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I. GENERAL REPORT

1. Purpose of the Survey

This survey report was compiled on the results of
energy diagﬁoses of nine factories in Malaysia which were
conducted by three Japanese experts and their four Malaysian
counterparts as a part of the ASEAN Energy-Conservation
Project of United Nations Industrial Development Organization
(UNIDO).

The purposes of the energy diagnoses of factories

were:

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

of energy-conservation 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.

2. Survey Team Members

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

The survey team consisted of one diagnoser in
charge of energy management, thermal energy management, and
electric energy management, respectively.

Their counterparts from the Ministry of Energy, Tele-
communications and Posts and the National Electricity Board
who are listed in Table 2.2 went along with the survey team
to extend their cooperation and to learn diagnostic techniques
and know-how.

In addition, Dr. Radu, who is attached to the
National Electricity Board, took part in the diagnoses as

an observer,




Table 2.1

Member List

of the Survey Team

Name

Present Post

Team Leader and
Energy Management
Expert

Masataka Eqguchi

Manager, Technical Division
The Energy Conservaticn Center
(E.C.C.)

Registered Diagnoser of the

E.C.C.
Energy Management Expert

( Team Leader )

Thermal Energy
Management Expert

Rycji Takahashi

Director, Technical Division
Energy Engineering Co.,
Registered Consultant Engineer

i Manager of Pollution Contrcl

Activities

Electrical Energy
Management Expert

Toshio Sugimoto

Registered Diagnoser of the
E.C.C.

Registered Consultant Engineer
Chief Electrical Engineer

Table

2.2 Malaysian Counterparts

Name

Attached to

Lr.

Mohd Ariff Araff

Chief of Counterparts
National Electricity Board

Dr.

Ong Peng Su

National Electricity Board

Ahmad Feisal

National Electricity Board

Alizan Ab. Manan

Ministry of Energy, Telecommunications & Posts




3. Schedule for the Survey

March
14

15

16

17

18

19

21

April
19

20

(Mon.)
(Tue.)

(Wed.)

(Thu.)

(Fri.)

(Sat.)

(Mon.)

(Tue.)

(Wed.)

Travel from Tokyc to Kuala Lumpur

Prearrangement for meeting

Preparatory meeting at the Ministry of

Energy, Telecommunications and Posts

A.M. Testing and adjustment of instruments
which had been brought from Japan

P.M. Instruction on heat management for
counterparts

A.M. General meeting at the Ministry of
Energy, Telecommunications and Posts

Explanation of the use of instruments for !

counterparts

Diagnosis of selected factories

A.M. at National Electricity Board

1. Cleaning, maintenance, and testing of
a number of instruments which had been
brought from Japan by experts for
delivery to the Malaysian Government

2. Instruction on the maintenance of
instruments

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

communications and Posts




April
20

21

22

23

(Wed.)

(Thu.)

(Fri.)

(Sat.)

Presentation of the instruments which had

been brought from Japan by experts to

Mr. Syed, representative of the Ministry of

Energy, Telecommunications and Posts in the

presence of Mr. Luttik, UNDP.

Final discussion with Japanese experts and

Malaysian counterparts

1. Checking whether there were missing
data

2. Offering advice to counterparts

Notice to relevant office of the termina-

tion of the first phase of this project,

and departure from Kuala Lumpur

Arrive at Tokyo/Narita




4, Factories Diagnosed

The factories diagnosed are as shown in Table 4.1.

All of these factories are located in Kuala Lumpur and its

periphery.

Takle 4.1

Factories Diagnosed

Name of Factory

Products

Date of
Diagnosis

MARCO SHOE SDN. BHD.

USMETA SDN. BHD.

GOH BAN HUAT POTTERY WORKS
SDN. BHD.

SOUTH EAST ASIA FIREBRICKS
INDUSTRIES SDN. BHD.
GENERAL CERAMIC MANUFACTURES

SDN. BHD.

MALAYA INDUSTRIAL & MINING
CO., BHD.

CHEMPAKA NEGRI LAKSHMI
TEXTILES SDN. BHD.

FUSAN FISHING NET MANU-
FACTURING BHD.

KIMA SDN., BHD.

Shoes, rubber mats
etc.

Retreated tyres

Sewer pipe,
sanitary wares

Refractories, fire-
bricks, heat insu-

lating bricks

Ceramic wall tiles

Portland cement

Textile yarn

Fishing nets, ropes,

agricultural nets

Cotton textiles

21N 22 Mar.

187 19 Apr.

257 26 Mar.

28", 29 Mar.

31 Mar. V1 Apr.

1415 Apr.

4" S Apr.,

7 ~8 Apr.

11" 12 Apr.




£. Survey Procedure

5.1

(1)

(2)

Factory Diagnosis

5.1.1

Preliminary study through gquestionnaire

A questionnaire ( ANNEX I ) was sent out in

advance via the Ministry of Energy, Telecommunications and
Posts to the selected factories asking them to give the

following information:

General information on the factory -

name and address of factory, names of officers, type
of industry, capital, annual sales, number of workers,
number of technicians, major product, and production

capacity;

Energy consumption -

fuel, electricity, and water;

Major energy consuming facilities -
name, type, year installed, fuel used and operating

hours;

Production process chart;
Energy flow chart;
One-line diagram

Plant layout; and

Problems to be solved in advancing energy conserva-

tion




5.1.2 Interviews with plant managers
In the light of the questionnaires returned and the
energy management checklist ( ANNEX I ) , an interview was

held with plant managers to look into:

(1)
(2)
(3)
(4)

5.1.3

current production and sales conditions,
energy conservation measures taken so far,
energy management situation, and

problems to be solved in terms of production.

Overall factory inspection

An overall inspection was made of each factory,

following its manufacturing processes, in order to gain an

understanding of:

(L)
(2)
(3

5.1.4

items

(1)
(2)

(3)

general management conditions,
layout, and

priority facilitiec to be surveyed and measured.

Survey and measurement

Priority facilities were surveyed according to the

stated in the checklist ( ANNEX @I ) by

measuring the dimensions of facilities;

collecting data from the factory's records, and from
meters and gauges; and

carrying out measurement using measuring instruments

brought in ( ANNEX II ) .

The conditions examined were:

fuel combustion,




B. heating, cooling, and heat transfer,

C. prevention of heat release,

D. waste heat recovery,

E. conversion of heat into motive power, a
F. electricity loss by resistance, etc., and
-
G. conversion of electricity into motive powar and heat.
5.1.5 Discussions
The survey and measurement results were outlined to
factory managers and problem points were discussed.
5.2 Transfer of Technigues to Malaysian Counterparts
5.2.1 Handling of measuring instruments
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.
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 a

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 shoull be con-
sidered in a diagnosis, how data should be checked and put
in order, what information could be obtained from the data,

and how data should be calculated for analysis.




6. Results of Factory Diagnosis

6.1 Factory Management

6.1.1 Level of consciousness of energy conservation of the

plant orerators and managers

Generally speaking, all the plant operators and
managers, it seemed, were well aware of the necessity for
energy conservation in view of scaring enerqgy poices.
There vere very few cases, however, where some sgpecific
enerjy-saving measures were taken. Only cne factory had

set a target for energv-conservation, and no factories nad

made recent energy-saving investments.

6.1.2 Management svstem for promoting energy-conservation

There were a few cases where the management systan

wor 2d with energy consarvatiocn.

One factory had an energy-conservation committae,
and taree factories had cost savings commitises or gquality
and production committees. No other factories had such
committees.

(r

6.1.3 Understanding and measuremen

To accuarataly grasp the quantitative ascect o
energy consumption is the starting point as well as the most

basi

o
9]
O

thing for energy conservation. The following were
the sitvations observed in the nine factories which we

visitad.

(L} Instruments for measuring and control were not orovid-
ed 1n many of the factories. There were some but

@era cut of order. There was no factory which was




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 where thermcmeters,
ammetars, volt meters, and power factor meters were
either lacking, or left unrepaired, or in use without

knowing that they were cut of order.

(2) There were many factories where workers knew only
vaguely the daily energy consumption, Or cid not
know it at all. As for power consumption, 6 out oOf
9 factories were dependent on the N.E.B. bill. As
for fuel consumption 2 out of 8 factories were

dezendent on the supplier's bill.

6.1.4 Maintenance of equipment

There were some factories where checking and

maintenance of equipment were not properly done. For

example, we observed that drive-belts were loose, insulation
materials of steam-pipes were fallen off, steam was leaking,
and measuring instruments were out of order. These things
could cause, directly or indirectly, energy losses, or

could cause to shorten the life of equipment.

5.1.5 Safsty management

Though this is not directly related to energy-con-
servation, it is necessary to keep equipment and measuring
instruments in a state in which inspection can be made
easily. For this reason, it is important to pay attention
to the safety measures of equipment and to keep equipment

in good order.




situa

. (1)
- (2)
{(3)

6.1.6

(1)

. (2)
(3)

(4)

3

following

=

Tor example, we ifrequently observed the

on

w

The rotors of belt convevors, and pullies are not
J r

covered.

There is no safe fcoting for measuring instruments,

sensors, etc. placed at high position.

Zuuipment and measuring instruments are noc orocerly

aligned, making it difficult to inspect them.

Emplox

aa tralning

<

Chservation of the emplovee training was as

to workers. ve of+ren heard

saving that workers had very low conscious-

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

being made for employee training. It is important to

improve the level of technical people, but for energy

0
@]

nsarvation, it is extremely useful toc enna'.ce the

level of sxilled pecople who are directly involved in

enerqgy consumption.
All companies provide seminars to technical pecple.

There was no factory that emploved a suggesstion svystem

for workx improvement. There was a factory wheres we
saw a suggestion box. But, according to people there
was no single suggestion ever made.

Incentive system should be established at factory level

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

conservation

what and how the factories are thinking about the problems in the
course of promotion of energy conservation are represented by the
Questionnaire (Attachment 1). The results are shown on Table 6.1.
As the results were from only 7 factories, it cannot be concluded
that the problems are common to many factories. But it is thought
they show the trend. The main items are as follows:

(1) Employees' consciousness is low.

S of 7 factories pointed out that employees' consciousness is

low. As I have discussed in Paragraph 6.1.€., employees' high

or low level of consciousness of energy conservation much

affects the promotion of energy conservation.

It is a responsibility of factory management to level up the
employees' energy conservation consciousness.

(2) System of research and cevelopment is not sufficient.
Various reasons can be thought for this. The most important
thing will be to foster talent or expert.

{3) Difficulty in obtaining good energy conservation equipment.
The reason for the difficulty is not clear. Whether it is
Yecause of cost, or insufficient knowledge of selection, or
any other reasons. Therefor, comments are impossible.
However, if one simply thirks that installation of energy
conservation equipment is energy conservation, it is wrong.
Cenerally, the procedure for energy conservation promotion
consists of 3 steps:

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

strengthen the operation control, and to correct the useless

consumption.
|




2nd Step: To introduce energy conservation eguipment for

automation, recovery and utilization of energy,etc.

3rd Step: A wide improvement by means of change of procduction

technology, change of process, etc.

Tn this case, if 2nd Step is enterec with insufficient 1st
Step, expected effect cannot be obtained in most cases. It
must be carefully examined.

(4) The facilities are superannuatec.

Generally, the more superannuated the ecuipments are, the
worse is the energy efficiency. Conseguertly, in a case of
such ecuipments, strengthened management should obtain gocd
results without special costs.

(5) Shortage of measuring equipments.

For Grasping the quantity of energy, measuring ecguipments

should be installed for energy management.

Table 6.1. Replies to Questionnaire "Problems Encountered in
The Promotion of Energy Conservation” (reply numbers:7)

i Guestion Numbers

[ (1) Prospect of energy prlqgik§ﬂzot clear. - 0

| (2) The propotion of energy cost in the whole cost of enterprises T
is small. 0

(3) Increase of energy cost can be covered by raising the prlceq
of products.

[39]

Total o - VNA,“m N m““SOW

(4) Instability of enrgy supply. (power stoppaﬁe, etc.) 1
(5) Shortage of engineers. 2
' (8) Difficulty in obtaining good energy “conservation equipments. 3
(7) Information such as active cases is not eaéy‘to obtain. 1
(8) System of research and development is not sufficient. A
| (9) Shortage of fund for facility improvement. 1
(10)The facilities are superannuated. T T
(11)Employees' consciousness is low. 5
. (12)No personnel is available who can educate the employeeq. 0 i
(13)Shortage of measuring equipments. TTTTTTIET
| (14)No time to analyze energy consumption rate. -
| 115)Shortage of information on government's measures. 0
715)Shortage of government's suisidiary neasures. 2
(17)0thers T e :




6.2 Situation of Thermal Enerzy Consumption

(2)

¥iel Combustion in Boilers

0.. Conten*t in #Plue Gas

The rasulis of diazgncsis of 4 factories which have
package boilers are as shown in Table 6.2.1 .

With the exception of one fa:tory, Ozcontent in flue gas

b3

e other 3 facto

¥

of % ies have vzlues about ¢%. The

2

r2commended value for O2 contant in flue zas of vacxage
bsoilers of similax» 3izs and lcadinz factor at 70% in
Japan is adout 5%. This wvalue is eguivalznt to air

La}
[N
ct
'J
Q
[add
o]
=
M
.

Tha O2 content must be improved by controlling the pri-
zary or secondary air {or combution without smcking from
the stacks. Due u)oz control ¢f flue gaz, the fuel
savri £ 64 144 of +al fuel oo +3i4 £ o+l
saving of 6% to ld4% ci the total ifuel consumpiicn oI tae

1]
(]
ct
3]
b
-3
[ 4
L]

ncilors would be achieved with no inv

2%t Loss throucgh 3oiler Jurlaces

e

enerally, the surface of packaze boilars ccnsisgt of the
crylindrical, front and back parts. Althougn the
surface area ratio of the cylindrical vart tc total is
about 60 Lo 80%, the coniridution of the dispersion heat
less is not sc much deczuse of rzlatively low tempera-
ture from 5C to 70°C. On Otherwise, the surface

temperzature of the f£rant and back parts are avvroximately

O

a range betfween 100 and 104

1)

c. It ig, therefore,
mcre desirable to insulate the fron%t and dack paris than

the cylindrical pare.




Table

6.2.1

Summary of HBoiler Operations

Notes 1) ;

(value) of m in Mlue gas column

air

ratio.

Fuel type

1)

Flue Gas

Heat

RBalance

Sheet

( per ka tuel)

Fact- Composi;}onr‘ seltu(la'lW Condition Flue gas 1l 1| Disper. § L Mow-down Steam
ory Cw atue {Teup. EE ’
C " 3 kcal kg 0, % ¢ kcal % keal % keal Y% %
Y.5
m =
A 86 14 1 9,976 (1.8%) 19% |1,151 11,30 230 2.21 50 0.5% 86.0
9.0
B a5 14 10.135 J(1L.75)] 240 [1,429 13.1| 196 1.8/ 83 0.8 H2.4
N N -
NO*
1] 85 13 2 9,576 [(2.6%)] 2571 |2,192 22.9] 261 2.7 273 2.8 16. 4
-
12.2
_ , 9,576 [(2.%9) 254 {1,879 19.6]  15% 1.6] 2%3 2.4 7.6
21 85 13 2
) 10.5
2 2. 220 |1,7" . ) . 0. 84 .
1] 85 12 3 9,624 [(2.00) O 11,%84 14.4 106 1.1 16 1 34 .4
! 5. | -
2] 85 12 3 9,624 [(1.%1) 198 814 8.5 100 1 0 16 0.1 90.%

r

-gt-



In practice, it is very difficut to accurately estimate

the beat loss dispersed throusgh tne

wind velocity, shape, roughness, material and own temoe-

heatad surface,

rature of tne surfaces. However even thoucgch it is

rough, it is necessary to esiimate the dispersion nreat

Here w2 have two methods to es“imate the such heat lcss,

“he neat flux

Dispersion _ Assuamed Heat ; m
Eeat Loss =~ Trans. Coef?f. 0

where zenerally +the heat 4rangfar coelficient cf zbove

wao 2

¥cal, 2o
equaticn will be ranging vetween 10 %o 20 V<" /m~°C ar,
and T and To are the surface and ambient temserature
Tegpectively. The sized area in 2~ should be sured

<t
)
4]
)
‘g
'3
ty
(@]
~
H.
2]
[\
1
[0}
=
=1
Q
pars
o
ry
4
M
[N
(34
’—J
(o]
n
0
[+
<
(e N
'0
V)]
'
[{]
g ]
N
.~4
Q
o]
(&)
s}
Q
a

coller surface would be calculated about 1 %0 1.5% of the




(3)

total fuel consumption.

confira roughly and guickly the temperature patll

0f surface, in order %o make

ccnservation.

*lue Gas Temperaturse

In dJapan,

a vlzan

the factories which have the boilers of

capacity of not mcre than 1C tonnes stzam/hr and 7C%

o7 loading factor are recommended %

survays, adbove criteria
Factories.
as maximum andé

tetter tc Xeerp

On flue

gas
oy the following

(2)

measures

-a

to remove sthe scalz on

tubes at overhaul,

0O
fo
'

ry out the routine

order to ensure tne ccmplete

d
than 3

as possidle,

Actuzlly it

th 1 to 2% S content,
can be reduced

3 outside of peoiler

g o7 the bdurner t%ics

ig

However

th

-
ct
ry
(¢




(¢}

forced draft fans orf boiler in order to recover

from the flue gas.

Blow-down Heat Loss

It has been observed that all the factories do not A
check the boiler water guality suckh as PH and elect-

rical concuctivity before each blow-down overation is -
carried oux. The reccmmended procecdure would be

to maks the operation manual of zlow-down, trat ig,

how long of period zné how much, on teing azware oI the

toiler water quality. )

The amcunt of the fuel saving achieved by rescnabdle
bWlow-down operation would be abcut 0.5 to 1.0% cf the

-~

total fuel consumption of the doilers.

[3a )

It is %o be noteé that the recommendad values for water

quality of small package boilers in Japan are as follows;

29 H

s

'-J

1.2

}=9

13.0 %o

Blectrizal Conductivity under 6,000F3/cm .

~-

SO the saving of the chemical

[

out a2




(1)
(2)
(3)
(4)
(5)

Puel Compbustion in Indusiria2! Purnzaces

The industrial furnaces which have besn diagnosed in thi
study are classified as follows ;

?

Tunnel Kiln

Snattla Kiln

Rotarzy Xiln (including Reotary Dryer)

Grate Xiln

Sorzay Dryer

Generzlly, %the measured wvalues of 0, conient in the flue
zas ars over 5% which indiczia tae possidility ol iRne
recovery of wastad heat through the 3tacks of the ¥xilns.

The surface temperaturs on walls

except 3ome parts of rotary kiln zre well belcw the recca-

dowever, because of ithe raising cost of fuel, it would
ce suiltable %o 2pply the suitadblz insulzation to lower down
the surface temperature as’'muca 23 possidle, devending
upon the availability of financial rescuces on the facto-
ries. Especially in the case of tunnel kilns, the

heat of the flue zas should »e fully utilized Zfsr the

preieat ¢ any raw material.

listed up ab%ove are siaown in tadle 2.2.2. Jenerally
speaking, almost of all kilns in factory survayed on thi
diagnosises are operated relatively resonabie coamparing

to simita2r Japanese indusiries.




Table 6.2.2 Summary of Miscellane-

ous Kiln Operation
ﬁyge of Fuel Specification Heat Balance vper hr Appear
iiln -
Factl Composition | Net Input Output ance
ory | Type of |Type of % c.v. Fuel Flue gas | Dispers.| Other | Prod. & |heat
Opera- |Fuel keal Heat loss Heat 1. Req. heat Eﬁ£;°i~
tion ¢ H S & X Mcal x Mcal X Mcal x Mecal x Mcal
Shuttle 48,669 | 14,617 6,341 | 12,952 | 14,729
c Diesel 85 14 1} 10,145 /vatch /batch /tatch | /batch /batch 30.3%
Batch 100% 30.0% 13.1% | 26.6% | 30.3%
Tunnel 10. 200 584.4 356.1 199.8 13.1 15.4 %
] 2007
P Contin Dlesel 186 13 ! 100% 61.0% 34.2% 2.2% 2.6%
Tunnel 9. 800 1,110.0 320.0 620.6 3.0 166.9 ‘
1} 27.5
Contin. Dlesel |85 14 ! 100% 28.8% 55.9% 0.3%| 15.0%
E
gg;gg 1,500.0 | 319.0 135,0| 231.9 | 813.3
Diegel |85 14 1 9,800 53.0%
Contin, 100% 21.3% 9.1% | 15.4% 54 . 2%
gii?kﬁf1n 8,225.0 {2,133.0 974.0| 668.0 |5,329.0
Fuel oil{ 84 12 4 9,500 58.5%
b Contin 90-3% 2305% 10.7% 7'3% 58'5
F L ]
L * »* * »
%g;:;y ' 9,500.0 {1,162.0 | 3.404.0| 930.0 | 4,00¢.0 27.14
i 9,500 .
contin. | ThET otys4 12 4 ' 1004 12.2% 35.8% | 9.5% | 42.2%
Note ; Values of mark * is per kg

—OZ-

e ey,



6.2.3

Steam Consumpticn in Factories
The mecdes of steam consumpiion by the diagnosed rfactories

are as follows ;
In rucber-product industries, steam is consumed for val-

canizingz and pressing processes.

In textile industries, stezm is consumed fo- dyeing,

and feacilities. According w

keeping" for maintenance, the wastad keat D2cause oI
broken insulation of steam piping snould be =2a35ily im-

nroved.

aust be familiar on
supply and must find out wrners is wasie-pcinzisg in omm

factories.
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.3 Electrical enercy consumption
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tric power managements

W

[N

th the exception of the two large textile factories

which we have visited where electric energy comsumption -~
log books are properly kept, +the remainder of the

factories have no standard procedures of recording elec- -
tric energy consumptions of the factories either daily

or weekly. For good energy management it is necessary

to analyze daily or weekly energy consumption patterns

as ian %he event of wasteful energy utilization,

the practice can bpe quickly detected and countermeasures

can immediately be introduced to avoid furiher wastage.

actri

3

=3

2 2 source

-
A

O™
)

]

Except for two factories which received 11 kV
( H.¥ ) supplies from the utility ( National Electricity
Board of the 3tates of Malaya), the others are connect-
ed to 415 volts, 3 phase distribution voltage, All

factories

v

1ave equipments rated abtout 415 volts.

"
3

—~
—
~—r

-
o
"y

T3ns S

mne

vt

]
—

d

o

-y

he actors in all factories against the rated

o

transformer capacities are low ( around 0.5 ). These
values are unusually low for factories of these sizes.
The load factor histogram is as shown in Figure 6.3.1.

I+t was also observed that the transformers were operating
at a higher temperature rise ( hot ) in spite of the

low load factor.
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Factory
Figuar 6.,3.1 Load factor histeogram o eight £ riag

As stated earlier all factcriss have installed
large capacity transformers of sizes either 750 kVA,
1000 kVA or 1250 kVA, These capacities provide large

margins of unnecessary iron losses.

(2) Supply 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 6.3.2.



of transformers

No.

- 24 -
8 -
n=16
6
-~
L -
2 |
.
0
400 410 420 430 440

Supply voltage Volts

Figure 6.3.2 The secondary supply voltage histogranm

of transformers in the factories

Only six transformers in two factories were main-
tained at comparatively good voltage between 420 volts
and 430 volts while others were either too low or

too high.

(3) Power and static capacitors

A1l 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 were installed in poorly
ventilated rooms, such as excessive temperature rize

and high losses of these equipments were recorded.




It was also found that the actually measursd cavacitiies

(2

of the power factor correction equipments have decreased
and in our opinion this is mainly due %to hizh supply

voltage.

g

hage current balance

N
P
~——

erally the secondary current of all transformers

Gen
with the

4]

xception of two were found to be balanced.

0

1 Tariff

]

- 3 P s
andinz af *the =leciric

t

1 factory managements to undar-
svend the Tariff and conditions of electiricity, 2s this
would enable them to plan the operations of the facioriss
such tnat electrical energy cost can te reduced. Furtiher

to this 1% can also 2nable factory managament

Zlactrical loading condition of wvarious

pae

Q2
)
0
o
1
bJ
o
'—J

groups are as shown in table 6.3.1..
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( Details of major loads
Inius-; Pro- E Descriptions|Power |Rating i
. . - consum-; capacity:
trial |ducts | of - o Remarks
. t ed (% |of each | °
zrouns  major of the imotor
! L
{ lozads votal b (kW) '
| powsr) | §
| ) : i ' .
Mixer, Crac-' {Intermlttent 1
¥2rs and 150-52 75-32 ’L.?'af motor i
Jren roll i i
mills. | !
Fucoer Shoss . : T~ -
: . Prass and { t Continucus loa ;
. air compras | 2C 30  L.¥¥of motor i ;
! -30r ; ;
: ~ lﬂ . Iz 4
: lrashars tSontd loading(
i . 3311 zil 15-30 | 44-50 {L.T¥0f motor i
- Cm g and blun i I
- 3 - %-1;%3, :
p BEsS bo:..,_  Zxirud=srs 5 i toont® and ints
foire- o S L10-/6 L 30-82 tant 1aadi
i bric‘:; ! an rre3s. ,’AO q,b N )O 8._ :e:\, :Qau'lng'.
! i v | VL. 0D moter i
‘ ' Fans, blow- t i :
I ; - ’ H 2./ oA ~ ?ﬁa PEEYS 3 7
i i 2rs i12-490 30-50 conti loadingd
i , - Milis(raw |
; ; " material ana: 51 110 to  Cont¥ lsading(
N : \ - , . ~ .
- itort- ¢ camant) | 23 1L.7%0of motor 1
Tome- TN IT
| 2 12313 wiins, Blow | 5
P ccement o TV Y \ i N :
i | “5 -2rs and P25 22-110  iCont% loading(
i . Zxhaustsr i (L% of motor 1
i . i .
; iir compre- | 1Cont% loading!
! s . ] e ~ 13
| ., 330rs. air- | L.¥%cf motor i
! ; zeparators |
Carding, 3Spil ;
-ning, Wirndi: ~ . . . |
' > i 15065 10-25 Cont#% loading( i
-rng, Weaving, £ ww s t :
AP EPY - . L™ OL mMmOoTOr 1
Uotton | Finlshing | !
. v
ool Ly
Air condltl-l . .
‘and P 25-46 200 Cont% loadineg
oine tioning L.F%is 2004
Text- 2-0ET ¥ 1is good
il=es Zxtruding Cont% loading
po1y- | ( including L.F* 15 small
SO heaters)
egter
Twisting 17 7.5-20 |Cont% loading
L.F*is small
Roping and .
Noltig 32 Less Cont% loading
Nz 2
g than L.F*is gcod
, 25
f O—

*# Cont. ¢ continuous L.F : load factor

Table 6.3.1 Electrical loading conditions of various

inducstrial groups
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iliz it] ctric power

in various industrial groupe

Monthry consumption 557
(average 548
oo 500f
- o=
- =
B~ 400%
5 &
=3
303
n o
00t
- gx 3 265
U; .
2 - p
23 100f 84 67 22
= A, 0 19 I |
A B C D 5 F G H I
g
) I
> LA 440 5
438 40 38
5 440 x % [& ) ) | (o) <
o Voltage(x) l o311 o
S 430% . 43 *421&_ %3
C [} o
> s A23X ol 1
d — -—8 - o - - - L4 x4 17 a
g 410 Power factor(e) »x41040.82
< 5 =
400 QQO XS
/——'—_% '
5
> Load rate
= 0.67 T 0.63
® A\ O .
) 0.6} A : - - - .
& 0.54
— _ 0.49
go\ 0,5}k
] 373 0.41 0.45
‘33 0.4 0.38 0.36
fiwe
S 0.3
[V}
v E
w5 0.2}
£ &
/9]
T8 0.1F
o &
R 0
A B C D E F G H l
Trensforoer 750 752 1000 75C  20C0 2500 1000 5100
canazity (Vi)
Max. power 500 100 250 300 340 1009 950 550 1250
((-/‘I) |
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Recommendation of energy saving (electrical part I)

Electric supply

ot Energg ent transfor- power fa-
fachor managen mer capa-| voltage |[ctor (%) |others
city(kVa) (V) (actual)
pre- pre-
sent sent/4420
A 750 400 0.90
.67
o
(Ioad ratel
420
B - 402/’ 0.85
750 438 exchangs
\ static
C ‘40\\\ 4201 0.83 capacitor
450
.65
D 1000 440 0.94
.38\ 500 \
.75 415
statiec
capacitor
E 750\\ 438 0.88 are hot
.80 420
o 141
F gf notor 2000 422 0.93
54%s500 N
.71 400
install improve
demand 421 unbalance
G controler [2500 422 0.95 of load
.45\%250 currents
.89
exchange
static
H 10Q0 442 capacitor
.63 \ 0.86
420
install 410 static
demand i capacitor
I controler 6100\' 430 0.91 temp. high
.36 3050 N improve
.70 410 unbalance
6/ 8 879
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Recommendation of energy saving II (electric load)
Fact - Motor capacityj *Air comp- Effect of
or and others ressor Electric|{Lighting | improvements

y #*Ajir con-| heater $/ 7

ditioner M (kWh/y)
2x100 Hp motorj*let exha- let posiA
are over esti-|ust press- tion of

A mate ure down light doH 334 0.2

increase roli- wn (1461)
ng lots size

*let exha-

ust press-

B ure down 575 1.3
down temp. (2500)
intake air

extruder's *let exha-
motor are overjust press-
C estimate ure down 2157 1.2
- (9378)
extruder, hyd-i%let exha- there are
ro-pump are ust press- plases
D over estimate [ure down with sho- 1515 0.7
t lux (6587)
presses motor turn on
are over esti- stair's
E mate lamps 13300 2.0
install static (39856)
capacitor near
presses motor
let supply vo-|{*down tem-|exchange [there are
ltage down perature to fuel |plases
g |require good intake airjor waste|short lux| 49574 3.1
maintenance gas 199137)
investigate #¥relocate there are
light loads dissipati- plases

G ng equip- short lux 11169 8 1
ments (co- (37456)
mpressor,
capacitor)

some equipmen- bath he- |there is
ts motor are ater ex- |place
y |over estimate change |short lux|115386] 15,4
to steam (550636)
or fuel
some equipmen- f**decrease there are
ts motor are air condi- places

1 over estimate |tioner 1lo- short lux: 39032 4.0

ads 231187)

(1078 Muh/y)

b3k
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il. DIAGNOSTIC REPORTS ON INDIVIDUAL FACTORIES

MARCO SHOE SDN, BHD.

1.

Outline of the Factory

Address: Pandamaran Industrial Site, Port Kelang,
Selangol, Malaysia
Capital: 3,000,000 Malaysian dollars

Type of industry: Rubber

Major products: Canvas/nylon footwear, rubber moulded
products
Annual output: 2,500,000 pairs of shoes,

250,000 rubber mats
No. of employees: 516
Annual energy consumption:
- Electric power, 1,235,505 kWh
- Fuel, diesel oil, 263.7 ki
Interviewees: Mr. Ganesan s/o Arumugam, Factory Manager
Mr. Ho Hong Seng, Maintenance Superintendent
& Electrical Engineer
Mr. R. Subramanian, Senior Supervisor
Mr. Gurmeet Singh, Senior Supervisor
Mr. Wan Idris Bin Jusoh, lechanic Supervisor
Mr. K. Nalaian, Mechanic Supervisor
Mr. Wong Juan Foo, Electrician Supervisor
Date of diagnosis: Mar. 21 - 22, 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. Alizan

Ab. Manan
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The factory is located about 8 km west of Kelang, an
old capital of Serangon, which is situated about 32 km
west of Kuala Lumpur.

The factory has an integrated production facility to
produce spcr+ shoes and other rubber goods from the
stage of raw rubber. Most of the products are export-
ed.

The energy consumption cost in the factory is 2.8% of
the turnover, a relatively low figure. But, the
managers of the factory have a great concern for
energy-conservation. We could feel their great

respect toward our diagnosis and surveys.

Manufacturing Process

CHEMICAL MIXING WARMING: & CUTING |
RUBBER CALENDEDING PRESSIN & SOLEY
TEXTILES LOMBININGy CUTTING CHECKING —l
FINAL
R
GRINDRY ASSEMBLY
, : ]
1 : :
LACE | PACKING CHECKING " VULCANIZING®—




3. Major Equipment

3.1 Major Equipment

No. of Units

Type, etc.
Name Installed yre.
Steam pressure: 13 kg/cu\2
Boiler 1 Rated evaporation: 1,600 kg/h
Capacity: 840 pairs/charge
Dia. 2.1 m x length
Vulcanizer A 1 7.8m
Safe working press: 0.9 kg/cm2
Capacity: 840 pairs/charge
Dia. 2.1 m x length
Vulcanizer B 1 7.8 m
Safe working press: 6.3 kg/cxrl2
Hydraulic press 5
Calendering roller 3
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Situation cf Energy Management

An energy-conservation committee was organized with
the factory manager acting as chairman, and a mainte-
nance superintendent as energy-conservation manager.

A target is set to achieve a 3% energy-conservation
per year. The factory received the guidance of a
Malaysian energy consultant last year. A heat

balance is in practice.

As for the management of energy consumption, recording
is made hourly on fuel consumption and daily on
electric power consumption. The energy consumption
rate is well understood.

But, there is no control chart for an effective use of
these data. No analysis of fluctuation factors is
made.

Many items are left unattended. To be more specific,
there are problems such as the selection of sensors
for thermometers, which sets the operating standard

of an autoclave, is no good, or the steam pipes,
particularly the flanges and valves, are not heat-
insulated, or the boiler is just repeating the on-off,
or the generated steam pressure is higher than what is
necessary.

Workers' cooperation is absolutely necessary in order
to further promote the energy-conservation that has
taken roots. But, a suggestion system for improve-
ment, employees training or the factor manager's

campaign to workers are not in practice.
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5 Situation of Fuel Consumption

The data given by Tfactory ¥anazer was as follows

-e

Diesel oil 2637 k1/year
Norking days 250 day/year
* Working hours 16 hr/day

Daily consumption of fuel 87.9 1l/hr

Phis factory has a 100 hp. Wei-back Maxitherm boiler.
Most of the steam is for the vuleanisation process, wnile

the remainder, for forming presses and rollers

5.1 Boiler Operation

The measured and ovserved values of some of the essen-

tial parameters of the boil r were as fcllows ;

(a) Flue zas teaperature 195°%¢

(b) 0, content in flue gas 9.5 %

(¢) Dispersion heat loss 11,590 ical/hr

(d) Amount of blow-down 0.31 kg/%z of fuel
(e) Puel feed rate 1.4 1/min

It is the most important step to prepare the heat balance
sheet of the objective facility for diagnosis.
Using the above data, Wwe can get the heat balance sheet
to be able to recognize winere and how much to spent the

thermal energy as Table A.5.1,

Description Inout Output
kcal/kg fuel % | kcal/kg fuel %
Input
Fuel (Net) 9970 97.9
Feed Water 2é0 2.1
| ‘




- 36 -

i | |
Qutput
Plue gas 1151 11.3
Dispers'n Heat
Loss 230 2.2
Blew-down 50 0_55
. |
team (balance) 8759 86.0
|
Potal 10190 100 10190 100
Table A.5.1 Eeat Balance Sheet

5.2 Autoclave Quneration

(1) According tc the factory Manager, 70 % of the steam is
consumed by tne two autoclaves. The temverature

measurement made on autoclave-3 surface gave the following

readigs ;
Cylinder so % (area 55 m?)

Door 100 °¢ (area 4.2 m°)

(2) Heat content of Equipment

(a) Mass of autoclave-3 was azsumed as 20,000 kg.
Therefore, the heat content of the autoclave is
Q = 20,000 x 0.12 x (125 - 32)
=223%,000 kcal/Batch
where Q.12 is specific heat of steel in unit of

xcal/xz.% .
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(b) Insulation Material

The insulation material has total mass of about 2,200 kg.
Then the heat content of insulation material is as
follows ;

Q = 2,200 x 0.2 x (125 - 32) x 1/2 = 20,450 kcal/Batch
where 0.2 is specific heat of insulation material and
1/2 is used becouse it is assured that 1/2 of insulation

material is affected by the temperature difference.

(¢) Total Heat Requirement in Start-up Operation

It is the sum of (a) and (b),
QT = 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
respectively. The heat requirement for the hot
loading operation is calculated roughly as follows ;
Qr+ = 243,450 x (125 - 80)/(125 - 32)
= 117,798 kcal/Batch

(3) Heat Requirement of Content Material

(a) The 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 of about 1,277
kg/Batch. The heat requirement is ;
Q =1,277 x 0.22 x (125 - 32)
26,127 kcal/Batch,
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where 0.22 is the specific heat of aluminium.

) The shoes which consist of canvas and rubber have

(

Q

averagely the mass of about 554 kz/3aich.

Heat recirement is ;

0O
Il

554 x 0.4 x (125 - 32)
= 20,609 kcal/Batch

wnere Q.4 is the average specific heat of the shoce.

(@) The total heat requirement of the content material is,

therefore,

Qn 25,936 + 26,127 + 20,609

72,672 %cal/Batch

The neat recuirement per tatch operation of valecanization
on the autoclave-3 is as in %able A:5.2 ;
. . Start-up Hot loading
Description £rom cold .
kcal/Batch 4 keal/Batch %
1)
Surface Heat Loss 33,984 9.7 33,984 15,1
ggﬁipggg%ent of 243,450 | ©9.5 117.798 52.5
Hezt requirement 72,672 20.8 72,672 32.4
of content °
Total 350,100 |100.0 224,454 1¢0.0 ’

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

Table A.5.2 Heat reguirement in Valcanization Process.
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Tach autoclave is overated at rate of 4 hatch a day.
Assuming that autoclave-A carries out cn similar overating
cycles and heat requirements. Then the total heat
requirements for two autoclaves per one day is as follcwa ;

Qm

-

350,106 x 2 + 224,454 x 3 x 2

2,046,936 Xcal/day

Il

(4) Afficiency of Steam Consumption in Autoclaves

;

The enerzy in the steam i3 86 % of the total fuel imput
in ociler. The two autoclaves consume apout 70 %
of the steam produced. the energzy value of steanm
supplied to the autoclaves is therelore ;
Q = 0.86 x 10,190 x 0.7 x 71.4 x 8
= 3,503,958 kc2i/day
wpere 10,290 ; Net fuel conbustion heat Xcal/kgz of fuel

71.4 ; Amount of fuel consumption per hour
xz of fuel/ar

8 ; Norking hours ver day

Phe efficiency of autoclave is therefore ;

2,046,936/3,503,958
0.584 = 58.4 3‘
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6. 2roblems in Thermal Enerzy Utilization and their Potential

Solutions

Roiler QOpveration

o2 Control in Exbaust flue zas

[02Y
~
}et

If the 02 content were reduced to 5 %, the fuel saving

would be as follows ;

Description Observed Improved
Q, content in flue gas
2 (%) 9.5 5.0
Air-ratio 1.83 1.3
Flue z2s Vol. (Nm’/kz fuel) 21.41 15.47
Heat loss influwe gas
(kcal/kz fuel) 1151.0 832.0

The saved heat AL weuld he
AQ = 1151.0 - 832.0 = 319 kcal/kg of fuel
wnica is equivalent to the amount 3.2 % of fuel input
in the boiler.
The saving in fuel due to this reduction would be ;
AS = 121,000/year x 0.03 = $3630/7ear even with the

: )
flue gas temperature of 195 "C.

(2) Boiler Water Quality Control

The boiler was not eguipped with PH. and Electric Con-
ductivity Meters, The bdlow-down overation is gene-
rally carried out accoriing to reference of water gquality. .

With the suitable blow-iown overation the savings obtained

would be about 0.5 % in Maximum of total energy input

on boiler.
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reed Nater Meter

It should be eguipnped Lo corrsctly monitor the aquantity
of water entering boiler which is equivalent to produced
steam. In this survay the amount of produced steam
has bveen estimated through the balance whick is calcu-
lated by substruction the total heat loss from the in-

put enerzy.

Steam Consumotion

Autoclave Quveration

T™he loading and unloading overation of each autocrave
takes place about one hour by one hour. This re-
sulted in large heat losses and decrease of boiler
loading factor. It would be beiter to overate the
autoclaves on continuous basis so that the heat losses
would be reduced and the boiler fully utilized.

To reduce the unloading period, it i3 suggested to de
fully ready to charge the new batch material before

unlocading the contents in the autocliaves.

(a) Door Qveration

In present, the door of autoclave is kxeeping on openning
until next operation, I% cause the waste energy.
Then after unloading the door should be closed tc pre-
vent to cool down the autoclave until being ready on

the next lcadiaz,

(o) Door Insulation

If the measure for the door insulation is only carried

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




(2)
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Assuming that fuel unit cost is 8 0,054/1000 kcal and
worxing hours per year is ;
250 day/year x 12 hrs/day = 3000 hrs/year.

Saving with two autoclave is as follows ;

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

$ 2972 /year.

To insulate the Press maciines

1,

According to the factory Manager, the vpress machines
consume about 25 % of the total steam zeneratead.
The recomended ars as folloes

?

(2) The enclosures pnlaced arsund the oress machine

With reference %o Japanese experience suck measure
would save 25 % of energy orizinally required by the
press maciine. The sawvings would de 3ble %o czl-
culated as follows ;

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

312,700 kecal/day

Saving

312,700 x 0.054/1CC0 x 259

I

34220 /year

Tn insulate the Boiler Fsed-Water Tank

The feed-water tank wnhich was bare should be insulated
to recduce surface heat losses. The digpersion heat
frcm the rfeed-water tank was measursd to be about 2,400
¥czl/hr wnich was eguivalent to atout 1.0 litre/hr of

fuel. The annual saving octained by prover insu-

lation of the feed-water tank would be as follows

7

8,400 x 8 x 0.054/1000 x 250
$ 840 /year

.
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To insulate the Drain Recovery Pipe

The drain recovery pipe lines from the autoclaves and
the press machines have no insulations which resulted in
heat losses. Especially it would Be effective to
insulate the drain pipe lines of autcclave which consist
of 50 mm of diameter and advout 50 m of length.

According with the insulation of this pipe line, the
amount of saving energy, 10,000 kcal/hr are achieved.
The saving annually would be as follows ;

10,000 x 0,054 x 8 x 250

$ 1,000 /year
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7. Electricity
7

.1 Electrical ccnsumption characteristics,

- supplier : National Electricity Board
of States of Malaya.

- contractual maximum demand : 500 kW

)

3
average monthly consumption : 84.4 x 10 kWh

- factory load factor : 67.0 %

- contractual power factor : 0.9

- transformer capacity : 750 kVA

- rated supply voltage ¢ 415 Volts

7.2 Schmatic diagram and outline of factory.

Electrical schematic diagram is as shown in Figure 7.1.

——— Cracker Mill 75kW
———— 2Ro1l Mill 3 x 93kW
——— 2Roll Mill 2 x T5kW
——— 2Roll Mill 2 x 56kW
NEB 11/.433kV ——— 2Roll Mill 82kW
___@_— L Mixer 82kW
p—————— Hydraulic Presser 2 x 120kW
750kVA
Compressor 2 x 30kW
Valcanizer 2 x 5.5kW
Main Office
t————— Lighting
Water pump. Cement Room.

———————4| Condenser 6 x 50kVAr

Figure 7.1 Electrical schematic diagram of MARCO SHOES BHD.

The factory main loads are;




,
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vine open recll mills of total capacity of 724 kW.
(b) two large air ccmpressor and some hydraulic pumps of
120 kW.
All factory loads are connected to a 750 kVA, 3 phase trans-

former with metering's on the low voltage side.

8. Problems in electric power utilization and their poten-

tial solutions

8.1 Source

8.1.17 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 mille create

considerable fluctuation to the input power.

8.1.2 Operation voltage

From the name plate of the motors, it was found that
the following specified voltage rating were connected, i.e,
400, 42C and 440 volts. Actual measured value of supply volt-
age is 400 volts. In this respect it ic desirable to operate
the factory with supply voltage of about 420 volts. This
action requires that transformer tapping 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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3.7.2 Phase balance conditicn

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 effort is required to redistribute some

of the single phase loads.

8.2 Electrical loads

8.2.1 Large motors

The large motors especially the open roll mills are
required to drive high inertia rollers and also variable
torque loads, creating large input current variation which
make measurements very difficult. Therefore for all purposes
considered an estimated average value is used in the

calculation. Details of large motor loads are as follows;

Descrip- Motor Quantity - Consumption(ki)
tion rating(kw) idle loades
g power power
Cracker 75 1 0.7 40
Open roll 93 3 3x5.5 3x57
mill
Open roll 75 2 2x7.0 2x16 "
mill
Open roll 56 2 2x3.0 2x50 ]
mill
Open roll 82 1 5.0 55
mill
Mixer 82 1 4.0 A
TOTAL 780 52.5 492

Table Large motors loads
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As indicated earlier many of the large open. roll mill:z
have erratic load pattern and intermittent stop/start char-
acteristic. From the table above the maximﬁm total power
consumed by these motors is 492 kW while the idled power
is only 53 kW. It was further observed that an average
75% of their working time the open roll mills were idling.
This gives us the conclusion that the cptimum 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 - 5% x 1%?2\;492% 0.25 _ 5oc 4y
P as calculated gives the theoretical combined optimum
size of the open roll mills motor. The value of P which
a reasonable safety factor of about 25% would give the
ccabined optimum size of the open roll mills motor requirszsd.
However large motors made up half the total factory
load and the remaining load of the factory are considered
constant (i.e non-variable). Therefore the actual transfo-
rmer rating - required can be calculated as follows (assuming

a p.f of 0.9);

Required transformer rating = 2225551Lgi 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
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my
i

would be sufficient. The saving below can be realized

if the two 75 kW motor were changed to 50kW

(75-50) kW x 0.73 x 0.3 x 3.0 x 250 x0.32 x 2

=$336 / year
where, 0.13 : the loss factor
3.0 : iron loss factor i
3.0 : working hours per day

250 : working day per year

0.23 : the electricity tariff 'i.e' 23 cents/kWh

8.2.2 Fly wheel 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
operations of the rollers can be avoided or reduced
by increasing of material lot-sizes.

(b) The material once placed in the rollers are
continuously being rolled even though *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 was noted that the Valcaniser ( autoclave ) requires
compressed air of pressure 3 kg/cn? . However the pressure
delivered by the compressors was 7.2 kg/cm. This difference

in pressure is *oo large. Normally a 1kg/cm® pressure
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difference is sufficient. Nevertheless other equipments
pressure, requirements could not be determined. Therefore
it is advisable to lower the compressed air pressure in
stages to suit the complete factory requirements., If it was
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 recom-

mended that the lighting fittings in this section be

lowered by 0.3 meter to achieve an intensity of 300 lux.

This value is sufficient for this nature of work, thus

improving the efficiency and quality.
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g9 Summary
9.1 Thermal Part

The effective measures on the thermal energy conservation
are summerized as follows ;

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

Annually fuel saving

% s

(a) Air ratio inprovement

to reduce 0, from 9% to 5% 3.2 3,630
(b) Inprovement of Autoclave Guessed value

Performance about 10.0 .-

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

(a) Insulation of drain-return

lines from autoclave 1,080
(b) Insulation of boilor feed

tank 840 !
(¢) Insulation of door of

autoclaves 972
(d) Case cover insulation of about 25% of present

Pressing machine consumption

9.2 Electrical part

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 of $336/year.

(2) In section 8.2.3 where the reduction in compressed
air pressure could realized a saving of about 3 %

for each kilogram pressure reduction.

(3) The stop / 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 Ermpat, Taman Keramat,

Kuala Lumpur

capital: 2,800,000 Malaysian dollars

Type of industry:
Major products:
Annual output:

No. of employees:

Rubber
Retreated tyres
36,000 t

33

Annual energy consumption:

- Electric power, 223,390 kwh

- Fuel, diesel oil, 186 k!¢

Interviewees: Mr.
Mr.
Mr.
Mr.
Mr.

pate of Diagnosis:

Zainuddin Fathodin, Factory Manager
Mohd Basir Biw Majid, Account Executive
Ismail Bin Yassin, Production Executive
Gan Boon Hui, Marketing Executive

Ali Bin Ahmad, Fitter & Foreman

Apr. 18 - 19, 1983

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

Mr. T. Sugimoto

Counterparts: Dr.

Mr.

Mohd Ariff Araff, Dr. Ong Peng Su,

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

to the MARA group established in 1972. The factory is

located about 7 km east-northeast from the center of

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

is relatively large among tyre retreating factories *
that count about 200. The company's share in the

Malaysian market is about 5 - 6%.

2. Manufacturing Process

t
USED TYRE t \NSPECTION RUFFIN € REPAIRING
|
FiN(sH\Nils—- CURING BUILDINEr e CEMENTING|




3. Major Equipment

3.1 Major Equipment

- 53 -

No. of Units
Name Installed Type, etc.
Curing machine
Large size press 10 No. of new type: 4
No. of old type: 6
Steam consumption: 18 - 20 kg/h
Steam pressure: 5 kg/cm2
Small size press 18 | No. of new type: 6
i
Steam consumption: 10-13 kg/cm2
Steam pressure: 5 kg/cm2
No. of old type: 12
Boiler 2 Steam pressure: 10.5 kg/cm2
Rated evaporation: 2,268 kg/h
Compressor 1 30 , 12 kg/cm2
1 25 ¥, 12 kg/cm’




- 54 -
3.2 Layout
OFFICE
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Buffing Machines
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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 shortning the period of

the off operation.




- 56 -

Situaztion of FPuel Consumption

N

(L) Terms ol PFuel

o~

(2) Amount of fuel suobply 10,900 litre/3 weeks

(o} Net Heating Value of Puel

mhe net heating value of the fuel is calculated as

bty

ailows ;

10,891 - 60C(29 x 0.14) = 10,135 kcal/kg of fuel
where 0.14 is the #t. % of H molecule in HZO’
600 kcal/kz is the roush latent heat of vaporization
oxf HZO and 9 is the ratio of H,C to HZ in weizht,

2

{(c) Enerzy Inout ver hour to the 3oilor

Based on the fuel cconsumption rate zand the net
heating value of fuel, the heat energy input to

the boilor is as follows ;

95.7 x 10,135 = 950,000 ¥cal/hr

(2) Terms of Boiler Qveration

(a) Actual Forking Haurs

Working hours from Mon. to Pri. were 12 hrs and on

Sat. Were Ghrs. The total hours for 3 weeks

Y

(12 25 x 3) + (9 x 3) = 207 hrs.
This values corresponded to *he amount of hrs for
fuel suvpplying perioé to the factory.
(b) The cycle of operation

The cycle of operation has been ovserved as follows

-

Full firing 5 min.

Half firing 15 sec.
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Pire stop 5 min. 30 sec. (incl. purge
30 sec.)

One full cycle observed was 10min. 45sec. of which the
firing time was 47.2 % and the no-firing time with
purging time was 52.8 % of the cycle.

(¢) Actual Puel Consumotion

Based on the overation cycle and corresvonding fuel
supply data, the fuel consumption was estimated as
follaows ;

10,900 x 0.84/207 x 0.472 = 93.7 kz/h

Jy
H

wnere 0.84 is svecific graviiy of fuel and 0.472 is

the potion ratio of firing time in operation.

i ] m - =
S.1 Bgoiler Cperaticn

He must notice tnhat the boiler disverse the heat
with natural drafting during the non-firing part of thne
cycle. The boiler operation cycle of firing, purzing

and non-{iring is illustrated below ;

5.1.1 Data of Cycle on Boiler Operation

Descrivtion Time 0, Temo. Linear Yelo.
in Duct
) min % °¢c n/sec
PFull Firing 5 9 240 -
Stop Firing 5 21 200 1.5
Surzing 3low 0.5 21 200 -
Half Piring. 1/4 - 220 -

Table 3.5.1 Combustion Cycle
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5.1.2 Heat Balance fcr Boiler Qoueration

The heat balance for boile

"

operation in terms of Xz

of fuel is shown in 7Tazle 3.5.2 pelow ;

‘ -
Descrintion Input Outouz
: “cal/kz of % | wcal/%z of A *
fuel fuel
II i
Inout !
Puel 10135 93.0
Peed Water 762 7.0
(hot chargze)

Outout
?lue gas Heat Loss 1429 13.1
(during firing)
Flue Gas Heat Loss 210 1.9
( non-firing)
i Blow-cdown ; 83 0.8
| Dispersion heat ; 196 1.8
Loss
Produced Steam i 8979 82.4
(£from Balance)
Total 10897 100.0 10897 100.0

Table 3.5.2 Beat Balance Sheet for Boiler -
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€.2 Steam Consumption

5.2.1 Reguired Heat

The theoretical required heat is the sum of the heat
content of the cursd rmppbers and some heat for vulca-
nization processes. Actuzlly the later neat was
omitted because of relatively small value in ccaparing

+5 another much heat loss.

(1) Tvre Mass
Biz Tyre 60 keg/niece
Small Tyre 30 ke/piece

(2) Number of Batch Processes ver day

Ro. of Mach. Batch/day Total No.
Big one 10 7 70
Small one 6 16 26

(3) Summary of reacired Heat ver day

1}

big onme ; 60 x 0.25 x (180 -~ 30) x 70 157,500 xcal

Small . 20 x 0.25 x (180 - 30) x 96 = 100,000 kcal

il

Total 257,500 kcal
where 0.25 is specific heat of rubber and
180-30 is the temperature differznce detween
steeam and amoient.

This value is corresvonding to only about 2.6 % of the

heat energzy suoplied by steam.

5.2.2 Heat loss

(1) Dispercion Heat Loss from Surfase of Curing Mac?2ine

The curing machines have complicated struciures and

shapes and then the surface areas w#ers roughly estimated
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2 and the small) one is 3 m2.

that the big one is 5 m
The calculated dispersion heat loss are as follows ;

Big one ; 5 x 300 x 10 x 12

300,000 kecal/day

Small ; 3 x300x 6 x 12 = 108,000 kcal/day .
Total = 408,000 kcal/day
where 5 and 3 are the estimsted surface areas in m2, .

300 is the observed dipersion heat flux kcal/mz.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 calculated as follows ;

Machine size Weight Heat content
kg kcal/batch
Steel 1000 1000 ¥ 0.12 x (180 - 30) = 18,000
Big Al 200 200 x 0.22 x (180 - 30) = 6,600
Total = 24,600 .
Steel 600 600 x 0.12 x (180 - 30) = 10,800
Small Al 150 150 x 0.22 x (180 - 30) = 4,950 ]
Total = 15,750

where 0.12 anc 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 keal/day
Small one 15,750 x 6 x 16 = 1,512,000 kecal/day

Total

3,234,000 keal/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 Balance of Curing Operation

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

Description Inout Output

kcal/day % keal /day %

Input
Heat from steam | 10,096,000 | 100.0

Output

Heat up of Rub-

ber for Curing 257,500 2.6

Lispersion Heat

Loss 408,000 4 0

Heat Content of _

Curing Machines 3,234,000 32.0
i Condensate for

above Heat 1,098,000 10.9

Uncountable Heat 5,098,000 50.5

Total 10,096,000 | 100.0 | 10,096,000 100.0
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o Problems in Thermal Energzy Utilization and their Potential

Solutions
6.1 Boilar
The O2 content in the flue gas could be reduced from 9 %
to 5 % and the flue gas temperature could be degreed from
ZSOQC Lo 130°%. In addition to these measures, the
noilor should be overated continucusly. The amount
of enerzy saved by all these measures is 9.6 % of total
heat suvplied, in detail,
3.0 % is saved by reducing 0, content

4.7 % is saved by reducing flue gas temperature and

1,9 %4 is saved by continuous boiler operation.

mhis factory used to spent about 3% 94,0CC0/year for fuel
based on 10,00 litre/3 weeks and $ 0.054/1000 kcal.
Then this factory would have a chance to save the fuel

cost by conductng the adbove measures as follows ;

0, content $2800

2
Plue gas temperature 54400

Continuous operation $1800

6.2 Steam Consumption Pacilities

According to the heat balance, the large mount of un-
countable heat loss which comprises of abdout 50 % of the
total heat available from steam would probadbly be due to
leakage through the steam traps. The return conden-
Sate has been mixed with raw gteam, because the water

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

turned back was about IOOOC, Boiling state of water.
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this drain recovery system exirsmely is unusual comparing

the normal one.

The leakage might has originated from defectiive steanm
raps which saould promptly 2e checkead. IZ the leaka
from steam traps were avoided, adbout 20 to 30 % of the in-

puted steam could be saved. As cost, zbout 32C,00C

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

a skall investiment,.

pge]

jo =
5%
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7. GElectricity

7.1 Electrical consumction 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

——————{;}Z:) Dther Factory
750 kVA—- - - - -
' Buffing Machine ( 37 kW
bi kW
| Orbitread Machine 2 x 26 kW
( with Extruder )
} ———— Compressor ( 2 x 25 kW
19 kW
Boilor
Curing (1 - 16) (12 x 1.5kW
x 1.1kW
l—————0ffice & Others

Figure 7.1 Electrical schematic diagram of USMETA SND BHD,

The factory main loads are;
(a) buffing machine of total capacity of 81 kW. -
(b) compressor of total capacity of 69 kW.
(¢) Orbitread machine of total capacity of 52 kW
All factory loads are connected to a common 750 kVA, 3 phase

transformer which also supply neighbouring factory. Meterings

are at 415 volts on the factory distribution board.
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8. Problems in electric vower utilization and their potential

solution.

8.1 Source

It was observed that the incoming switch board compart-
ment is permanently water-logged. This is a dangerous condition,
where accidents can happen during both switching and mainte-
nance. In additicn to this, the condition of the switchboard
and the associated wirings are in poor condition. It is highly
recommended that measures should be taken immediately to keep
the switch board room completely dry.

The input voltage as measured was about 402 volts while
all the equipments are rated between 380 volts to 440 volts.

The specified input voltage is not suitable and it is suggested

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

losses and improve torque.

8.2 Electrical loads

8.2.17 Large motors

The main loads are for buffing and orbitread equipments
and these machines are reasonably loaded with load factor
varying between 0.62 to 0.67.

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/cnf . 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 of compressed air pressure.
For the other equipments that require lower pressure
compressed air, it is recommended that pressure reducing
value be installed at the accumlator to reduce leakage and -
wastage. At the curing equipments where the pressure require-
ment is around 12 kg/cﬁ; it is recommended to install stop -
valve. The purpose of the stop valve is to maintain the high
pressure at the curing machines when the machines have warmed
up such that the buck pressure from the curing machines are
not fed back to the compressor, thus unnecessary burdening of
the compressor can be avoided.
It is generally accepted fact that the air intake temp-
srature cf the ccmpressors should be as low as possible for
better efficiency. It was observed that temperature of intake
air is around 38°C. If the temperature of the intake air can
be reduced by placing the compressors outside the factory with
suitable shed and good air circulation for cooling, consider-
able erergy can be saved. Assuming the external ambient
temperature is 28 °C the possible saving of $575/year can be

realised following the culculation below.

4P _ (273+38)-(273+28) _
P ° (273+38) = 0.032 -

where is the percentage saving in power

Therefore the average saving per year -

= 31 kW x 0,032 X 12 x 300 x 0.23 x 0.7 = $575/year

where 12

the working hours/day

300 the working days/year

0.23 : the cost of electricity/kWh
0'7

e

the working factor
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9  Summary

9.1 Thermal Part

The effective measures on the thermal energy conserva-
tioh are gsummerized as follows ;
(1) 1lst. Phase measures (No or a little investment)

(a) Boilor Operation

Annually fuel saving

% $
i) to reduce O2 content 3.0 2,800
ii) to reduce flue gas temp. 4.7 4,400
iii) to keep on continuous Over. 1.9 1,800
(b) Recheck on the Running Steam
traps
with rough estimation 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 About 25% of present
machines steam consumption

9.2z Electrical parts

On the electrical side the avenues for energy
saving is rather limited with the exception of the

compressors where some improvements requiring no

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

1.

Qutline of the Factory

Address: 238 Jalan Segambut, Kuala Lumpur
Type of industry: Ceramic
Major products: Sanitary wares, sewer pipes
No. of employees: 153
Annual enerqgy consumption:
- Electric power, 3,500,000 kWh
- Fuel, fuel oil, 1,440 k%
Interviewees: Mr. Goh Taiseng, Managing Director
Mr. Vernon Perera, Plant Manager
Date of diagnosis: Mar. 25 - 26, 1983
Diagnosers: Mr. M. Eguchi, Mr. R. Takahashi, and
Mr. T. Sugimoto
Counterparts: Dr. Mohd Ariff Araff, Dr. Ong Peng Su,
Dr. Radu, Mr. Ahmed Faizul, and

Mr. Arizan Ab Manan

The factory is located about 5 km northwest of Kuala
Lumpur.

. In the old factory where an electric batch type kiln
installed in 1962 sanitary wares are produced. 1In the
new factory where a batcﬁ type kilin fueld by diesel
oil and automatic forming machine were installed in

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

diameter are produced.
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. The company plans to stop the production of sanitary

wares in the old factory, and concentrate on the

production of sewer pipes in the new factory.

. At the request of the company we conducted our energy-

conservation diagnosis only in the r.ew factory where

sewer pipes are produced.

2. Manufacturing Process

RAW
MATERIALS

CLAY
CRUSHINGr

STORAGE

DRYIN&
(CHAMBEKS)

N

PRESSING

1

POWDER GRINDING:
% MIXING

FIRING
(KILN )

L

SELECTION
QuALITY
CONTRoL

STORAGE

FINISHED
GooDs

DELIVERY
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3. Major Equipment

3.1 Major Equipment

No. of Units

T
Name Installed ype, etc.
Batch type,
Capacity: 50 T/batch
01 ired ki 2
1l fix 1in Max. temperature: 1,160°C
Products: Sewer pipes
Drying chamber 7

Electric kiln

Batch type,

Products: Sanitary wares
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3.2 Layout
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4. Situation of Energy Management

. There is no organization or system for the promotion
of energy-conservation. Nor, there is any target set
for the purpose. There is no employee training and
PR activity in practice.

. As for the heating/cooling pattern, which is extremely e
importart 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 preparation of a con-

trol chart.
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5. Situation of Fuel Consumption

5.1 Shuttle Kiln Operation with Batch Process

(1) Standard Operation Data

The standard operational data in the shuttle kiln for
the manufacturing raw gsewerage soil pipe are mainly as
follows ;

(a) Manufacturing Cycle

Heating and calcination period 36 hr/batch
Cooling period 40 hr/batch
Total hours of one batch 76 hr(3 days)

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

45 to 50 ton.

(c) Amount of fuel consumption in one batch

About 6,000 litre

(2) Description

Because of the batch process, if we want to implement
the accurate analysis, the data on a complete cycle, 76
hours, should be obtained with suitable interbal times.
In this survay, however, due to limited time only a few
data at the special time point of heating cycle was obtained.
Then the rough heat balance of shuttle kiln was barely

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

(3) Heat Balance of Batch Overation

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 -
keal/batch % | kcal/batch %
Input
Fuel 48,669,000 100
OutPut
Product Soil Pipesl)o
Heat content at 1165°C 14,729,000, 30.3
Flue gas Heat Loss2) 14,617,000 30.0
Dispersion Heat Loss>) 6,341,000 13.1
Kiln Heat Content 12,952,000f 26.6
(Balance)
Total 48,669,000 100 | 48,669,000} 100.0

Table C.5.1 Heat Balance Sheet for Shuttle Kiln

Notes ; 1) 50,000 x 0.26 x (1165 -~ 32) = 14,729,000 kcal/B.
where 0.26 is specific heat of clay,

2) the value is estimated by graphical integration .
using the observed temperature of flue gas at
respective times on heating cycle and assuming

0, content is 10 % as constant through heating
cyclr.

3) roof ; 74.7 x 15 x (200 - 32) x 34 = 2,594,000
sides ; 127.7 x 15 x (.90 - 32) x 34 =3,777,000
where 74.7 and 127.7 are area in m< of roof and

side walls respectively, 15 is the assumed heat
transfer coef., 100 and 90 are average surface

temperature of roof and side walls respectively,
and 34 is the heating hours of the batch cycle.
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The unit fuel consumption, which is the ratic of total
consumption of fuel in litre to the total weight of the
produt soil pipes in kg for one batch operation is ;

. 5,650 1litre/50,000 kg = 0.113 litre/kg .
This value similar on the ceramic industries in Japan
- is between 0.1 to 0.13 litre/kg of ceramic product.
The unit fuel consumption in this factory is reasonable

comparing to that of Japanese Industries.

5.2 Dryer Operation

(1) Required 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 %

(b) Required heat

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. °C |,
80 is the temperature of dryer in °C.and

600 is rough latent heat of vaporization of water
in kecal/kg

(2) Heat Content of Hot Flue Gas for Dryer

The heat content available in hot flue gas is estimated

by graphical intgration using the temperature 02 content

of the flue gas in duct through firing cycle.
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The total amount of heat energy integrated is
14,617,000 kcal/batch shown in Table C.5.1.

(3) The Efficiency of the Dryer

The efficiency of the dryer is presented as the ratio
of the required heat for drying to the totalheat supplied
by the hot flue gas frcm kiln. Then

Dryer efficiency = 2,172.000/14,617,000 = 0.15
or 15 %

6 Problems in Thermal Energy Utilization and their Potencial

Solutions

The factory has new shuttle kilns, one of which was
diagneosal 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 Pipes

The shuttle kile operation is followed to the drying
process. The overall efficiency of combined processes
is as follows ;

= (14,729,000 - 2,172,000)/48,669,000
0.347 or 34.7 %

Assuming that 10 % of the products were spoilt, the
efficiency is therefore

34.7 x 0.9 = 31.2 %
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Air Control for ovrover Combustion

The mean value of 0, content of flue gas
2 [=]

ing cycle was roughly estimated as about 10 %.

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

the kiln to reduce the O2 content of flue gas to 5 %,

The energy saved is illustrated as follows ;

O2 Content Heat L9ss ' Terms
% kecal/batea
10 14,617,000 present
5 10,200,000 improvement
Saved Heat 4,414,000 7 % of fuel

This saved heat is eguivalent to 480C $/year assuming
the following data ; “
Annuzlly purchased fuel 1440 11,

Price of thermal energy $ 0,054/1,000kezl

Density of fuel 0.84 xg/1
In this measure, the generation of the smoxe ZIrom the
stack should be prevent.
6.2 Dryer QOveration
As shown in 5.2 the dryer operation only at 15 % efii-
ciency wnich means that the flue gas from tie kiln is not
fully utilized by the dryer. The exess heat froam
flue gas could be furthermore used to dry the raw wet
pipes bvelow 2 %, provided that the quality of the dried
pipes is not completely 2ifected.
6.3 More Utilization of Plue Gas

At the present moment,the two dryer-kiln systems are
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operated separated. If an interconnective under-
ground ducts between the two systems could be dbuilt to
utilize the excess heat in the flue gas, we would overate
more efficiently the shuttle kiln with batch processes.
For example, if the flue gas from one kiln would used for
preheating the raw soil pives 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 consumpntion characteristic

- supplier : National Electicity Board
. of States of Malaya

- contractual maximum demand : 250 kW
" - average monthly consumption : 66.5 x10° kith

- factory load factor : 042

- contractual power factor : 0.85

- transformer capacity : 750 kVA

- rated supply voltage : 415 Volts

- electric power specific : 73.9 kWh/ton

unit (EPSU)

7.2 Schematic diagram and outline of factory

lectrical schematic diagram is as shown in figur= 7.

Crusher 22w

Mixer Lk

N
~

3
R
=

Extruder (piping machine)

NEB 11/.415kV

, :Q: ———Compressor 2 x 37kW

750kVA —~—— Exkaust Blower 30kW
Blower 2 x 22kA
1 x 13kW

Capacitor 8 x 25kVAr

Figure 7.1 Electrical gchematic diagram of GOH BAN

HUAT POTTERY WORK,




- 80 -

The new factory which we have investigated make
sarthen ware sewage pipes utilizing automatic extruding
machines, kilns and some electric pressers. power input
is through a 750 kVA, 3 phase transfomer and maximum
ioad 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.

2. Problems in electric power utilization and their

potential solutions

8,171,171 Transformer

The main substation transformer is rated 750 kVA
but average power requirement is about 236 kW (278 kVA
azsuming 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 élso 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 kYA 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 4Py : iron loss /day
0.2 : iron loss factor

2, : operating hours /day
0.98, : efficiency of 750 kVA transformer
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Recommended transformers.

4pP: - {200 (1-0.977) x 24 + 250 (1-0.978) x 8} 0.2

tl

30.8 kWh/day.

where 4Pz : 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 fransformer
0.978 : efficiency of 250 kVA transformer
Therefore saving
= (57.5-30.8) x 0.23 x 350 =$2157/year
where 350  : number of day/year

0.23 : cost/unit of electricity

8.1.2 Uoltage

From the name plates of various equipments and capa-
citors ( power factor correction ) they are rated at 415
volts'but the actual supply voltage measured was 433 volts.
It is therefore recommended to bring the supply voltage
down to 420 volts. This measure will certainly reduce losses

and over load.

8.1.3 Cavacitors (power factor correction)

There are altogether 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 wire |
{0, ' - : description
‘ l red vellow| blue | S
1 | O O 1 @) % good
v
. ) | .
2 ; O O O | good .
f l .
2 ; A X A i open zircuited
| |
4 | A A X ! open zircuitad
f A A ; -
5 ; X ; t ! faulfy conrnechtion
¢ i
o] i A A | A i faulty connesclion
i | -
7 oA A . O | faulxy connection
|
¥ '
2 ! A l A 3 O 1 fauliy conneciizn ‘
.l i J
mars 3 X :<2.3, A: <07, O+ »0.3, (1.0 =22.% wiir)
Tabio 2.7 Sonditions of statiz cavacitors
From the %table above, it 15 apparent ~nst the
vt onatisc power fazitor corrsatlion eguipment iz Tauliy.,
4z a regult the [factory can exgperisnce over volsags ani voor
vower factor during working hours resulting in unnecsssary
Lozser and reducs motor efficizncy and orne posziblliss of
power factor penalty when the fazfory is operafting full load,
1% 1s essential to do corrective measure to ensure tha*t the
vowsr factor correction equipment is working in perfes® order
and those defective capacitors be replaced as they can also
pose as fire hazards. -
3.2 Fflectrical loads
-

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,




No Rating (kW) Actual load (kW)

load no load
! 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.

z
p . [ 0.25 x 110
0.25

Wwith a safety factor of 2.0 for this nature sf

0.75 x 6.3
I

work the mctor rating is suitably designed.

8.2.2 Compressed air system

It is necessary to examine the whole compressed

air system in the factory because the pressure as deli-
vered by the compressor is around 7.9 kg/cf (110psi)

ani this pressure appears too high for the factory
application. It 1is possible that the various equipments
in the factory could very well perform at very much
lower pressure than the existing value. Therefore it 1is
recommended that the factory carry out pressure reduction
exercise i.e. the machine performance. It is worth noting
that for every kg/cmz reduction in pressure a saving of
3% of the total power consumed by the compressor.

Since the delivered air pressure is high and extensive
piping, it is recommended also that the factory consider

a formal program for periodic leakage checking.
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Summary

.L  Thermal Part

Because shuttle kiln operaticn on this factsory is batch
types, for the corrsctly survay it is necessary %o get the

oropver data with time passage through full veriod in kiin
nerIormance. According to the limitaticn of the sur-
vay times the results and potentioal solution is always

not expected on correctiness.

(L) 1st. Phase Xeasures (No or little investiment)

Annually fuel seavin

% $

1

(a) O2 control 7 4,800

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

Tre suttle kilns are coamparatively well insulated and
the heat balance in table C.5.1 shows that it 13 comparable

to rescomended values in Japan. Egpetially, nc minor

change would be significant on the existing desizm.

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

(2) Combined performance with two shullle kiln-dryer systeas
This would require the interconnected overation of the

t@o systems. An interconnected underground ducts bdetween

the systems should be-constructed.

Provided that the quality of products of soil pipes

are not arfected, the fuel savings wnich could be obtained

by this measures would be presumably about 7% 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 from one of
750 kVA unit to two of 200 kVA and 250 kVA trans-
formers. This will allow the 250 kVA unit to be
switched off outside working hours, thus givirg a
saving of $2157 /year.

In section 8.1.3, we storongly recommended that efforts
should be taken to replace and also periodically maintain the

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

1. Outline of the Factory

Address: 8 3/4 Miles, Jalan Ipoh, Kuala Lumpur
Capital: 4,000,000 Malaysian dollars
Type of industry: Ceramic
Major products: Refractories, heat insulating bricks,
fire clay bricks, high alumina bricks
Annual production: 18,000 t
No. of employees: 150
Annual energy consumption:
- Electric power, 1,140,000 kWh
- Fuel, diesel oil, 2,720 k&
Interviewees: Mr. Tan Boon Chin, Refractories Engineer
Mrs. Yap Szu Lee, Chemist
Mr. Here Heng Tuan, Cost & Management
Accountant
Date of diagnosis: Mar., 28 - 29, 1983
Diagnosers: Mr. M Eguchi, Mr. R. Takahashi, and
Mr. T. Sugimoto
Counterparts: Dr. Mohd Ariff Araff, Dr. Ong Peng Su,
Dr. Radu, Mr. Ahmd 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 |
MATER|[ALS CRUSH ING GRINDING  |—
}
MOISTURE ‘
N
| CONTROL MIXING SIEVING k-
AIR
PRESSING ' DRYING DRYER .
FINAL B FIRING
COOLING e
INSPECTION (KILN )

STORES
| &DISPATCH
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3. Major Equipment

3.1 Major Equipment

No. of Units
Name Installed Type, etc.
Tunnel kiln 3 Continuous type
No. 1 No. 2 No. 3
Built 1973 1979 1982
. High Fireclay &
Products :1Feilay alumina | chammotte
FleXs | pricks | bricks
Qutput/ | 558 ¢ 8.5 t 31.0 t
day
Downdraft kiln 2 Batch type
Built: 1972
Products: Chammotto
OQutput: 60 t/charge
Dryer 3
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Situation of Energy Management

There is no organization or system to promote the
energy-conservation. The company conducts no parti-
cular PR for energy-conservation to its workers.

As for workers training, personnel higher than a
supervisory level are made to attend seminars from
time to time. But, there is no training program for
general workers.

The energy cost to the turnover has risen to 22.4%.
And the company has adopted a plan to energy-conserva-
tion. But, there is no specific target set for the
reduction in fuel and electric power costs and the
date of achievement. The company considers it suf-
ficient to save enerqgy even slightly from the current
level.

Many comnpanies rely on suppliers in the purchase of
fuel, but the company conducts a confirmation of
weignt.

The electric power consumption is monthly confirmed
through the bill as to the consumption by the whole
factory. Recording is made daily on the fuel consump-
tion together with recording on other operation by
each kiln. The energy consumption rate (kg/kg) is
calculated, setting the criteria for operations,
However, there is no production process control
through the preparation of a process chart as generally
done in Japan.

Attention is paid to the maintenance and quality con-
trol including the cleaning of burners once a week,
the chemical analysis of raw materials, sizing test,

etc.
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5 Situation of Fuel Consumption

The data_ of the Unit Puel Consumption for each kiln

up to the present have been evaluated by the factory as

followsg ;
No. i Kiln 1,100 kcal/ kg of product
No. 2 Kiln 1,650 kca’/ kg of product
No. 3 kiln 850 kcal/ kg of product

According to the requests of factory manager, only
No. 2 Kiln which is the worst in the unit fuel consumption

has been diagnosed on this survay.

5.1 No. 2 Tunnel Kiln

5.1.1 Data used in Heat Balance Caleculation

(1) Pactory Data

(a) Unit PFuel Consumption 1,650 kcal/kg of P.
(b) Amount of Produced Bricks per Day 8,500 ke/day
(c) Puel Calorie Inputed per Hour

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

(2) Measured Data

A) 0, Content in Kiln
(a) Cooling zone 18 %
(b) Combustion zone 13 %
(c) Preheating zone 13 %
(d) Flue Gas 12 %

B) Dispersion Heat ILoss using observed Heat Plux and Area

a) Cooling zone 55,700 kecal/hr
b) Combustion zone 101,700 kcal/hr
c) Preheating zone 42,400 kcal/hr

Total 199,800 kcal/hr




C) Plue Gas Heat Loss 100,850 kcal/hr

D) Hot Gas to Dryer 196,400 kcal/hr
E) Car Cooling Heat Loss 58,900 keal/hr
P) Heat Content of Product and Car 15,400 kcal/hr

5.1.2 Heat Balance Sheet of No. 2 Kiln

The heat balance for tunnel kiln operation based on hr

is shown in Table D.5.1 as follows ;

Description Input Outout
kcal/hr % kcal/hr 4
Input
Fuel 584,400 100.
Output
Hot Gas to Dryer 196,400 33.6
Car Cooling Heat Loss 58,900 10.1
Plue Gas Heat Loss 100,850 17.3
Dispersion Heat Loss 199,800 34.2
Heat content of car
and Products 15,400 2.6
Balance (Uncountable) 13,050 2.2
Total 584,400 100. 584,400 | 100.0

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

Actually, the heat carried out by the products from the
kiln is only about 5,000 keal/hr. The efficiency
in common sense results in 5,000/584,400 = 0.009 or 0.9 %.
This value is too small. Then normally the effi-
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ciency on the case of the tunnel kiln operation is substi-
tuted by the ratio of the maximum required heat of product
to the total inputed fuel heat. The new defined effi-
ciency is ;

354 ¥ 0.28 x (1250 - 30) = 120,900 kcal /hr
( maximum required heat)

120,900/584,400 = 0.207 or 20.7%
Where 354 is weight of product per hr in kg,
1250 is maximum required temperature in °C and

0.28 is the specific heat of the brick.

No. 1 and No. 3 Kiln Operations

No measurement has been made on No. 1 and No. 3 Tunnel
kiln in this survay. Based on the data provided by
the factory, the unit fuel consumption for the two kilns
are as follows ;

No. 1 3 850 kcal/kg of product or

83 kg of fuel/tonne product and

No. 3 1100 kcal/kg of product or

-e

108 kg of fuel/tonne product

These values are comparable to that of similar kiln
for the ceramic produc% in Japan which have the values
of between 64 to 170 kg of fuel/tonne product on the

unit fuel ccnsumption.
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Problems in Thermal Energy Utilization ani their Potential

Solutions
Refering to Table D.5.1,abcut 65 % of the fuel energy
inputed in No. 2 Kilm is thrown out to ambient,that is,

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

loss, et al. The balance which is about 35 % is used
only in the dryer. In Japan this value is almost
comparable.

0, Content in Flue Gas

The 02 content in the flue gas of the tunnel kiln is
excessive compared to the recommended valur of 5 %, as
being aprlied in some similar Japanese factories.

To reduce the 02 content in the flue gas to as low level
as possible, it is recommendable that O2 gas analizer
should be installed in exhausting duct and inlet air flow
rate for combustion should be controlled not so as to

produce the soot or smoke from the stack.

If 0, content could be reduced by 1 %, the fuel savig
would be in the order of 1.0 to 2.0 % of the fuel consum-

ption depending on former 02 centent.

Extensive insulation of the roof side wall surfaces of

the tunnel kilns

The heat balance sheet of Table D.5.1 shows that the
heat losses through the surface of kiln account to about
30 to 40 % of the total fuel consumption. Such high

heat losses would be effectively recovered by appling a
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suitable insulating materials onthe surface of the kiln.

Assuming the constancy of the heat transfer coeffi-
cient, the decrease of 30% of temperature difference be-
tween the surface of kiln and ambient would result in
the saving of 10% of total fuel consumption.

Actually, because of the limited spaces of the inside of
kiln, it is recommendable to spray the ceramic fibre on
the surface of roof and/or tr place the ceramic board
on the surface of side walls not so as to exceed the

allowable temperature of the framed steel.




- 96 -

7 =lectricity

7.1 Electricity consumption chracteristic

- supplier : National Electricity Board
of the States of Malaya.
- contractual maximum deuwand : 320 kW

- average monthly consumption : 95 x 10 kWh

- factory load factor : 0.20

- contructual power factor : 0.85

- transformer capacity : 1000 kVA
- rated supply voltase : 415 volts

- electric power specific unit 63.3 kWh/ton

(EPSU)

o

-3
rJ
Ui

Schematic diagcram and outline of factory

Electrical schematic diagram is as shown in figure 7.1,

— TInsulatig Brick section (75. 12 kW
| | ERVENR L
L —Extrusion 76 kW
Jaw Crusher 3 x 22 kW
NER 11/.433 kV Grinding Machine 1 X 45 kW
4 X 15 kW
< S > Ball mill 60 kW
1000 kVA
Air Compressor 41 kW
Capacitor Hydraulic Presses Mixer 108 kW
6 x 33“3 kVAr) | Hydraulic Precses 2 x 45 kW
— Hydraulie Presses (1 x 22 kW
Mixer L x 5.6 kW
House :: ———— Down Draft Kiln 2 x
Generater
165 kW f————— Tunnel Kiln 3 x 60 kW

Figure 7.1 Electrical schematic diagram of
SOUTH EAST ASIA FIRE BRICKS INDUSTRIES SDN. BHD.
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Mcst 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 remainde: of the equipments
connected to the kilns and dryers are operating for 24

hours/day.

8. Problems in electric pewer utilization and their

potential solutions

8.1 Source

8.1.17 Transformer

The transformer is rated at 1000 kVA with a maximum
load of 333 kVA of which 5C% is required continuously.
As shown in table 8.1 giving the details of the factory
installed capacity and the power consumed by each section,

it is obvious that the existing transformer is overdesigned.

Job Installed Power Recommended trance-
Description capacity consumes |{Formers capacity
( kW ) ( kW ) ( kVA
Raw material &
processing 810 RTE 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

4P; = 1000 (1-0.985) x 24 x 0.2 =72 kWh/day
where 4Py :iron loss/dav
G.2 tiron loss factor
24 :working hours of transfomer/day

0.985 : efficiency of 1000 kVA transfomer

Recommended Transformers

4P, = {200 (1-0.977) x 24 + 500 (1-0.983) x 15 } 0.2
=47.6 kWh/day

where 4P : iron loss /day of new system
0.2 : iron loss factor
24 : working hours of 200 kVA transformer
15 : working hours of 500 kVA transformer
0.977 : efficiency of 200 kVA transformer

0.983 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 Voltiage

The name plates of the various equipments indicate
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that the equipments are rated at a voltage of about 400
volts. However the actual supply voltage as measured
was 440 volts. It is recommended that the supply voltage

be stepped down to a value of 420 volts.

8.1.3 Power factor

Generally the power factor in the factory is good.
This is because the factory has an automatic power factor
correction equipment. However well a house is kept, it
should be maintained all the time to achive the good power

factor.

8.2 Electrical loads

8.2.1 Extruder

The factory has one extruding machine of rated
capacity 76 kW. However our measurement indicates that
the useful power on full load is only 24 kW. this owes
a load factor of the extruder to be 0.32. In our opinicn
the motor in éhe 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 prass
and one 18 kW press. The results of which are as tabulated
in table 8.2 from the measurement of the 90 kW hydraulic
press, it was found that the motor is overdesigned.
Therefore in our opinion it is recommended that tﬁe existing
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90 kW motor to he replaced by one 75 kW motor so that

losses could be reduced.

Motor Load Actual power consumed Pressure
Capacity (kes) (kW) (kg/cm )
kW) gs . .
Min. Max. HAverage Min. Max.
9C 200 x 10 25 81 40 7 300
18 100 x 10 1.4 6.7 4.1 3.5 70
Table 8.2 Loading of hydraulic presses
8.2.3 Lightings

Generally the whole factory lightings are made of
fluorescent lamps and mercury vaper lamps. It was found
that some of the mercury vaper lamps in the kiln section
are not in operating order and the whole factory lighting

fitting have not been regularly cleaned. From our
measurements luminosity during the day time is just
sufficient. However in our opinion luminosity at night
is insufficient. Therefore it is recommended that the
factory lightings to be changed to metal halide lamps

or marcury fluorescent lamps (of rating 400 watts cach)

for energy saving and easy maintenance.




9 Summary

9.1 Thermal Part

No.2 tunnel kiln has a smaller dimension and cavacity
and a higher unit fuel consumption compared to No 1 and
No. 3 tunnel kilns. The problems in this factory
are to improve the unit fuel consumption to the level of

another kilns.

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

% of fuel saving
based on only No.2

(a) 0, Content Control about 10%
(2) 2nd. Phase Measures (some investment)

(a) Extensive insulation on surface
of No. 2 tunnel kiln about 10% y

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

-

9.2 Electrical parts

On the electrical side the avenues for energy saving
is rather limited except for the transformer rating as

shown in section 8.1.1.




GENERAL CERAMIC MANUFACTURES SDN. BHD.

1.

Qutline of the Factory

Address: 6 Jalan Bersatu, Petaling Jaya
Capital: 10,000,000 Malaysian Dollars

Type of industry: Ceramic

Major pro<ducts: Ceramic wall tiles
Anrual 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 k&
ITnterviewees: Mr. Anthony Eccles, Factory Manager
Date of diagnosis: Mar. 31, Apr. 1, 1983
Diagnosers: Mr. M. Eguchi, Mr. T. Takahashi, and
Mr. T. Sugimoto
Counterparts: Dr. Mohd Ariff Araff, Dr. Ong Peng Su,
Mr. Ahmed Faizul, and Mr. Alizal Ab.

Manan

Petaling Jaya, where the factory is located, is a
rapidly grown modern satellite city on the southwest
of Kuala Lumpur. Many of the major factories are
forming an industrial complex in the area.

The factory was constructed in 1970. It is equipped
with 2 units of large spray driers, 8 units of forming
machines, and 3 units of tunnel kilns, and is produc-

ing wall tiles.




2.

. 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
253 of the market, and is planning an expansion of the
production 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-conservaticn con-

sultation of Shell Company.
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3. Major Equipment

3.1 Major Equipment

r
No. of Units
Name Installed Type, etc.

Kind of Energy used: Diesel oil

Tunnel kiln 3 No. 1 Kiln: Stopped
No. 2 Kiln: For bisque tiles
No. 3 Kiln: For glossed tiles
Kind of Energy used: Waste gas of

Dryer 2 tunnel kiln
No. 1 Dryer: Stopped
Kind of Energy used: Diesel oil

Spray dryer 2 Fuel consumption: 181.44 kg/8 hrs.
Production capacity: 3,500 kg/h
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4.

Situation of Energy Management

The production cost saving committee 1is 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 organization.

The energy-saving investment was so far made on the
heat insulation. The company desires to invest for
energy-conservation, provided the pay-back period is
less than two years.

At fuel receiving, the officer-in-charge checks on
quantities by the flow meter set on the receiving tank.
Fuel consumption is daily measured every production
equipment of kiln and spray driers, and is compiled
monthly as well as yearly, and the energy consumption
rate is calculated as well as cost accounting is done.
The results are kept as data for examination. However,
there is no examination through a control chart as
generally done in Japan.

Technical staff are made to attend seminars on energ:.
But, there is no training program for general workers,
nor there is a campaign made by the factory manager

toward workers.




5 Situation of Puel Consumption

In last year, 1982, 687,723 Imperial Gallons of diesel was
purchased by this factory. The tunnel kilns which
overate for 24 hours per day consume 80 % of the fuel,
the remaining 20 % is consumed by the spray dryer which
overate for 8 hours per day. Operating data presented
by the factory show that the fuel consumotion rate for
the tunnel kilns is 1600 I.G./day and for one spray dryer
is 400 I.G./day.

The data of the fuel consumption rate would be used

for analysis in this report.

5.1 No. 2 Tunnel Kiln for Bisque Production

The facilities of the factory comprise of 3 tunnel
kilns, 2 tunnel dryers and 2 spray dryers. During
the study period, one tunnel kiln one tunnel dryer and
the smaller size spray dryer have not been operated.
1,600 1.G./day as the fuel consumption rate is the com-

bined value for one bisque kiln and one glost kiln.

The waste heat from the 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 of the numbers of burner at-
tached to each kilns. This i3 a big asumption,
If later the individual fuel consumption cculd be clear

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




5.1.1 Operating and Measured Data

(1) Puel Specification

(a) Type of Puel Diesel
{b) Gross Calorific Value 19,300 Btu/1b
10,720 kcal/kg
(c) Specific Gravity 0.84
(¢) Puel Consumption Rate 700 I.G./day
1600 x 14/(14 +18) = 700
where 1600 is the combined fuel consumotion, and
14 and 18 are the numbers of burner in bisque

and glost kiln, respectively.

(2) Operating Condition

A) Plue gas condition

(a) 0, content in flue gas at stack 15.6 %

(v) 0, content at preheating zone 7.4 %

(¢) Temp. of flue gas at stack 183 %
B) Car track time 8C min/car

C) Temperature of tiles

(a) Raw dried tiles at input 125 %
(b) Pinished tiles at output 130 °¢
D) Weight of the pile of tiles and car

(a) The pile of tiles on one car 1,300 kg
(b). ™e refractory brick on one car 2,221 kg
(c) Steel structure of one car 1,820 kg
E) Dryer condition

(a) moisture content of raw tiles 7 %

(b) moisture content of dried tiles 0%




5.1.2 Heat Balance for Bisque Manufacturing Process

The heat balance sheet for combined system of the bi-

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

as follows ;

Description Innut Qut»ut
kcal/hr % keal/hr %
Input
Puel 1,110,212 | 100.2
Output
Flue gas from kiln 197,549 17.8
Exhaust from dryer 12,867 1.2
Car cooling air 109,264 G.8
Heat of evaporation
in dryer 79,7¢5C 7.2
Dispersion heat loss
bisque kiln 566,031 1.0
Dryer 54,600 4.0
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 %.5.1 Heat Balance Sheet of Bisaque Kiln




5.2 Soray Dryer

The factory data showed that 400 I1.G. of fuel was con-
sumed for one day or 8 hours by the soray dryer.
This value was found to be higzher conparing to the design
capacity descrived as 1,500,000 keal/hr or 315 I1.G./8 hrs
in instruction book. On the analysis in this reports,

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

5.2.1 Operating and Measured Data

(1) Raw Material

(a) Slurry feed rate 4,860 kz/hr
(v) Slurry density 1.6€6 kg/litre
(c) amout of water in slurry 1,640 kg/hr

(2) Drying Condition

(a) Output rate of dried granular clay 3,500 kg/hr

(b) Composition of granule

Solid (clay) ; 92 % 3,220 kg/hr
Water ; 8% 270 kg/hr
c) Water to be evaporate from slurry 1,370 kg/hr

(3) Temperature of Combustion hot Air entering into

Soray chamber

Measured 405 °c
Design 400 to 600 °C
(4) Discharged Temperature of Granular Product

47 °C

-e

(5) Plue Gas Condition

a) 0, content 17.8 %
(b) Teaperature 106 °c




5.2.2 Heat Balance on Spray Dryer Overation

The heat balance sheet on the spray dryer operation

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

Description Innut Outout
kcal/hr kcal/hr
1,500,000
FPlue Gas Heat Loss 219,000
Water Evaporated
from Slurry 794,600
Heat Content of dried
18,700
Dispersion Heat Ioss 135,800
Balance (uncountable) 231,900
1,500,000 1,500,000

E.5.2 Heat Balance Sheet on Spray Dryer Overation




6

Problems in Thermal Energy Utilization and their Potential

Sslutions

6.1 No. 2 Bisque Tunnel Kiln

The heat balance sheet of the No. 2 bisque kiln as in
Table E.S5.1 is suggesting that about 50 % of the fuel con-
sumed is dispersed throcugh the large surface of kiln.

Then Extensive insulation on the surface of kiln to reduce
the dispersion heat loss would be the most effective mea-

sures. Secondary measures t be worth considering would
be the reccvery of heat from flue gas in kiln which acounts

about 20 % of fuel consumption.

6.1.1 Extensive Insulation on the outside surface of walls

and roofs on tunnel kiln

According with the observed data of almost all the kiln
surface, most of the temperatures have been ranzed between
50 °¢ to 100 °c except the plates around the burners which

have the temperature of about 150 °C to 200 °C.

Based on similar tunnel kiilns in Japan, it would be
desirable to reduce the surface tempveratures 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 % to
30 % easly. If similar measures were taken on this
kiln, the fuel consumption could be reduced by roushly
8 % to 10 %. Assuming that the fuel consumption

for all kilns is rouerhly 2400 kl/year and fuel price is
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aporoximately $ 0.5/litre for convenience of easy accouns,

this measures adbout $ 120,900 would be saved annually.

o)
[
A

No. 2 bisque tunnel kiln has bheen operated 2% sli-
hign lewel of 0, content, 7.4 %, Evan up to
Javanese factories overating the tunnel Xilns are
endeavouring to reduce the O, content of the ztmcsphere

Tfficiancy of the Tunnel Xiln Queraiiocn

3ased on %ne adova 2gquation, *the 2fficisncy of Neo. 2

isgue xiln is about 25 % which is similar tc avarage

values of the elficiancy of similar sunnel kilns in Jarzgzn.

[wA

shoan in %the neat balance shieet in Tanle Z.5.2, the

water from slurry zozsunts to




6.2.1

Bot Air Generaitine Furnace

According %o the instruction book, the desizned values
for haot air temperazture entering into the drying chamber
are to range betitween 4C0 to 60C °c. Otherwise the -

observed value of the a2ir temperature a%t nearest point in

. . s 0 - -
duct pipe to the spray chamber was 405 "C and the calcu-
i2%2d csombustion air temperature using the observed data

on the suprlied fuel rate anéd 0, content in the exhzusted

N

0

flue gas was 401 “C. The diffesrence, about 2C0 oC, he

tween the desinged and observed air temperaire will sug-
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oy 27 %. This would save the fuel and electriec
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the loading cavzcity of flue gas discharge fan.

6.2.2 Pcssibility of Pull Utilization of Flue Gas from Tunnel -
kiln
In present the svray dryer is using the combustion air .

from ambient in sx’sess of § to € times of the theoretical
air reguirement for csaplete combustion. There are
tne possibilities that the comdustion air of the spray
dryer might be taken from the tunnel kiln flue zas which

kas 02 content of 15.6 %, 1873 9% and volume flow rate of
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(d) S0, content of the flue gas in the combined systems is
(2.63/32) x 22.4/13,000 = 0.00014 or 0.014%vol.

where 32 is molecular weightof sulphur and 22.4 is the

volume of 1 kg mol. at standard condition in m3

(2) Dew Point

(a) Water vapour from H in fuel 411.7 m3/hr
(b) Water vapour from slurry 1,705.0 m3/hr
(c) Total volume of flue gas about 13,000 m>/hr

(d) Partial vapour pressure and dew point
(411.7 4 1706.0)/13,000 = 0.16 atm.

refering the coventional steam table, the dew point cor-

responding to 0.16 atm of partial water vapour pressure

is 55 °c.




- 117 -

7 Electricity

7.1 Electrical consurption characteristics
- supplier : National Electricity Board
. of the States of Malaya.
- contractual maximum demand 40 kW
- - average monthly consumption 164 x 10 Xih
- factory load factor : 0.49
- contractual power factor 0.85
- rated sunply voltage 415 volts
- elactric power specific unit 30.2 kWh/1C00 pes.
(EPSU)
- transfomer capacity 750 kVA
7.2 Schematic diagram and outline of factory
Blectrical schematic diagram is as shown in Figure 7.17.
Ball Mill 3 x 37 ki
. 1 x 22 K4
NEB  11/.433 kv ’"";"'éiiﬁgiir g x4 ) 190 ki

-————(:Z}:} Spray Dryer 31.5 ki

750kVA ——— Presse

Presse

Tunnel

Capacitor (Mo.1
& x 50 kVAr T

F Office

s ( No.1 - ¥No.,6 ) , 103 ku
V20 ok

s (No.7 - No. 8 ) ( 29 kw

R
kiln 107 ki

[ 127 xi
-No.3) \ 132

Air ceonditioner

‘L——————Mech. Shop Air cecmprassor

Lighting

Figure 7.1 Electrical schematic diacram cof

GENERAL CERAMICE BHD.
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This factory produces various types of glazed wall tiles.
Mazior equipments are three large tunnel kilns, two spray
drvsrs, four ball mills and eight hydraulically controlled
presses with fly wheels. The electrical source is via
753 %VA, 3 phase transformer. The major electrical loads
arz four ball mill motors ( 37 kW each ), eight hydraulic
tr2ss mosor (22 kW each ) and thirty seven smaller motors
jistributed all over the factory of rated capacity of 7.5
¥4 =2aczh. The average factory power consumption during
working hours is 240 kW (386kVA assuming p.f of 0.9).

iz indicates that the main transformer is lightly loaded.

w)

robrams in electric power utilization and their

(€S
.
-

Scurce

LU

. Trangformer

As stated earlier the average 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 200 kVA transformer
can be switched off during non-working hours to reduce
transformer losses. this measure will provide a yearly

saving in electrical energy as follows;

Txisting transformer

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

“here 2P, : iron loss of 750 kVA transformer

2, : working hours/day
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0.2 : iron loss factor
0.984: efficiency of 750 kVA transformer

Recommended transformers

ap, = {(300 (1-0.981) x 8) + (200 (1-0.978) x 24) } 0.2
=30 kWh/day
where AP : new iron losses of transformer
24 : working hours of 200 kVA transformer
8 : working 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
where 355 : workig days/year

0.23 : cost of electricity 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.

Since the total installed motors is about 870 k¥
and using the diversity factor of the mofors as 0.7
and load factor of 0.55 during working hours, the

average output of each motor can be shown to be 4.4 ki,



loaded) the saving in energy, thus;

=]

2 ;
4L.bh X {(1-0.825) X 0.3} X {( igg ) - 1% 200 x 0.7

wnare 0.325

efficiency of motor

0.3 : iron loss factor

200 : number of motors

3.7 : diversity factor

438 : existing voltage

420 : new recommended vollage
savinz/ year is given by
2.85 ¥ 9 x 355 x 0.23 = $2094/year
Whars 9 : working hours/day

355 : working days/year

0.23 2ost of electricity per kWh

1,7,3 Payer factor correction eguinment

115 factory has automatic power factor correcting
2quipment which maintained good power factor 0.88 as
indizated by our measurements. However the capacitors

apout A00 watts fursher to this, it was found that the
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apaci

"3
[$]

rs are very hot and that we would like to make

or
oy
O

fo1llowing recommendations:

(1) The capacitors housing should be modified to
allow good ventilation.

(2) The two tire arrangement of capacitors to be
modified %o single tire.

(3) To adjust the automatic control zuch as ths capacitors
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4
24

30
149

x 0.23
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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. Ever though most of these motors are in -
continucus ogreration in our opinion they are overdesigned.
Considering the low power factor of .50 obtained -
during measurements, the ideal cormbined rating of all
motors used by the kiln should be around 100 kW. I is
racomnmended that the factory make a thorough individual
check on all tne load of motors and make appropriate
action to replace the motor commernsurate with the maxinum
load requirements. So that losses could be reduced,
by the total motors efficiency will be incresed about
3 4, together with power factor improve from 56 %
o

to around 80 % . These measures ars estimated ysarly

in electric energy as follows;

imoroved efficiency of motors

= 51 kW x 0.03 = 1.53 kW

inproved power fachtox of motor

_ . ' 0.56 v ! _
= 51 kKW x 0.03 x {1 - ( §35) ) = 0.78

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.



- 133 -

24, : working hours/day
365 : working days/year

0.23 : cost of electricity/k¥h

8.3 Lizhtines

Overall factory lighting is good except places where

additional lightings are required;

(a) office stairs where only 30 lux luminosity was
registered, this situation is considered dangerous.

(r) the agitator room.
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9 Summary
9,1 Thermal part

According to the diagnosis of this project, the perform-

ance skill for tile manufacturing using the tunnel kiln in

this factory has been considerably rescnable comparing to

the similar ceramic industories in Japan. If we dare

pick up the items to improved on the energy conservations,

the expectant measures are listed uvp as follows ;

(1) 1lst. Phase Measures (no or little investment)

(a)

Annually fuel saving

% S

O2 content contrcl
from 7.4% %o S5 % about 1 12,000

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

(a)

Extensive insulation surface
of tunnel kiln 8 to 10 200,00¢C

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

9.2 Electrical parts

with
(1)
(2)
(3

0
\ /

$~

ment

tne

In section 8 we have made the following recommendations
accumulated total saving in energy per ysar or $25220;
Reduction.in the size of transformer.

Lowering of operating voltage.

Partial change in the mode of power factor correction.
Reducing the size of motors using in the kilns section.
Out of the four recommendation (2) requires no invest-

and should be carried immediately and rsmainder of

recommendations require some investment.




MALAYA INDUSTRIAL AND MINING CORPORATION BHD.

1.

Outline of the Factcry

Address: Batu Caves, Selangor, Malaysia
Capital: 15,000,000 Malaysian dollars
Type of industry: Cement
Major products: Portland cement
Annuz2l output: 62,700 t
No. of employees: 80
Annual energy consumption:
- Electric power, 7,500,000 kWh
- Fuel, fuel oil, 7,000 k% and diesel oil, 193 k.
Interviewees: Mr. Lim Yen Heat, Factory Manager
Mr. Lim Eng Seong, Chief Chemist and
two engineers
Date of diagnosis: Apr. 14 - 15, 1983
Diagnosers: Mr. M. Eguchi, Mr. R. Takahashi, and
Mr. T. Sugimoto
Counterparts: Drf. Mohd Ariff araff, Dr. Ong Peng Su,
Mr. Ahmed Faizul, and Mr. Alizan Ab.

Manan




. The factory is located in Batu Caves which is about

11 km north of Kuala Lumpur. The production started
in 1959.

. The Batu region shows the exposure of limestone over
the whole area, and is situated in the southernmost
position of the Asian Continent. The factory is most
favorably located with the mining claims of the lime-
stone, which constitutes 80% of the raw materials for

cement.

2. Manufacturing Process
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YGRINDING Jz———iau:—uvme NODULIZING
CLAY _1rDRY|NET RAWMEAL
l
20%
CEMENT CUNKER
I
. liPAcme, IL_ STORAGEJ«——‘&RND!NG; CHOLING € SINTERING
; 9%
4%
[;%PSUM
(I




3. Major Equipment

3.1 Major Equipment
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Ne ~f Units
Type, etc.
Name Installed 7pe

Kind of energy used: Heavy fuel oil

Rotary dryer 1 Nominal output: 4 t/h
Type: Lepol grate type

Rotary kiln 1 Kind of energy used: Heavy fuel oil
Nominal output: 200 t/day

Mixing plant 1 Pneumatic mixing system
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4. Situation of Energy Management

. The energy cost to the turnover amounts to 48.9%.
This is the reason why the factory munager 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 metz2r is done hourly,
and records are kept. The energy consumption rate is

calculated daily, and cost accounting is made monthly.

,But, there is nd examination made ihrougﬂ 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 pf the rotary
kiln. It is necessary to consider to prpvide 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 imcomplete combustion is caused with long

flame. It is necessary to improve the combustion by

changing the burners.
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5 Situation of Fuel Consumption

The factory is purchasing about 6,433 tonne of fuel 0il
annually. The clinker production process ccnsums 92 %
of the total purchasing fuel oil, while the remaining 8%
of fuel is consumed by drying process.

- 5.1 Rotary Dryer

5.1.1 Ovperating and Measured Data

(1) Puel 0il Specification

(a) A class of fuel Heavy fuel oil
(b) Gross heating value 42.4 MJ/ke

10129 kcal/kg

(e¢) Specific gravity 0.99 ‘
(d) Composition C 84 % |
H 12 %
S 4 %
(2) Input Condition
(a) Feed rate of raw material 3 tonne/hr (dry basis)
(b) Peed rate of fuel oil C.1 tonne/hr
(3) Drying condition
(a) Raw clay moisture content before dryer 18 %wt.
(b) After dryer 5 %wt.
. (4) Plue gas condition (observed)
a) 0, content 12.5 %
. b) Temperature in exhaust duct 172 °¢

5.1.2 Heat Balance for Rotary Dryer Operation

The heat balance for rotary dryer overation based on
above data and additional of the surface temperatutre of

rotary dryer is calculated as next page ;




o
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Descripticn Inout Outout
1
kcal/kxzfuell. % |kcal/kg fuel %

Input

Heavy fuel oil 9,500 |100.0
Qutoput

Heat content of dis-

charged product 1,431 15.1

Latent heat of eva-

porated water 2,573 27.1

Dispersion heat loss 3,404 35.%

Plue gas heat loss 1.162 12.2

Balance (uncountable) 930 9.8
Total 9,500 100.0 9,500 100.0

Table F.5.1 Heat Balance Sheet for Dryer Overation

5.2 Cement Clinker Production Plant

Clinker production plant consists of Lepol station for
preheating of the clay pellets as raw materials after pel-
letizer, the main rotary kiln for the production of clinker
and the air quenching grate type cooler to cool the clinker -

discharged from the rotary kiln at 1 200 °C to 250 °c.

At first, the heat balance sheets of individual process
are calculated based on the operation and observed data,
and finally, the overall heat balance sheet is summerized
foi 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 Overating and Measureed Data

(L) Puel 0il Svecification

Same as the fuel for the dryer.

(2) Input Condition

(a) Peed rate of raw material(dried basis) 320 tcnne/day
(b) éomposition of raw material drved basis)

CaCo, 80 % 256 tonne/day

Clay 20 % 64 tonne/day
(c) Moisture content of pellets as raw material

10 % of dry pellets 32 tonne/day
(d) Peed rate of fuel oil 875 kz/hr
(3) _intering Condition

(a) Sintering temperature for clinker in rotary kiln

1450 °c
(b) Temperature of discharged clinker 1200 %¢
(4) Plue Gas Condition from Rotary Kiln
(a) 0, content 5.7 %

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

(5) Flue Gas Condition from Suction Chamber of Levnol Station

(a) O

2 content 15.2 %
(b) Temperature of Lepol outlet gas 170 °c

(6) Production rate of Clinker per Hour

8.788 tonne/hr

5.2.2 Heat Balance of Clinker Production Plant

The heat balance of individual orocess on clinker

production plant are shown as follows ;
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(1) Lepol Station

Description Input Output
kcal/hr % keal/hr %

Input

D1 charged Gas from .

Rotary Kiln 4,453,000 100.0
Cutput

Discharged Gas from

Lepcl Station 1,854,000 41.6

Heat content of pellet

to Rotary Kiln 1,394,000 31.3

Dispersion Heat Loss 204,000 4.6

Latent Heat of Water

inPellet 734,000 16.5

Balance(uncountable) ‘ 267,000 6.0
Total 4,453,000 100.0f 4,453,000} 100.0

Table P.5.2 Heat Balance Sheet for Lenol Station

(2) Rotary Kiln

Description Inout Output
?
kcal/hr % kcal/hr %
‘ Inout
! Puel 8,225,000 66.1

Inlet Air from Cooler 1,940,000 15.6

HEeat Content of inlet
Pellet from Lepol 1,394,000{ 11.2

Exothermic heat of
Reaction for clinker 879,000 7.1

to be continued on next page
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Description Invut Output
kcal/hr % kcal/hr %
Qutput
Heat  TReaction for
Decomposition of CaCO? 4,174,000 33.6
Exhaust gas Heat Loss
fron kiln to Lepol 4,453,000 135.8
Discharged Clinker
from Kiln to Cooler 2,566,000 20.6
Dispersion Heat Loss
from Kiln Surface 736,000 5.9
Balance 509,000 4.1
Total 12,438,000 100.0]12,438,000 | 100.0
Table PF.5.3 Heat Balance Sheet for Rotary Kiln
(3) Rotary Kiln
Description Input Outout
kcal/hr % kcal/hr %
Input
Heat Content of Clin-
ker from Kiln 2,566,000 100.0
Output
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 Production Plant

Description Input Outout
kcal/hr % kcal/hr %
Input
Puel 0il 8,225,000 90.3
Exothermic heat of
Reaction for Clinker 879,000 9.7
Qutout
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
Lepol Station 1,854,000 20.4
Dispersion Heat Loss
of Surface of ;
Lepol Station 204,000 2.2
Rotary Kiln 736,000 8.1
Air Quenching Coolen 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 Clinker
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cement production factories using Lepol station in Japan
’ have average fuel consumptionratioof 91.7 kg of fuel/tonne
of clinker. Such fuel consumcthion ratio of this
factory is only slightly higher than average value in |

Japanese cement industry.

6.2 Rotary Dryer |

6.1.1 Compution Control

The flue z2s of dryer 0, content of 12.5 % a2nd %this com-
an situation could e improved by reducing the O2
content in flue gas %o 5 % provicded there is no smoke
formations. The reduction of O2 content 1n exhaust
zas owe to control intake air for comdustion would give

the savings of 5 to & % of fuel consumption on the dryer.
Phis saving of fuel is annually eguivalent to about

14,0C0 $ to 16,000 3

6.1.2 Extensiwve Insulation

mhe inner surfaces of cylinder of rotary dryer are com-
pletely not insulated which result in hizh heat loss from |

urfaces It would be vetter %o install the insulating

4]

nric¥k.en the inner surface of rotating cylinder with opro-
per thickness. In present it is difficult to estimate
the effect of savings because of the lack of suitadble data

andéd survay time.
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6.2 Cemenit Rotary Kiln

ey

Refering to the operational data on Japanese cement

industriss, the fuel consumption on rotary kxiln operation

is almost reasonable. -
6.2.1 _Restriction of air flowing into suction zone of Lenol
Station -

In suction zone on Lepol station, ambient air consi-.
derzslyis sucked resulting in to lower the temperzture

the

[$4]
ct

(o]
[

mosphnere o

[}
'g

ellef inlet space. It would

be better to close the opening located on case of station

as many as possivle, as to heat up the cold pellet to

higher *%emperature as posidle, provided that heated pel- ;
12t is no effect.

£.2.2 Alternative resource for vreheat of fuel oil

The supolying systems of fuel 0il to ths burner of
rotary «iln is equivpved with electric 0il heaters.

The reguired energy for electric heatin

e z of fuel was equi-
Talent 4o 40 kw. If waste heat, for example, from

the air quenching cooler is utilized insteaé of the ele-
ctricity, an amount of saved eleciricity is estimated %o

1)

ve about $§ 60,000 annually. -
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7. Electricity

7.1 Electrical consumpticn 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 diagram 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 of large and medium size 3
phase induction motors numbering total of 120 and
combinned capacity of 1650 kW. Most of the large size
motor have load factor of 0.6 to 1.0 which are considered

reasonable for this industry.
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Raw Meal Grinder 52 kW
R.M.S. 23 kW
33/.433 kV Rrw Meal Mill (2) 249 kW
' < ii ) ———— Raw Meal Silos 357 kW -
1000 kVA
L —— Lepol Kiln Plant 25¢ kW
Cement Grinding Mill (3) 9 kW
& Plant
NEB Cement Mill (4) 353 kW
33 KV Raw Meal Grinding 64 kW
f————— Rotary Dryer 13 kW
b———— Grinding Mill (1) 180 kW
33/.433 kV :
< Q ) 4———— Rotary Kiln 105 kW
1000 kVA t——— Cooling Plant 89 kW
Cement Grinding Plant (3) 188 kW
Capasitor $——— Cement Silos 30 kW
6 x 40 kVAr
[F Packing Department 49 kW
Figure 7.1 Electrical schematic dia 0 i

MALAYA INDUSTRIAL MINING CORP,

8. Problems in electric power utilization and their

potential golutions

8.1 Source

8,17.1 Transformers

The factory transformer capacity total 2000 kVA and

the load registered as shown in the table 8.1.
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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 $2,18/year can be
realized, as shown by the following calculation.
saving/year,
= {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

0.98, : efficiency of 750 kVA transformer

0.2 : iron loss factor
24 : working hours/day
365 : working days/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 against the motor rating 400 volts
to 415 volts., It is recommended that the transformer
voltages be lowered to the lower rating of the motors,
i.e, 400 volts. It is generally accepted facts that

motors used in this type of industry, lowering the supply
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voltage will results in increase motor efficiency and
also improve pewer 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 velts. This voltage is considered significant
and corrective actions should be taken to improve the

factory voltage regulation.

8.17.3 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 lcad. This is due that

the capacitor of power factor correcting equipment installed
for this transformer is too large for the network connected
to it. This undesirable condition can be rectified by
reﬁoving some of the centralised connected capacitors and
install separate capacitor banks for individuel large
mctors. 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




- 143 -

efficiencies of the motors and increase maintenances

on motor bearings to excessive vibration and heating.
It is recommended that the factory conduct a thorough
investigation of the electrical load distribution and
to redistribute the phasal loadé equitably to restore

the balance conditions.

8.2.2 Large motors

In accordance to the name plates of the various

are as shown in table 8.1 below.

Description Rating Actual measurements Load

of power |voltage | power !voltage POWET | oo tops
Motors (kxw )| (V) (kw )| (V) factor '
Grinding 160 400 130 433 | 0.87 | 0.81
No 2
Grinding
No 3 150 400 157 1 432 0.91 1.05
Cement 230 400 210 418 0.84 0.91
Grinding
Exhaust 110 97 418 0.77 0.39
No 3 ;
Roots 75 56 430 0.84 0.74
Blower
Total 650 ’

Table 8.1 Ratings and loadings of large motors

The grinding and the exhaust motors have low power factor
(between 0.7 to 0.84). It is also observed that the voltage at
the motor terminals for this two types of motors are also

very low in spite of the comfortable supply voltage of 418

volts. Therefore it is sugested that the factory should
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look into the ratings and sizes of the wirings of the
tors. Further power factor correcting capacitor should

e installed for these motors as recommended earlier.

3.2.2 Continucusly running of motors and maintenance

It was observed that the factory is working =n
a continuous shift basis (24 hours/day) and very often
a lot of machines are running continuously. This situation
make maintenance scheduling very difficult. Nevertheless
we have also observed that many motors are running without
any load connected to it, and sowme motors are still
running even when the beltings are already snaped.

This leaves to the conclusion that the factory has very

coor 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
mortors which are completely indispensable duplicate system
should be installed.
For motors larger than 50 kW we would also recommended
to provide simple automatic no load alarm systems be
installed to enable the operators to swich off the motors -
as soon as they are no longer required for the process.
“ven allowing for only about 30 minutes of idling time -
per day for each motors a saving of about $29656/year

can be realised as shown below;

saving = 650 x 0.5 x 365 x 0.25 = $29656/year

where 650 : conbined rating in kW of large motors

0.5 : idling time in hour/day
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365 : working days/year

0.25 : cost of electricity/kWh

8.2.3 Compressors

The factory has two air compressors that are not
suitably located such that hot air is used as the intake
air into the compressors. Since hot air intake reduces
the efficiency of the compressor it is suggested that
either the intake channels be located at a suitable place
( outside the factory ) or resite the location of the
compressors. We also observed that the 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 compressed air system
based on two compressors of smaller capacity where one
will be operating continously and the other intermit-

tently, thereby save energy on motor losses.

8.2.4 Heaters

For fuel oil heating the existing system used 60 kW
electic heater. Our calculation shows that only 40 kW
heater will be sufficient for the factory ( See Heat Section).
However we feel it would be more appropriate and economical
to replace the electric heater, with that of heat exchange
utilizing waste heat from other processed in the factory
(see recommendation in Heat Section).

Further measure such as insulating the fuel tank

with lagging material will reduce heat losses and further

saving in energy. If all these measures are taken only
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22 kW heat equivalent will only be necessary to heat the
fuel o0il to the required temperature. As an example for
every 8 kW reduction in energy requirement will save about

$17500/year.

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 for each kilowatt save is equivalent to saving

of $2190/year on energy cost
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9 Summary

9.1 Thermal part

The fuel consumption ratio for the cement clinker manu-
- facturing using Lepol station in this factory was .found
40 be resonable comparing to the data of similar cement

. industries in Japan.

Puel savings can be achieved by the following measure ;

(1) 1lst. Phase Measures (no or little investment)

Annually fuel saving

% s

(a) 0, content control in com- about

bustion of rotary dryer 5 to 6 14,000
(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 o0il using

waste heat - 60,000

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

Por furthersavings in fuel, the conventional study

for replacement of process plant should be carried out,

for example, "New Suspension Process".
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9.2 Electrical parts

For this factory there are several avenues where energy
saving can be achieved and in addition to improve working
condition and factory management. The following major
recommendations have been suggested;

(1) Reduction in transformer capacity fo commensurate
with the loading of the facfory as suggested in 8.1.1.

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

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

heat exchanger utilizing waste heat .,
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CHEMPAKA NEGRI LAKSHMI TEXTILES SDN. BHD.

1. Outline of the Factory

Address: Senawang Industrial Estate, Seremban,
Negri Sembilan, Malaysia
capital: 30,000,000 Malaysian dollars
Type of industry: Textile
Major products: Textile yarn (cotton & blended)
Present output of major products per day:
45 s Polyester viscose 1,900 kg,
45 s Polvester cotton 400 kg
24 s Polyester viscose 2,250 kg,
32 s Polyester cotton 650 kg
No. of employees: 500
Annual energy consumption: Electric power, 7,560,227 kih
Interviewees: Mr. Prem K. Sahgal, Factory Manager
Mr. Dinesh Agurwal, Spinning Master
Mr. Heblikar, Maintenance Engineer
Mr. Rao, Quality Control Officer
Mr. Rajen Dran, Asst. Maintenance Engineer
Mr. Farmy, Officer of Special Duty
Date of diagnosis: Apr. 4 - 5, 1983
Diagnosers: Mr. M. Equchi, Mr. R. Takahashi, and
Mr. T. Sugimoto
Counterparts: Dr. 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 capital city
of Negri Sembilan, which is situated about 65 km south-
west of Kuala Lumpur. A north-south highway links the
city with Kuala Lumpur. The company is specialized in
spinning.

The company imports polyester from Japan, cotton from
South America, Pakistan, and Singapore, and sells its
products to nitting factories in the country.

Energy is consumed only to operate airconditioners,
compressors, motors, etc. no fuel is used.

The key officers of the factory seem to have a strong
concern for energy-conservation. The data of electric

power consumption per equipment are well compiled, and

kept in good order.
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2. Manufacturing Process
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3. Major Eguipment

3.1 Major Equipment

No. of Units -
Installed
Blowing Machinery: Scutcher 1
Mixing Bin 3 *
Automixer 1
Carding Machinery: Aerofeed Card 16
Drawing Machinery: Draw Frame 8
Combing Machinery: Comber 7
Roving Machinery: Simplex 7
Spinning Machinery: Ring Frame 32
Winding Machinery: Winders 4
Circular Winder 12
Automatic Winder 1

Compressors: 4
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4. Situation of Energy Management

. Energy consumption is only in electric power. No
fuel is used.

. The key officers have a strong concern for energy-
conservation. They plan to establish concrete targets
for the pawer saving ratio as well as the date of
achievement.

. There is no organization for the promotion of energy-
conservation.

. There is no training program directed to general
workers. But, the staff members are made to attend

seminars from time to time.

. The factory manager makes PR to general workers for
energy-conservation. But, workers' consciousness is
poor. There is also a suggestion box. But, no sug-
gestion has been received so far.

. .Daily retording is made on power consumption by equip-
ment, production process, and factory. Recordings are
compiled and kept in good order. The electric power
consumption rate (kwh/kg. yarn) is obtained. And cost
accounting is made monthly. These abundant data are
kept in good order.

. As for power consumption, a substantial consideration
is given to energy-conservation through measures in-
cluding load measurement on transformers, improvement

of power factor by condensers, etc. However, there

are some unreasonable things being done including the
installation of compressors which have a large heat

release or the taking-in of exterior air in an air-

conditioned room.
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5 Situatiom of Puel Consumption

6 Problems in Thermal Energy Utilization and their Potentioal

Soclutions
All the management of factory has been operated using
only the electricity as energy source. Then the des-

cription on above items is eliminated.

ectrical consumption chracteristics

1
- supplier : National Electricity Board
of the States of Malaya.
- contractual maximum demand : 950 kW

3
- average mon*thly consumption : 557 x 10 kWh

g

4

- averazs factory load factor : 0.45

[

- contractual power factor :0.85
- transformer capacity : 2 x 1250 kVA

- rated supply voltage : 11,000 volts

7.2 CZSchematic diasram and outline of factory

Electrical schematic diagram is as shown in Figure 7.1,
This factory consumed only electrical energy. The electrical
energy management of the company viz input voltage, power
factor, countermeasures against maximum demand and load
balance is considered well. The factory installed 2 x
1250 kVA, 3 phase transformers and recieved supply at 11 kV,
However %he two transformers are lightly loaded and 38 %
of the total load is consumed by the air conditioning
equipments., The total installed motor capacity is about

900 «W, but actual power consumed by these motors is

q

only 43 % and there are many mohbors which are rated below
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Room Carding 342 kW
11/.433 k¥ Spinning (No 1-16) 463 KW .
| < Q) | capacitor ( 2 x 50 kVAr)
1250 kYA Spinning (No 17-32) L08 ki -
L—]| Capacitor ( 2 x 50 kVAT)

Winding 187 ¥
‘———” Capacitor ( 2 x 50 kVAr)

Lighting 73 kW
11/.433 kV
- Pump. Fun 293 kW
:33:: Extention Spinning 239 kW
1250 VA ‘
IL* Air conditioner 521 kW
l ( No 1, 2)
Capacitor
(x50 kVar) Main Office 27 K
Cant=en '

Figure 7.1 Electrical schematic diagram of
CHoMPAKA LAKUSIMI TEXTILZS SODN.

8. Problems in electric power utilization and their

votential solutions -

2.1 Source

8.17.17 Transformers

The total capacity as indicated before is 2500 kVA

and the loads registed by these transformers are shown

by table 8,1 below;
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Description Transformer [Transformer Total
No 1 No 2

Capacity of 1250 1250 2500

Transformer(kvVa)

Installed load

1400 1160 2560
capacity (kW)
Power taken by 450 450 ang

loads (kW)

Average monthly 332 x 10 | 376 x 10 | 702 x 13

consumption (kWh)

Power factor 0.95 0.96 0.95
Actual consumption 474 469 5.5
( kva)
]
Calculated load 0.38 0.38 0.38
factor
Table 8,1 Transformer ratings and loading condition

It is obvious that the transformers are under utilized

with conbined load factor of only 0.38. It is recommended
that the total transformer capacity be reduced to dis-
connecting one of the transformers and the whole of factory
supply be connected to the other transformer. If such

step is carried out the following cost of energy can be

saved.

Saving = 1250 x (1-0.986) x 24 x 365 x 0.2 x 0.17
=$5212/year

where 1250 ¢ rating in kVA of the transformer

to be taken off.
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0.986 : eficiency of 1250 kVA transformer

0.2 : iron loss factor

24 : working hours/day

365 : working days/year N
0.17 : cost of electricity /kWh

83.1.2 VJoltage and power factor

The measured output voltage of the two transformers

are about 421 volts and when compared against the various

motor ratings, this value is considered reasonable. The
factory xeeps very good power factor (0.95) by installing

individual capacitor for each motor for ccmpensation.

)
.

14S]
1)

lesfriz power consuming managenent

Por transformer No.2 a considerable unbalanced locading
was measured ( 6., % unbalanced current 1i.e, 55 Amps
neutral current ). Therefore we recommend that the factory
should redistribute the loads connected %o this transformer
%o improve the balance condition.

During our visit the factory was not in full
production., Therefore it is not possible for us to recom-
mended the new contractual maximum demand value. It is
recommend that the factory make a study on the maximum
demand required during full production operation for the

whiie and re-evaluate the value of contractual maximum

demand. If the factory maximum demand 1is lower than the

wm

present contractual maximum demand, a renegotiation with

the supplier on a new contractual maximum demand value

should be carried out.
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It is also suggested that a special alarm systen
to be installed for total consumed power indicator to
prevent the factory operating beyond the contractual maximum

demand.

8.3.1 Air conditionin

181

This factory has two central air conditioning systems
with refrigerators, pumps and blowerz. The zmajor 1a%ta for

the system are given bellow in table 8.2 and 3.3.

Actual Average monthly consu-|Installed
D e mption ( Mar. 33') .
escription 1oad 5T T5TaT capaclty
(kW) (k¥h) monthly (kW)
! Refrige- g
+ =) 1 I
= | ration 210 163x10 23 521
S w| Pumps and 3
o | fumr 4
© 5| Blowers 141 107x10 15 293
&g
=8| Total 351 270x10 38 314

Table 8.2 Data for air conditioning svystaen
Description Talue

: 2

Room capacity 22000 M ‘

No of work men 20 :

i

Power rating of o |
lighting L0k
Power Fating of 298 ki

operating machines

Table 8.3 Major heat 1load data
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1+ was found that there are several heat dissipating apparat-

us such as air compressors (3 units) and static capacitors

1scated in air conditioned rooms. This practice increases

the load on the air conditioners, and therefore it is

strongly recommended that these heat dissipating equipments

to be located in well ventilated and non air conditioned -
spaces. If such measures are carried out the following

cost of energy can be saved.

= 7.5 x 3 (1-0.75) x 0.5 = 2.8 kWh/hr

3 compressors /hr
where 7.5 : rating of compressor in kW

0.75 : efficiency of compressor

0.5 : diversity factor
Energy'required by air 1
candl?lon plant to take = 2.8 x 7.7
away the compressor heat/hr )

= 4 kWh/hr

wnerse 0.7 : efficiency of air conditioned plant

saving/year = 4 x 24 x 365 x 0.17 = $5957/year
whre 24 : working hours/day
365 : working days/year .

0.17 : cost of slectricity/kWh

2,2,2 Motors

Some of the motors in the factory are lightly loaded
( overdesigned ). Generally the motors operating within
70 4 to 80 % load factor give better efficiency and in

+his context, for these operating telow 40 % load factor

should be replaced by one, whose rating is appropriate
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for the locad. The factory was found clear and maintenance
system seems adequate. However the compressed system
it is suggested that compressed air leakage be checked

for distribution pipe and whole system periodically

8.3.3 Lightings

Most compartments and sections in the factory
have good lighting system except in the spinning and
winning section, where the light intensity at working
position is only 150 lux. The usually lighting standard
for this type of work is 300 lux (Japanese practise ).
Therefore it is recommended that the lighting fittings

in these sections be lowered by 1.0 meter or extra

lighting fittings be installed to achieve the lighting

intensity for work efficiency and quality.

9. Summary

9.1 Tharmal parts

9.2 Electrical parts

For this factory the following recommendations were
made for saving electrical energy.
(1) Operating with one transformer only.
(2) Reduce maximum demand load and utilizing maxiazum alarm
indicator-
(3) Decreasing air conditioned load by relocating the

dissipating equipments such as compressors and

capacitors.
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FUSAN FISHING NET MANUFACTURING BHD.

1.

Outline of the Factory

Address: Jalan North Port, Port Kerang,
Serangor, Malaysia
Capital: 10,000,000 Malaysian dollars
Type of industry: Textile
Major products: Fishing nets, agricultural nets, ropes
Annual output: Fishing nets 400 t, agricultural nets
11,000 pieces, ropes 660 t
No. of employees: 350
Annual energy, consumption:
- Electric power, 3,000,000 kWh
- Fuel, fuel) o0il 168 k¢
Interviewees: Mr. Choo Kok Keong, Factory Manager
Mr. Ralmah, Personal Manager
Mr. Tan Guan Seng, Senior Production
Assistant
Mr. Yap Eng, Senior Supervisor
Mr. Phan Yoke, Electrical Engineer
Date of diagnosis: Apr. 7 - 8, 1983
Diagnosers: Mr. M. Eguchi, Mr. R. Takaheshi, and
Mr. T. Sugimoto
Counterparts: Dr. Mohd Ariff Araff, Dr. Ong Peng Su,

Mr. Ahmed Faizul, and Mr. Alizan Ab.

Manan
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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

palyester monefiiament yorn,
Polypropyrent fape yarm,

polyester twwe |
m{’i/a nt {
Pellets — EXTRUDER  |—yerx - TWISTING [ stead  , ROPE ;
Hi,‘-denity T ;
Poiyestay, nylen multifilament yure
Nylon - 6. lon l \
ny : twi
Pelypropyreme vonotilamenT twin t\' re | rope.
yarn RASCHEL NET N “
. . “
Vs / Knstless met \\\ 5
yd N_ ¥
Knettad nel
. NETTING FINISHING ut PACKING

7




3. Major Equipment

3.1 Major Equipment
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No. of Units

Name Installed Type, etc.

Products: Polyester mono-

Polyester monofilament filament yarn
2

extruders 1 Nominal output: 90 t/M

Kind of energy used: Electrical

Products: Nylon monofilament
Nylon monofilament yarn
extruder 1 Nominal output: 10 t/M

Kind of energy used: Electrical

Products: Polypropylene tape
Polypropylene tape yarn
extruder 1 Nominal output: 8 t/M

Kind of energy used: Electrical

Products: Fishing nets
Heat stretching .

3 al output: 50 t

machines Nomin pa /™

Kind of energy used: Electrical
Steam depth stretchers 2 Kind of energy used: Steam
Dyeing machines 2 Kind of energy used: Steam
Boilers 2 0l1d boiler

Installed: 1968

Maker: The Kure Shipbuilding
& Engineering Co.,
Ltd.
Max. press: 10 kg/cm2
New boiler
Installed: 1973

Maker: Allen Ygnis Ltd.
(London)

Output: 3,000 1b/h

Max. press.: 150 PSI
(10.5 kg/cm?)
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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 cordensate, etc., This means that the

effect of energy-conservation, when achieved, will be

great.

. Energy management is entirely new to this company.
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5 Situation of Puel Consumotion

At 2 present the fuel oil in this factory is consumed

'_l

21 to

by two boilers which are sometlimes overated in vparal

. eacn when %he steam demand is hizh. Turing the low

-

demand of steam the cld beilar is shut dowm.

In 1982, the fuel consumption on the twe doilers was
168 %1 per year. A1) the gteam vroduced on %nhe boilers

was only utilized on the dyeing and stretching processes

S

of fishing nets, while on the hot water baths at boiling
condition in the extruder machines, the eleciricity to
be extremely expensive energy nas been utilized for only
heating with the electric resistance elements. This
heating systems snould be improved by alternating the
energy sources like as the steam or direct or indirect
firing of fuel as soon as possidle in order to save the

operation costs.

5.1 30iler Qveration

S.1.Y New Boiler

(1) Overating and Measured Data

A) Puel o0il svecificazion

{a) Sulphur content ; 2 %
- (b) Gross heating value ; 18,500 btu/1b

or 10,278 %cal/kz
(c) Annual fuel consumption 168 k1/year

8) Plue zas condition

(a) 0, content average 12.2 %
2

(b) Temperature averaze 254 °C

{
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C) Blow down vrocedure

(2) Period ; once in each 4 hours
(b) Water level indicator ; adout 1 inch (25.4 mm) droo

D.) Steam comdition

(2) Qverating pressure 10 kg/cng.
(b) Overating temverature 180 °c

(2) EHeat Balance on New Boiler

The heat balance on new boiler in terams of per kg of

fuel is estimated using above data as follows ;

Description Inout Output
kcal /kgfuel % | kcal/kgfue3 %
Input
Fuel 9,580 | 100.C
Qutout
Flue gas heat loss 1,879.8 19.6
Dispersion heat loss 152.5 1.6
Blow down heat loss 232.6 2.4
Produced steam
(from balance) 7,315.1 76.4 .
Total 3,580 | 100.(¢4 9,580.0 100.0

Table H.S.1 Heat Balance Sheet on new Boiler

5.1.2 0ld Boiler

(1) Overating and Measured Data

A) Puel o0il specification

Same as new boiler.
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B) Flue gas condition

(a) 0, content average 13.03 %
(o) Temverature average 257 °c
i c) Blow down procedure
Same as new hoiler
D) Steam condition
(a) Operating pressure 8.5 kg/cng.
(b) Temperature 175 °¢

(2) Heat Balance on o0ld Boiler

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

fuel is estimated using above data as follows ;

Descrinticn Tnout Jutout
kecal/kzfuel % |keal/kzfuell %
Inout
Fuel 9,580 | 100.0
Qutout
Flue gas heat loss 2,191.9 22.¢
Dispersion heat loss 261.0 2.7
. " Blow down heat loss 273.0 2.8
Produced steam
(£rom balance) : 6,854. 7.2
Total 3,580 100.0 9,580.C 100.C

Table H.5.2 Heat Balance Sheet on old Boiler

5.2 Steam Consumption PFacilities

5.2.1 Dyveing Machines
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(1) Overating and Measured Data

A) Time schedule.of dyeing operation

(a)VSorking time for dyeing per one batch 45 min.
(b) No. of dyeing processing ver day and machine 16 °
(c) No. of total processing per day 32

B) Dyeing machine specification

(a)'No. of dyeing machine 2 units
(b) Sorking temperature (amb. temp. ; 30 %) 85 °c
(¢) Volume of dyeing solution 1,000 litre
(d) Surface area of dyeing vessel about 6.3 m°

(2) Required Heat on one Batch Operation

(a) Heating up of dyring solution
from 30 to 85 °C 55,000 kcal/batch

(b) Evaporation heat loss
from free surface of solution 5,000 kcal/batch

(c) Dispersion heat loss from
surfaces assuaing
h = 20 kecal/m¢hroC 5,181 kcal/batch

(d) Total required heat neglecting
reaction heat for dyeing 65,181 kcal/batch

(3) Amoult of Required Steam

(a) Heat released through the adia-
batic _expansionfrom 150 of steam
to 85°C of condensate to heat
the dyeing solution 571 kcal/kg -

(b) The total consumption of steam
per day for dyeing process

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

5.2.2 Depth Stretching Machine

(1) Operating and Measured Data

A) Time schedule of depth stretching operation

(a) Sorking time per batch 20 min.




(5) No. of total precessing
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e/

er day 30

3) Stretching machine svecification

(a) Volume of Tessel 23,3 mo
" ’ ~ 1 - A r 2
(o) Area of vessel cover 7.6 o

, 0

(c) Sorking temperature 100 “C

< Y - 0O
(d) Surface temperature of vessel cover 6C °C

(2)
(

5.2.4

Required 3Steam on nne stiretching Qrewstion

2) Pilling up in stretching vessel
assuming twice steam of volume of
stretching wvessel
(33.3/0.3924) x 2 = 40 kg of steam/batch
whers 0.3924 is specific volume of steazm at 15C 72
in m’/xz.
5 ) Disversion neat loss 14 ks
~) Heat conzent of fishinz nets 0.2 kz
d) The total required steam for one baich
10.0 4+ 14.0 ¢ 0.2 = 54,2 kg
The recuired Steam per day
54.2 x 30 = 1,626 kg/day
The Calculatad Amount of Steam Consumed
3,653 + 1,626 = 5,249 kz/day
Average Amcunt of Generated Stezam ver dav from
Annual Fuel Consu3ntion
a) Annual fuel consumotion 158 k1 /year
b) Annual working dats 291 days/year
c) Specific gravity of fuel 0.95
d) Assumed boiler efficiency aporox. 70 %

e) Temperature of steam 170 9¢
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f) Total amount of steam ;
(168,000/291) x 0.95 x 0.7 x (10,278/531) = 6,253 Xxz.
where 631 is the heat required to 2vaporate one xg of

water at 30 Oc %o saturated steam at 170 .

It seems %o be considerably reascnable in spite of the
rough assumption. Refering to this results on %the
steam production and consumption, it seems that the only
new boiler is sufficent to suvply the regired amount of
gteam to the steam consuming facilities.

According to the boiler instruction book, the new boiler
has steam generating capacity of 3,000 lb/hr = 1,360 kg/hr.
The rated outvut of steam for one day, 156 hours/day,
continuously is resulting in to 21,770 kxz of steam/day
whica is corresvonding with about 3 times of actually gene-
rating steam in presents. Therefore, due to arrange
the manufacturing schedule of stretching machine so as to
matecn the demand to suvply, the total steam réquirment

would ve satisfied with omly new btoiler in loadin

uq
I

actor

of 60 to 70 %.
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6 Problems in Termal Energy Uiilization and their Potential
Solutions
6.1 Boiler

6.1.1 Reduction of 02 content in the flue Gas

The 0, content in the flue gas of new poiler is 12.2 %

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

£

boilers are operated on hizh air ratio. some con-—
siderable effect for energy conservation should be ex-
pected according toreduce O2 content in the flue gas dy
closing the air damper for secondary combustion air.

However, some caution should be taken to prevent the ge-

neration of smoke from the stackes.

1

If 0, content in the flue zas were reduce till 5 %
which is recomendablie value for the small package boiler
using liquid fuel in Japan the savings in fuel consumption
are 8 to 9 % on %“he new boiler and 10 to 11 % on the old
boiler. These percentaze of savings are sguivalent

i

to annually about $6,700 and $8,300 for respective boilers.

6.1.2 Decrease of the Pemperature of Flue gzas

At presents, the temperature of flue zas of both boiler

4

inthis factry are abdbout 250 to 260 % These are clea

on the wvalue of recomendavle criteria, 300 oC, in Japanese

i,
1,

4]

industries. Actuallj, the temperature o lue =z2s
is affected by a lot of factors or undefined circumstance,
that is, the.loading factors, the degree of scales devo-
siting on the surfaces outside and/or inside of the heat-

ing boiler tubes, the flowing linear velocity of combustion
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as tarough the boiler tubes, so on. In practice

by

nowadays almost of all factories having small package
are endeavouring to resduce the temperature of flue gas

23 low as possible beyond criteria.

The mos+®t effective measures to reduce ihe temperature

B!

of flue gas will be %o remove %the scale atiatched on th

4

surface of inside and onutside of %the beoiler tubes with

the periodical overhaul of boiler bodies.

£.1.3 Boiler Water Qualityv Control

The values of PH and electric conductivity on the blow-
down water Crom both boilers are clearing on its recomen-
dable walues in Javan wnich ars 21.0 to 11.8 and 6,00C Us/c=
respectiviiy. As 2 matter of fact, the bdlow-down ove-
ration of scilers in tais factory Was-conducted without
checking the PY and =lecirical conductivity of the the boiler
water. In order to presveni the unnecessary blow-down
wnich would cause chemical and heat losses, it is suggested

tha* the boiler water cualiity should be measureed and the

blow-iown procedure snould be improv

®
[N

g¢]
™
8
'-l
o
a.
'4-
0
o
’—J
,—l

<

6.1L.1 Continuous Overation of 3oilers

m

he operation of only one new boilar to mee*t the dyeing

and s*tretchinz z<sam demands would be gsufficient as descri-
ved in 5.2.4. To enahle the continuous overation of

new poiler, steam demand snould be planned and continuous

cveration of boiler would reduce %the fuel oil consumoption.

-

On case of suffering the troublesome nlanning, it wsould

ae better to install the well desizned siteam accumulator,




o.

2
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Steam Consumpticn Pacilities
Installation of Partition 3arrier in S%retching Vessels

The fishing ne*ts with smaller length than 10 am are Ifre-
guentiy processed for the Zinishings, although the sire-

tching vessels have 20 m in lengins. In such czses

the half space of vessels is not completely utilized and
the rilling up steam into such vacant scace is more wasti-
anle, In order to vreduce the stezam consumntion it

would be racomendails to plac2 a vartition barrier on and

-y

of the fisnhnets so as to prevent the leakazge ol steam into
unused vacant spac=s.
Althouza it is dif
effects to save the st2am, as 2 guess the savings would
be rousnly 10 % of tihe sieam requirement of the sireizh-

ing processes. Assuming tha* a chance 2I the drocess-

ing non-{ull size nets is 50 %, Steam ratio is

is $ 0.47/1litre or fuel,the effect o{ the partition dar-

rier would b%e equivalent to annualy atou®t 3 1,3C0.

6.2.2 Lowerinz Qveracting Prezssure on Beilers

The dyeing and siretcning macihine are operating at 55 e

Q

and 100 “C resgectively under atmosoheric oressure.

asic energcy cons

&)

Considering to the

[43)
H

vation »rincinle,
it woulcd be recomendadle to be operated with as low pres-
sure as possibdle. The present concition tn be

| 2 On . .
8 xg/cm“z. and 170 "C is too excessive.




Only as Reference
6.3 Extruder

6.3.1 Overating and Measured Data

(1) Size of Hot Bath

(a) Volume of bath ; 90 litre

(b) Preesurface area of tath being exposed to ambent

0.16 m?
(2) Make-up water rate 0.2 m2/8 sec.
(3) Temperature of water in bath 100 °c

6.3.2 Estimation of Reguired Heat per unit Bath

(a) Dispersion heat loss approx. 1,020 kcal/hr

(b) Heat loss due to evapolation
of water from uncoverd free

surface. 2,700 ¥keal/hr
(c) Heat loss due to excess make-.

up water. 6,300 kcal/hr
(d) Total requirement of heat per

unit bath ' 10,020 kecal/hr

This figure is equivalent 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. Electricity

7.1 Electrical consumpiion characteristics

supplier : National Electricity Board
of the States of Malaya

- contractual maximum demand : 550 kW

- average monthly consumption : 246.5 x 10 Kih

- average factory load factor : 0.63

- contractual power factor : 0.85
- transformer capacity : 1000 kVA
- rated supply voltage : 415 volts

7.2 Schematic diagram and outline of factory

Electrical schematic diagram is as shown in Figure7.1.

Twisting 154 kW
p——— Netting. Ficshing 134 kW
NEB  11/.433 kV Dyeing bh kW

( §§ ) L————— Roshel Machine 25 kW

1000 kVA ——— Extruding 254 kW

Roping 223 kW

' Workshop. boilor 50 kW
. ‘—-—il Capacitor 5x 8 kVAr

Figure 7.1 Electrical schematic diagram of
TUSAN FISHING NET MFG, BHU.

This factory produces fishing nets and nylon ropes.
Except for steam energy which is used for curing and dyeing

purposes the remainder of energy requirement of the factory




is provided by eleciricity. Major installed equipments are
axtruders, roping and netting machines and electrical
neaters. The electric source is a 1000 V4, 3 phase

transformer.

2 Problems in electric power consumption and their potential

i

solutions.
2.1 Source

8.1.17 Transformer

The factory average loading is 550 kW (640 kYA assu-
ming 0.86 power factor ) and transformer capacity 1is

suitable.

Most of the equipments are rated between 415 volts
and 420 volts, but the actual supply voltage measured was
440 wolts. It is therefore recommended %o lower the
supply voltage down to 420 volts. This measure will cert-

ainly reduce losses and improve power factor.

8.1.3 Power factor correction equipments

As mentioned earlier. The factory power factor 1is
about 0.86. This power factor is still considered low
in spite of the use of capacitor bank. Our measurements
also indicate that the capacitors are worsened ( consumed
large power about 420 watts each J w@ich makes them very hot.
Therefore it is suggested to change the capacitors with
that of more efficient ones. Accoding to Japanese industrial

standard ( JIS C 4902 (1977)) all capacitors for this

purpose and at the rating as installed in the factory should
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have losses 1less than 175 watts each. If such measure is

taken the effect 1in electricity cost can be calculated as

follows,
Saving/year = ( 0.42 - 0.175 ) x 5 x 24 x 365 x 0.25
= $2683/year
where 0.42 : loss in kW of existing capacitor
2.175 : loss in kW of capacitor according
to JIS C 4902
24 : working hours /day
365 : working days /year

0.25 : cost of electricity /kWh

8.2 Electrical loads

Accoding to the company's last annual report the
total electrical energy comsumption per year is 3 millions
kiWh/year and distributed to the extruding section (33 %),
Twisting machines (25 %) and the remainder roping and

other machines.

8.2.1 Extruders
The block diagram of the extruding processes is
as shown below with the power consumption of each process

tabulated in table 8.1.

) Hr

Hem -
1 e e : —_———_——
| J Tl

Block diagram of extruding processes
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Extr-| No of Rating Power consumed ( kW ) |Actual| Total
uder | Simi- ( kW ) power owe§
lar Total |consu-| (AxB
No Units gz- EZ?; Motors| Heaters Heat- |mption
(a) ° Hy |He |Hr | er (B) kW] kw
E1 8 11 28 6 6 7 - 13 19 152
v E10 4 37 72 19 18] 16 - 34 53 212
CE13 2 31 56 16 16( 16{ 13 45 61 | 122
Total | 14 - - - |1521152] 26| 330 - | 486

Table 8.1 Power consumptions of extruders

From the table it is shown two third of the electri-
cal energy that is required by the extruding process is
used by the various heaters and the remainding one third
by the extruding motors, and the spinning processes of
the extruders. It was also observed that the hot baths
used at the extruders are not properly lagged and that steam
from the hot baths escaped freely. Therefore it is
recommended that the following measures to be taken to
reduce energy consumption of the extruding machines;
(1) To lag the extruding machines and the baths.
(2) Cover the bath and monitor the temperature so that
the heaters are cut off at about 95 C.
(3) Preferably the heaters for the bath of the spinning
process should be replaced by steam or fuel heating.
If steam or ccmbustion heaters are used for the hot

bath, then the following cost of energy can be saved;
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Existing Electrical system

Electricity cost /year
= 152 x 0.5 x 24 x 296 x 0.25 = $134,976/year

where 152 actual rating in kW of baths heaters

0.5 : diversity factor

N
~
LX)

working hours/day

N

O
n
..

working days /year

0.25 : electricity cost /kWh

Alternative system

Fuel cost /year

152 x 0.5 x 860 210000 x 0.47 x24 x 296

$21,823 /year

where 860 : conversion factor kcal /kW

10000 : heat content of fuel kcal /litre
0.47 : cost /litre of fuel

Saving
saving /year = $134,976 - $21,823 = $113,153 /year

It is also observed that the recommendations as
stated above will reduce the power factor of the equipments
in the factor and that capacitors should be installed
to contract these charges. On the other hand since water
evaporation is suppressed water requirement of the factory

can be reduced.

8.2.2 Twisting and Roping

This section has 13 machines of various capacities.
The loading conditions for these machines are shown in

table 8.2 below.

-




Rating No. of Average |Measured | Power
- Capacity |units of {Power
Section similar consumed |Voitage Factor
(kw) | 5+%¢ (kW) (v)
Twisting 12 3 4.9 435 0.56
section
15 7 7.9 435 0.68
Roping 19 1 9 442 0.53
section
16 2 8.2 440 0.65
Note (1) Combined rating of Twisting machines ig 141 kW
and average load factor is 0.5.
(2) Combined rating of Roping machines is 51 ki
and average load factor is 0.34.
Table 8.2 Loading conditions of twisting and roping

macnines

It was found that the motors are under utilized by
as much as 50 % of capacities and operating at low power
factor. Therefore we recommend that the factory conduct

a through investgation of loading requirement for each
machine and replaced those which has load factor less

than 0.6 with those commensurate with the load requirement.
Further we suggest +that individual capacitor be installed

in the machine to improve power factor and reduce losses.

8.2.3 Lightings

In the roshel machine section the lighting intensity
is very low ( within 30 - 60 lux ). -It is recommended
extra lightings be installed improve the luminosity

200 lux,
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9 Summary

9.1 Thermal Part

.

T+ seems that the management on the 2ne

Y

zy , fuel and

listle

[t

elactricity, consumption should be consi idered
vis more in order to reduce the expence on purcasing
enerzy. Therafore in this factcry, the considerable
cost down on enerzy would be expected.

As a reference, for example, since the hot pathes in

extruders have been utilized the =2izctiric resiatance

o]

’—-‘.
ot
[N
&}
r{
1]
[$)
é
1]
13
o)
n
Qa

he C

‘J

to heat up water only to 1Q0

2]

ter
tnat tais systems stould be substituted To a alzernative

energy scurce, that i3, steam or direct fuel ccmbusticn.

According to this survays, the sudbsiltutiom %to steam

wmould be possible decause the doilers tave %the sleam zZe-

nerating capacity waich might be encugh or tae regulired
neat for thae extrude, operations as well as the existing
facilitiss consuming steam, the dyeing a2nd sireicaing na-

{1) 1lst. Phase Measures (no or a littfle investment)

Annually fuel saving
3

(a) 02 content conirol in 6,700 -

-~

- flue gas to reduce to 5% abous 10 8,300

() Management of alow-down

p=d
|

procedurs dax.

(¢) Lowering of steam pressure

as possible - -
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Annually fuel

saving

e s
(é) Con%tiruous bvoiler opr-
ration - -
(2) 2nd. Phase Measures
(2) Installation of partition
parrier in stretch. mach. - -
(o) Additional insuration of
steam piping systems - -
2.2 Electrical parts
1 sajor 2lectrical recoamendations [or %als faciory
wner2 substaniial saving can De r2azllzed ars shown in
sec%ion 3.1.3 and 3.2.1. In 3.1.3 r=pizcing %he power
fachor cor-aciion capacitors is rscoammended. An alfernaii
sn2rzy scurce {or the dath nealers is racommended in

acticn 3.2.1.

wu
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KIMA SDN. BHD.

1.

Outline of the Factory

Address: Sungai Chua, Kajang, Serangor, Malaysia
Capital: 4,000,000 Malaysian dollars
Type of industry: Textile
Major products: Cotton textiles
Annual output: white cloth, 400,000 m.
No. of employees: 558
Annual energy consumption:
- Electric power, 5,484,400 kwWwh
- Fuel, fuel oil 958 k&
Kerosene 98 k2
LPG 9 t
Interviewees: Mr. Hamid Ibrahim, Chief Production Manager
Mr. Heu Foot Lin, Manager of Engineering
Dept.
Date of diagnosis: Apr. 11 - 12, 1983
Diagnosers: Mr. M. Eguchi, Mr. R. Takahashi, and
Mr. T. Sugimoto
Counterparts: Dr. Mohd Ariff Araff, Dr. Ong Peng Su, and

Mr. Arizan Ab. Manan




e
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The factory is located in Sungai Chua which is about
25 km south of Kuala Lumpur. The production bhegan in
1971.

The planning of the factory was undertaken by Unitika,
a leading Japanese textile company. The factory has a
rationally laid-out integrated production facility to
produce white cloth from cotton.

Some of the workers received technical training in
Japan. And the company received Unitika's technical
guidance up to 1978.

Power and fuel consumption and other operations are
recorded in detail, and data are kept in good order.
The company maintains a higher level of energy manage-
ment as compared with other companies.

The company is the only manufacturer of cotton white
cloth for batik in Malaysia. But, under the influence
of thg global economic recession,” the oper;tions are
at a level lower than 50% of the plant capacity. But,
this company belongs to Mara, a large industrial group.
And, all the products are delivered to Mara. No
marketing efforts are necessary despite business

recession. So, the ccocmpany has no sales department.
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2. Manufacturing Process
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3. Major Equipment

3.1 Major Equipment

Name

No. of Units
Installed

Type, etc.

Bolilers

2

Cochran boiler

Flue tube type

Rated evaporation: 7 t/h

Rated steam press.: 10.55 kq/cm2

Kind of energy used: Fuel oil

0il heater

Store Vapor Liquid Phase Heater
Products: 200°C heated oil

Kind of energy used: Kerosene

Spinning machines

41

Products: Spun yarn
Nominal output: 90 t/M

Kind of energy used: Electricity

York centrifugal
chillers

Products: Chilled water (7°C)

Nominal output: 3,600 i/min at 7°C
and
40C 1/min at 20°C

Kind of energy used: Electricity

Weaving looms

520

Products: Grey cloth
Nominal output: 850,000 m

Kind of energy used: Electricity
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4. Situation of Energy Management

The production 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 tc workers.

. Daily recording is done on power and fuel consumption

ith respect tc the major equipment, and data are kept
in good order. Whenever we asked for data, they were
quickly produced.

. Energy cost accounting is done monthly. Data analysis
for energy consumption rate or a control chart, or
variable factors analysis is not apparently done.

. Ambient temperatures and humidities are measured every
two hours at several points in the airconditioned
spinning mill, and the results are immediately shown
on a graph. This was the only factory in Malaysia
where such activities were observed during our surveys.
This ié extremely useful in enhancing the workers'

consciousness.
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s Situation of ™ael Consumpiion

mhe two beilers wiith complately szme cavpacity or
7 tonne of steam/hr is csonsuming the fuel oil at the rate
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Actually in t%this factcry %nz daily azmcunt of fuel con-

sumption is raccrded in summerizing %Sogather ol two boilars,
Focriunately overazl of No. 2 3eilzsr was underfasan belora

(1) Ooverzting and ¥eazured Data
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or 10,272.0 kcal/xz
(c¢) Comrositin (by wt.) c ; a8s %
B o 12 %
S ; 3 %

(@) Tnit price

(2) Puel consumption per hoiler

M

38
gas conditicn

(2) Eea% 3alance on No. % Boiler Cueration
Using adeve data, the heat dalance is calcurated in
terz2s of per Xz of fuel z2s belows :
Desecriziion Inzu* Outout
kcal/kgfuel % 1kcal/karfuel %
Inout
Fuel 9,6624.0 100.0
Quzout
“lue zas hea* loss 1,384.0 14,4
7/

 and
Q
N
@)
r=
1~

Discversion heat

3iaw-Zown heat less
Generated stean

(from balance)

Tszal 9,324.0 100.0 9,624.C { 200.0
Tagie I1.5.1 Heat 3alance of Ne. 130iler
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This 3ciler was overhauled only nefors about one mont:

according to the periodical maintenance. Then the ver-
. formance of the boiler would nrovide the useZul informa-
ticn on tnhe effects due to the cleaning of the outsicde
. surface of the boiler tubes.

Al=mcst of all data of No. 2 ©giler are same ac No. 1
excent the flue gas ccnditions.

A} Plue gas condition .

{a) 0, content 5.1 %
(b) Temperature i9g8 ¢C¢

termas oI per Xz of fuel as beleows ;

Description insus i Cutput
g ; |
f ; .
kcal/kzfuel % ikca:/kg:ue; %
inzut
Fuel 9,62¢.2| 100.0
Cutout
?lue zas nea* loss 814.,0Q 3.9
Disversion heat loss 122.2 1.2
3low-down heat loss 15.C .1
Generated steanm
(from balance) 83,5¢2.C 20.%3
Total 2,624.0f 1C0.0 9,624.2 | 130.0
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5.2 Bleaching Range in Pinishing Line

The straight and smooth steam piping lines are suit-
ably insulated except in areas which are located near to
the boilers and the steam consuming facilities.
the roughly estimated amount of dispersion heat from
indivisual steam consuming machines in the breaching range

is as follows ;

Description |Temp.| Bared Piping Dispers.| Dispers.| Recov.
x Units Nos. Surf [5i-cT piet, Heat after In} Heat
Area P * sulation
¢ m?| "xm *xpcq kcal/hr | keal/hr | keal/hr
1. Dry 2x21 V 840 133 TOT*
Cylinder 2x1
2. y:sher x 100 Pg?§4 2x1 v2xl 10,886 3,110 7,776
Case
9.23 600 95 505*
3. Desize Case 2x9 | V 17,300 6,920 | 10,380
Saturator 80 34.6 2x1
2,520 399 | 2,121+
4. Washer x 100 | Same 2x1 | v 32,658 9,331 | 25,127
3 as 2 2xl
1,800 285 1,515+
|
5. Caustic 100 {Same | 1lx1|vV 10,886 3,110 | 7,776
Saturator as 2 1x1
x 1 350 50 300»
, )
6. Vaporloc 130 31.6] 2x2 |V .. 31,620 6,324 |25,296
x1 ! r21¢
2x2 1,920 304 1,616+
7. Washer x 100 Same| 2x3 |V 34,458 9,845 | 24,613
3 as 2 2x6
1 2,880 456 2,424%
x3 | Pix3| 8 840 126 T14%
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Description |Temp.| Bared Piving Dispers.| Dispvers.| Recov.
x Unit Nos Surf.—T- % Heat after In- Heat
Area | P1P€| Fitt, sulation
8. Peroxide |Room
Saturat. |[Temp.
9. Vaporloc [115 31.6| 2x2 |V 37,944 8,928 | 29,016
x 1 2x4
P
2x2 2,160 342 1,818%
10. Washer
x3 100 same 2x1.SF 44,458 9,845 24,613
as 2 ox2
- 1,800 285 1,515+
11. Drying 2x12| Vv 4,720 734 3,982%
Rolls x 1x8 2x2
16
Summary on Reccvery of Heat
Intensive Insulation on Cace
154,597 kcal/hr
Intensive Insulation on Piping
17,217 kcal/hr
Total 171,814 kcal/hr
as steam 312 ke/hr
Notes 1) Line of * mark is the value on piping.
2) 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 - 'l‘o-)/('l'a _ Ta)
where Ti, and Ta are temo. of surface before
and after insulation respectively and Tois
temp. of ambient.
Table 1I1.5.3 Dispersion Heat Loss in Bleaching Range




5)

Problems in Thermal Fnerzy Utilizatiorn and their Potential

Soluticns
Two Boilers in this factory have been performed rela-
tively well, espetially No. 2 doiler, although scme degree .
of excessive cnemiczl dosing might have occured.

blow-down water

(1)

Actually according tc the observing in
the boller water in vessel are presumed to be brownish in
¢olour.

Comparing to the boiler performance, the management on

ry

steam consumpticn is not enough.

No.2 Bboiler, wnich had just teen overhauled, the Tlue

gas condition of 9.1 % O2 content anéd temrerature bhelow

o i o s cs o s
200 “c. This flue gas condition which is very close

tc recommended values in Japan, could bve achieved prima=ily

due to the descaling of tihe heat 4ransfer beiler tubes

o . L ; o~ v . .
during the pericdical owverkaul. If No. 1 boiler

underwent simi

This improvement is equivalent to zdout §.,000 /month

o
t
g

333,600 /year of fuel savings. therefore it is
recommendable that No.l boiler should undergo the overaaul

as socn as possible.

6.2 Steam Consumpticn RPacilitieg
6

.2.1 ZExtensive Insulation of Steam Pipinz Linea
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neulaticons were carriad out on steam viy=

Fe
»
-

If extensive

he facilities, with rafesrence to tze

ctr

ing lines close %o

table of the disversion heat loss in the bleaching range
. shown in Table I.5.%, the estimated amcunt cf fuel saving

mould come %o about 17,000 kcal/hr wnizch ccrresctonds 1o

10 x1/year or $5,400/year.

6£.2.2 Txtensive Insulation on Surface of Zcuisment in 3lesch-

I7 proper insulation is applied con the eguizment surlace,

and the temperature wculd e able to be lowerad 1o 50

mhis measures would give 150,0C0 xczl/hr as shown
le 1.5.3. This value is eguiwvalent %o
9,

ho!
92 kl/year or about $50,000/year.

6.2.3 Similar Measure on Cther Ranze in Finisghinzg Line

These eguipmen® such as mercering ranze should de
similarly insulated to achieve further savings in fuel

consunption,




7. Zle

ctricity

7.7 Zlesctrical consumption characteristics

[

- supplier : National Electricity Board
of the States of Malaya
- contractual maximum demand : 950 kW

- average monthly consumption 302.5 x 10 kWh

- average factory load factor : 0.36

- contractual power factor : 0.91

- rated supply voltage : 11000 Volts

- transformer capacity : 2 x 1500 kVa
2 x 800 kVA
2 x 750 kVA

7.2 Zchema%tic diasram and outline of factory

Electrical schematic diagram is as shown in Figure
7.1. This factory is widely spread and has a lot of
equipments installed utilizing both electricity and steam.
The factory recieved 11kV supply and has six step down
transformers installed with total capacity of 6100 kVA.
The major electrical loads are air conditioners and large
number of small motors with total installed capacity of
2000 kW. This transformers are very lightly loaded and

25 % of the load is utilized by air conditioning equipments.
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Figure 7.1 Elsctrical schematic diagram of KIMA SDN.
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3.

8.1

.1

°roblemns in electric vower utilization and their

votential solutions

Source

Transformers

As mentioned earlier the factory has total installed

transformer capacity of 6100 kVA

1934 kW ( 2125 kyp assuming 0.9 p.f )
distributed every through out the six transformers.

The load conditions for the

against total load of

and the load is

various transformers are

indicated below in table 8.1.

Trans- |Rating |JActual Measured data Load
former ioad Voltage [Power Power factor
onne- consum- |{factor
cted ed
No (kVA) | (kW) (v) | (kw)
:
i 1 1500 1243 417 607 0.89 0.45
'
2 1500 593 431 315 | 0.86 ! 0.24
3 750 515 410 | 405 0.94 | 0.57
4 800 347 L24 209 0.96 0.27
5 750 1050 423 185 0.90 0.27
6 800 L24 430 213 0.93 0.29
Total 6100 4172 - 1934 0.91 0.35
Table 8.1 Load conditicns of transformers

The outline of the factory against the location

of the transformers is as shown in the Figure below




E%Noé

Qutline of f T i T ] i

Since the transformers are 1lightly loaded it is
reccmmended that only three transformers (i.e Nos. 1, 3
and 5 ) to be used for all the loads with total installed
transformer capacity of 3050 kVA and the remainder
to be placed on stand by but not switched on. It is
also recommended that the low voltage switch board
connected to each transformer be interlinked to provide
flexibility of <cupply. If such measure is implemented

the saving in energy is as follows;

saving/ysar = {1500 (1-0.988) + (750 + 802)x(1-0.986)]
x0.2 x 24 x 365 x 0.17
= $11,32, /year
whers 0.983 : efficiency of 1500 kVA transformer

0.986 : efficiency of 300 kVA or 750 kVA trans-

former
0.2 : iron loss factor
24 : working nours /day
365 : working days /year

r - - ~ > . PR FAR
2o 17 : 203 of electiriaity /4Wh




3.1.2 Voltage

From the name plates of the motors, they are rated
from 400 volts to 415 volts but the actual supply voltage
measured varies from 410 volts to 430 volts. It is
recommended that voltage to the factory be standardized
at 415 volts for all equipments. This exercise will
improve power factor and expected to save energy cost

as follows:

1 1
1934 ( 5737 - 7.81

$4782 /year

2) x 16 x 298 x 0.17

saving /year

where 1934 : actual power in kW cosumed by all the

motors.

0.81 : efficiency of typical 1.5 kW motor
at voltage of 430 volts.

0.812 : efficiency of typical 1.5 kW motor
at 415 volts.

16 : working hours /day

2938 : working days /year

0.17 : cost of electricity /kWh

8,1.,2 Power factor

The factory has automatic power factor correcting
equipments installed for each transformer such that power
factor of input supply is good ( 0.91 ). However some
of the capacitors are operating at temprature above 70 T.
Power input into these capacitors are also considered high,
about 420 watts each ( see report or FUSAN FISHING NET
BHD ). Therefore it is recommended to replace the capaci-

Sars wish “hose that consume less power { less than 175




watts for a typical 50 kVAr capacitor ) and suitably

ventilated.

8.2

&3]

lectric power consuming management

These factory has contractual maximum demand of
950 kW. During our visit the factory was not in full
production. Therefore it is not possible for us to
recommend the new contractual maximum demand value.
It is reccmmended that the factory make a study on the
maximum demand reguired during full production operation
and re-evaluate the value of contractual maximum demand.
If the factory maximum demand is lower than the cont-
ractual demand, a renegotiation with the supplier on
a new contractual maximum demand value should be carried
out.

It is also suggested that the factory install
a total consumed power indicator and alarm to prevent the

factory operating beyond the-contractual maximum demand.

5.3 Electrical loads

8,3.1 Air conditioning

This factory has two central air conditioning

system installed to control air humidity and temperature

in factory spaces of approximately 25000 square meters.
Unfortunately many section of the factory are not utili-
zed but are still air conditioned. ( e.g. one third of
spinning area are not utilized ). It is suggested that

for those area which are not utilized be sectionalized
from the operating area with suitable temporary curtains or

sheetings ( vinyl ) to prevent unnecessary wastage in




the air conditioning system. Further saving in air condi-

tioning system can also be realized by re.ocating the air
compressors, sizing machines outside the air conditioned
room and introduce special curtain to reduce free mixing
air at the many doors. Assuming that ons third of the
spinning room is compartmentalized a saving of $22696
/ vear can be realized as shown by the culculation

below;

Calculation

(1) Total power taken by refrigeration plant
= 213 k¥
(2) Total capacity of blower for air conditioning
plant = 503 kW
(3) Total capacity of blower for the spinning room
only = 59 kW
Therefore proportional power required to air

condition the spinning room

= ( 213 x gi% + 59 ) kW = 84 kW

If one third of the room is cmpartmentalized the energy

save
- 84 x 3 = 28 kW
Therefore saving/year = 28 x 16 x 298 x 0.17
= $22,696/year
where 16 : working hours/day
296 : working days/year
.17 : cost of electricity/kWh

of




8.3.2 Mctors

Qur measurements indicate that the motors in the
spinning section have very low load factor (only 0.25 ).
Therefore it is recommended that the factory carry out
a through study on the load requirements of these motors
and steps should be taken to replace those motors having
load factor less than 0.6 with those commensurate with
the load requirements. This measure will certainly improcve
the power factor and thus increase the motor efficlency

In the weaving section however most of the motors
are fully loaded and some condition of over load were
registered. It is generally accepted that this condition
is safe and good provide the maximum motor temperature

rise is nct exceeded.

8.3.3 Lightings

Overall factory lighting is reasonably good as

shown in table 8.2 below.

Section of the lighting intensity
factory ( lux )
Spinning 105 - 256
Rewinding 140
Weaving 35 - 164
Finishing 360 - 650

Table 8.2 Factory lighting intensity

From the table the lightings in the three sections of

|
the factory , i. e spinning, rewinding and weaving sscticns

—_— e




are below the comfortable level. According to JIS

standard a factory of this nature requires lighting inten-

)]

sity of 250 lux to 300 lux. Therefore it 1s recommended

that ti

&)

e lightinz fittings of these sections to be lowered

i

by one meter %to achisve the required intensity. The
example below shows that by lowering the lighting
fittings from £ meters +to 4 meters an improvement of

tensity from 150 lux 1o 234 lux can be achieved.

',_J
' 4
JqQ
-y
el
'—JQ
o]
g
}.J'
ol

For areas with luminousity below 100 lux extra lighting

fitting are necessary.

axample

2
new intensity = 150 x ( 2 ) = 234 lux.
s A




The Soilars have deesn periormed consideradblly well
> On otzer side, the management con sstz22m consumption in

-

the inisping lines 2ave not been encuzh.

¢ (1) 1lst. Phase Measures (nc cor a 1littls investiment)
Aznually fuel gaving
% $
{aj T2 overhaul Nc. 1 noiler
as a pericdical maint'ce 6 33,500
(2) 2né. Phase Measures (some investment)
(a) To insulates the stezm
viping systeas ahout 5,100
(o) To insulate the case of
eguirvaments in dblezching
range zooub 50,000
2,2 Zlecirical parzs
Tor &his faciory tThers ara2 ssvaeral zvanuss [OTr
anergy saving measurss to implaamented. The Tollowing
racomaandations navs Deen aade;
L
(1) Reducsion of iransformer csagacizy, zavss 511,324/ y=22r.
{2} Reduc=ion of supply vecllage 33 417 72lis, savas

(3) 2wducsion of consraciual maxizuz Zszznd 2nd instel-
1a5isn pmaxinua desand alara indizazar ( 322 32¢iion
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Energy Conservation Survey

AIANLX—RAEER

Name of Factory
T % &

Location

AT et
Name of Company Officials 4  Segment of Industry
SHIZES *x H

iy 5 Capital

Factory Manager L ZF %

I % &

Energy Manager 6 Annual Turnover
TALE— (LA FHE LS

Number of Employees 8 Number of Engineers

[EXEH

Major Products

EREEY

ZME &

Electricity
% =

Heat
»

Production Capacity of Major Products

EEEEYNEERN

Nominal
)

Present Condition
L I




11

12

13

Fuel Consumption

mEHER S
{7 Fuel oil ’
2 Ky MS /Y
(J Diesel oil ,
% m ki/y MS,y
Kerosene
. T i kl/y MS/‘y
J Gasoline ”
wr kl7y M%/Y
O LPG .
AILE il 2 vy MS/y
{0 Natural gas /
ERAR m/y MS/y
71 Lignite or Brown Coal y NS,
BRULBR 44 NS,y
| Bagasse
C Ao me)/y MS 'y
(O Charcoal
/
* ® t/y MS/y
Fi od
= rewo )y MS,y
&
O Others ( )
/ M ;
o 24 S,y
Electric Power, ®#H
Electricity Consumption
Kwh M3
THHTH /Y /y
Contract Demand KW
ZHTN _ Receiving Voltage v
Power Factor % T TE ‘
1 _E ’
Power Plant Capacity
2TLR Have or Not. € 7 KW or KVA.
Water Consumption, Ki§E &
Sea Water @ ory/ River Water v or t)
IS Y & x /Y
Underground Water w ort/ City Water o or t/
T K Y y
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14 Boiler, K4 7
Nominal Capacity Operating period
BuilA.D.) Type s W oig h Kind of Fuel o & BF
R . Evaporating : .
ax i { e mo A Steam Press. mEOHT . :
kg/cmrG V(’(l;l:e hrs/day days/y

I5 Major Facilities Using Energy, T R/ ¥—{FRHNEEXM

Output Kind of | Operating period
BuiltA.D.) Name of Facility Products 4 I P Energy used| o % % H
SR DE R e — . Present L e
iz m8if) i W % it Nommgl Condition LUEE VS ; hrs/day | days/y
7 fh L

LIS
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16 Flow-chart of Producing Process of Major Products, $ZE4ZW+ETER

Pulp or Wasee peper

Example |. Paper J,
Chermaats
CI' Chemeals Hot Water Steam ( Puiper
] 1 I
- Digester W Washer Bleach Screen Beater
Brack liquor v * L
m
. Ev:;::nlor Sam P x‘;h.: Head Box
ruel ol
Generator L 1 l l ¥ I
,f,’,'.L, R;:;" Causticizer Kiln Flow BoxJ
< Jl.mt
&Sn.
Fackage Cutter Reel Dryer Press '_'l Wire

Example 2. Glass

Furnace (Tank or Pot)

Main
Raw Material .

Mixing

r==1"-"7

i

Melting Refining 2 Cooling : Forming '—I
1]
4

Sub —_— - -

Raw Matenial
l_* Annealing Wﬁnishinﬂ




- 212 -

17 Energy Flow-chart, =R/ X—ifiiiL¥

60%

Fuel oil —

407,

EXample 1. Paper

12
Evaporator
Botler
6 -
2 Digester
N 12%
Kiin ] Hot Water

—&-r Bleach 1
.L%,[T’uper Machine
i’,{Bthzrs j

Example 2. Glass
————
85%
Tank or Pot Fumao:]
2o, -
Fuel oil Annealing




18 Skeleton Diagram, #HZERHA

Example

o —|

c8
Receiving
Voltage v
Contract
Demand w

DS

DS

Total Capacity
for facilities
w

———

DS : Disconnecting Switch

o ~—F_o—(JH

o]

cs

Transformer
No.|

—{Lighting Facilities ]total___
or each
or each

trans rano total -
— or each

Transformer total
No.2 ——)ﬁlowcr for Furnace ] M
or each

o ~—F oF—(J -

trans rato
XN/ V

g

cB

total

 total W

CB : Circuit Breaker

Others

) or each

i

__aF’ump for Boiler J ‘°‘“'_h____
or eac

—
—> Dryer for Wood -_
rye r J or each

W

AW




19 Plant Layout, TiHE&EEX
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In case you have any problem(s) in your course of promotion of

energy conservation, please circle the no(s). of applicable item(s)

among the following: (Maximum 5 items)

ExALX—MB tOMBIENHiILE, TRNAGETIMBICAMLHLIT IV, HEL.QHSGE'?‘C'?

(1)

(2)

(3)

(4)

(5)

(6)

(7)

(8)

(9)

(10)

an

(12)

(13)

(14)

(15)

(16)

amn

Prospect of energy price is not clear.
TALX¥—EBORAL HTH,

The proportion of energy cost in the whole cost of enterprise is small.
ERIBTIIEFALEX—BRANAEGH S,

Increase of energy cost can be covered by raising the prices of products.
IEANX—RANLERIRGEET TA =TS 5,

Instability of energy supply. (power stoppage, etc.)
TANX—RBYTEE (BILY).

Shortage of engineers.

HEEN» TR,

Difficulty in obtaining good energy conservation equipments.
EXANLX—BENLILOINFIZAN B,

Information such as active cases is not easy to obtain.
EEHN L ) L MBAANIZC v,

System of research and development is not sufficient.
MAMBEEB AT+,

Shortage of fund for facility improvement.
BRYBORENTR.

The facilities are superannuated.
BNHE[/IEL T 5,

Employees’ consciousness is low.

RERRANERHE.,

No personnel is available who can educate the employees.
RERBWE T2 5ANG,

Shortage of measuring equipments.
HERGAITRL Tv 5,

No time to analyze energy consumption rate.
WG L 1T MMAD L,

Shortage of information on government’s measures.
BHERROMRY TR,

Shortage of government’s subsidiary measures.
BRSO RHTR,

Others :
o, |




Energy Management (T A —-FH)

Company's Energy Conservation Policy

Iy (OF P WIE BT |

Setting up Target BEmyE Set up not set up
Numerical Value of Target B @ % improve to base
Completion Deadline R by
Investment for Energy Conservation ﬁ-’f-#/v;‘—&ﬂ
Investment Scale TS B 1981 Bts
1982 Bts
1983 Plan Bts
Judgement for Investment RExM Pay Back Time, within Yrs
Check on Energy Consumption TArF-ARREA
Measurement of Consumption o Electric Power Fuel
Times/ Times/
Factory Total T B done not done | done not done
By Major Process FRTIN done not done | done not done
By Major Facility EHKMI done not done | done not done
Data Analysis 7 — 9 M
Grasp of Energy Consumpt's. rate [T gL ] done not done
Preparation of Control Chart WRIBIVERS done not done
Analysis of Variance EMERMNF done not done
Cost Control AERED
Energy Cost Accounting T AN¥E-RENR Monthly, Times/y, not done
Energy Cost Distribution by Process THIESH done not done
Accounting of Heat Balance ME done not done
Diagnoser Date Factory

= vl¢ -

I1 X3uuy



Organization M |
Planning and Promotion ik« ¥t Section Person in Charge
Committee 5 A & held not held
Frequency of Holding BH 9 X Times/y
Committee Chairman Z AR
Project Team 0V bF—4 made not made
Consultant Contract Avene VIR made not made
System %) i3
Improvement Propcsition System & BRI is isn't
Achlevement Commendation System KRR is isn't
Inspecction, Audit Biex, wwh done not done
Education of Employees g 1 b4
Seminar U & & held Times/y not held
Observation Meeting g & held Times/y not held
Campaign to Employees HERMRA~DFO M
Appeal from‘Factory Manager THRROF U1 done not done
Poster, etc. Ay~ H done not done
Activities in cthe Business Circles BROES Practised not practised




2. Heat

2-1 Furnace, Kiln, Dryer

1 Part T 2
2 | Name of Equipment| @ W &
3 | Use A a
4 | Charge MMy
5 | No. of Furnace & |
6 | Type <] X
7 | Maker A = -
8 | Time built aEWem
9 | Outer naEte
Dimension
Length or Dia. Ra 8
widch mn 1
Helght » e
10 | Design ®
Capacity 0w [
11 | Usage L LS
Continuous 2 o
Batch ' FE R
h/Day
h/month
12 | Induced Draft oA R m3/h  mmAq _ kW
Fan
Forced Draft 1RIAL AR
Fan —_— — _
13 | Improvement & i R 8
done
- - - Diagnoser Date Factory
» - ’ ]




14| Fuel ™ )
Name £ m
Lower Heating Value MR (&L Kcal/kg. £.m3N
Specific Gravity [T
Moisture x 9
15 | Average Consumption | mumsmm (P1) /h
16 | 011 Storage BoF N
Tank | Contents Py @ M
Volume B o m3
Temp. a4 = °c
Insulation * @ mm
17 | Fuel Receiving A0
Measuring Volume it & done not done
Temp. wEME done not done
Sp.grav. hw ~ done not done
Analysis 2 W done not done
18 | 011 Leak M R n good not good
19 | Scteam : AF —24
Pressure E N kg/cm2G
Temp. 4 K °c
20 | Electricity L'} N
Elect. Heater (' N kW
Infra Red Lamp Hnsv7 kW \'

- 6l¢ -




——

No. of Equipment B W 2

21| Combustion

e

Pressure jet, Low pr.air Scteam or air Rotary, Intermixing, Interior Semi

Burner IN—f — atomizing, atomizing, atomizing, mixing
Burner Tile WN—F—F 4N Good not good
Cleaning of N —=F ), times/y Quantity of Burners
Burner tip Zone Preheating Heating Soaking
Flame Color X 18 ) good not good Burner Type| axial {Side |axial |Side |axial |Side

Length B & good not good Upper Zone

Sparks T % good not good Lower Zone

Blow K& sU

of f good not good {
Color of Smoke | t## @ & good not good g’
Air/fuel ratio | 2 @ i Factory Data Measured 0.21 1

m = —p—————
0.21 - (02)

Automatic
Concroller Lk R ¥ ¢ exist not exist
Fuel LI 3
Consumption kg.2t.m3/h
Fuel Temp. #h # °C (at Burner, after Heater)
Alr Temp. kL T
Primary Air —nuak
flow
Secondary Air ZXREAR
flow
Atomizing RBE
press. ‘

e



v - [ ] L
No. of Equipment R BE 2R
22| Furnace Pressure | g mmAq  (Measuring Point mmH)
Pressure Control B F & % done not done
Movement of Damper| # v/ v—{f#) good not good
Alr Sucking Z A BaA
from Wall 2] ® | good not good
Burner Side »>+—%HD | good not good
Door W A 0O | good not good
Truck a8 —-n |good not good
zzgt:uzf Stack, R, AR good not good
Cooling Air NN TR m3/min.
23| Heating m )
Furnace Temp. 7] # °C Preheating Zone Heating Zone Soaking Zone
Charging Tem;. % A WK °C Set °C °C °C
Extracting Temp. o dE °C Actual °C °c °c
:;::E‘ measure-‘ i E Thermocouple( ), Resigtance Thermometer, Optical Pyrometer,
Radiation thermometer, Seger cone
Temp. Controller LN exist not exist
Burner Setting = — It good not good
Arrangement of
Charge AL © good not good, Truck Speed
(Furnace Load
Factor)
Seal
24 | Size of Charge BT
Heat Utilization
of previous pro- Ty b Fe—F done not done

cess, Hot Charge

L et s

= 1ce -




No. of Equipment [V T -
25 | Drying % Ty
Alr Temp. oy i °c
Air Flow R m m3/h
Moisture of EAPKS
Charge
Inlet A 0O
Outlet th 0O
26 | Insulation ] n Preheating Zone Heating Zone Soaking Zone
Structure of Wall | e@EMm s
Refractory Brick I S |
Insulating Zone [ I |
Outer Wall 7 L
Color of Wall @ o @
Surface
Temp. of Wall , @ma x
Surface
Side Wall L ] °c °C °c
Roof, Crown L i °C °c °c
Heat Flux kcal/m2h
Insulation of 2%y FWIM
Skid good not ‘good
Weight Reduction B -2VRTED
of truck, ©R{t done not done

conveyor, etc.

e




No. of Equipment 3 T
27 | Weste Heat Recovery | B M [ &
Name of Recovery B ¢ & & &
Equipment
Type V] -9
High Temp. Fluild P B Y
Low Temp. Fluid & & W 4
Heat Recovered ol @ M &
Flow [} B
Temp. Risgsing HELR ET)
(Falling)
Specific Heat it )
Temp. of Waste gas oy o2 8
Furnace Outlet B M D °C
After Heat Bom G QR °C
Recovery
Clearing of
Heatling Surfade EMNE M R®R Times/y
Preheating Zone
in Furnace B O F MW exist not exist
Alr Leak 1n Heat BRMEIRE WD
Recovery Equip. FAMn | found not found
Cooling Water flow Sk
Water Inlet temp. »  AQEE
Water Outlet temp. ~ o

- €27 -




No. of Equipment & B8
28 | Operational " ]
Management
Operation i
Standard t " made not made
Heating Curve Ramw exist not exist
Recording ic 2 good not good
Maintenance 1] ] good not good
Period ;') i ly
Record 12 " good not good
29 | Current =u o
Performance
OQutput ]
(or Input) t/h
Fuel H
Consumption £.kg.m3/h
Heat Efficiency ] p X
Loss with PEn 2 IRK
Waste Gas Kecal/h
Loss with WENAIR %k
Coolant Kcal/h
Loss through MR KR
Wall Kecal/h

- %7 -



2-2

Steam Consuming Equipment

(RS (6 B )

Part

H

Py
o

Use

Name of Equipment

No. of Equip.

Type

MW iR

Maker

Time built

Dimension

- AR R WA

mm x mm,

mm X

mm

Wi~ O || & W) o] -~

Heating surface
area

i

m2

Volume

11

Capacity

12

Subject of
heating

13

Heat source

Steam:

kg/cm2G,

°C

t/h, Hot water °c,

t/h

14

Quantity of
Treatment

15

Operating ’
condition

Temp.

Press.

¥ 5 |2|E B

E|R IR F (S| F W=

°c
kg/cem2G

16

Insulation

Surface
Temp.

B 2y =R

mm

°c

good, not good

heat ‘lux Kcal/m2h

Diagnoser

Date

Factory

- 6QZ¢ -



17

Cleaning for

heating EMBEOR MK done not done
surface
18 | Instruments it ¥ Temp. Press, Flow, Other:
19 | Auxiliary Equip. M X & W
Heat Recovery M Bl R exist not exist type
High Temp. YT 7Y
Fluid specific heat
Low Temp. P
Fluid & & specific heat
Temp. rising AR
(falling) (R TF)
Flow # 2 m3/h
Condensate FuvrENR done not done, open system, closed system
recovery
Rate of [ ® ®
Recovery %
\ e

{l

- 92 -
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2-3 Boller (44 35)

grl Part I 12
2 Use H
3 No. of Boiler 3
4 | Type ol i Water tube boiler (k%) Flue tube boiler (M) Once-through boiler ( W)
Hot-water boiler (u,) Other (&ofir)
S Rated evaporation ERASAR t/h
6 | Manufacture date &% ARA
7 | Steam pressure ¥ )] Rated () kg/em2G, Normal (#%H) kg/cm2G
8 | Heating surface = M O 2
area m
9 | Auxiliary Equip. WO & W Superheater (Mmi) m2, Reheater (@EM#) m2
Economizer (Wis#) m2, Air heater (WAFMH) m2
10| Fuel m #H
Name & il
Lower Calorific B oM i 3
Value (kD Kcal/kg,2,m=N
Specific gravity it i
11| Usage @ M KRR
Continuous I i
Batch F o B h/d, d/m, hly,
Diagnoser’ Date Factory




e

Unic Nominal Actual Remarks
Item b0 a8 |
06 & % £ #H ] k]
12| 041 Tank 5y v 2 —_—
Volume =" " m3
Temp. Al al °cC
Insulation % & | mm
Leak M t —_ good, not good ’
13| Boller H®H o4 5 R
Steam Pressure #AEN | keg/em2G
Steam Temp. naam °c
Feed water B % 3
flow rate Bian m3/h
*  Temp. @ om| °C !
" Meter Rt Type 5
Blow off flow rate Jo—m|md/d Continuous, Intermittance, Heat recovery 0
Boiler water & x S
pH EqxuF
Conductivity WA=RE [uS/cm
14 | Feed Water 7y 7K —
pH ETE
Cond.ctivicy MAERg | uS/cm
Preparation n M B
method
Testing BEME -
time
Cl' content 2 a-vig ppm (




- L) L]
Item X g Unit Nominal Actual Remarks
LR E B X N " ¥
15| Combustion " #
Fuel ] 3
Consumption @ B R |t.kg.m3/h
Temp. ) = °C
Meter M 8 exist, not exist
Burner Ne—p— 011 burner
Type ] ® Low press, air atomizing ({xEmPHX)
Steam or alr atomizing ( wEMEL)
Press. jet type (HER)
Rotary ( @z )
Gas burner
Intermixing type ( RJatiRa)
Injector atomizer (#AMAER)
Semi-mixing (KiREK)
Capacity B f [t.kg.m3/h
Burner tile Ne—F—5 4N good, not good
Clinker 2y un— found, not found
Alr ratio Y o K Measuring point ()
Insulation W N mm good, not good surface temp,
Sucking air @#AZEa _— good, not good heat flux.
16| Color of smoke . I N ) _ good, not good
17} Air heater PR FME —_— exist, not exist
Alr cemp. ZoEag | ———
Inlet A 0 °C
Outlet B o °C

‘l



Fﬁ" Unit Remarks
Item IR g g L) ¥
02 X Inlet AD
Outlet thn
Waste gas temp. BE 2 RUE
Inlet AQ °c
Outlet o °c
18 | Economizer T/ 24 Y- —_— exist, not exist
Waste gas temp. e 2
Inlet AQ °c
Outlet i[a) °c
Feed water temp. BkE K
Inlet Al °C
Outlet A °C
19 | Automatic Controller | g g4y @ - exist, not exist
Subject XN | — Steam press., air ratio
System AKX | ——
Operation ¥y | — good, not good
20 | Steam accumulator 2AF - LTHaLL~D - exist, not exist
Capacity E ¢ m3
Pressure £ |kg/cm2G
22 | Evaporation ratio #* B M |Kg/kg,t
Boiler efficlency X459 X Hh base, H base
Loss with waste
gas 72 RXK | Keal/h

- 0Lz -

;
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Unic Nominal Actual Remarks
Item (] B A H I ® W "
23| Soot blow A—-F7a- /d
Service a burner W= —-FA /m
Removal of scale Ay —lRE
Alr heater TG ly
Economizer 12944~ "
Gas duct L 3 i "
Stack ie x "
(tlisaning burner rer T A I

il §

u



“

2-4 Steam Piping, Condensate Recovery (AW rv ~0l))

B Jgteam Piping AR W i
; Insulacion T
| Leakage B oM
Recovery of 25,3k
Flashed Steam KOMM
Cylinder Hood Wg—1 exisc, not exist
YRR H "
Condensate R [
Recovery
Flow T m3/h
Rate fa] @ g X
Syscem ENL5X, | open, closed r'u
W
o]
Steam Trap 2¥-ub5,7 '
] Type E X
No. of Unit 34 2’
reittioa | MR | oot not gooe
Flow Sheet 720-Y—}
Steam #®
Condensate F vy
rDiagnoser Date Factory
» . [ o

——>—



; 3.
3-1

Electric Power Management

Electric Power Management (1% ™)

1 | General

~ "

product's EPSU monthly

(1) Record of used power for every BADERRNM (KWID Dickk done not done (FEH)
month

(2) Examinaction the cause for BERARTRHE(LL - 1D R done not done

- variance for used power

(3) Stability of voltage and SURFE, BAMOEFEKR stable not stable

frequency of source .
2 |Electric power specific unit (EPSU)| ®hHRH{2
(1) Calculation for major BRAOTFEUSKOBNARLOMIY Yes No

(2) Preparation table on the right RAR%) - TIgicHFHIH B 0 Output | Used power | EPSU ratio of electric power
for every process and use (A) (B) (B/A) | fee per total cost
HEEMA) | RAEMRB) RBEM(BLA  AERICSHIBNBAR
(3) Numerical EPSU target ®HE RO B Wil RT3 determined R TV Qv not determined
(value )
3 |Load Factor A & ®
(1) Record of hburly consumption BNMDHNEHDIRE (max. ) . "
of power ieRLTH3 done (min th)lEuL'Et‘ $vy not done
(2) Daily load curve graph HARhR 75 7{tL T3 done LTuvae not done
(3) Improvement of load curve BAMORKEEMA 5 2TV 3 done fIis» TV pot done
4 |Value of power factor contracted MAMBNELDOT)E
(1) Supplier L k314
(2) Penalcy fee NPT 4
Diagnoser Date Factory

- e -
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o

S | Substation LA WBL
(1) Meters at recgiving ;_)anel and SBROIBOHEME ED Meter |Voltage | Ampere| kW KkWh Power KVr kVrh
o adequancy of indication RO EE Factor
LI wm It W oot | W) (AR ) K| U (KRR
Primary
- &
Secondary
Zex
Note Good
W Not good
(2) Measurement of transformer load| ZTHEEDOAMIME Yes No
(3) Transformer exclusively for ) )
| lighting WITRHEAEES Yes No
(4) Turning off ctransformer when AL DL BB Yes No
off load
(5) Improvement of power factor by AU F U —iC L BHRNR Yes No
static condenser
(6) One-line diagram ACERFR BRI D A M Have No
6 [Distribution system ACERI N
(1) Measurement of main circuit F [@RARID B FdsE Yes No
load .
(2) Rate of voltage drop of main FEBIOBER T8
o circuit -
(3) Balance in three phases fHRD 3 2 Voltage , Current
7 |Motor LIO V ]
(1) Mecasurement of load of motors S kwil E DRENI D A Fifl Yes No
over 15 kW é
(2) Periodically lubrication of £ BYMDE RN KB Yes No
gear and motor
(3) Turning off motor when off load| #ARSOBERDAIL Yes No
) 4 . .

- veg -



8 | Motor driven machine AW IEH] B0
(1) Flow control of blower and Ta—9L s 7ORRYIMN Motor speed control wmYWoOEETHE
pump Control of numbers of operating motor L#&|®
Damper or valve control Fox— AN TDRREB
Others £ Dfth
(2) Checking leakage of compressed EREAPKDENDF 5 » 7 Yes No
alr or water
(3) Keeping adequate working FE RSO (EIIE )12 iE > Yes No
pressure of compressed air
A
(4) Keeping adequate discharge A 7 OUINE L RED Yes No
pressure of pump
9 |Lighting fittings U B N
(1) Cleaning lighting fittings RUAB RO K Yes No
(2) Turning off unnecessary light A 3515 WA D LT Yes No
10 | Electric welder RALRA
(1) Static condenser exclusively CI Y VEDE L ! Yes No
for welder
(2) Transformer exclusively for HROLES Yes No
welder
(3) Keeping circuit balance of WEOKIRD <5 ¥ 2 Yes No
three phases
(4) Cable length from welder to RIS Tt E TORKE X Yes No
holder
(5) Primary cutout type voltage — YDA W 1 50 i3k Yes No
reducing device
11 {Classification of load Machines | Air Compressors Pumps lleaters | Lighting | Alr Conditioner Total
AR DS B MESEs Iy o7 E—%— OO i M & It
o] D
kW kW kW kW kW kW kW
3 Z % y4 % 4| 100.0 %

- 6t7 -
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3-2 Transformer for ( L)
1| Type of Transformer| & Y DOil Immersed Self Cooling ( MIAfIBA ) [:] Dry Type ( % X))
[:]Air cooling Forced 011 ( aymat ) [:'()thers ( £0 )
2| Number of Phase M ) D 3 Phase (=) D Single Phase (g )
3| Connection B8 H DA - A (34 - [Ja-o» DV -V
(Single Phase) (8B Tr)
4 | Rated Output E B W N kVaA, Number of Bank
(s 78)
5 | Rated Voltage I . .
Rated Current . Primary v, -A Secondary v, A
P 9, vl IN~— 2 " qQ, TN
6 | Rated Frequency B KA N Hz, 1 Z lmpedance PRI L At kVA Base
8 | Maker, Year Made A= ERUEE
9| Loss iR % Iron Loss Copper loss At Full Load
(i) kW, ( RELMR L) kW,
Measurement Record ( MER& )
. S— -
Time Voltragk Current | Apparent Power Power Power Factor Oil Temp. Remarks
By M) L ¥ L | okt L8k ) L 3P)] N ] ah W il 5
v A kVA kW % °C
Diagnoser Date Factory
A J ‘ . .




3-3 Motor Driven Machine except Air Compressor ™ Over 15 kW (MAHRIHRM T » 7L » 258 ~ 1 SKWELE)
1| Name of Equipment n w £ Number of Similar Equipment
. Bl Fi o) 24
2| Kind of Motor L {01 ¥R B ] DD.C. §-T ) Dlnductor (Ham) —EE%WO\And Rotor D()thers
DA.C. (%) DSyncronous ( R ) Squirrel Cage
3| Rating of Motor AVADE Output (thi7) kW, Voltage (ML) V, Current ( Hfift) A
Frequency ( Mg ) Hz, RPM (@l ) rpm, Magnetic Pole (M &)
4 | Starting Method PR R DFull—Volcage DStar—delta (A-8) [:]Rotor—resistance ( DOchers
CEA) K12 ) S
5 | Coupling Apparatus &= B ¥ N DDirecc(.ﬂt&) DBelc( ~av b)) DGear (M) (:]Others
Material (4 ® ) D Natural( B%¥) , Tension( JLHE )
[ )synthetic( AT#m) , Number( &%)
6 | Equipment o WM W DPump (Rvr2') DBlower (7Vo9- ) DOthers .
7 | Kind of Flow and i - Alrx Water Others, Density (or Specific Gravity)
Denaity LR D (29 ) l:] (k) [:] D ( WIE 2L m )
kg/m3 (1b/m3)
8 | Flow Control wOR OB O@ DAutomacic (g ) DValve {( ~n7) DSpeed Control ( SUE%IE )
DManual (F® ) Dl)amper (57— ) DOthers
—_
9 { Speed Control TR DMotor "[___]Pole Change (##( ) [ |Voltage (WHE )] DMechanical
=) )¥requency ( Wa#) [ ] ochers (b )
10 | Automatic Cutting- . S s 0 .
off (When Off-Load) gy,‘gfgm DYes (A) DNO (#)
11 { Frequency of ) . ) : Frequency of IMAZ 4 w9
Lubrication #/oh A ® times/year( [a) /4 ) 12 filcer cleaning| M H times/Month
Diagnoser Date Factory
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Name of machine

Motor driven machine

( WYL )

Date

Used power
&A™ N
Voltage |Current|Fower |Elect-
factor|ric
power
' A 4 «W
q = N & h B (R N

/ERET)

Used |, Flow Q m3/min Fluid
power | ° P-l ot & Q' t/h QTN
/;Z::? fluid Actual |Pressure| Pipe
. Rated B S (A ll'kg/cn12 Inner
x 100% C max. Dia-
min. Hm meter
RRIMY) | jpmug |pasonsem T

Valve|Velocity|Esti-

Effici-|Remarks

Posi-|of fluid|mated|ency Sound
tion l.oad Vibration
l.eakage
Y4 Others
BY Nt m/s kW %

Wikon | 3w |meszas

Bah# L] ]

PT: Total pressure (mmAq), A: Allowance, n: efficiency of

1) Required electric power of blower p= A-Q-PT (kW)
. — 1,000°n"6.12 (1.1-1,3) blower (0.72-0.78%)
ZRRAERRN % & EXE gm&wym
2) Required electric power of pump P = A-y-Q-H or P = Q'-n' awy A allowance (1.051.2) n: efficiency of pump
n-6.12 Y n-36.7 P Ky 7R (0.820.85%)
3) Velocity of fluid U = Q (m/sec) Q: flow (m3/sec) velocity (m/sec) | pressure (Kg/cmZ)
el A " 88 ; 0.6 % 1.5 1.8 A 3.0
A: sectional avea 9 Cicty water skilik o : .
of pipe (m?) g S| River water —pyk 1.5~ 3.0 3.0 ~ 10
LRl AL, 2 5[ atr o o 8 ~ 15 1~ 2
. L | [ ] ¢

- 8€7 -



3-4 Operation of Motors (&—-%-ORBRR)
Process Used for Maker Year Output | No. Voltage Current W ¥ Revolu- Speed Power Noce
builc Rated Actual ® tions control factor
T B M & |4-»- | NEF | B R | 68 8| WE | pue | wmd ® B8 wEs®m | O H B | ms
kW v A A %2| r.p.m. %
HP
i
N
W
(Ve
1
Diagnoser Dacte Factory




3-5

Air Compressor

(x7277vyv—)

v

Type Installation On-off Cooling
Process|Use for|Pressure yp No Operation|Water Temp, Air leakage
LS T o w5 R [ Gwwe| BHkME 4
T B F N 0il- Centra-|Sepa-| Yes] No |Inlet|Outpet|Ratio|Body Valve
011 HH
less|a#| lized rated| g w A 0l n | A u NS
recl-|reci-
pro.| pro.
screw|screw
Diagnoser Date Factory

- ove -




3-6 House Power Plant ( A¥ARRUBW)

1 | K1nd of Engine xvovous|[_|Dlesel Engine DSteam Turbine
[:]Condensing turbine
[:]Gas Turbine l |Back Pressure Turbine
| lExcraction and Back Pressure Turbine
2 | Output of Engine Ly IvINN ' PS(kW) 3 | Fuel Consumption | eqinsit L(Kg)/h
4 [Kind of Fuel ®m o a5 [::]Coal Dlleavy 011 DDiesel 011 DOthers
5 | Caloric Value of Fuel| @tostmn Kcal/%(Kg)
6 | Rated Output of it B B O 7 Rated Power &1 )
Generator i T kVA (kW) Factor 4
8 | Rated Voltage, P % /£ v A !
- - -!- {Rated Current E oM o’ oW .
i
9 |Daily Record M i 8% DYes (H) [___]No () I
Measurement Record ( fFicid)
Time | Generated Energy| Fuel Consumption| Steam Temp.| Steam Pressure Voltage Current Power Factor Remarks
5§ M i X ® ;AR R A & % * A X N L' G o 7 i *
kWh Kgl In. °cl In kg/ v A %

Out Out

Diagnoser (l)a teT Factory




3-7 Alr Conditioner ( @iy )

T f Syste W A K Air Duct Conditionin Fan Coil Uni Unit Air Conditionin
L type o syseen @ mop & [ e ppep conasctoning [ epg conn unts [ lumig st gongyeiontng
2| Room Air Condicioned| ¢ o M
(1) Room Size EO K& & Floor Space Room Volume
(dim ) m?, (%&M) m3
(2) Number of person £ N A N A

in the Room

(3) Usage ) R [:] Office / Yipyg ) D Works ( T48) [:] Others
(4) Room Temp. = | Actual Temp. ( RMAUE ) °C Set Temp., (MEHMET ) °C
Measurement Method D Manual Control Method D Manual
(HMEHX ) [:] Automatic (WAAKX ) [:] Automatic
(5) Humidity & i § Actual (Mg ) (GBS )
Measurement Method D Manual Control Method D Manual
( MEHX ) D Automatic (HRIBAHEK ) D Automacic
(6) Air Flow R " 1 Fresh Air Flow Induced___ m3/mln, Circulating Air Fluw___ln3/lllin.
( AMINARR ) ( EHERMER )
3 {Water Coolin‘g Tower 2-9w»y Actual Temp. Wet Bulb Temp. Flow Delivery Press.
79 (XMAR)  °c, (&MEE)  °c, (kR) __ /min., (UME ) kg/emla
¢ Izgenzzh;!::rigerat- Y YR R D Compression Type ( L&\ ) D Absorption Type (WX )
S | Refrigerant ] 1] D Ammonia ( 7Tv%=7 ) D Freon ( 70 )
D High Pressure (M ) D Low Pressure ( {8 )
Diagnoser Date Factory
’ < ) .
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6 | Cleanness of Alr * B K n
(1) Method for removement of RIRR L AR
flying cotton [:'Nozzle absorbing ( 7/ AagliA )
D Traveling absorber ( jg[@ ®iA )
[:]Floor duce ( geifiwyid)
DAir condicioner ( 238 )-[Dwmer (947K )
DBlowoff (/o-272K)
(2) Method for electrostatic shielding| mmp;#st Humidifier ( gagm ) Electric ( m&nst)
7 | Insulation of roof and wall B, BOWM good not good
8 | Insulation of duct and pipe 72+, EBROMM good not good
9 | Tightness of window and door X, . F7o4¢ good not good
10 | Separation heat generating equipment RABRGEONM yes no
11 | Partial air conditioning in large AK2Modhogifsiid sasn
DEM yes no
room
12 | Heat recovery by total enthalpy " yes no
heat exchanger EMTHBICE S MEIR (Type )
13 [ Water spray on roof Mo om ok done not done
14 | Starting and stopping time of ) - Starting time
alr conditioner Rl DieH Pl A Stopping time
15 | Stopping water pump when BRI RNk 7D stop not stop
refrigerating machine stops ik ' (auto, manual)
16 | Prevention over cooling and - - - yes no
stopping when unnecessary BHEBIL, A RIOWLE L

- v -




N - B ]
17| Setting most suitable . i .
temperature by climate FMic & 3 UREROLR yes ne
18 | Control of induced fresh air HEARROWE yes no
19 | Checking temperatures of
evaporation, condensation SHBORTEY, BEATEORHE, WH es no
and pressure of refrigerating EO®M y
machine
20 | Cleaning (Condenser) A KBy Fvr-) done not done
( times/month)
21 | Cleaning (Air Conditioner Coil) i (EHH 1) done not done
( times/month)
22 { Cleaning (Air Filter) MACET2009—-) done not done
( times/month)
23 | Cleaning (Cooling Tower) mBCr—-yvr90-) done not done
( times/year)
Air Conditioner Measurement Record No.l (WmEiclk %£oD1.)
Inlet® Fan Circulating Fan Cooling Tower Refrigerating Machine ( /Buligw )
Pump Fan Compression Type Absorption Type
(AMRAZ7 7~ ) | (BANERNZ 7 ) (7)) [(222) (JEREC) (st )
Rated kW kW kW kW kW Kcal/h
Cm )
Actual kW kW kW kW kW Kcal/h
(%)
» <4 [ <




Air Conditioner Measurement Record No.2 (wMMmEISR £D2.)

Place (4 )
Temperature | Set u i *C
R = Actual % M °c
Humidity Set B &
e " Actual W M
Cleanness of Alr m A ®
Insulation | Ceiling| Material ¥4 R
%N M X # Thickness § &
wall M. H B
e T. w 5
Floor M. ¥ R
B T. S
Window | Double glass —ifi#32
R Heat-absorbing glass
MBI 5 2
’ Blinds 754
Tightness of Room A
Heat source | Persons A A
MAH | Motor E-9- &
Lighting M 8 kW
Steam or Fuel a¥-2
Heater ® M kW

ro

w



3-8 Lighting Fitcings ( MREHIQWM)
—_
1 {Lighting System TR 5 i Dceneral ( £Mmm ) D(;eueral and Local ( A mWl& R )
2 [Method of Turning [S 8 % & DAutomatic ( Hthssk ) DManual ( FWA8 )
On and Off Dﬂoth Automatic and Manual
3 |[Circuit Separation |2 MK D DOne Switch per Room ( j—nu, 1 R4 o)

(In case of General i & o
Lighti
ghting) 8] B 5 K

DSeveral Switches per Room (lw—4 HMAAF)
DOne Switch per Line (Turn, Line by Line from Window side) ( 54 {gicisk)

4 {Kind of Lamp Incandescent Lamp ( gymr ) DFluorescent Lamp (daylight color)
3 A Xi15,44)
[:]Fluorescent Lamp (White)
57O RB ( BMIREIT ) D Fluorescent Mercury Lamp ( sYKRU[)
DEnergy Conservation Type F.L. Good-color ligh Pressure Sodium Lamp
(xR BHNRIT) (HMERIMES by L94))
I
DOthers ﬁ
5 [Cleaning Frequency BERD o
of Lighting Fittingsjih ¥ S X Times/Year ([Bl/$E) '
6 |Utilizacion of DGlass Vinyl chloride [:]Polystyrene Acryl resin Polycarbonate Octhers
Daylight *x ¥ A WA Hite=—n AF - T2Y 54 LU S 1 D
Measurement Record ( #NElch ) Time at
PM C &Y )
Place
(g )
Illuminance
( Ry )
Distribution of
Illuminance( syx 9 )
Kind of lamp
(5 » 7' DM )
Wall Color
(RoR)
Power Consumption for Lighting Day Time ( @) kWh/h from daily record

(RAmRE”n)

Diagnoser

Night (8H) kWh/h

HIEH» o

Date

lFactory
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ANNEX I
INSTRUMENTS LIST
o. Instrument type
1 Hotwire Anemometer V-02-A700
2 Heat Insulation Tester MH2
3 Portable Oxygen Meter 6232
4 Pocket Thermometer 2542
5 Thermopetter 400
6 Portable Radiation Thermometer IR-HP2
IR-HP3
Pocket Conductivity Meter SCs51
Pocket PH Meter PHS1
Lux-Meter ANA999
10 Clip-on AC Power Meter 2433-11
11 Clamp-on Power Hi Tester 136
12 Integrator 3141
13 Digital Printer 3171
14 Volt Slider S-260-5
15 Multitester 3009
16 Portable Thermo Indicater M-350
17 Voltage Detector
18 Revolution Indicater
19 Digital Pressure Gauge DLM1-10
20 Ultrasonic Audio-Visual Checker uc-1
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