * *•* 
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14 Boiler. ;f{ { 7 

Nominal Capacity Operating period 
Built( A.O.) Type ~ M ii:t 1J Kindoffud ilEltlll 

:l~ ( i!!iflf) ... A. Sle2m Press. Enpomins ~~K:I ...... 
Volume hrs/day days/y 

kg/m'G t/h 

-

15 Major Facilities Using Energy. .x. ;f-.. Jv ~-ff!ffl Q) ::E~~{G 

Oucput Kind of Operalins period 
Buill(A.0.) Name or Facility Products 1:. & n Eaagy used ~fistr.I 

~il(i§itf) l1 (i;i ¥. j:A{~ Nominal Pmcnc tfJ:li:f,11..f-

~ M 
CoadiUoa 1>KJI hrs/day days/y , 
~ tt. 

, 



(4) 

16 Aow-dlart of Producing Proe5 of Major Produas, ~~lilJQ)ttia 
..,. ___ __ 

Example I. Paper 

Cum:r Wire 

Example 2. Glass • ------
Mix ins Coot ins Fonnins 

Anncalins FinishiaJ 

0 • 
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17 Energy Flow-cha~ :i:*Jv:f-octL~ 

EXamplc L Paper Example 2. Glass -Evapor.uor 
Boiler 

Fuel oil Digesrer Tank or Pot FllfllK'lt 

Kiln Hot Warer 
Fuel oil Annc:iling 

~----

Paper Machine 
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18 Skeleton Diagram, ·-~-r:gf 
Example 

Lighting Facilities total or 

Transfonncr 
or e:acll 

No.I 
uthe 

t()(a( DI 

or each 

Grinder tocal D 

or each 

CB 

Receiving 
Voltage llY 

Blower for Fumac:c 
t()(al ur 
or each 

0 Conuaa 
Demand .. Pump for Boiler tocal .. 

or each 

Tocal Capacity • for facilities Dryer for Wood lCKal • 
DI 

or each 

OS : Disconnecting Swirch tocal Uf 

CB : Cin:uit &Raker 
Others or each 

0 • 
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(8) 

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) 

~ ~* '" ~-11.:aJ:.q)r.,l!l~iJ';, tU!'. rle~il ~ 1'" g JUI ex.Ell ~f.t L -Cr~\.'• ( m. L. ll:iltSi:I o-t·~-} 

( l ) Prospect of energy price is not clear. 

L * "'.!f-i1Hil1> Jlii L i>'1'llJI. 

·(2} 
The proportion of energy cost in the whole cost of enterprise is small 

~•i=alt .g 1*1t..!f-ftlR'1>M-t-1J''1'~ "'• 

(3) 
Increase of energy cost can be covered by raising the prices of products. 

1*"'.!f-nm11> a&ut.;.• ... tJf ~,, ,,_ -c-~ .o • 

(4) Instability of energy supply. (power stoppage. cu:.) 

L*Ji,.lf-~ia:b'1°~iE (~~~~). 

(S} Shortage of engineers. 
tltfitiJ'1'.it. 

(6) Difficulty in obtaining good energy conservation equipmcnrs... 

~ .-r..* 1i,.!f-!l.llli'1> .t "' !.. 11>/J:~i= A. •J il"'• 

(7) 
Information such as active cases is not easy to obtain. 

~Jl~'1>.t i ~tf•iJ'.k')C( "'• 

(8) 
System of research and development is not sufficienL 

ilf~i;;IR~;tib'1'-Ml'. 

(9) Shortage of fund for facility improvcmenL 

tt•a•t1) il~n';r a. 
(10) The facilities are superannuated. 

ttfltJ<~f'HtL. °C"''°· 
(11} Employees· consciousness is low. 

tt••'1>t:U'~""• 

(12) No personnel is available who can educate the employees. 

ilS • ftlf £- "C' ~ .0 .ki>'"" ~ "". 

(13) Shortage of measuring equipmena. 
:ttttfl b'1' £ L. "( .... .0. 

(14) No time to analyze energy consumption rate. 

ll•Wlllftfi'i fltMiJ't:t'"'• -
(IS) Shortage of information on govemmcnt•s measures. 

1tlff ••11>tt•:b';r .f!. 

(16) Shortage of govemment•s subsidiary measures. 

ltlff '1> 1u11t•:b~ 1.. 

(17) Others 
.{-11>ill. 

• 

• 



..... 
c: 
cu 
E 
cu 
Cl 

'° c: 
'° 2: 

~ 
Cl 
S­
Cll 
c: ..... 

-
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0 
l Energy Management ( .J'. * IV .if - • Ill!) 

l I Company's Energy Conservation Policy I ~M<1.>1f.:r.;t-1v.if-ntt 

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 

Grasp of Energy Consumpt 1 a. rate 

Preparation of Control Chart 

Analysis of Variance 

Cost Control 

Energy Cost Accounting 

Energy Cost Distribution by Process 

Accounting of Heat Balance 

IDiagnoserl I • 

l~HI lSt J! 

~ tt• a 
ii ~ XII !Ill 

lr .:r. ;t- 1v-¥ - lit rt 

m " ·~ 

Hl:llf 1'~ 

.x *' JV .if - iJ!I A Ii 'I fl! . 

iJ!IUllltill1J 

I JA It 

~i!IIHIJ 

~!Jl!J.StWUltl 

7'-~MVT 

lr.l lit ltl re 1111 

WlDl~fl:~ 

Sl:lli!ll! CA1~VT 

fi!Uli W IY! 

.X. ;t- IV ... '-IJli{jl[jJtW: 

IUUJIJlli!~ 

~IUJJ! 

1-i 

-
. 

Set up not set up 

% improve to base 

by -

1981 Bts 

1982 Bts 

1983 Plan Bts 
Pay Back Time, within Yrs 

Electric Power Fuel 

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 

Monthly, Times/y, not done 

done not done 

done not done 

I Date~ I Factory I I 

""" 0 



i 
3 Organization 

Planning and Promotion 

Committee 

Frequency of Holding 

Colllll\ittee Chairman 

Project Team 

Consultant Contract 

4 System 

Improvement Proposition System 

Achievement Commendation System 

Inspection. Audit 

5 Education of Employees 

Seminar 

Observation Meeting 

6 Campaign to Employees 

Appeal from Factory Mar.ager 
• 

Poster. etc. 

1 Activitiea in the Buainesa Circlea 

tu '1l 

~iilii. fflill 

~ El ~ 
UIHIH!l HI: 

• n a 
7"af)~'I 1--t-J.. 

:I :,1-tj' Jt,lf :,I .. J:!f.J 

Ii~ m: 
i!lc IUl~$•llll 

"'JI ~~lli•JIJI: 
tlL"', ~Wi 

(ttM.IUUf 

{If a~ 

R ~ ~ . 
llU'1ll"-C1.)afC1b\t:t 

J:Jl!(tD•iJiU~'t:t 

itt~ f - " 
rUJtD~llJ 

• 
Section 

held 

-
made 

made 

is 

is 

done 

held 

held 

done 

dona 

Practi11d 

1-2 

Times/y 

Times/y 

Times/y 

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 

...... 

...... 
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2 Heat 

2-1 Furnace, Kiln, Dryer 

2-2 Steam Consuming Equipment 

2-3 Boiler 

2-4 Steam P1p1ng, Condensate Recovery 

-

• • 

• 

....... 
..... 
N ...... 



2-1 Furnace, Kiln, Dryer 

l Part I I ·~ 
2 Name of Equipment! l!l: II ~ 

3 Use 

4 I Charge 

5 I No. of Furnace 

6 I Type 

7 I Maker 

8 I Time built 

9 I Outer 
Dimension 

Length or Dia. 
Width 

·Height 

10 I Design 
Capacity 

11 I Usage 

Continuous 

12 

Batch • 
h/Day 
h/month 

Induced Draft 
Fan 
Forced Draft 
Fan 

13 I Improvement 
done 

m ~ 

i* 1Jl ~*' 

• ft 

m ~ 

~ - tJ -

&it Ill " JllJ 
~~>t;J; 

-~•ti 
ro 
• 

l!l: (fl Ml! 11 

fll!IH~iJl 

ii Q 
,, Jl! u 

a;M~ 

flPiM~ 

&.il~rA 

[ Diagnoser I -] 

i 

__ m3/h _ mmAq _kW 

2-1-1 

• 

I Datt} I F~c~~ry r- --rn --- - I 

...... 
w 



0 e 
14 Fuel • M 

Name g Iii 

Lower Heating Value JH~lil Cfltfl'L> Keal /kg. I., m3N 

• Specific Gravity lt • 
Moisture * ~ 

15 Average Consumption ISMfll!ffllll <S(l~> /h 

16 Oil Storage illl li • 
Tank Contents 9 :.-., nll " Volume 8 • m3 

Temp. II. lit •c 
Insulation i\\ ii ltU1\ 

17 Fuel Receiving §: J.. ti 

Measuring Volume It Jl done not done 

Temp. MilO! done nut done 

sr.grav. lt11 " done not done 

...... 
...... 

"" 
Analysis s-} Vi done not done 

18 011 Leak ft1I ~ ti good not good 

19 Steam . ~'t-J.. 

Pressure lE 1J kg/cm2G 

Temp. • IJI: oc 
20 Electricity 11l tJ 

Elect. Heater 11 ~ kW v 
Infra Red Lamp i1H'U :.- 7' kW v 

• 2-1-2 • 



No. of Equipment & • g 

21 Combustion 

Burner '"--t-

Burner Tile '"-.,. - ~ "1 Ji-

Cleaning of '"-1"-¥-A. 
Burner tip 

Flame Color * m a 
Length A ctE 

Sparks ?E * Blow ~tea 
off 

Color of Smoke I.I C1.) a 
Air/fuel ratio !! jft, .tt 

Automatic ..... 
Controller 

I 

Fuel • '4 It 
Consumption 

Fuel Temp. Ml ill. 

Air Temp. Q!!j(t.iWJC 

Primary Air 
flow -~~"'-• 

Secondary Air ~!!-· flow 

Atomizing •JG££ 
press. 

ce • 
Pressure jet, Low pr.air Steam or air Rotary, Intermixing, Interior Semi 

atomizing, atomizing, atomizing, mixing 

Good not good 

times/y Quantity of Burners 

Zone Preheating Ilea ting Soaking 

good not good Burner Type axial Side axial Side axial Side 

good not good Upper Zone 

good not good Lower· Zone 

good not good 

good not good 

Factory Data Measured 0.21 m • 0.21 - (02) 
exist not exist 

kg.1,m3/h 

•c (at Burner, after Heater) 

2-1-3 

..... 
..... 
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0 e 
No. of Equipment 

tit '" • fl' 

22 Furnace Pressure fii ff mrnAq (Measuring Point mmll) 

Pressure Control fii fE fi• OD done not done 

Movement of Damper ., :IJ~-f'JllJ good not good 

Air Sucking !l~Vl~ 

from Wall iP II good not good 

Burner Side J "'-1-* t.> t) good not good 

Door tU }.. 0 good not good 

Truck s 111 y - '" good not good 

State r..f Stack, it~. il.il«>~D good not good Gas duct 

Cooling Air ~ lll !l l\ ml/min. 

23 Heating 111 M 
Furnace Temp. tP iM •c ------...__ Preheating Zone Heating Zone Soaking Zone 

,... 
.... 
°' Charging Temp. Ii A. iJUU: •c Set •c •c •c 

Extracting. Temp. fib t1J i&ll •c Actual •c •c •c 
Temp. measure- •or 10! Thermocouple( ), Resistance Th~mometer, Optical Pyrometer, ment • 

Radiation thermometer, Seger cone 
Temp. Controller ill1Ul•JOllllll exist not exist 

Burner Setting '"··1"-llltM good not good 

Arrangement of 
Charge a>..nn: good not good, Truck Speed 
(Furnace Load 
Factor) 

Seal 

24 Size of Charge U'4~~ 
tteat Utilization 
of previous pro-

"'" l-f'.p-1' 
done not done 

cess, Hot Charge 
-



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 
Surface 

Temp, of Wall • 
Surf ace 

Side Wall 

Roof, Crown 

Heat Flux 

Insulation of 
Skid 

Weight Reduction 
of truck, 
conveyor, etc. 

tit * ~ ft 

(It. • • ilA 

• • 
•"-•*~ 

A. 0 

tU 0 

Wi ~ 

II iiH• Al 

ii * u 
Ii M ~ 

~ • 
II «> e. 

It iM I& II 

.. iii 

.t ifii 

.:it+'lll-'llli~ 

. 
&lll • :I ~;o.(7\fQ) 

OMUt 

Q 

•c 
m3/h 

% 

% 

Preheating Zone 

•c 
•c 

kcal/m2h 

good 

done 

2-1-5 

I 

Heating Zone 

•c 
•c 

not •good 

not done 

Soaking Zone 

•c 
•c 

..... .... ..., 



No. of Equipment 

27 Waste Heat Recovery 

Name of Recovery 
Equipment 

Type 

High Temp. Fluid 

Low Temp. Pluid 

Heat Recovered 

Plow 

Temp. Rising 
(Falling) 

~pecific Heat 

Temp. of Waate gaa 

Furnace Outlet 

After Heat 
Recovery 

Clearing of 
Heating Surfa~e 

Preheating Zone 
in Furnace 

Air Leak in Heat 
Recovery Equip. 

Cooling Water flow 

Water Inlet temp. 

Water Outlet temp. 

() 

~••tt 

• • !Bl Cl{ 

!Bl ill( l!t • 8 

m A 

iii • Mt '* 
(11 ll • ff 

!Bl « • • 
Ml • 
l&llttlf. flt "f) 

1t. • 
llf'/l~llm: 

gi lli IJ 

••lil~Ut 

fi M ilii M r.l 

IP CD ~ M flf 

RMl!ll&tllOl 
~H\ei&t\ 

ltill*lil 
II A.CU 
II woo 

e 

' 

•c 
•c 

Timea/y 

exist not exist 

found not found 

2-1-6 
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, 

• 
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i • No. of Equipment & • • ~ 

28 Operational tM • • l!il 
Management 

Operation 
fl! • • • Standard made not made 

Heating Curve "'Ill dll .. exist not· exist 
Recording Ii! ll good not good 
Maintenance ~ ~ ll w good not good 

Period Ml JJI ly 

Record Ii! ... good not good 

29 Current " .. 
Performance 

Output M ml ll 
(or Input) t/h -..... 

IQ 

Fuel fl M It 
Con~waption 1, kg. m3/h 

Heat Efficiet\CY M tlJ qi % 

Loss with &!Jd~IR~ 
Waste Gas Kcal/h % 
Loss with ~lMdn* 
Coolant Kcal/h % 

Lo89 through ilc M ti* 
Wall Kcal/h % 

2-1-7 



0 
2-2 Steam Consuming Equipment CIU!\(i!lftl5Hll> 

1 Part I 'I 
2 Use fll ~ 

3 Name of Equipment & (I g 

4 No. of Equip. • ~ 

5 Type m ~ 

6 Maker J - '/J -
7 Time built Ii II If .IUl 

8 Dimension -t t~ 

9 Heating surf ace 
6' M iii M area 

10 Volume s Al 

11 Capacity Iii '"}J 

12 Subject of 
heating i*1J1Mf.t: 

13 Heat source M il 
14 Qu~ntity of 

M l!J! • Treatment 

15 Operating ' l¥ •• fl!: 
condition 

Temp. ii Ill: 
Press. EE 1J 

16 Insulation IUi ~ 

Surface ¥l ifii ii Lii: 
Temp. 

[ Dt~g~~s~j-- ----- ] 

-

1 w h 
mm x mm x mm, 

m2 

Steam: kg/cm2G, 

•c 
kg/cm2G 

mm 

•c 

2-2-l 

e 

d h 
nun x mm 

•c t/h, Hot water •c, t/h 

good, not good 

heat flux Kcal/m2h 

[Datej jFactoryj j 

• 

N 
0 



17 Cleaning for 
heating (i ~ iii o.> ti • 
surface 

18 Instruments It ll 

19 Auxiliary Equip. f H • Ii .,. 
Heat Recovery ~ lID (ll 

High Temp. iWi ifUI U: 
Fluid 

Low Temp. 
It •• '* Fluid 

Temp. rising IAll: J: ft. 
(falling) CM r> 

Flow • • 
Condensate I-' v !.' !Dliut 

recovery 

Rate of ml (ll itt 
Recovery 

• 

-

.. ~"\ -
done 

Temp. Presa, 

exist 

done 

• 
not done 

Flow, Other: 

not exist type 

specific heat 

specific heat 

m3/h 

not done, open system, 

x 

2-2-2 

closed system 
N .... 



2-3 Boiler ( itf '1 ' ) 

l Part I 41 

2 Use m illS 

3 No. of Boiler • .., 
4 Type !lt ~ 

s Rated evaporation J!triilll\JI 

6 Manufacture date ait4AB 

7 Steam pressure fE .,, 
8 Heating surface ~MifiiM 

area 

9 Auxiliary Equip. Hf llS & ,,. 

10 Fuel • f4 
Name g Iii 

• Lower Calorific Je #I • 
Value ({IUiL> 

Specific gravity lt m 
11 Usage ~ '" ~ iR. 

Continuous i!J! • 
Batch #~ iY! fl 

r illaanoser I I 

0 -
Water tube boiler ( *W) Flue tube boiler ( :t.allll) Once-through boiler (WM!) 
Hot-water boiler ( iil*) Other ( t-o.lllb) 

t/h 

Rated (J!*) kg/cm2G. Normal (#RI ) kg/cm2G 

m2 

Superheater ( il~Vi) m2. Reheater ( pj~ri) m2 

Economizer ( l11~lll ) m2, Air heater (!}!j(l.~~ft) m2 

'Keal/kg .1. m3N 

h/d. d/m. h/y, 

I Date j j Factor) I -H - --, 

- 2-3-1 • 
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Item 

12 Oil Tank i\1! 

Volume 

Temp. 

Insulation 

Leak 

13 Boiler it< 

Steam Pressure 

Steam Temp. 

Feed water 
flow rate 

II Temp. 
II Meter 

Blow off flow rate 

Boiler water ffi 
pH • 

Conductivity 

14 Feed Water ea 
pH 

Conductivity 

Preparation 
method 

Testing 
time 

Cl' content 

i 
Unit 

lJl ~ Jll (ii. 

1 ~ ~ --
8 fll m3 

il1I ii •c 

i¥ ill nun 

;.It tl. -
-i ' -Mi. l£1J kg/cm2G 

• • iU.Bt •c 
tt * lt*Jlt m3/h 

i&I. IJI: •c 

iilllllt 

:ta-a m3/d 

* -
t:t <( ::L "J .,. 

11Ut\fi:IJf.~ µS/cm 

* -
t:t <( .:x. ·~ .,. 

'lll~~·'fl µS/cm 

~ 1!11 tl: -

••MLI -
~ a-J"llJI ppm 

Nominal Actual 

m II ~ •• 

2-3-2 

• Remarks 

UM 1t 

good. not sood 

Type 

Continuous, lntermittance, Heat recovery 

.. 

,. 
~ 



Item Jj ~ 

15 Combustion • itt 

Fuel MS u 
Consumption .fi! m • 
Temp. ifl lJI: 
Meter It u 

Burner ,.,_.,. -
Type w ~ 

Capacity 3 ii 
Burner tile ,'(--t-1-f J" 

Clinker IJ•J'!lh-

Air ratio • 
~ !.". lt 

Insulation IUi M 
S\\cking air ti A.~~ 

16 Color of smoke it Q.) t!!. 

17 Air heater ~~"f ~W 

Air temp. ~~iU IJr 
Inlet A. Cl 

Outlet tJJ Cl 

0 

Unit Nominal Actual 

JP. m. m ~ w •A 

1.kg.m3/h 
oc 

1,kg,m3/h .. 

mm 

oc 
oc 

e 2-3-3 

0 
Remarlts 

UI ~ 

exist. not exist 

Oil burner 

Low press. air atomizing ( (lilf PJUlf ~ ) 
Steam or air atomizing ( iVJil!PJU:i:i.\:) 
Presa. jet type ( l\tiEEit:) 
Rotary ( reJti;~) 
Gas burner 

Intermixing type ( Pitmi1l6~) 
Injector atomizer ( ~&Uiftil'i\:) 
Semi-mixing C!l!i.ll-$~) 

good. not good 

found, not found 

Measuring point (Ji~) 

good. not good surface temp. 

good, not good heat flux, 

good, not good 

exist. not exist 

• 

...... 
N 
~ 



Item fj § 

02 X Inlet A.O 
Outlet mo 

Waste gas temp. tJJff A i.WJt 
Inlet A.O 
Outlet tbO 

18 Economizer %. :l .I"? -f if-

Waste gas temp. fJ~#AiUD'. 

Inlet A.O 
Outlet lUO 

Feed water temp. at* iJt II 
Inlet A.O 
Outlet lUO 

19 Automatic Controller ~ llJ :tlJOll 
Subject t~• 
System 1j'A 

I 

Operation fl:llJ 
20 Steam accumulator A'f-J,J'.f-~-

Capacity 8J1t 

Pressure (f1J 

22 Evaporation ratio • re 1a tt 
Boiler efficiency rtf-f,~11' 

Loss with waste -
gas llJ fl A H\ * 

~· 

Unit Nominal 
$ m. ji! ~ 

x 
x 

•c 
•c 

•c 
•c 

---
"C 

•c 

ml 

kg/cm2G 

Kg/kg,1 

x 

Kcal/h 

Actual 

". .. 

2-3-4 

• 
Remarlts 
~ ~ 

exist, not exist 

exist, not exist 

Steam press. air ratio 

good, not good 

exist, not exist 

Hh base, Hl base 

..... 
N 
VI 



r 

Item JJi 1§1 

23 Soot blow ~-t-7'&:1-

Service a burner .. -<- -t - ¥A 

Removal of scale ~ >r - 1vf.~$; 

Air heater ~"'-i'~U 

Economizer ;t::IJ"?-("1-

Gas duct lt ii 

Stack ii ~ 

Cleaning burner .. .._H-·~7° :f.),. 
tip 

' 

0 
Unit 
JJt ~ 

/d 
/m 

/y 
. II 

II 

II 

/m 

• 

Nominal Actual 
~ ~ ~ *A 

2-3-5 

-

• 

Remarks 
(Ill 

N 
CJ'\ 



i • 2-4 Steam Piping, Condensate Recovery (J.l~'lf. pi.-:..-(i!ll&) 

Steam Piping Ii ~tc. 
Insular.ion ~ iii& 

Leakage • i!ll. 

Recovery of 77')1:;_,~· 
Flashed Steam 1\,0),IJJU 

Cylinder Hood YIJ~:"'~-J:. exist, not exist 
o.l7-t-' 

f{ 111\ 

Condensate "' v :..-(i!ll(ll 
Recovery 

Flow ~~Ii ml/h 

Rate liil (ll lt1 % 

System IID«1iA open, closed 
....... 
N 

Steam Trap 7.'f'-.t.t-7-,.,. -..I 

Type ~ A 

No. of Unit It a 
Present 

fl'ilJt~;R I good, not good 
Condition 

Flow Sheet 7a-~-t-

Steam I,( • 
Condensate ... v :I 

[niagnoser I ) I Date I IPa~:r;J =1 
2-4-1 



ti • 
3 Electric Power 

3-1 Electric Power Management 

3-2 Transformer 

3-3 Motor Driven Machine-Except Air Compressor 

3-4 Operation of Motors 

3-5 Air Compressor ..... 
N 

3-6 House Power Plant 
o:> 

3-7 Air Conditioner 

3-8 Lighting Fittings 



i 
3-1 Electric Power Management ( 1lt 11'1 llll) 

l General -- ~ 

(1) Record of used power for every f6HD.llil!ffl1ll1Jhl l KWlD D.llC.U 
month 

(2) Examination the cause for f!ftl11l1JDlfJf~{t.L t.:lll!lllo:>~M 
variance for used power 

(3) Stability of voltage and !t1ll1W f: I lllillltto.>YC~~;sz 
frequency of source 

2 Electric power specific unit (EPSU) '1l :IJ 61( 1'1 f il 
(l) Calculation for major ro~o:>~~~~o:>mn~~mQ)~w 

product's EPSU monthly 

(2) Preparation table on the right ma>J1J. ItM>J1J1c:t:itUJ'it'>oti' 
for every process and use .. 

(3) Numerical EPSU target 1ll1JIJl( LllfilQ) 1§1 utlili 

) Load Factor A iJJ ~! 

(l) Record of hburly consumption fijl~IUJo.> ii-'! tUll :IJo.> li!Q 
of power 

(2) Daily load curve graph att~111JW 

(3) Improvement of load curve a tt 1·1o.>Q*fili-t:-llltt o ~·tfft 
4 Vdlue of power factor contracted iu 11"1 * »mJ:. o.> :11 it' 

(1) Supplier 11l1JSl!U 

(2) Penalty fee "'( T ,,,,,.,. -1 

[Di;~noserj I 
3-1-1 

• 
done not done ( rJ1h ) 

done not done 

stable not stable 

Yes No 

Output Used power EPSU ratio of electric power 
(A) (B) (B/A) fee per total cost 

tl:ni riVAI 1ll;l1lillffl lll(B) 1,llllf(l( ~ ~1:1Ullti!i~o1ll1Jl1l~VI 

~VJ"t'~'o determined ~~'t'Pfl~' not determined 
(value ) 

12.U L "t'~' o 
d (max. 

one ( mJ n, kWh~ 12.QL"C'Pf.!P not done 
-

?'' ?itL't'~''-' done L 't'~ ''' ~' not done 

fil.t., 't'~ \:fl done ftlJ .,"CflP not done 

(i;OeJ I Factory I I 

...... 
N 
\0 



0 

5 Substation ~~1ltN:UI 

(l) Meters at receiving panel and iUlltaCT.>ltViCT.>:fil"jfltc -tCT.> Meter adequancy of indication 
UittCT.>!lle 

It Ila -

t"r1mary 
- ~ 41~ 

Secondary 
=~tltl 

Note 
- WI it 

(2) Measurement of transformer load llU.ERICT.>1\7JJill1l~ 

(3) Transformer e~clusively for 
11nmwm~EEH lighting 

(4) Turning off transformer when 
~~D,o.>IA!lEHU!tllli off load 

(5) Improvement of power factor by 
::i :; 1':; "}' - IC J:. -'.> 1)1.!i:!( It 

static condenser 

(6) One-line diagram fCIJUf~l/t~OYf1jflt 

6 Distribution system l!Ul&«I 

(1) Measurement of main circuit %1i!J~j)IJCDft 1Jli111J~ 
load • 

(2) Rate of voltage drop cif main $.IID¥ll J)IJCT.> '1Uf£114"f141 
circuit 

(3) Balance in three phases .ft:JttllO.l-' 'f? :I~ ' 
Voltage 

7 Motor lll .,, .. 

(1) Measurement of load of motors 
~ s kwP . .tl:.CT.>tttllH1lCT.> ft. r.um11 

over 15 kW 

(2) Periodically lubrication of 
""'"" "P11ll/14ll.C1.>fi:'.XIJCf.Jfl •(}ill! gear and motor 

(3) Turning off motor when off load ~lU\ r.JU1;C1.>1ltllJ11llC1.> ~~JI:. 

• 3··1-2 

e 

Voltage Ampere kW kWh 

1lt [£ m iilt 1ll 1J 1U1Jltt 

Good 

Not good 

Yes 

Yes 

Yes 

Yes 

llave 

Yes 

, Current 

Yes 

Yes 

Yes 

e 

Power kVr 
Factor 
1J I.fl 11ll~J1tl1J 

No 

No 

No 

No 

No 

No 

No 

No 

No 

-

kVrh 

Ml~J111JJI 
, .. 

·-

w 
c 



ce • 
8 Motor driven machine 1UllJWt;Jlll!tWI 

(l) Flow control of blower ~nd '1" ? --t:>lft ~7.CT.>tifil'illlliltalJ Motor speed control 11ll/1Ul<T.>jjlflltl!Jll 
pump 

Control of numbers of operating motor Slt$11JO 

Damper or valve control ¥·.11<-, 1<111'1CDUHM 

Others t' CT.>flh 
(2) Checking leakage of compressed EEM!ll\ "tl*CT.> b ti.CT.> f' ... ·:1 ~ Yea No air or water 

(3) Keeping adequate working 
!Eallll<T.> fll!ffl lf 1]11 ill iEfJ' Yes No pressure of compressed air 

(4) Keeping adequate discharge rtt =-'.,.o.>a.tUSlf11iliEfJ' Yea No pressure of pamp 

9 Lighting fittings A« DJUt II 
(l) Cleaning lighting fitt~ngs I«~ Mii Jl C1.) ijlf,.,., Yes No 
(2) Turning off unnecessary light ~lif 'J A«IUJ o.> 11ur Yea No --10 Electric welder .iu1aa w ..... 
(l) Static conJenser exclusively 

for welder 
Wfflo.>1Jll'i!!Cl!Hll => =-''Y=-'11'-

.... 
Yes No 

(2) Transformer exclusively for 
Wffl«>~ffU Yes No welder • 

(3) Keeping circuit balance of 1'l•C1.>8fQo.>r<' ~.?. Yea No three phases 

(4) Cable length from welder to MlHlo.>'f-;t- 't"o.>fti!~.lU1 Yes No holder .. 
(S) Primary cutout type voltage 

-~t1JA.A11U•Wd:.Wo.>~~" Yes No reducing device 

11 Classification of load Machines Air Compressors Pumps II eaters Lighting Air Conditioner Total . 
%1lC1.>~i'- ::>~7v~1-tt lff ~.,. t:-f- Ml llJI 2 &Lt ~ It 

ft.14CT.>2~ 
kW kW kW kW kW kW kW 

% % % % % % 100.0 % 

3-1-3 



0 -3-2 Transformer for ( ~IEI~) 

l Type of Transformer m ~ 0 011 Immersed Self Cooling ( ilOA.F.IHht ) 0 Dry 'l'y1>e ( 'k: ~ ) 

0 Air cooling Forced Oil ( .i!ilhll~it ) 0 Others ( {'CIJfll! ) 

2 Number of Phase tu lt 0 3 Phase ( .::m ) 0 Single Phnsu ( lllffl ) 

3 Connection f" .. "Ji ti DA - A DA - A Oh - A Ov - v 
(Single Phase) <JPmTr > 

4 Rated Output m f2' tU 1J kVA, Number of Uank 
(1~:,.o~lJ() 

5 Rated Voltage ~-1ltfE Primary A Secondary v, Rated Current m••Mt V, A 
- - -

6 Rated Frequency m•••tt Hz. I 1 I · ll~-1l:.-'~ I % At kVA UnHU X lmpoJancu '1 llt'-~ll'- - -
8 Haker, Year Hade ~ - b c. ~,ilfji 

9 Loss tn ~ Iron 1.oss Copper 1.ou At Full Luud 
(~Ill) . kW, ( ~ (·\ (ill •• Ill ) l<W, 

Measurement Record ( ·iJIOi!li!Q ) 

. 
Time Vol tag~ Current Apparent Power Power l>ower Fae tor 0 L 1 'l\'1111> , Hcmurlu1 
II M '&It fE 1U ii dt.Ulll"JJ 'ilJ 1J 'JJ ftl ilh iM uu ·~· -v A kVA kW % •c 

------ - -·---------.. -

-

(-oiagnoser I I [i0e I I Fae tory-, 

e 3-2 e 

-
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--------
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i • 3-3 1'1otor Driven Machine except Air Compressor "' Over 15 kW C1Uill11JJt;JO&!tUft::J :.-?'v ·~ ·t/"'H11< - I 5kWP .. U:.) 

~ Name of Equlpment ~ ... ~ Number of Similar Equipment 
J!i'ldiY:fdOllX 

Kind of Motor 'UlHlt1.> Hlll oo.c. (iJ1L~t) Qtnduc::tor ( ~lllll) ~\~ound Rotor O<>thers 

QA.C. (~Mt) 0 Squirrel Cage Sync::ronous ( inl.llJlat ) 
) Rating of Motor 11till• t1.> m ~2' Output '( IU 1J) - kW I Voltage (run: ) V, Current ( iulJlt) A 

Frequency ( "4~tk L__ lli, RPM ( IIDti:tt ) rpm, Maanetic Pole (Hitt )_ 
4 Starting Method ~ lb n ~ 0 Full-Voltage Oscar-delta (.1.-A) 0Rotor-resistanc::e ( =i'X 00thers 

( i111 A ) llf.tii. ) 

5 Coupling Apparatus ii; ijJ Ill Ill 0Direct(1WtS) 0Belt( --CJll ~ ) 0 Cear ( 61alll) 0 Others 

LHnterial(WlU) QNatural( IHfil\fA) 1 Tenslon(~ll!nt) 
n Synthetic::( A.:r.;) , Number( *llc) 

6 Equipment &st fa kl .. 0 Pump (zit ;,-7•) Ouowet· ( 'i c:i? - ) Oochers 
7 Kind of Flow and 

61fi.+;~ c!: WIJI: 0Air 0 lfoter Oothers, 0 Density (or Specific Gravity) 
Density (!}!l\ ) <*) ( W l1t )(.Ii lt flt ) 

kg/ml (lb/ml) 
8 Flow Control ill ll •• Ill TIAutomatic:: <mill) (D Valve ( •'••:1) D Speed Control ( .illll.CU11J~ ) 

' 0 Manual ( q:.t11 ) 0 Damper ( ~·'!/1-l- ) Oochers 

9 Speed Control 
,ijJ! ill ttl Ill 0 Mo!o_r ~ _ ( 0Pole Change (Mille ) 0 Vol cage ( 'lllEE ) J 0Mec::hanical 

( ) 01''requency ( ftOUt ) D Others < •w~ > 

10 Automatic:: Cutting-
~ ,, ·~ t1.) Oves (ff) 0No (#It) off (When Off-Load) @Ul1 W J1: Iii ti 

11 Frequency of 
times/year( lfil/~ ) 12 Frequency of Ill(,\ 7 of 111-1 -

Lubrication ta Ml d II Ulcer cleaning nt fl\l times/Month 

j Di-;gnoser j I [ r>ate j j Factory I I 
3-3-1 
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0 0 
Motor driven machine ( 1Ullitllt;ffl&«I ) 

Name of machine 

Used pow~r Used Temp. 
Flow Q ml/min Fluid Valve Velocity Es ti- Ef fici- Remarks 

ft! m ,. 1J power of 
6ft Jil QI t/h ill I.+: Posi- of fluid mated ency cund ) Date Voltage Cut' rent Power Elect- /rated fluid Actual Pressure Pipe tion Load Vibration 

factot' ric power Rated ill~ j£ 6ti ll'kg/cm2 Inner L~akage 

powet' x lOOX •c max. Dia- ,,.,..,7 Others 
v A % kW fll!ffl1ll1J min. llm meter bN Ill: m/s kW ~ 

1ll fE 11 • 1J • 1ll 1J Vti!•tt11 ill~~ ~ru~ (f 1J Wllcm ~ .iM liU!t'.l(J b\61t/J~ "' ~ 

. 

1) Requit'ed electr~c powet' of blowet' A•g•PT PT: Total pressut'e (mmAq), A: Allowance, n: efficiency of 

i!aamH1ll1J 
P~ l.ooo·n·6.12 (kW) (1.1-l. l~ blower .0.72-0.78%) 

i: EE ~m jl Ji t!J ~' 

2) Requit'ed electric power of pump A·y•Q•U-. Q' •ll' A: allowance (l.05"-l.2) n: efficiency of pump p • n·6.12 or P • Y·n·l6.7 (kW) 
ftt re * fi( :.- 7' 1t/Jftl (0.81\.(),85~) 

3) Velocity of fluid 
U • ~ (m/sec) 

Q: flow (ml/sec) ------------ velocity· (m/sec) pressure (Kg/cm2) 
i!Wl'iillii tilt Al QI !>"I 

µ µ City water 71<itl7~ 0.6"' 1.5 1.8 "' l.O A: sectional area ~ 'G 
of pipe (m2) er o River water -All:1k 1.5"'3.0 3.0 "' 10 QI ,-j 

-~lliiliit• 'O QI 
< > Air ~ jl\ 8 "' 15 1 "' 2 

e l-3-2 e 

...... 
w ,,.. 
..... 



• 3-'4 Operation of Motors ( -{:- ~ -O)•llJO!iR.) 

Process Used for Maker Year Output No. Voltage 
built 

T. Ii Ill ~ ~ -11- ~.i!ff 8 11 ti tt 1ll EE 

kW v 
UP 

.. 

• 

1~~omJ I 
3-4 

I 

Current 1" 6lt Revolu- Speed Power Note 

Raced Actual tions control factor 

~~@ ~il1•1$ (f)/@ IIDfitt .illilJUi111J11 "}) qi UI :'f 

A A % . r.p.m. % 

--

I Date I J Factory ,-U-H _H_ I 

w 
Vl 



0 
3-S Air Compressor ( x.7;J ::17°v"J~-) 

Type 
Process Use for Pressure Volume Input No. m A 

I 'I m a If tJ a::•• A 1J Oil Oil-
less att 

reci- reci~ 

pro. pro. 
screw screw 

I 

r~iagnoser I I 
e 

-
Installation On-off Cooling 

Operation Water Temp •. 
tit tJl n A s lie t•I DP nr~*iUur 

Centra- Sepn- 'lea No Inlet Out pet Ratio 
lized rated fi *ll A o tU 0 ijl 

. 

~ate I l~actoryl 
3-5 e 

Air leakage 
jQ ~ 

Body Pipe Valve 

* u: 1-t -1 .,. 
'"'" "1 

Joint 

tJ ' 

w 
0\ 



i I 
3-6 Uouse Power Plant < 1urnuuu~11 > 

l Kind of Engine .x :1 ~ ~©Hlft 0 Diesel Engine 0 Steam Turbine 

0 Gas Turbine 

0 Condensing turbine 

c=Jsuck Pressure Turbine 

' 
0Extraction and Back Pressure Turbine 

2 Output of Engine %.:l~:.i'tU1l PS(kW) 3 Fuel Consumption llf.i11PllU4 1(Kg)/h 

4 Kind of Fuel iM f4 H 111 ocoal oueavy OU 0 Diesel Oil Oothers 

5 Caloric Value of Fuel Iii) .l:.© ft Mi a Kcal/l(Kg) 

6 Rated Output of •a 1't m 0) 7 Rated Power 
JI!~ 1l lfl Generator m .a 11 kVA(kW) Factor ~ 

8 Rated Voltage, m ft • C£ v A Rated Current m • • 
9 Daily Record 

ii ·~ a lti .OYes (ff) ONo (fin) 

Meuurement Record ( ill~~li!O) 

Time Generated Energy Fuel Consumption Steam Temp. Steam Pressure V.lt'fle Current Power Factor Remarks 
If M Je 'Ill ll m 14 il!t a Jil • jil. II& lit • tc\ If 1l lll 6lt 1J It! {I "S" 

kWh Kg In. "C In kg/ v A ~ 

Out Out 

-

,0-ia~n~s~[ I I nate I j 1~actory I - -J 
3-6 

w 
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3- 7 Air Conditioner ( !! &\H~ II ) 

l Type of System ~ ~ n ~ 

2 Room Air Conditioned Ii 0) ~ iR. 
(1) Room She 11 0) * ~ ~ 

(2) Number of person iil-'iAlt 
in the Room 

(3) Usage m .ta 
(4) Room Temp. ii .iM 

(5) Humidity ii It 

(6) Air Flow .il Jil 

. 
3 Water Cooling Tower ?-•J ".19' 

~?-

4 Type of Refrigerat-
ing Machine ~Ollut C1.l H tn 

5 Refrigerant ~ tJ 

r Diagnoser I J 

() 0 

0 Air ~uc~ C~nditioning m• n· > 
DFrn Coil un:hk D Un(t Air So!~~tioning 

7 7 ".I :J "f JLI" ' ) 1-f ·~ >1 - ' 'JJ 

Floor Space Room Volume 

(~iffiM ) 
') 

( li3M ) m3 m-, 

A 

0 Office ~ ~l,~i\i ) [] Works ( IIU ) 0 Others 

Actual Temp. ( ~ illlJ iUllt ) oc Set Temp. ( llUiUilJJI: ) •c 
Measurement Method D Manual Control Method 0 Manual 

( a11J ii! 1H\ ) D Automatic ( llliJOIJ/j~ ) D Automatic 

Actual· ( ll.{iJl1Ji&ltll: ) < llHl! ~ 1.ll > 
Measurement Method 0 Manual Control Method 0 Manuul 

( il!Oi!7i~ ) 0 Automatic c m11t111n-~ > 0 Automatic 

Fresh Air Flow Induced m3/min, Circulating Air Flow m3/min. --
( ~~Ul'O,J.i\111 ) ( WP-1~,flgt\nt ) 

Actual Temp. Wet Bulb Temp. Flow Oelivery Preas. 

( ~ill•JiWll:) oc, C ifiJJU.UJI: ) oc, <*it ) l/mil\ • I ( PJ:tUI£ ) kg/cm2c 

0 Compression Type ( lfflh~ ) 0 Absorption 'l'ype ( llht(l{.i:\: ) 

D Ammonia ( 7 ".l.f;.:..7 ) D Freon ( 7 tJ :.t ) 

0 lligh Pressure (~ff ) D Low Pressure ( (l~EE) 

e 3-7-1 

I Date I I 1~actory I -- --] 
e 

w 
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•'""" 
~ 

--~ 

6 Cleanness of Air ~ flt UI'. 
(l) Method for removement of lft\$.'ll~'ll~1jit 

Hying cotton 

(2) Method for electrostatic shielding t> 1liVil I: 1j j:\: 

7 Insulation of roof and wall riHU, U0.>1¥iMI 

8 Insulation of duct and pipe ¥~ I- I filWO'.>llfr~ 

9 Tightness of ~indow and door ~. l-'70'.>Sl\W 

10 Separation heat generating equipment ft.Mtl~~0'.>~-1 

11 Partial air conditioning in large 1i:~IU10".>cJ:IO".>~llH:·~1- 91111~ 
O".>l'i\U rooin 

12 neat recovery by total tmChalpy 
t:i!\~n\ilil IC J; 9 Mli!l!U( heat exchanger 

' 
13 Water spray on roof w ~~ lt!c * 
14 Starting and stopping time of 

air conditioner llt/llO'Jii:i!/J~' 11:u1;•1J 

15 Stopping water pump when X\'illHlUf Jl:B~ltKtM*if. :.- -/0'.> 
refrigerating machine stops ff1l: ' 

16 Prevention over cooling and -
stopping when unnecessary .ii~ Iii 11:, ;'f' !11! Ulj O'.> illl tiH.f 11:. 

I 

3-7-2 

• ·-

QNozzlc absorbing ( IA'Jvv,t~ ) 

0 Traveling absorber ( illl l!.il llJil ~ ) 
Onoor d\.1ct ( Wilii!Vitjb) 

0 Air conditioner ( !!!&lUt >10wtper ( ?1~-1-~ ) 

Ostowoff ( ;/P-;t7~) 
llumidifier ( tHltl.l ) Electric ( 1ll~\7j~) 

good not good 

good not good 

good not good 

yes no 

yes no 

yes 110 

('l'ype ) 

done not done 

Starting time 
Stopping time 

stop not stop 
(auto, manual) 

I_ 
yes no 

w 
\D 



17 

18 

19 

20 

21 

22 

23 

r 

Setting most suitable 
temperature by climate 

Control of induced fresh air 

Checking temperatu~es of 

"""" \ : 

•an" ~ li llt>i;i!!1Jt 0) ~ U! 

~'~t\-j(\Jil 0) 'i l!..I! 

0 
yes 

yes 

evaporation, condensation ~lill:l©1.00iWfi:. ll~i.WJl©WlY!, ru11f111 yes and pressure of refrigerating fE©'lllil 
machine 

Cleaning (Condenser) r.-lfH ~iJllJU:i :.;7:.;-tt-> done 
{ times/month) 

Cleaning (Air Conditioner Coil) lWh\I ( ~&\UU ::::1 -f 111 ) done 
( times/month) 

Cleaning (Air Filter) iWfl ( X T 7 -( JLI~ - ) done 
{ times/month) 

Cleaning '(Cooling Tower) ;w.- ( ~ - IJ '.I~)'~ ? - ) done 
{ times/year) 

Air Conditioner Measurement Record No. l ( ~1lOt1J~12ll <f;-11.> I.) 

Ir.let' Fan Circulating Fan Cooling Tower Refrigerating Machine ( ~bllll ) 

Pump Fan Compression Type Abaorptir · 
~tUlllA. 7 7 :.; ) C ii:~MU11H7 7:.; > (~!:.;7') ( 7 7 '.I) C JUllil:.) ( ieti&~ ·, 

-
Rated kW kW kW ktl . kW Jl.cat/h . 
( ~ti\ ) 

Actual kW kW kW kW kW Kcal/h . 
( ~illtl) 

e 3-7-3 e 

no 

no 

no 

not dont! 

not done 

not done 

not done 

I 

' 

·-

..... 
~ 
0 
'-". 



• Air Conditioner Measurement Record No.2 (~l.\,ilJ.tl~lct) of;OJ2.) 

Place (ij&ff( ) 

Temperature Set ~ ~ •c 
il lJ[ Actual w iR4 •c 

Humidity Set ~ ~ % 

ta m: Actual ~ ~ % 

Cleanness of Air l'lf fl' Ill 
Insulation Ceiling Material u fl 

IUi M ~ ~~ Thickness 1J 1J 
Wall M. u • m T. lf. I, 

Floor }of. u • 
~ T. " ~.) 

Window Double glass =11ttl?;:1. 

~ Heat-absorbing glass 
~&JilifUJ(t.f 7 ~ 

I Blinds .,.,"1:-'I' -
Tightness of Room WMV:& 
Heat source Persons A A 
~AM Motor ~-1- ~ 

Lighting A« llJI kW 
Steam or Fuel A~-J.. 

Heater • ~ kW 

3-7-4 
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3-8 Lighting Fittings C R«llJl~«I) 

l Lighting System ;J:JAA((llJI 1.i A 

2 Method of Turning ~ ~ 7j #; 
On and Off 

) Circuit Separation i: All JKPJI o.> 

(In case of General ii €!' CD 
Lighting) 

Im llS n A 

4 Kind of I.amp 

' !I 7" o.> 'un 

5 Cleaning Frequency "'« PJI llli 1' C7.) 
of Lighting Fittings ;N M Jj Lil 

6 Utilization of 
Daylight it :>t ,,, At 

Measurement Rec'ord ( illll~IC!Q ) 

Place 
( lll1~i ) 
Illuminance 
( !RW > 
Distribution of 
I 1 luml nancec A«l.IUHli, 

Kind of J.amp 
C 7 :..- 7"o.>Hut ) 

Wall Color 
( JiLtO)~) 

Power Consumption for Lighting 

( A(( IUI Jll il.!UUll 1J ) 

,-Di~gn~-ser rH J 

0 0 

D General ( ~MlJl{(UJJ ) 0 General and 1.ocnl ( ~MlJl«UJI c!: liHinA(ll!A) 

8 Automatic ( llllbi:i.iili ) 0 Mnnual ( :f.iJ1~ir4 ) 

Both Automatic nnd Manual 

One Switch per Room ( J Jv- .t., J,;1,-f':lf") 
~ 

Several Switches per Room ( )Jv-J.. UllXA -f •JI "f) 
= 

One Switch per 1.ine (Turn, Line by 1.ine from Window side) ( ' -1 !1 fi) IC J.~ i110 

lncande~cent Lnmp ( i=JM\H ) LJ nuorescent 1.omp (daylight: color) 
~ u~~m:>~rr 

Fluorescent Lamp (mlite) D Fluorescent Mercury Lamp ( m~~*•IH'f) - C B~:ilt~ > 

0Energy.Conservation Type F.L. 0 Good-col.or IU gh Pressure Sodium 1.amp 
C l!i x. ;t. !11'.ilHUT ) ( i!ii'ilH!.Mi!ir:E,. I· IJ J..., ;tf) 

' 
0 Others 

Tirnes/'lear ( flll/fj!) 

Oclass 
1/;A. 

Ov1nyl chloride 
Jj,Ut t•.:. -Ji-

0Polystyrene O Acryl resin D Polycarl>onat:e 
A 'f i:i -11- 7 " •) ; -1 I· ;J( IJ 11 - .. , ;t. - " 

Oothurs 
i:COIUL . 

Day· Time ( Ullll ) 
Night (.fl(lltt) 

e 
kWh/h 

kWh/h 

J-8 

AM 
Ti me at PM ( iJllJ)J!HlillJ ) 

from doily record 
aw~i 

-

I J)atc ,- e I Factory I =i 

.s:o. 
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• 
No. 

1 

2 

3 

4 

s 
6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

(43) 

INSTRUMENTS LIST 

Instrument 

Hotwire Anemometer 

Heat Insulation Te~ter 

Portable Oxygen Meter 

Pocket Thermometer 

Thermopetter 

Portable Radiation .Thermometer 

Pocket Conductivity Meter 

Pocket PH Meter 

Lux-Meter 

Clip-on AC Power Meter 

Clamp-on Power Hi. Tester 

Integrator 

Digital Printer 

Volt Slider 

Multi tester 

Portable Thermo Indicater 

17 Voltage Detector 

18 Revolution Indicater 

19 

20 

Digital Pressure Gauge 

Ultrasonic Audio-Visual Checker 

ATTACHMENT 3 

type 

V-02-A700 

MH2 

6232 

2542 

400 

IR-HP2 

IR-HP3 

SCSl 

PHSl 

ANA999 

2433-11 

3136 

3141 

3171 

S-260-5 

3009 

M-350 

DLMl-10 

UC-1 
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