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1. Purpose of the Survey

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

The purposes of the energy diagnoses of factories

Q were:

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

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 was made up of one diagnoser in
charge of enerqgy management, thermal energy management, and
electric energy management, respectively.

Their counterparts from the Ministry of Energy, Tele-

éommunications and Posts and the National Electricity Board
who are listed in Table 2.2 went along with the survey team
to extend their cooperation and to learn diagnostic techniques
and know-how. -

In addi*ion, 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 Eguchi

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

Recistered Diagnoser of the
E.C.C. .
Qualified Person for Energqy
Management

Thermal Energy
Management Expert

Ryoji Takahashi

Director, Techrrical Division
Energy Engineering Co.,
Registered Consultant Engineer
Manager of Pollution Control
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

Dr. Mohd Ariff Araff

Chief of Counterparts
National Electricity Board

Dr. Ong Peng Su

Mational Electricity Board

-

Mz. Ahmad Feisal

National Electricity Board

Mr. Alizan Ab. Manan

Ministry of Energy, Telecommunications & PosEﬂ




3. Schedule for the Survey

March
14 (Mon.) Travel from Tokyo to Kuala Lumpur
15 (Tue.) Prearrangement for meeting
16 (Wed.) Preparatory meeting at the Ministry of
Energy, Telecommunications and Posts
17 (Thu.) A.M. Testing and adjustment of instruments
which had been brought from Japan
P.M. Instruction on heat management for
() counterparts
18 (Fri.) A.M. General meeting at the Ministry of
Energy, Telecommunications and Posts
19 (Sat.) Explanation of the use of instruments for
counterparts
21 (Mon.)
S Diagnosis of selected factories
April
19 (Tue.)
20 (Wed.) A.M. at National Electricity Board
() 1. Cleaning, maintenance, and testing of

a number of instruments which had been
brought frcm Japan by experts for
. delivery to the Malaysian Government
~
2. 1Instruction on the maintenance of
instruments

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

cormunications and Posts

-




April
20 (Wed.)
21l (Thu.)
22 (Fri.)
23 (sat.)

Presentation of the instruments which had

been brought from Japan by experts to

‘Mr. Syed, representative of the Miristry of

Energy, Telécommunicatidns 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, Pactories Diagnosed
The factories diagnosed are as shown in Table 4.1.

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

periphery.
Table 4.1 Factories Diagnosed
Name of Factory Products I.'_)ate of

Diagnosis

MARCO SHOE SDN. BHD. shoes, rubber mats 217.22 Mar.

0 etc.

USMETA SDN. BHD. Retreated tyres 184719 Apr.

GOH BAN HUAT POTTERY WORKS Sewer pipe, 25426 Mar.

SDN. BHD. sanitary wares

SOUTH EAST ASIA FIREBRICKS Refractories, fire- 28" 29 Mar,

INDUSTRIES SDN. BHD. bricks, heat insu-

lating bricks

GENERAL CERAMIC MANUFACTURES Ceramic wall tiles 31 Mar."~Vv1 Apr.

SDN. BHD.
MALAYA INDUSTRIAL & MINING Portland cement 14~ 15 Apr.
CO., BHD. )
'CHEMPAKA NEGRI LAKSHMI Textile yarn . 4% S5 Apr.
TEXTILES SDN. BHD.

() FUSAN FISHING NET MANU- ) Fishing nets, ropes, 7 V8 ppr.
FACTURING BHD. agricultural nets

KIMA SDN. BHD. Cotton textiles 11~.12 Apr.




5. Survey Procedure

5.1 Factory Diagnosis

5.1.1 Preliminary study through questionnaire

A questionnaire (Attachment 1) was sent out in

advance via the Ministry of Energy, Telecommunications and

Posts to the selected factories asking them to give the

following information:

(1)

(2)

(3)

(4)

(5)

(6)

(7)

(8)

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 consumpt:ion -

fuel, electricity, and water;

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

hours;

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

pPlant 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 (Attachment 2), 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,

follcwing its manufacturing processes, in order to gain an

understanding of:

(1)
(2)
(3)

5.1.4

items

(1)
(2)

(3)

general management conditions,
layout, and

priority facilities to be surveyed and measured.

-

Survey and measurement
Priority facilities were surveyed according to the

stated in the checklist (Attachment 2) 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 (Attachment 3).

The conditions examined were:

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

C. prevention of heat release,

D. waste heat recovery,

E. conversion of heat into motive power,

F. electricity loss by resistance, etc., and

G. conversion of electricity into motive power 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 Techhiques to Malavsian Counterparts

5.2.1 Handling of measuring instruments i

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
checklist and their meanings.

Also, while data was analysed after the diagnoses,
the Malaysia counterparts were given guidance in diagnostic
technology. They were taught what points should be con-
sidered in a diagnosis, how data should be checked and put
in order, what information could be 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 operators and managers

Generally speaking, all the plant operators and

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

energy conservation in view of soaring energy prices.
There were very few cases, however, where some specific
energy-saving measures were taken. oOonly one factory had
set a target for energy-conservation, and no factories had

made recent energy-saving investments.

6.1.2 Management system for promoting energy-consarvation

There were a few cases where the management system

worked with energy conservation.

One factory had an energy-conservation committee,
and three factories had cost savings committees or quality
and production committees. No other factories had such

1]

committees.

6.1.3 Techniques for promoting energy-conservation

Not all the factories employéd scientific, nurerical .
data control technology. The level of energy-saving tech-
nology can effectively be raised by adopting a management
method based on Dr. Deming's PDCA circle.

In other words, the following process should be re-

peated to improve the patterns of energy consumption:




(1)

(2)

(3)

(4)

(5)

_11_

To set a target and formulate a plan for improvement

based on a full understanding of the existing con-

ditions as well as taking into account economic

efficiency and the current technological level;

To make the aim and details of the plan generally

known to all workers before implementing it;

To provide complete measuring instruments in order to

accurately understand the results;

If there is a difference between the results and the

plan, to clear up the problem and ..ake a new plan;

and

To carry out the new plan.

/S cip s
4_/ < Oﬂct?l’l Ll::f;:g
/ Ay the 4
TaKe . action!
corective. Fix the way
oction
\ Enve education /'
ard trainin
\‘ C h ec K ni J»/
lement,
\ gi Imp

Fig. 6.1 Deming's Circle




6.1.4 Understanding and measurement of energy consumption

To accurately grasp the quantitative aspect of
energy consumption is the starting point as well as the most
basic thing for energy conservation. The following were
the situations observed in the nine factories which we

visited.

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

ed in many of the factories. There were some but

o were out of order. There was no factory which was

equipped with a boiler with a water meter. There
were only two factories in which fuel flow meters
were provided. It is impossible under these situa-
tions to constantly check the boiler efficiency.
There were a number of factories whez% thermometers,
ammeters, volt meters, and power factor meters were
either lacking, or left unrepaired, or in use without

knowing that they were out of order.

'(2) There were many factories where workers knew only

vaguely the.daily energy consumption, or did not "
know it at all. As for power consumption, 6 out of

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

for fuel consumption 2 out of 8 factories were

dependent on the supplier's bill.

6.1.5 Maintenance of equipment

There were some factories where checking and

maintenance of equipment were not properly done. For




example, we okserved 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.

6.1.6 Safety management

Though this is not directly related to energy-con-

servation, it is necessary to keep equipment and measuring

instruments in a state in which inspection can be made

easily.

For this reason, it is important to pay attention

to the safety measures of equipment and to keep equipment

in good order.

For example, we frequently observed the following

situations:

(1)

(2)

(3)

6.1.7

(1)

The rotors of belt conveyors, and pullies are not

covered.

There is no safe footing for measuring instruments,

sensors, etc. placed at high positione

Equipment and measuring instruments are not prqperly

aligned, making it difficult to inspect themn.

Employee training

Observation of the employee training was as follows:

There was practically no systematic training given to
workers. But there were 2 factories where managers

were giving instructions to workers. We often heard




managers saying that workers had very low conscious-—
ness or desire for work. But, we saw no efforts
being made for employee training. It is important to
improve the level of technical people, but for energy
conservation, it is extremely useful to enhance the
level of skilled people who are directly involved in

energy consumption.
(2) All companies provide seminars to technical peopie.

0 (3) There was no factory that employed@ 1 suggestion system .
for work improvement. There was a factory where we
saw a suggestion box. But, according to people there

was no single suggestion ever made.

O . o
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6.2 Situation of Thermal Energy Consumption

6.2.1
(1)

(2)

@

Puel Comdustion in Boilors

92 Content in Flue Gas

The results of diagnosis of 4 factories which have
package boilors are as shown in Table 6.2.1 .

With the exception of I factory, 02 content in flue gas
of the other 3 factories have values about 9%. The
recommended value for O, content in flve gasmof package
boilors of similar size and loading factor at 70% in
Japan is about 5%. This value is equivalent to air
ratio in 1.3 .

The 0, content must be improved by controlling the pri-
mary or secondary air for combution without smoking from
the stacks. Due to.Oz_contrOI of flue gas, the fuel

saving of 6% to 14% of the total fuel consumption of the
beilors would be achieved with no investment.

Dispersion Heat Loss throusgh Boilor Surfaces

Generally, the surface of package boilors consist of the
eylindrical, front and back parts. Although the
surface area ratio of the cylindrical part to total is
about 60 fo 80%, the contridbution of the dispersion heat
loss is not so much becouse of relativelf low tempera-
ture from 50 to 70°C. On otherwise, the surface
temperature of the front and back parts are approximately
a range between 100 and 104°c. It is, therefore,
more desirable to insulate the front and back parts than

the cylindrical part.




T

o~

o 0
Notes 1) ; (value) of m in Flue gas column
Table 6.2.1 Summary of Boillor Operations air ratio.
Fuel type ‘ Flue Gas 1) Heat Balance Sheet ( per ké fuel)
Fact-| composition ﬁefugél‘ Condition Flue gas H L|Disper, . H I |Blow-down Steam
ory % e Temp.
c H S kcal/kg 0, % | “c kcal % | kcal % | kecal % | . %
9.5 .
mas=
A las 14 1| 9,976 [(1.83) 195 1,151 | 11.3] 230 2.2| 50 0.5 86.0
9.0
B 85 14 1 | 10.135 [(1.75)] 240 1,429 13.1|. 196 1.8 83 0.8 . 82.4
1 |
ro. 3 13.0 .
118 13 2 9,576 [(2.63)] 257 (2,192 22.9] 261 2.7 2173 2.8 76.4 |
H :
i 12,2
olas 13 o | 92576 |(2.39)) 254 11,879 | 19.6] 153 1.6 233 2.4 7.6
) o 10.5
185 12 3 | 9,624 |(2.00)] 220 |1,384 14.41 105 1.1} 16 0.1 84.4
! 5.1
21 85 12 3 9,624 [(1.31) 198 814 8.5 100 1.0 16 0.1 90.3%
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In practice, it is very difficut to accurately estimate
the heat loss dispersed through the heated surface,
becouse it depends on the a lot of conditions, that is,
wind velocity, skape, roughness, material and own tempe-
rature of the surfaces. However even though it is
rough, it is necegsary to estimate the dispersion heat

loss for preparing the heat balance sheet.

Here we bhave two methods to estimate the such heat loss,
one:is to directly get the heat flux using the heat

flux meter, and other is to calculate it using the sur-
face temperature and reasonable heat transfer coefficient
assumed by experience. On the case of not possessing
the heat flux meter, we must follow in later and get

the heat flux by calculatiqn as follows ;

Dispersion _ Assumed Heat
Heat Loss ~ Trans. Coeff.

x Area x (T - To)

where geherally the heat +transfer coefficient of above
equation will be ranging between 10 to 20 kcal/m2°C hr,
and T and To are the surface and ambient temperature

respectively. ~ The sized area in m2

should be sured
to have approximately uniform ambient condition.
According with the heat balance of boilors which are

is the basic information for energy management and in
any case, must be prepared by the engineer engaging in
the energy problems of own factory, it is clear that

the approximate amount of heat loss by dispersion from

boilor surface would be calculated about 1 to 1.5% of the




(3)

total fuel consumption. Then it is effective to;
. &
confirm roughlr and quickly the temperature pattern

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

conservation.

Flue Gas Temperature

In Japan, the factories which have the boilors of
capacity of not more than 10 tonnes steam/hr and T0%

of loading factor are recommended to operate the boilor
at flue gas temperature less than 320°. .
According with the result of diagnosises in this
survays, above criteria has been cleared :on all the
factories. But this criteria should be appreciated
as maximum and allowahle values. Actually it is
better to keep it as low as possible. However

when the high sulphur fuel is using in boilors, the
flue gas temperature should not be decreased the sul-
phuric acid dew point in order to prevent the corrosion.
Por example, the minimum allowable temperature of the

flue gas is about 170°C for fuel with 1 to 2% S content.'

On practice, the fiue gas temperature can be reduced

by the following measures ;

(2) to remove the scale on inside and outside of boiler
tubes at overhaul,

(b) to carry out the routine cleaning of the burner tivs in
order to ensure the complete combustion, and

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

way of flue gas ducts with some modification of the




(4)
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forced draft fans of boilor 'in order to recover the

from the flue gas.

Blow-down Heat lLoss

It has been observed that all the factories do not
check the boilor water quality such as PH ana elect-
rical conductivity before each blow-down operation is
carried out. mhe recomnended procedure would be
to make the operatioﬁ manual of blow-down, that'is,
how long of period and how much, on being aware of the

boilor water quality.

The amount of the fuel saving achieved by resonable
5low-down operation would be about 0.5 to 1.0% of the

total fuel consumption of the boilors.

It is to be noted that the recommended values for water
éuality of smoll package boilors in Japan are as follows;

PH 11.0 to 11.8
Eiecfrical Conductivity : under 6,000¢S/cm .

the suitable operation of blow-down would cause not
only the fuel saving, but also the szving of the chemical

for boiler water.
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6.2.2

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

Fuel Combustion in Industrial Furnaces

The industrial furnaces which have been diagnosed in this
étudy are classified as foilows ;

Tunnel Kiln

Shattle Kiln

Rotary Kiln (including Rotary Dryer)
Grate Kiln . -

Soray brxer

Generally, the measured values of 02 content in the flue .
gas are over 5% which indicate the possibility of the
recovery of wasted heat through the stacks of the kilns.
The surface temperature on walls and roofs of a1l furnaces
éxcept some parts of rotary kiln are well below the recom-

mended values on maximum allowable temperature.

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

be jastable to apply the suitable insulation to:10wer down
the surface temperature as much as poséible, depending
upon the availability of financial resouces on the fa.cto:.
ries. Especially in the case of tunnel kilns, the
heat of the flue gas should be fully utilized for the
preheat of any rew material.

The summary on daily operation in miscellaneous kiln
listed up above are shown in table 6.2.2. generally
speaking, almost of all kilns in factory survayed on this
diagnosises are operated relatively resonable comparing

to simiY¥2r Japanese industries.




Table 6.2.2 Snmmnxx_oi_MJ.mllan.e.: a
ous Kiln QOperation
Type of Fuel Specification Heat Balance per hr
Kiln Tnput Output oPpear-
Factt Composition ga% npu utpu ance
ory |Type of |Type of % ere Fuel Flue gaal Dispers. Other Prod. & |heat
Opera- (Fuel keal / Heat loss Heat 1 | “] Req., heat §££1°1°
tion ¢ H S kg x Mcal x Mcal}l x ..cal x Mcal x Mcal y
Shuttle 48,669 14,617 6,341 12,952 14,729
c Diesel |85 14 11{]10,145] /vatch | /batch /vateh | /batch | /batch 30.3%%
Bateh 1.00% 30, 0% 13.1% | 26.6% | 30.3%
Tunnel 10. 200 584 .4 356.1 199.8 13.1 15.4 "
86 1l ’ 20.7
P leontin. | DFC%t 13 1006 | 61.0% | 34.2%| 2,28 | 2.69
1,110:0 320.0 620.6 3.0 166.9
Tunnel ’
Diesel |85 1 1]l 9,800 27.5%
Contin. ese > ' 100% 28.8% 55.9% 0.3%{ 15.0%
E
Spray 1,500.0 | 319.0 135.0
. . . 231, 813,
Dryer Diesel |85 14 1| 9,800 ' ? 343 53, 0%
Contin. 100%. 21,3% 9.1% | 15.4% 54 ,2%
Clinker | 8,225.0 |2,133.0 974.0| 668.0 |5,329.0
Fuel oill 84 12 4|1 9,500 58.5%
o |contin. 90.3% | 23.5% 10.74 | 7.3% | 58.5
% *
tovarY | - - {"9,500.0 |1,162.0 |"3.404.0| ¥930.0 |*4,00¢:0 y7. 14
Fuel oill 8 9,500 ’
contin. 4 12 4 ' 100% 12.2% 35.8% | 9.5% | 42.2%
Note ; Values of mark * is per kg

-'[Z_




6.2.3 Steam Consumption in Pactories

The modes of steam consumption by the diagnosed factories
are as follows ;

(1) In rubber-prodnét industries, steam is consrmed for val-
canizing and pressing processes.

(2) 1In textile industries, steam is consumed for dyeing,

étretching and finishing processes.

Most of the piping lines of steam between the boilor

0 and steam consuming facilities are appropriately insu- .
lated except in areas. which are located near the boilors
and facilities. According with the normal "hcuse-
keeping" ‘or majntenance, the wasted heat becouse of
broken insulation of steam piping should be easily im-

proved.

At the first, the engineer engaging in energy problems
must be familiar on th caiculation of steam demand and

supply end must find out where is waste-points in own

D factories. h ' _ .
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6.3 Electrical energcy consumption

6.3.1° Electric vower manacements

With the exception of the two large textile factories
which we have visited where electiric energy comsumption
log books are properly kept, the remainder of the
factories have no standard procedures of recording elec-
tric energy consumptions of the fzctories either daily
or weekly. For good energy management it is necessary
to analyze daily or weekly energy consumption patterns
as iﬂi the . evenit of wasteful energy utilization,
the practice can be quickly detected and countermeasures

can immediately be introduced to zvoid Further wastage.

6.3.2 Electric source

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

factories have equipments rated atout 415 volts.

(1) Transformers

The load factors in all factories against the 'rated
transformer capscities are low ( around 0.5.). These
values are unvsually low for faciories of these sizes.
The load factor histogram is as shown in Figure 6.2.3,

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

low load factor.

SRR S TR0, 17 R SETROR ¢ N YD RN I
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Figuar 6.3.1 Load factor histogram of the eicght factories

As stated earlier all factories have installed
large capacity transformers of sizes either 750 kVA,
1000 kVA or 125U kVA. These capacities provide large

margins of unnecessary iron losses.

(2) Supplvy voltage 4 .

The name plate ratings of various equipments ?nd
actors 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 histogranm of the various

factor is given in Figure 6.2.4.
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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 condensers

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 measured capacities

of the power factor correction equipments have decreased

and in our opinion this is mainly due to high supply

voltage.

(4) Phase current bslance

Generally the secondary current of all transformers

with the exception of two were fournd to be balanced.

(5),‘Undefstahding of the electrical Tariff

It is vital for all factory managements to uﬁder-
stand the Tariff and conditions of electricity, as this
would eénable them to plan the operations of the factories
such that electrical energy cost can be reduced. Further
to this it can also enable factory managemenis %o
forecast and provide realistic targets for energy

conservation.

6.3.3 Electrical loads

Electrical lcading condition of various industrial

groups are as shown in table 6.2.4.
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Details cf major loads

Tndus-| Pro- Descriptions|{Power Rating
5 N consum-; capacity 1
trial | ducts of ed (% of each Remarks
groups major of the | motor
total .

loads power)_ (kW)
Mixer, Crac-|. . . Interaittent load,
kers and 50-52 75-93 L.F*of motor is small
Open roll . .
mills.

Rubber| Shoes Press and Continucus loading,
air compres 20 30 L.F*of motor . is small
-sor ;
Crashers, Cont% loading(24Hrs),

Ball..mills |15-30 L4 -60 L.F*ofT motor.is small

O Cera- |Tiles, and blungers .
pics Fire- Extruders - Cont®* and intermit-
brick | a@nd Press. [40-46 |30-82 tert loading.
L.E*of motor is.smeall

Fans, blow-

ers 12-40 | 30-60 Cont®* loading(24Hrs)
Mills(raw
material and| 51 110 to |Cont¥% loading(24Hrs)
Ceme- gorza cement) 230 L.F*of motor is gcod
at conent | Filns, Blow
sHE -ers and 25 22-110 |[Cont%* loading(24Hrs)
1 Exhauster L.FP*of motor is gcod
Air compre- Cont% loading(24Hrs)
ssors, air- L.F*of motor is good
separators

Carding, Spi.

(P . -ning, Windligs g5 110-25  [Cont% loading(24Hrs)

-ng, Weaving . :
Cotton Finishiqg L.F¥of motor is good

—

Wool R A
and Mr conditi-las-46 | 200 Cont# loading
ther ioning L.F*¥is good
Text- 1° d g
iles %xtruding Cont% loading
including L.F*is small
Poly- | peaters)
ester
Twisting 17 7.5-20 |Cont% loading
L.F¥ig small
325%25 end 32 Less Cont% loading
: g than L.F*is good

25

¥ Cont. : continuous L.¥ : load facter

Table 6.3.1 [Electrical loading conditions of various
induestrial crouvs )
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1.

Outline of the Factory

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

Type of industry: Rubber

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

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



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

old capital of Serangon, which is situated about 32 km
west of Kuala Lumpur.

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

. The energy consumption cost in the factory is 2.8% of
the turnover, a relatively low figure. But, the

Q managers of the factory have a great concern for
energy-conservation. We could feel their great

respect toward our diagnosis and surveys.

2. Manufacturing Process

| Twarming & | J— |
CHEMICAL MIXIN G & Y N&
RUBBER | CALENDEDING PRESSING SOL!
{) | TEATILES COMBININGy CUTTING CHECKING

-} FINAL
R
GRINDRY ’|AssEMBLY .
LACE PACKING CHECKING VULCANIZING
L |




3. Major Equipment

3.1 Major Equipment

No. of Units

Name Type, etc.
Installed
Steam pressure: 13 kg/cm2
Boiler 1 Rated evaporation: 1,600 kg/h
Capacity: 840 pairs/charge
Dia. 2.1 m x length
Vulcanizer A 1l
7.8 m
Safe working press: 0.9 kg/cm®
Capacity: 840 pairs/charge
Dia. 2.1 m x length
Vulcanizer B 1l 7.8 m
Safe working press: 6.3 kg/cmz
Hydraulic press 5
Calendering roller 3
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4. -Situation of Energy Management

An energy-conservation committee was organized with

the factory manager acting as chairman, and a mainte-

nance superintedde@t 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 lasi: 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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Situation of Fuel cénsumotion

Phe data given by factory Manager was as follows ;

Diesel oil 2637 kl/year
Working days 250 day/year
Working hours 16 hr/day

Daily consumption of fuel 87.9 1/hr

this factory has a 100 hp. Wet-back Maxitherm boilor.
Most of the steam is for the vulcanisation process, while

the remainder, for forming presses and rollers

5.1 Boilor Operation

The measured and observed values of some of the essen=-

tiai parameters of the boilor were as follows ;

(a) Flue gas temperature 19500
(v) 0, content in flue gas 9.5 4%
(¢) Dispersion heat loss 11,590 kcal/hr
(d) Amount of blow-down 0.31 kg/kg of fuel
(e) Puel feed rate 1.4 1/min
Ci' It is the most important step to~prepazethe heat balance

_sheet of the oojective facility for diagnosis.
Using the above data, we can get the heat balance sheet
to be able to recognize where and how much to spent the

thermal energy as Table A.5.1 at following page.

5.2 Autoclave Operation

(1) According to the factc:y Manager, 70 % of the steam is
consumed by the two autoclaves. . The temperature

measurement made on autoclave-B surface gave the following




Description Input ‘ Output
kcal/kg fuel % | kcal/kg fuel %
Input
Fuel (Net) 9970 97.9
Feed Water 220 2.1
Output
" Flue gas - 1151 11.3
. lsisperan Heat J‘
Lioss. . 230 2.2
Blow-down . 50 0.5
Steam (balance) 8759 - 86.0
Potal 10190 100 10190 100

Table A.5.1 Beat Balance Sheet

{) readigs ;
Cylj.nder' 50 °c (area 55 mz) o
2
) ..

Door 100 °¢ (area 4.2 m

(2) Heat content of Bquipment

(a)‘uass of autoclave-B was asumed as 20,000 kg.
fherefore, the heat content of the autoclave is
Q = 20,000 x 0.12 x (125 - 32)
=223,000 kcal/Batch
where 0.12 is specific heat of steel in unit of

keal/kg.%C .




(b) Insulation Material

- The insulation material has total mass of about 2,200 kg.
Then the heat content of insulation material is as
follons H

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 differenée.

(c) Total Heat Requirement in Start-up Operation
" It is the sum of (a) and (b), -
' Qp = 223,000 + 20,450 = 243,450 keal/Batch.

(d) Hot loading

o bnce-autoclave has started, the temperature vary
between 125 and 80 °C for loaded and nnloadéd condition
respectively. The heat requirement for the hot
loading operation is calculated roughly as follows ;

243,450 x (125 - 80)/(125 - 32)
= 117,798 keal/Batch

(3) Heat Requirement of Content Material

Qp+

(2) The shoe rack has a mass of about 2324 kg/Batch.
. ihe 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.

(c) The shoes which consist of canvas and rubber have
averagely the mass of about 554 kg/Batch.
Heat regirement is ;
Q = 554 x 0.4 x (125 - 32)

= 20,609 kcal/Batch
where 0.4 is the average specific heat of the shoe.

(d) The total heat requirement of the content material is,
. fhgref ore,
Q! 25,936 +-26,12T7 + 20,609
"+ = 72,672 kcal/Batch

The heat requirement per batch operation of valcanization

on the autoclave-B is tabulated below ;

Description %ﬁiﬁt;g{d Hot loading

kecal/Batch % keal/Batch| %

1)J
O Surface Heat Loss 33,984 9.7 33,984 15,1 ®

Egaipggggent of 243,450 | 69.5 117.798 52.5
Heat requirement 72,672 | 20.8 72,672 32.4
of content
Total 350,106 |100.0 224,454 100.0

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

Pable A.5.2 Heat requirement in Valcanization Process.




A-10

Each autoclave is operated at rate of 4 batch a day.

Assunming t

Lat autoclave-A carries out on similar operating .

cycles and heat requirements. Then the total heat

requirements for two autoclaves per one day is as follows ;

Qp =

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

_ 2,046,936 kcal/day

(4) Efficiency of Steam Consumotion in Autoclaves

The energy in the steam is 86 % of the total fuel input

in boilor.

- - .-

of the steam prod{xced.

The two autoclaves consume about 70 <

the energy value of stean

supplied to the autoclaves is therefore ;

Q =

where

10:86°x 20,190 x 0.7 x TL.4 x 8
3,503,958 keal/day

10,190 ; Net fuel
71.4 ; Amount of

conbustion heat kcal/kg of fuel

fuel consumption per hour
kg of fuel/hr

8 ; VWorking hours per day .

The efficiency of au"tocIa.ve is therefore @ i

2,046,936/3,503,958

. 0.584 = 58.4 %
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6. Problems in Themal_'l:mgg,y_lltilization and their Potential

Solutions

§.1. Boilor Operation )

() 9 Control _in Exhaust flue gZas
(A

If the 0, content were reduced to 5 4, the fuel saving
would be as follows ;

Description Observed Improved

62 content in flue gas

_ ( i ) 9.5 5.0
Air-ratio 1.83 1.3
Flue gas Vol. (Nn’/kg fuel) 21.41 15.47
f!eat loss influe gas
: (kcal/kg fuel) 1151.0 832.0

The. saved.heat AQ would be ;

" AQ = 1151.0 - 832.0 = 319 keal/kg of fuel _
which is equivalent to the amount 3.2 % of fuel input
in the boilor.

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

A8 = 121,000/year x 0.03 = $3630/year even with the
nue'ga'.s temperature of 195 °%. '

(2) Boilor Water Quality  Control ,
The boilor was not equipped with PH. and Flectric Con-

ductivity Meters. The blow-down operation is gene-
rally carried out according to reference of water quality.
With the suitable blow-down operation the savings obtained

would be about 0.5 % in Maximum of total energy input

on boilor.




(3)

6.2. .
(1)
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feed Water Meter

It should be equipped to correctly monitor the quantity
of water entering boilor which is equivalent to produced
steam. In this survay the amount of produced steam
has been estimated through the balance which is calcu-
lated by substruction the total heat ioss from the in-
put energy.

Steam Consumption

Autoclave Operation

The loading and wnloading operation of each autocrave
takes place about one hour by one hour. This re-
sulted in large heat losses and decrease of boilor
loading factor. It would be better to operate the
autoclaves on continuous basis so that the heat losses
would be reduced and the boilor fully utilized.

To reduce the unloading period, it is suggested to be
fully ready to charge the new batch material before
.unloading the contents in the autoclaves.

(a) Door Operation

In present, the door of autoclave is keeping on openning
until next operation. It cause the waste energy.
Then after unloading the door should be closed to pre-
vent to cool down the autoclave except to be ready on

the next charge.

(b) Dooxr Insulation

If the measure for the door insulation is only carried

out, the heat 1loss would be reduced by 3,000 kcal/hr.




(2)

(3)
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Assuming that fuel unit cost is 0.054 $/1000 kcal and
working hours per year is ;
250 day/year x 12 h;s/day = 3000 hrs/year.
saving $ with two autoclave is as follows ;
$ = 3,000 x 0.054/1,000 x 3,000 x 2

" = 972 § /year.

To insulate the Press machines

iccording to the factory Manager, the press machines
consume about 25 % of the total steam generated. o
The recomended are as folloes ;

(a) Whole Cover Insulation on Machine

With reference to Japanese experience such measure
would save 25 % of enmergy originally required by the
press machine. Phe savings would be able to cal-
culated as follows ;'

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

312,700 kcal/day
Saved $ = 312,700 x 0.054/1000 x 250
- 4220 $/year ®

To insulate the Boilor Peed-Water Tank

The feed-water tank which was bare should be insulated

to reduce surface heat losses. The dispersion heat
from the feed-water tank was measured to be about 8,400
kcal/hr which was equivalent to.about 1.0 litre/hr of
fual. The annual saved $ obtained by proper insu-
lation of the feed-wat r tank would be as follows ;

= 840 $/year
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(4) To insulate the Drain Recovery Pive

The drain recovery pipe lines from the autoclaves and
the press machines have no insulations which resulted in
heat losses. Especially it would ﬁe effective to
insulate the drain pipe lines of autoclave which consist
of 50 mm of diameter and about 50 m of length.
According with the insulation of this pipe line, the
amount of saving energy, 10,000 kcal/hr are achieved.
The saved $ annually would be as follows ;

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

= 1,080 § /year

6.3 Another Comments

According to factory Manager, it is difficult to keep
on the temperature of inside of autoclave-B which has
been builded recently, homogeneously. Maybe, it
would result in to install the unsuitable thermocouples.
Due to exchange them to quick responding sencer, exce-

lent operation would be expected.
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7.7 Electricity

"7:1 Electrical ccnsumption-characteristics.

supplier : National Electricity Board
of States of Malaya.
500 kW

contractual maximum demand

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
———2Roll Mill 3 x 93kW
—— 2Roll Mill 2 x T5kW
—— 2Roll Mill 2 x 56kW ‘
NEB 11/.433kV — 2Roll Mill 82kW
__@_—  Mixer 82kW
}———Hydraulic Presser 2 x 120kW ®
750kVA
—Compressor 2 x 30kWw
Valcanizer 2 x 5.5kW
L ———Main Office '
t———7Lighting
Water pump. Cement Room.
——-” -Condenser 6 x S0kVAr

Figure 7.1 Electrical schematic diagram of MARCO SHOES BHD,

The factory main loads are;
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(a) nine open roll mills of total capacity of 72, kW.
(b) two large air compressor and some hydraulic pumps of
120 kW.
All factory loads are connected to a 750 kVA, 3 phase trans-

former with metering's on the low .voltage “side.

8. Problems in electric power utilizaticn and their poten-

tial solutions
8.1 Source

8.1.1‘ Transformer

The source is connected to a 750 kVA, 3 phase trans-
former. The average loading is 430 kW (467 kVA assuming a
0.9 power factor) of which 50 % is utilized by the large open
roll mills and 40 % by other equipments in the factory. The
remaining 10 % is for lighting and air conditioning.

In our opinion the transformer is optimum size. How-
ever the operation of the large open roll mills create

4

considerable. fluctuation to the input power.

8.1.2 Overation voltage

From the name plate of the motors, it was found that
the following specified voltage rating were connected, i.e,
400, 420 and 440 volts. Actuzl measured value of supply volt-
age is 400 volts. In this respect it isg desirable to operate
the factory with supply voltage of about 420 volts. This
action requires that transformer tappirg to be increased to
the proposed voltage. This measure will reduce motor losses
and improved torque. In future, it is also suggested that for
new installations motor rating should be confined to 420 volts

only.
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8.1.3  Phase balance 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 Blectrical-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'lafge input current variation which
make measurements very difficult. Therefore for a2ll purposes
considered an estimated average value is used in the

calculation. Details of large motor loads are as follows;

Descrip- Motor Quantity - Consumotion(kW)

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.C 2x50

sill

Open roll 82 1 ’ 5.0 55

mill

Mixer 82 , 1 4.0 44

TOTAL 780 52.5 L92

Table Large motors loads




e

A-18

As indicated earlier many of the large open.roll mills
have erratic load pattern and intermittent stop/start char-
acteristic. From the table above ihe maxim;m total power
consumed by these motors is 492 ¥4 while the idled power
is only 53 kW. It was further obssrved that an average
754 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;

/[ 5fx 1.0 + 497 x 0.25 _
P - ‘/ o 1.25 - 225 kW

P as calculat:d gives the theorstical combined optimum

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

a reasonable safety factor of about 25% would give the

combined optimum size of the open roll mills motor reqﬁiréd,
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 actuai transfo=

rmer rating- required can be calculated as follows (assuming

a p.f of 0.9); '

Required transformer rating = 2226531422 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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would be sufficient. The saving below can be realized

if the two 75 kW motor were changed to 50kW

(75-50) kW x 0.13 x 0.3 x 3.0 x 250 x0.32 x 2
=$336 / year
where, 0.13 . the loss factor
3.0 : iron loss factor
3.0 : working hours per day
250 : working day per year
. ) . 0.23 . the electricity tariff 15.e' 23 cents/kﬁh ‘ |

8.2.2 Fly wheel effect

jnertia ( fly wheel effect ) resuliirg in erratic motor

Each open roll pill has two huge rollers which have |
load. This requires countermeasures in the following two l

areas;

(a) It is desirable to achieve é continuous loading

of the rollers so that frequent stop/start

operations of the rollers can be avoided or reduced

by increasing of material 'ut-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 agystem

1t was noted that the Valcaniser ( autoclave ) requires

comﬁressed air of pressure 3 kg/cf’ . However the pressure

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

in pressure is too large. Normally a 1kg/cmzpressure
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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 irn the main factory is reaso-
nable. In the sewing section the existing lighting intemsity
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 sufficisnt for this nature of work, thus

improving the efficiency and quality.
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9 Summary
9.1 Thermal Part

The effective measures on the thermal energy conservation

are summerized as follows j;

(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 o

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
(c¢c) 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 & saving of about 3%

for each kilogram pressure reduction.
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(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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Outline of the Factory

Address: No. 2 Lorong Enggang Empat, Taman Keramat,
Kuala Lumpur -
capital: 2,800,000 Malaysian dollars
Type of industry: Rubber
Major products: Retreated tyres
Annual output: 36,000t
No. of employees: 33
Annual energy consumption:
- Electric power, 223,390 kWh
- Fuel, diesel oil, 186 k&
Interviewees: Mr. Zainuddin Fathodin, Factory Manager
Mr. Mohd Basir Biw Majid, Account Executive
Mr. Ismail Bin Yassin, Production Executive
Mr. Gan Boon Hui, Marketing Executive
M;. Ali Bin Ahmad, Fitter & foreman
Date of Diagnosis: Apr. 18 - 19,:1983'
Diagnosers: Mr. M. Eguchi} Mr. R. Takahashi, and
Mr. T. Sugimoto

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

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




. This is a factory to produce retreated tyres, belonging
to the MARA group established in 1372. 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 S5 - 6%.

. 2. Manufacturing Process .
USED TYRE INSPECTION BUFFINE REPAIRING
!
FINtSl-qu—r——‘ CURING BUILDING CEMENTING,
Stiawm




3. Major Equipment

3.1 Major Egquipment

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/cmz
Small size press 18 No. of new type: 6
‘ _ Steam consumption: 10-];3']«;/;:111z
Steam pressure: 5 kg/t'::llz

No. of old type: 12

Boiler 2 Steam pressure: 10.5 kg/cm2
Rated evaporation: 2,268 kg/h

Compressor 1 30, 12 kg/cmz
25 P, 12 kg/cm?®




3.2 Layout
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4. Situation of Energy Hanagement

. 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 equipwent and

m 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 repéatéd 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.




5.

Situation of Fuel Conrsumption

(1) Terms oftrﬁel

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

(b} Net Heating Value of Fuel

(c)

Phe net heating value of the fuel is calculated as
follows H ‘

10,891 - 600(9 x 0.14) = 10,135 keal/kg of fuel
where 0.14 is the wt. % of H molecule in H,0, |
600 kcal/kg is the rough latent heat of vaporization

of'Hzo and 9 is the ratio of Héo to H2 in weight,
18/2.

Energy Input per hour to the Boilor

Based on the fuel consumption rate and the net
heaéing value of fuel, the heat energy input to
the boilor is as follows ;

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

(2) Terms of Boilor Operation

(a)

(b)

Actual Yorking .Haurs

Working hours from Mon. to Fri. were 12 hrs and on "
Sat. were 9hrs. The total hours for 3 weeks
were ; |

(12 x5 x 3) + (9 x 3) = 207 hrs.
This values corresponded to the amount of hrs for
fuel supplying period to the factory.
The cycle of operation
The cycle of operation has been observed as follows ;

?
Pull firing 5 min.

Half firing 15 sec.




Pire stop 5 min. 30 sec. (incl. purge
30 sec.

One full cycle observed was 1Omin 45sec of which the
firing time was 47.2 % and the no-firing time with

purging time was 52.8 % of the cycle.

(c) Actual Fuel Consumption
" Based on the operation cycle and corresponding fuel
ﬁupply'data, the fuel consumption was estimated as
follows ;
10,900 x 0.84/207 x 0.472 = 93.7 kg/hr

-

o e e .

Q where 0.84 is specific gravity of fuel and 0.472 is

the potion ratio of firing time in operation. i

5.1 Boilor Operation

¥We must notice that the boilor disperse the heat
with natural drafting during the non-firing part of the
cycle. The boilor operation cycle of firing, purging

and non-firing is illustrated below ;

5.1.1 Datum of Cycle on Boilor Operation

Description Time 0, Temp. |Linear Velo.
in' Duct
min % ¢ m/sec
Full Firing 5 9 240 -
Stop Piring 5 21 200 1.5
Purging Blow 0.5 21 200 -
Half Piring 1/4 - 220 -

Table B.5.1 Combustion Cycle




5.1.2 Heat Balance for Boilor Overation

The heat balance for boilor operation in terms of kg

of fuel is shown in -Ta3le B.5.2 below ;

Description — . Input Output
kcal/kg of 4 | xcal/ke of] %
fuel ) fuel
Output
Flue gas Heat Loss 1429 13.1
(during firing)
Flue Gas Heat Loss 210 1.9 '
( non-firing) . )
Blow-down 83 0.8
Dispersion heat 196 1.8
Loss
Produced Steam " 8979 82.4
(from Balance)
Input
" Puel . 10135 93.0
l;eed -Water ' 762 7.0
(hot charge) .
Total 10897 100.0 10897 | 100.0

Table B.5.2 Heat Balance Sheet for Boilor




5.2 Steam Consumptior

5.2.1 Required Heat

The theoretical required heat is the sum of the heat

content of the curing rubbers and some heat for vulca-
nization processes. Actually the later heat was

omitted because of relatively small value in comparing

+o another much heat loss.

(1) Tyre Mass
‘ Big Tyre 60 kg/piece
Small Tyre 30 kg/piece
(2) Number of Batch Processes per day
No. of Mach. Batch/day Total No.
Big- one 10 T 70
Small one 6 16 96

(3) Summary of regired Heat per day
big one ; 60 x 0.25 x (180 — 30) x 70 = 157,500 keal

Small ; 30 x 0.25 x (180 - 30) x 96 = 100,000 kcal
Total = 257,500 kecal
(i. where 0.25 is specific heat of rubber and

180-30 is the temperature difference between

steeam and ambient.

This value is corresponding to only about 2.6 % of the

heat energy supplied by stean.

5.2.2 Heat loss

(1) Dispersion Heat Loss from Surfase of Curing Machine

The curing machines have complicated structures and

shapes and then the surface areas were roughly estimated




B-10

. that the big one is 5 m2 and the small one is 3 m2;
The calculated dispersion heat loss are as follows ;
' Big one ; 5 x 300 x 10 x 12 = 300,000 keal/day

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

Total

408,000 kcal/day

2 .

9 -

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

where 5 and 3 are the estimsted surface areas in m

10 2nd 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 cogpletely 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 ;
'_ﬁ;éhine size Weight Heat content
) kg . keal/batch
Steel | 1000 1000 x 0.12 x (180 - 30) = 18,000 P
0 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 and 0.22 are the specific heat of steel and alu-

minum respectively and the weight of material is the guess-

" ed value.




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 kcal/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 ;
-Nescription- Input - Output
kecal/day % kecal/day &
Input

Heat from steam | 10,096,000 | 100.0

Output | -

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

{' Poss | 408,000 4 0
Heat Content of
Curing Machines 3,234,000 32.0
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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6 Problems in Thermal Energy Utilization and their Potential

Solutions

6.1 Boilor

6.2

The 0, content in the flue gas could be reduced from 9 %
to 5 { and the flue gas temperature could be degreed from
2509é'to 1éo°c. , In addition to these measures, the
boilér should be operatéd continuously. The amount
of energy saved by all these measures is 9.6 % of total
heat supplied, 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 boilor operation.

This factory used to spent about 94,000 $/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 above measures as follows ;
0, content . 2800 $
Flue gas 'temperature 4400 $§
Continuous operation 1800 $ .

Steam Consumption Facilities

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

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

turned back was about 1oo°c, Boiling state of water.
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this drain recovery sysfen extremely is unusual comparing to

the normal one.

The leakage might has originated from defective steam
traés which should promptly be checked. If the leakage
from steam traps were avoided, about 20 to 30 % of the in-
puted steam could be saved.  As cost, aboui 20,000 $

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

a small investiment.
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7. Electricity

7.1 Electrical consumption chracteristic

- supplier : National Electricity Board
of the States of Malaya.

- contractual maximum demand : 100 kW

- average monthly consumption : 18.6 x 10 kih

- contractual power factor : 0.85

415 Volts

- rated supply voltage

7.2 Schematic diagram and outline of factory

. ) Electrical schematic diagram is as shown in figure 7.1. ‘

NEB 11/.433 kV
) ‘Other Factory

75 VA- - R - -
"7 }p——————Buffing Machine 37 kW
» ' ( L4 kW
Orbitread Machine 2 x 26 kW
( with Extruder )
Compressor A ( 2 x 25 kW
19 kW

-~ 4+——— Boilor.

Curing (1 - 16) (12 X 1.5§W
x 1.1kW

0 -L—-——Office & Others ‘

Figure 7.1 Electrical schematic diagram of USMETA SND BHD.

The factory main eads are;
(a) buffing machine of total capacity of 81 kW.
(b) compressor of total capacity of 69 kW,
(¢c) Orbitread machine of total capacity of 52 kW
All factory loads are connected to a common 750 kVA, 3 phase
transformer which also supply neighbouring factory. Meterings

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

solution.
8.1 Source.

It was observed that the incoming switch board compaft-
mert is permanently water-logged. This is a dangerous condition,
where accidents can happen during both switching and mainte-
narce. In addition to this, the condition of the switchboard
and the éssociated wirings are in poor condition. It is highly
recommended that measures should be taken immediately to keep
the switch board room complétely dry.

The input voltage as measured was about 402 volts while
2ll the equipments are rated between 380 volts to 440 volts.
The specified input voltage is not suitable and it is suggested
that the input voltage be raised to 420 volts, to reduce

losses and improve torque.

8.2 Electrical loads

8.2.1 Large motors

The main loads are for buffing and orbitread equipments
and these machines are reasonably loaded with load factor
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/cd‘. 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/cf; :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 burk 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-
erature of the ccmpressors should be as low as possible for
better -efficiency. It was observed that temperature of intzake
air is around 38 C. If the temperature of the intzke air can
be reduced by placing the compressors outside the factory with-:
suitable shed and good air circulation for cooling, consider-
able energy can be saved. Assuming the external ambient
temperature is 28 C the possible saving of $575/year can be

realised following the culculation below.

4P _ (273+38)-(273+28) _ '

where ‘?P 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

e

where 12 the working hours/day

300 the working days/year

0.23 : the cost of electricity/kWh

0.7 : the working factor
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9 Summary
9.1 Thermal Part

The effective measures on the thermal energy conserva-
tioﬁ are summerized as follows ;
(1) 1st. Phase measures (No or a little investaent)
(a) Boilor Operation

Annually fuel saving

% S
i) to reduce 0, content 3.0 2,800
. : 1i) to reduce flue gas temp. 4.7 4,400
i31i) to keep on continuous Oper. 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

9.2 Electrical parts

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

compressors where 3jome improvements requiring no

investment have been suggested in section 8.2.2.
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1.

outline of the Factory

Address: 238 Jalan Segambut, Kuala Lumpur
Type of industry: Ceramic |
Major products: Sanitary wares, sewer pipes
No. of employees: 153
Annual energy consumption:
- Electric power, 3,500,000 kwh
- Fuel, fuel oil, 1,440 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
Lampur.

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

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

diameter are produced.




. The company plans to stop the production of sanitary

wares in the old factory, and concentrate on the

production of sewer pipes in the new factory.

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

conservation diagnosis only in the new factory where

sewer pipes are produced.
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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
i ired ki 2
0il fir In . Max. temperature: 1,160°C
Products: Sewer pipes
Drying chamber 7
Electric kiln Batch type,
. Products: Sanitary wares




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
important in operations, work is conducted according
to the work standards established on the basis of the
standard temperature curve.

. . The electric power consumption is known through the
monthly bill for the whole factory. As for fuel con-
sumption, a continuous recording of temperature is
done at 6 points in chambers besides the reading of
fuel flow meters. These records are kept in order
together with other records of operations. But, there
is no data analysis done through the calculation of
energy consumption rate and the pPreparation of a con-~

trol chart.




5. Situation of Fuel Consumption

5.1 “Shuttle Kiln‘OQeration with Batch Pracess

(1) Standard Operation Data .
' ‘The standard operational data - in the shuttle kiln for
the-mannfacturing raw sewerage SOl *pe are mainly as

follows ;

(a) Manufacturing Cycle

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

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

45 to 50 tonm.

(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 apalysis, the data on a complete cycle, 76
hours, should be obtained with suitable inte-bal 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 beat balance of shuttle kiln was barely
calculated with a above few data and the later taken datum.

(3) Heat Balance of Batch Operation

' 'Differing from the continuous process, the calculation
of heat balance in the batch process 1is slightly trouble-
some. Especially, the dispersion héat loss from




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/batchl %
Input
" Fuel 48,669,000 100
CutPut S
- Product Soil Pipesl)o
Heat content at.1165°C 14,729,000 30.3
Flue, gas Heat LossZ) 14,617,000, 30.0
Dispersion Heat Loss>) 6,341,000; 13.1
Kiln Heat Content 12,952,000 26.6
(Balance) . |
Total 48,669,000 100 | 48,669,000{100.0

Table C.5.1 Heat Balance Sheet for Shuttle Kiln

Notes ; 1)

2)

3)

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

the value is estimated by graphical integration
using the observed temperature of flue gas at
respective times on heating cycle and assuming
0 gontent is 10 % as constant through heating
cfclr. ' -

roof ; 74.7 x 15 x (200 - 32) x 34 = 2,594,000

sides ; 227.7 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.




Cc-8

_ The unit fuel consmmption, which is the ratio of total
conéumption of fuel in litre to the total weight of the
produt soil pipes in kg for one batch operation is ;
5,650 1itre/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

éomparing 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%
50,000 x (0.07 - 0.02) - .= 2,500 kg/batch.

(b) Required heat

Pherefore, 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
O = 672,000 - 1,500,000 E ®
2,172,000 kecal/batch

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

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

(2) Heat Content of Hot Flue Gas for Dryer

The heat content available in hot flue gés is estimated

by graphical intgration using the temperature 02 content
6f the flue gas in duct through firing cycle.




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 frem 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
diagngyﬂ 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 kiie operation is followed to the drying
proéess. 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 4 of the products were spoilt, the
efficiency is therefore




(2) Air Control for proper Combustion

The mean value of 02 content of flue gas through heat-
ing cjcle was roughly estimated as about 10 %. If so
in order to save the fuel, 1t os recommendable to operate
the kiln to reduce the O, content of flue gas to 5 %.

The energy saved is 11lusurated as follows ;

02 Content Heat Loss Terms
% keal/batch
' 10 14,617,000 present
® 5 10,200, 000 improvement gy
Saved Heat 4,414,000 7 % of fuel

Phis saved heat is equivalent to 4800 S/jear assuming
the following data ;

Annually purchased fuel 1440 &1,
Price of thermal energy 0.054 $/1,000kcal
Density of fuel 0.84 kg/1

In this measure, the generation of the smoke from the

stack should be prevent.

O 6.2 Dryer Oweration ‘

As shown in 5.2 the dryer operation only at 15 % effi-
ciency which means that the flue gas from the kiln is not
fully utilized by the dryer. The exess heat from
flue gas could be furthermore used to dry the raw wet
pipes below 2 %, provided that the quality of the dried

pipes is not completely affected.

6.3 More Utilization of Flue Gas

At the present moment,the two dryer-kiln systems are
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operated separated. If an interconnective under-
ground ducts between the iwc sysiems oo
utilize the excess heat in the flue gas, we would overate
more efficiently the shauttle kiln with batch processes.
For example, if the flue gas from one kiln would used for
éreheating the raw soil pipes in the other kiln until
300°C without to damage the soil pipes on quality, the

fuel consumption could be probably reduced by about 7 %.




7. Electricity

7.1 Electrical CONSuUmpLivii characteristic

- supplier . National Electicity Board
of States of Malaya
- contractual maximum demand : 2250 kW

66.5 x10 kWh

- average monthly consumption

- factory load factor : 0.42
- contractual power factor : 0.85
' - transformer capacity : 750 kVA
- rated supply voltage : 415 Volts . ‘

73.9 kWh/ton

- electric power specific

unit (EPSU)

7.2 Schematic diagram and outline of factorv

Electrical schematic diagram is as shown in figure 7.1

___——Crusher ) 22k

L ———— Mixer LKW

- N
n

___ Extruder (piping machine) 75kW
| x s @

NEB 11/.415kV

i @ l —————Comnpressor 2 x 37kW

750kVA ___ ——Exhaust Blower 30kW
—————Blower 3 x 22xW
1 x 13kW

Capacitor 8 x 25kVAr

Figure 7.1 Electrical schematic diagram of GOH_BAN
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The new factory which we have investigated make
earthen ware sewage pipes.utilizing automatic extruding
machines, kilns and some electric pressers. power input
is through a 750 kVA, 3 phase transfomer and maximua
load demand is estimated around 250 kVA where 60% of
the factory load demand as taken up the automatic extru-
ding machines and the remainder by the kilns, dryers and

other general purposes.

8. Problems in electric power utilization and their

potential solutions

8.1 Source

8.1.1 Traansformer

The main substation transformer is rated 750 kVA
but average power requirement is about 236 kW (278 kVA
assuming 0.9 p.f) It is obvious that this transformer
capacity is too large for the factory. To save energy
it is recommended that the substation capacity be reduced
to 450 kVA. Further energy saving can ;lso be realiezed
if two transformers with capacity of 250 kVA and 200 kVA
each be installed instead of one 450 kVA, where only the
200 kVA transformer is connected outside workinghouts.
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
0.984 : efficiency of 750 kVA transformer
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Recommended transformers.

"

4P2 {200 (1-0.977) x 24 + 250 (1-0.978) x 8} 0.2

30.8 kWh/day.

iron loss/day

where dP:z

8.2 : iron loss factor

24 : operating hours of 200 kVA transformer
8 : operating hours of 250 kVA transformer
0.977 : efficiency of 200 kVA transformer
0.978 : efficiency of 250 kVA transformer

Therefore. saving
= (57.6-30.8) x 0.23 x 350 =$2157/year
where 350 : number of day/year

0.23 : cost/unit of electricity

5.1.2 Voltage

From the naze plates of various equipnents and capa-
citors ( poﬁer factor correction ) they are rated at 415
volts but the actual supply voltage measured was 4,38 volts.
It is therefore reconmended to bring the supplj voltage
down to 420 volts. This measure will certainly reduce losses

and over load.

8.1.3" Cepacitors (powe t

There are altogether eight static capaciﬁorg 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:




~mark of wire :
Nc. red |yellow| blue description
1 -O- o) -0 Good
2 e -0O- O- | Good
3 -A —%—- A- | Open circuited
A “A— A X Open circuited
5 —-X A A Faulty conuection
6 —A A -A Faulty connection
1 A A O - Faulty connection
8 A A-- O- --| Faulty connection

park ; X: <0.3, -A:<0.7, ©:30.8 (1.0 = 22.5 kVAr)

Table 8.1 Conditions of static condensers

From the't—able avove, it is apparent that the
automatic power factor correction equipment is faulty.
As a result the capacity become in short for full loads,
so power fictor can not be kept hizin. Therefore we
recommended defective capacitors be replaced, also capacitors
be véntilated and adequate voltage must be supplyed to

prevent worsening again.

8.2 Electrical loads

8.2.1 Extruders

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) t— Actual load (kW)

load no load
1 110 110 6.3
2 100 115 7.0

Table 8.2 Actual load of Exfruders

Using the 110 kW machine és an example the optimum rating
of the motor should be 55 kW as shown by the calculation

below.

rA
P = 0.25 x 110
0.25

With 2 safety factor of 2.0 for this nature of

0.75 x 6.;
0.75

= 55 kW

work the motor rating is suitably designed.

'8.2.2' Comprassed air systenm

It is nezessary to examine the whole compressed

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

and this pressure appears too high for the factory
application. It is rnssible that the various equipments
in the factory could very well perform at very much
lower pressure than the existing value. Therefore it is
recommended that the factory carry out pressure reduction
exercise i.e. the machine performance. It is worth noting
that for every kg/cm‘ reduction in pressure a sa;ing 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.




9 Summar)

9.1 Thermal Part
' Because: shuttle kiln operation on this factory is batch
t&peé, for the correctly survay it is necessary to get the
éroper data with time passage through full period in kiln
performance. According to the limitation of the sur-
vay times the results and potentioal solution is always
not expected on correctness.

If it is dared to say some suggestionms, the expvectant

measures on the energy conservation are listed as follows ;

(1) 1st. Phase ¥easures (No or little investment)

Annually fuel saving
% s
(a) 0, control - 7 4,800

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

. The suttle kilns are comparatively well insulated and -
the heat balance in table C.5.1 shows that it is comparable
to recomended values in Japan. | Espetially, no minor
change would te significant on the existing design.

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

(a) Combined performance with two shullle iiln-dryer systems
This would require the interconnected oberation of the
two systems. An interconnected underground ducts between
the systems should be constructed.

Provided that the quality of products of soil pipes
are not affected, the fuel savings which could be vbtained
by this measures Qould be presumably about 7% of the total

fuel consumption.
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9.2 Electrical parts

A major electrical recamendation for this
factory was indicated in section 8.1.2 where a
change in the main jntake 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
switcﬁed off outside working- hours, thus givirg 2
saving of $2157 /year.
In section 8.1.3, we storongly recommended that efforts
' should be taken to replace and also periodically maintain the Q®

automatic power factor correction equipment ( capacitors ).
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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 consuumption:
- Electric power, 1,140,000 kvih
- Fuel, diesel oil, 2,720 ke
Interviewees: Mr. Tan Boon chin, Refractories Engineer
Mrs. Yap Szu Lee, Chemist
Mr. Here Heng Tuan, Cost & Management
Accountant
pate 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,
pr. Radu, Mr. Ahmd Faizul, and Mr. Arizan

Ab Manan




-. 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 | CRUSHING GRINDING
MOISTURE
CONTROL MIXING SIEVING
AIR

PRESSING DRY N & DRYER —
FINAL COOLING FIRING -
INSPECTION (KiLN )
STORES
& DISPATCH

[




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 :;:::ia) alumina | chammotte
bricks | bricks
output/ | 558 ¢ 8.5 t 310t
day
Downdraft kiln 2 Batch type
Built: 1972
Products: Chammotto
Output: 60 t/charge
Dryer 3




B o )1y [Suuns
42444
TON W |uun]
| 4244q . ._
<
@ Loy i) |ueny
h 1| 3
v Ay 4 ;M.H MN - A% 44d Mn
damsriy =£@ R PO M m«wuume
e —le. Po.m. MINHi7g s3I
;l-!u__i@ .m.m M DU O O O O O

Layout




4. 'Situation of Energy Management

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

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

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

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

. Many companies rely on suppliers in the purchase of
fuel, but the company conducés a confirﬁatioﬁ of
weight. ’ '

Q . 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 orce a week,
the chemical analysis of raw materials, sizing test,

etc.




5 Situation of Puel Consumpotion

The data. of the Unit Puel Consumption for each kiln

up to the present have been evaluated by the factory as

follows ;
No. 1 Kiln 1,100 kcal/ kg of product
No. 2 Kiln 1,650 kez1l/ 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 KNo. 2 Tunnel Kiln

5.1.1 Data used in Heat Balance Caleunlation

(1) Pactory Data

(a) Unit Puel Consumption 1,650 keal/kg of P.
(b) Amount of Produced Bricks per Day 6,500 ke/day
(c) Puel Calorie Inputed per Hour

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

(2) Measured Data

® 3

A) 0, Content in Kiln

"(a) Cooling zome 18 %
(h) Combustion zone 13 % .
(c) Preheating zone 13 %
(d) Flue Gas 12 %

B) Dispersion Heat Loss using observed Heat Flux and Area

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

Total 199,800 kcal/hr
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€) Flue Gas Heat Loss 100,850 kcal/hr
D) Hot Gas to Dryer 196,400 keal/hr
B) - Car Cooling Heat Loss | 58,900 kcal/hr
F) Heat Content of Product and Car 15,400 kcal/hr

5.1.2 Heat Balance Sheet of Ko..z Kiln

' The heat balance for tunnel kiln operation based on hr
is shown in Table D.5.1 as follows ;

Descriptioh ' Input "Outoput
kcal/hr % keal/hr 4
"~ Inout

© Puel 584,400 100.

Output

- Hot Gas to Dryer 196,400 33.6
Car Cooling Heat Loss - 58,900 10.1
Flue Gas Heat Loss -100,850 17.3
ﬁispersion Heat Loss | © 199,800 34.2
Heat content of car b
and Prcducts - 15,400 2.6
Balance (Uncountable) 13,050 2.2

Total 584,400 100.| 584,400 |100.0

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

Actually, the heat carried out by the products from the
kiln is only about 5,000 kcal/hr. The efficiency
in common sense results in 5,000/584,400 = 0.009 or 0.9 %.
This value is too small. Then normally the effi-




ciency on the case of the tunnel kiln operation is substi-
tuted by the ratio of the maximum required heat of product
to the total inputed fuel heat. The new defined effi-
ciency is ;

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

120,900/584,400 = 0.207 or 20.7%
Where 354 is weight of yroduct per hr iﬁ kg,
1250 is maximum required temperature in %c- and-

0.28 is the specific heat of the brick.

5.2 MNo. 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 cdnsumption for the two kilns
are as follows ;

No. 1 ; 850 kcal/kg of product or

83 kg of fuel/tonne product and

No. 3 3 1100 kcal/kg of product or

108 kg of fuel/tonne product

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

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

Solutions
Refcring to Table D.5.1,about 65 % of the fuel energy
inputed in No. 2 Eiln is thrown out tc 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.

6.1 0, Content in Flue Gas . -

The 02 conté.nt in the flue gas of the tunnel kiln is .
excéssive compared to the recommended valur of 5 %, as
being applied in some similar Japanese factories.
To reduce the 02 content in the flue gas to as low level
as possible, it is recommendable that 0, 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 furl consum-— "
ption depending on former 02 content.

6.2 Extensive insulation of the roof side wall surfaces of

the tunnel kilns

The heat balance sheet of Table D.Sfl shows that the
heat losses thirough 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 to place the ceramic board- -

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

allowable femperature of the framed steel.




O

7 Electricity
7.1

Electricity consumption chracteristic

supplier

-ontractual maximum demand :

average monthly consumption

factory load factor
contructual power factor
transformer capacity

rated supply voltace

electric power specific unit :

: National Electricity Board

of the States of Malaya.

320 kW
95 x 10 kWh

o

0.20

0.85
1000 kVA

(1]

415 volts

63.3 kWh/ton

Figure 7.1 Electrical schematic diagram of
WHT'S'T___-__-E_T‘A ASIA FIRE B ICL—KLL INDUSTRIES SDN. BHD.

(EPSU)
‘7.2 Schematic diazram and outline of factory
Electrical schematic diagram is as shown in figure 7.1.
- Insylatig Brick section (75..12 kW
- . 45. 19
- Extrusion 76 kW
— Jaw Crusher 3 x 22 kW
NEB 11/.433 kV }———— Grinding Machine 1 x 45 kW
4L X 15 kW
| Ball mill " 60 kW
1000 kVA
N Air Compressor L1 kW
Capacitor Hydraulic Presses Mixer 108 kW
6 x BBff kVAT ——————-Hydraulic Presses 2 x L5 kW
: Hydraulic Presses (1 x 22 kW
i Mixer L x 5.6 kW
Housef:: LJ——-—-e-Down Draft Kiln 2 x
Generater
165 kW . Tunnel Kiln 3 x 60 kW

-~
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Most of the electrical load in the factory is in
the material and handling and processing section where
large motors for erushing 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
jactor of 0.75 and the remainder of the eq:.ipments
connected to the kilns and dryers are 6perating for 24

hours/day.

8. Probleas in electric power utilization and their

potential solutions_

8.1 Source

8.1.1 Transformer

. The transformer is rated at 1000 kVA with a maximum
load of 333 kVA of which 50% is required continuously.
As shown in table 8.1 giving the details of the factory
jnstalled capacity and the power consumed by each section,

jt is obvious that the existing transformer is overdesigned.

Job Installed | Power Recommended trance-
Description | capacity consumes |Formers capacity
( kw { kW ) ( kvA
Raw material &
processing 810 275 500
Kiln 200 70 200
Total 1010 345 700

Table 8.1 Details of factory inéta;;ed capacity
and power consumed




Thepefore 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 d4Ps :iron loss/dav
0.2 :iron loss factor .
24 :working hours of transfomer/day

0.985 : efficiency of 1000 kVA transfomer

Recommended Transformers
AP: = {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 6f'200 kVA transformer
15 . working hours of 500 kVA transformer . . '
0.977 : efficiency of 200 kVA transformer

0.983

efficiency of 500 kVA transgormer
Therefore saving/year
= (72-47.6) x 270 x 0.23 =$ 1515/ year
where .270 : working days/year
0.23 : cost of electricity per kWh

8.1.2 Voltage

The name plates of the various equipments indicate
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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 i3 because the factory has an automatic power .factor
correction equipnment. However well a house_is'keét, it
should he maintained all the time to achive the gooed power

facvor.

8.2 Electrical loads

8.2.1 Extruder

The factory has one extruding machine of rated
capacity 76 kW. However our measurement “ndicates that
the useful power on full load is only 24 kW. this owes
a load factor of the extruder to be 0.32. In our opinion
the motor in the extruding machiqe is glossly overdesigned.
Therefore it is recommended that the existing motor to

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

8.2.2 Hydraulic presses

There are a few hydraulic presses of various
( from 18 kW to 90 kW ) in the factory, measurements
were made for a duration of 10 minutes on one 90 kW press
and one 18 kW press. The results of which are as tabulated
jin table 8.2 from the measurement o. che 90 kW hydraulic
press, jt was found that the motor is overdesigned.

Therefore in our opinion it is recommended that the existing




-
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90 kW motor to be replaced by one 75 kW motor so that

losses could be reduced.

hMotor Load Actual power consumed Pressure
Ca?acity (kgs) (xwW) (kg/cm )
kW) Min. Max. hverage Min. Max.
90 200 x 10 | 25 81 40 7 300
18 100 x 10 1.4 6.7 4.1 3.5 70
Table 8.2 Loading of hydraulic presses
8.2.3 Lightings

Generally the whole factory Jightings are made of

fluorescent laaps 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

peasurements luminosity during the day time is just

sufficient.

js insufficient.

However in our opinidn luminosity at night

Therefore it is recommended that the

factory lightings to be changed to metal halide larps

or marcury fluorescent laups (of rating 400 watts cach)

for energy saving and easy maintenance.




9 Summary
9.1 Thermal Part

No.? tunnel kiln has a smaller dimension and capacity
and a higher unit fuel consumption compared to Ko 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) 1lst. Phase Measures (no or litle investment)

% of fuel saving
based on only Fo.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%

(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.
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1.

outline of the Factory

Address: 6 .Jalan Bersatu, Petaling Jaya
Capital: 10,000,000 Malaysian Dollars
Type of industry: Ceramic ‘
Major products: Ceramic wall tiles
Annual output: 64,558,000 pieces (about 6,456 t)
No. of employees: 265 '
Annual energy consumption:

- Electric power, 1,862,426 kWh

— Fuel, diesel oil, 3,126 k£
Interviewees: Mr. Anthony Eccles, Factory Manager
pate of diagnosis: Mar. 31, Apr. 1, 1983
Diagnosers: Mr. M. Eguchi, Mr. T. Takahashi, and

. Mr. T. Sugimoto
Counterparts: Dr. Mohd Ariff Araff, Dr. Oong Peng Su,
Mr. Ahmed Faizul, and Mr. Alizal Ab.

Manan

. Petaling Jaya, whére the factory is located, is a .
rapidly grown modern satellite city on the soutpwest
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.




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. Tﬁe company shares about

25% of the market, and is planning an expansion of the
production facilities in the future.

The company has a very strong concern for energy-con-
servatibn. Energy-conservation is studied by the cost-
saving committee, but is not very active in practice,

yet. ®
The company once received an energy-conservation con-

sultation of Shell Company.

2. Manufacturing Process

BALL BALL
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CLAY MILL BLUN&ER STORA&E
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MiILL .
HARE
MATERIALS
L DRYER PRESS
CALE MACHINE I——
BALL
MILL
BISQUE
GLAZIN INSPECTIO
KILN & [ 6Loss g PECTION
GLAZE KILN PACAING

STORAGC




3. Major Equipment

3.1 Major Equipment

No. of Units

Installed Type, etc.

Kind of Energy used: Diesel oil
No. 1 Kiln: Stopped

Tunnel kiln 3
No. 2 Kiln: For bisque tiles 4
No. 3 Kiln: For glossed tiles ‘
Kind of Energy used: Waste gas of

Dryer 2 tunnel kiln

O 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




Lazout

00

O

Spr:z, Drrers

O

Q0
QO

Slore

Ball Mls
Rase malincal 0000

cogaooog

Presses

— ™
L.
X
oy
o] Ll [=
SERE A
g |dlEd
3 EE R
Ltlg‘s 1\
1S Egg
L5 L s
_g s 1] ]
> &
~ ©
&5 %L
b Y
o] 1Y
Sk
Imspaciion

oice

Store




4. Situation of Enerqgy Management

. The production cost saving committee is held weekly.
Energy—-conservation is one of the agenda of the com-
mittee meeting.

. The company once received the guidance on energy-con-
servation from an expert organization.

. The energy-saving investment was so far made on the
heat insulation. The companry 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 consuaption is daily measured every production
equipment of kiln and spray driers, and is compiled
monthly as well as yearly, and the energy consumption
rate is calculated as well as cost accounting is done.
The results are kept as data for examination. However,
there is no examination through a control chart as
generally done in Japan.

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

toward workers.




5

5.1

Situation of Puel Consumption

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

The data of the fuel consumpticn rate would be used '

for analysis in this report.

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 1.3./day as the fuel consumption rate is the com-
bined value for one bisque kiln and one glost kiln,

The vaste heat from the cooling zone of the bisque kiln
has been utilized for the heat of the tunnel dr;er.
Since actually the individual congumption 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 cf the numbers of burner at-
tached to each kilns. This is a big asumption,
If later the individual fuel consumption could be clear
by the suitable m:ans, all the analysis should be checked.



5.1.1 Operating and Measured Data

(1) Puel Specification

(a) Type of Puel Diesel -
(v) Gross Calorific Value 19,300 Btu/1lb
10,720 kcal/kg
(c) Specific _Gravity ) 0. é4
(d) Puel Consumption Rate ' 700 I.G./day
1600 x 14/(14 +18) = 700
where 1600 is the combined fuel consumption, and
14 and 18 are the numbers of burner in bisque

and glost kiln, respectively.

(2) Overating Condition

'A) Plue gas condition

(a)'o2 content in flue gas at stack 15.6 %

(b) 0, content at preheating zone 7.4 %

(c¢) Temp. of flue gas at stack 183 °c
B) Car track time 80 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). The refractory brick on one car 2,221 kg
(c) Steel structure of one car 1,820 kg
E) Drver condition

(a) moisture content of raw tiles 7%

(b) moisture content of dried tiles 0%
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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 tadle E.5.1

as follows ;

Description Input . Outout
- - T i
kcal/hr | % keal/hr %
Input
" Fuel. _ ' - 1,110,222 | 100.0
Qutput o )
Flue gas -from kiln 197,549 17.8
Exhaust frcm dryer 12,867 1.2
Car cooling air 109,264 9.8
Heat of evaporation
in dryer 79,750 7.2
Dispersion heat loss
bisque kiln 566,031 5.0
Dryer ' 54,600 4.9
Heat content of
outputed car 60,398 5.4
Heat content of .
- product at output 26,754 2.4
Other (Balance) 3,000 0.3
Total 1,110,212 {200.0/1,110,212 100.0

Table E.S5.1 Heat Balance Sheet of Bisque Kiln




5.2 Soray Dryer
) The-factory data showed that 400 I.G. of fuel was con-
suméd for one day or é hours by the épray dryer.
This value was found to be higher conparing to the design
capacity descrived as 1,500,000 kcal/hr or 315 I.G./8 hrs
in instruction bobk. On the analysis in thié reports,
the lower value, 1,500,00 kcal/hr, was used.

5.2.1 Operating and Measured Da%a

(1) Raw Material

(a) Slurry feed rate 4,860 kg/hr
(b) Slurry density 1.66 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

Spray chamber '
' Measured 405 °¢c

Design 400 to 600 °C

(4) Discharged Temperature of Granular Product ;

9
47 °C
(5) Flue Gas Condition

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




5.2.2 Heat Balance on _Soray Dryer Operation

" The heat balance sheet on the spray dryer operation

is ﬁresented using above data in Table £.5.2 as belows ;

Description Input Outout

kcal/hr kcal/hr

Inout
Puel 1,500,000

Output
Plue Gas Heat Loss 319,000 21.3

Water BEvaporated
from Slurry 794,600 53.0

Heat Content of dried
Pro@uct 18,700 1.2

Dispersion Eeat Loss 135,800 9.1
Balznce (uncountable) 231,900 15.4

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

Table E.5.2 Heat Balance Sheef on Spray Dryer Overation
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6 Problems in Thermal Enerzy Utilization and their Potential

Solutions.

6.1 No. 2 Bisque Tunnel Kiln

The heat balance sheet of the No. 2 bisque kiln as in
Tahig E.5-1 is suggesting that about 50 % of the fuel con-
sumed is dispersed through the large surface of kiln.
Then Extensive insulation on the surface of kiln to reduce
the dispersion heat loss would be the most effective mea-
sures. Secondary measures to be worth considering would
1.. be the recovery 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 rarged between
50 °c to 100 °C except the plates around the burners which

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

o ' Based on similar tunnel kilns in Japan, it would be
desirable to reduce the surface temperatures beyond the
standard criteria to as low as pos ible. According
to the experience in Japan, the surface temperature of
the kiln surface could be decreased with additional insu-
lation, rock or ceramic wool, on kiln surface by 20 % to
30 % easly. If similar measures were taken on this
Eilh, the fuel conéumption could be reduced by roughly
8 % to 10 %. Assuming that the fuel consumption
for all kilns is roughly 2400 x1/year and fuel price is
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approximately 0.5 8$/litre for convenience of easy account,

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

6.1.2 0, Content Control in Plue Gas

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

ghtly high level of 0, content, 7.4 %. Even up to

2
now, Japanese factories operating the tunnci kilns are
endeavouring to reduce the O2 content of the atmos-here

in preheating zone to 5 % or air ratio = 1.3 . If

it were possible to reduce it.to 5 %, the saving of 1 %

of fuel consumption for kilns would be achieved. "
This O2 content reduction can be carried out by cotrolling
the intake of secondary combustion air to burners.

This savings result in avbout 12,000 §

6.1.3 Efficiency of the Tunnel Kiln Overation

6.2

The efficiency of the tunnel kiln operat onis often
defined as follows ;

~

Required heat tp heat up the product
to its maximum temperature

Input of total Heat .
Based on the above equation, the efficiency of No. 2
bisque kiln is about 25 % which is similar to average

values of the efficiency of similar tunnel kilns in Japan.

Soray Dryer

As shown in the heat balance sheet in Table E.5.2, the
efficiency on evaporation of water from slurry accounts to
54 % of the total heat input. Then this spray dryer
relatively has being operated with good conditions.




®

6.2.1 Hot Air Generating Furnace

" According to the instruction book, the designed values
for hot air temperature entering into the drying chamber
are to range between 400 to 600 . Otherwise the
observed value of the air temperature at nearest point in
duct pipe to the spray chamber was 405 °C and the calcu-
l1ated combustion air temperature using the cobserved data
on the supplied fuel rate and O2 content in the exhausted
flue gas was 401 °C. the difference, about 200 °C, be-
tween the desinged and observed air temperatre wolud sug-
gest that there are the possibilities to save the fuel
according to reduce the intaken air rate and then to in-
crease the combustion air temperature to allowzble level,
about 600 °C, provided the qualitl of dried granular clay

product is not badly affected.

With this measure the flue gas volume could be reduced
by 27 %. Phis would save the fuel and electric
consumption owing to reducing the flue gas heat loss and

the loading capacity of flue gas discharge fan.

6.2.2 DPossibility of Pull Utilization of Flue Gas from Tunnel

kiln

In present the spray dryer is using the combustion air
from ambient in ex ess of 5 to 6 times of the theoretical
air requirement for complete combustion. There are

the possibilities that the combustion air of the spray

dryer might be taken from the tunnel kiln flue gas which

has 0, content. of 15.6 %, 183 °C and volume flow rate of
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4000 m3/hr in order to save the heat.

It should be recognized that presently the heat content
of flue gas fron tunnel kiln stacks is only wasted to the
ambhient. Although a carful and skilled plan is re-
quired in conducting this improvement that long and huge
ducts should be installed from the tunnel kiln to the com-
bustion chamber of spray dryer. According with the
this measures the saving of fuel might be 13.9 kg/hr which
is equivalent of about 20,000 $/year, checking the sul-

phur. content in flue gas as follows.

6.2.3 Problems on Sulvhur Content and Dew Point of Exhzsusted

Flue gas for Reutilization

.The sulphur content in the flue gas is derived from
the combustion of fuel with 1 %wt. sulphur which is burned
in the spray dryer and the tunnel kiln. Therfore
in order to prevent tke stegl constructing the dryer frcm
the corrosion, the sulphur content and the dew point of the
flue gas should be examined before the flue gés is reused.
(1) Sulphur Content ‘

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

kiln and the spray dryer 1is ;
111.4 + 151.2 = 263 kg of fuel/hr

(b) Assuming sulphur is 1 %wt. of fuel composition, the
weight of sulphur burned during combustionin both fur-
naces is ; 2.63 kg of sulphur/hr.

(¢) Volume of flue gas with the moisture produced by spray
dryer is ; about 13,000 m>/hr.
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(d) 50, content of the flue gas in the combined systems is
" (2.63/32) x 22.4/13,000 = 0.00014  or 0.0l4%vol.

whére 32 is molecular weigﬁtof sulphur and 22.4 is the
3

volume of 1 kg mol. at standard condition in m

(2) Dew. Point

(2) Water vapour from H in fuel 411.7 m3/hr
(b) Water vapour from slurry . 1,T705.0 m3/hr
(c) Total volume of flue gas about 13,000 m’/hr

(d) Partial vapour pressure and dew point

Q (411.7 - 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.




7 Electricity
7.1 Electrical consu
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motinon characteristics

- supplier-

- contractual maximum demand

- average monthly c
- factory load fact
- contractual power

- rated sunply volt

- electric power specific unit

(EPSU)

- transfomer capaci

7.2 Schematic diagra

: National Electricity Board

of the States of Malaya.

: 340 kW
onsuaption : 164 x 10 kih
or : 0.49

factor : 0.85
age : 415 volis

30.2 kWh/1000 pes.

750 kVA

ty

2 and outline of factory

———e

Electrical schematic diagram is as shown in Figure 7.1.

NEB  11/.433 kV

Agitater ( x4 )
Blunger ( x6 )

—@>

750kVA

Capacitor
6 x 50 kVAr

Spray Dryer

Presses ( No.1 - No.6 )

Lo

——————Presses (No.7 - No. 8 ) (

Tunnel kiln
(No.1 -No.3)

Figure 7.1

Office Air conditioner

Mech. Shop Air compressor
Lighting

Electrical schamatic diagram of
GENZRAL CERAMICS BHD.

Ball Mill 3
:

100

31.5 kW.

103
29

29
49

107
127
132

kW



This factory produces various types of glazed wall tiles.

Major equipments are three large tunnel kilns, two spray
dryers, four ball mills and eight hydraulically controlled
presses with fly wheels. The electrical source is via
750 kVA, 3 phase transformer. The major electrical loads
are four ball mill motors ( 37 XW each ), eight hydraulic
press motor (22 kW each ) and thirty seven smaller motors
distributed all over the factory of rated capapity of 7.5
kW each. The average factory power consumption during
working hours is 340 kW (386kVA assuming p.{ of 0.9).

This indicates that the main transformer is lightly loadad.

8. Probrems in electric power utilization and their

" vpotential solutions

8.1 Source

8.1.1 Transformer

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 300 kVA transformer
can be switched off during non-working hours @o reduce
transformer losses. this measure will provide a yearly

saving in electrical energy as follows;

Existing transformer

4P = 750 (1-0.984) x 24 x 0.2 =57.6 kWh/year
where 4P : iron loss of 750 kVA transforaer

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

Recommended transformers

ap, = {(300 (1-0.981) x 8) + (200 (1-0.978) x 24) } 0.2
=30 kWk/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/yeer

where 355 : workig days/year

0.23 : cost of electricity per kWh

8.1.2 Voltacge

The name plates of the various equipments show
th;t 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 kW
and using the diversity factor of the motors as 0.7
and load factor of 0.55 during working hours, the

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




Therefoi= considering iron loss only (motor lightly
loaded) thke saving in energy, ‘hus;
44 x {(1-0.825) x 0.3} = {( ’L'?,_S -1 x 200 x 0.7
= 2.85 kW
where 0.825

efficiency of motor

0.3 : iron loss factor
200 : numober of motors
0.7 : diversity factor
38 : existing voltage
420 : new recommended voltage

saving/ year is given by
2.85 x 9 x 355 x 0.23 = $2094/year
where 9 : working hours/day
355 : working days/year

0.23 cost of electricity per kWh

<7 » N
8.1.3 Power factor corresction eguipment

This factory has automatic power factor correcting
equipment which maintained good power factor 0.88 as
indicated by our measurements. However the capacitors
about 600 watts further to this, it was found that the
capacitors are very hot and that we would like to make
the following recommendations;

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

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

(3) To adjust the automatic control such a2s the capacitors
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to be switched off at a power factor of.0.85 and abave.
This procedure:. will save energy as follow;

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

where 0.6 : XW consumed by each capacitor
A : number of capacitors .
24 : working hours/day
365 : working days/year
0.23 : cost of electricity per kWh

8.2 "Electrical loads

8.2.1 Motors

The factory has eight hydraulic presses and each
of these presses has a possible maximum load of 40 kW.
The maximum load is only required for a very short period,
giving the motor operating chracteristic as indicated

in table 8.1.

Motor Power consumed Power Average
cagacit ( kW ) Power consum
3 3!
kW No load load Factor |-ption ( kW )
38.5 20 40 0.6 22

Table 8.1 Lbad demands of hvdraulic presses.

From the above table, it is clear that the motors have
both low load factor as well as power factor. although
the exact load pattern is not very clear, nevertheless
it is suggested that measure to improve individual
motor power factor to be taken (i.e capacitor connected
at the motor control cubicle). This measure will reduce

the motor copper losses.
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There are many motor (total capacity 266 ki)
used by the three kilns. These motor corsumed only
51 kW of power which represent a lo2d factor of less
than 0.2. Even though most of these motors are in
continuous operation in our opinion they. are overdesigned.
Considering the low power factor of 0.56 obtained
during measurements, the ideal combined rating of all
notors used by the kiln should be around 100 kw. It is
recommended that the factory make a thorough individual
check on all ths load of motors and make appropriate
aqtion to replace the motor commensurate with the maximum
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 %
to around 80 % . These measures are estimated yearly

jn electric energy as follows;

imoroved efficiency of motors

= 51 kW x 0.03 = 1.53 kW

i, 0.56 vy .
= 51 kW x 0.03 x {1 - ( 5755—)} = 0.78 kW

There fore the annuel saving is;

(1.53 = 0.78 ) x 24 x 365 x 0.23 = $4654/year
where 51 : actual loads (kW) of 3 kilns motors.
0.03 : recommended increasable efficiency

of 3 kilns motors.

0.56 : actual power factor

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

365 : working days/year

0.23 : cost of electricity/kWh

1Y

8.3 Lightings
Overall factory lighﬁing is good except places where
additioﬂal.lightingS'are reguired;
(a) office stairs where only 30 lux luminosity was
registered, tnis situation is considered dangerous.

(b) the agitator room.




9 Suamary

9.1 Thermal vart

According to the diagnosis of this project, the perform-
ance skill for tile manufacturing using the tunnel kiln in
this factory has been considerably resonable 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) 1st. Phase Measures (no or little investment)

Annually fuel saving

% s
(a) 0, content control
from 7.4% to 5 % about 1 12,000
(2) 2nd. Phase Measures (some investment)
(a) Extensive insulation surface .
of tunnel kiln 8 to 10 200,000

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

-

rd

9.2 Electrical parts

In section 8. we have made the following recommendations
with accumulated total saving in energy per year of $25220; .
(1) Reduction._in the size of tranmsformer.
(2) Lowering of operating voltage.
(3) Partial change in the mode of power factor correction.
(4) Reducing the size of motors using in the kilns section.
Out of the four recommendation (2) requires no invest-
ment and should be carried immediately and remainder of

the recommendations require some investaent.
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1.

oOutline of the Factory

Address: Batu Caves, Selangor, Malaysia
Capital: 15,000,000 Malaysian dollars
Type of industry: Cement
Major products: Portland cement
Annual output: 62,700 t
No. of employees: 80
Annual energy consumption:
— Electric power, 7,500,000 kWh
. - Fuel, fuel oil, 7,000 k& and diesel oil, 193 k&
Interviewees: Mr. Lim Yen Heat, Factory Manager
Mr. Lim Eng Seong, Chief Chemist and
two engineers
pate of diagnosis: Apr. 14 - 15, 1983
Diagnosers: Mr. M. Equchi, Mr. R. Takahashi, and
Mr. T. Sugimoto . |
Counterp;rts: Dr. 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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3. Major Equipment

3.1 Major Equipment

No. of Units
Name Installed Type, etc.
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 |. 1l 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 manager and key
personnel have a strong conceru for energy-conserva-
tion.

. However, there is no organization and system, nor is
there a target for energy-conservation.

. The company installed a nachi filter for the improve-
ment of production facilities. But now, there is no
other specific plans. The company is willing to
invest in energy-conservation provided that the pay-
back period is less than a year.

. Fuel consumption is checked by the flow meter set on
the rotary kiln. Reading of the meter is done hourly,
and records are kept. The energy consumption rate is
calculated daily, and cost accounting is made monthly.

’ But, there is no examination made through a contéol
chart ‘as éenerally done in Japan.

. It is said that workers' consciousness of energy-
conservation is very low. But, there is no tra}ning
program directed to general workers. Nor, there is
any PR done by the factory manager toward workers.

. Heat release is very large from the outer surface of
the combustion chamber of the dryer, the rotary
section of the combustion room and that of the rotary
kiln. It is necessary to consider to provide the

lining of ceramic heat insulation material.




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.




5 Situation of Puel Consumotion

The factory is purchasing about 6,433 tonne of fuel oil
annually. The clinker production process consums 92 %
of the total puréhasing fuel o0il, while the remaining é %
of fuel is consumed by drying process.

5.1 Rotary Dryer

5.1.1 Oneraiing and Measured Data

(1) Puel 0il Sﬁecification

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

. 10129 keal/kg
(c) Specific gravity 0.99

(4) Composition C 84¢%
H 12 %
i, S 4 %
(2) Input condition
(a) Peed rate of raw material 3 tonne/hr (dry basis)
(b) Peed rate of fuel oil 0.1 tonne/hr
(3)_ Dri;ngﬁconditiohﬁ ,
(a) Raw clay moiéture content before dryer 18 %wt.
(b) After dryer 5 %wt.
(4) PFlue gas condition (observed) '
a) 02 content 12.5 %

b) Temperature in exhaust duct 172 °¢

5.1.2 Heat Balance for Rotary Dryer Operation

The heat balance for rotary dryer operation based on

above data and additional of the surface temperatutre of

rotary dryer is calculated as next page ;
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Description " Imvut OQutout

1
kcal/xzfuel}. % lkcal/kg fuel %

Inout

Heavy fuel oil 9,500 |100.0
OQutput

Heat content of dis-

charged product 1,431 15.} -

Lateht heat of eva-

. porated water : 2,573 27.1.
Dispersion heat loss 3,404 35.8
Flue gas heat loss 1.162 12.2
Balance (uncountable) 930 9.8

Total 9,500 100.0 9,500 1oo.ﬂ

Table PF.5.1 Heat Balance Sheet for Dryer Overation

5.2 Cement Clinker Production Plant

Clinker production plant consists of Lepol statioa for
D 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 éhe clinker
discharged from the rotary kiln at 1. 200 °C to 250 °c.

At first, the heat balance sheets of individual process
are calculated based on the operation and observed data,
and finally, the overall heat balance sheet is summerized
for presentation of the procedure to prepare the heat
balance sheet. These heat balance sheets are very

useful on the detection where the energy is wasted.



5.2.1 Ovperating and Measureed Data

(L) Puel 0il Specification
- ‘Same as the fuel for the dryer.

(2) Inout Conditicn

(a).Feed rate of raw material(dried basis) 320 tonne/day
(b) Composition of raw material _dryed basis) A
| Caco, 80 % 256 tonne/day
Clay 20 % . 64 tonne/day
(c) Moisture content of pelleté 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
(2) 0, content 5.7 %

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

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

(2) 9, content ‘ 15.2 %
(b) Temperature of Lepol outlet gas 170 °

(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 process on clinker

production plant are shown as follows ;




(1) Lenol Station
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Description Input Output
kecal/ar % kcal/hr %
Inout
Di charged Gas from .
Rotary Kiln 4,453,000 | 100.0
Output -
Discharged Gas from
Lepol Station 1,854,000 | 41.6
Heat content of pellet]
to Rotary Kiln 1,394,000| 31.3
Dispersion Eeat Loss 204,000 4.6 @
ﬁatent Heat of Water
inPellet 734,000 16.5
3alance(uncountab1e) ' 267,000 6.0
Total 4,453,000 100.0{ 4,453,000} 100.0
Table F.5.2 Heat Balance Sheet for Levol Station
(2) Rotary Kiln
Description Input Output
4’7
kcal/hr % keat/hr %
Inout '
Puel 8,225,000 66.1
Inlet Air from Cooler | 1,940,000 15.6
Heat 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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] Descriotion Input Output
kcal /hr < kcal/hr %

Outout
Heat .TReaction for
Decomposition of CaCO. 4,174,000} 33.6
Exhaust gas Heat Loss
fron kiln to Lepol 4,453,000} 35.8
Dischargéd 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 P.5.3 Heat Balance Sheet for Rotary Kiln

(3) Rotary Kiln

Description Input . Output
kcal/ar % kcal/hr | %
(.' Inout -
Heat Content of Clin-
ker from Kiln 2,566,000| 100.0
Qutput
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 2,566,000 100.0f 2,566,000 |100.0

Table P.5.4 Heat Balance Sheet for ‘Air Quenching Cooler




F-12

- (4) Qverall 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
OQutput 1
Discharged Clinker 421,000 4.6
Exhzust Gas from -
Cooler to Stack 279,000 3.1
Heat of Reaction for
Decomposition of Cacoy 4,174,000 | 45.8
Latent Heat of Water '
in Raw Pellets 734,000 8.1
Discharged gas from
Lepol Station . .11,854,000 20.4
Dispersion Heat Loss
of Surface of ;
Lepol Station 204,000 2.2
Rotary Kiln ' 736,000 8.1
Air Quenching Cooler] 34,000 0.4
Balance (uncountable) 668,000 7.3
Total 9,104,000 100.0[2,104,000 100.0

Table PF.5.5

Overall Heat Balance for Clinker
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6.1

6.1.

6.1.

Problems in Thermal Energy Utilization and their Potential
Solutions '- )

The fuel consumption ratio {kg of fuel/ tonne of prod.)
of the fuctory is 99.6 kg of fuel/ténng»clinker. : The
cement production factories using Lepol station in Japan
have average fuel consumption.ratié of 929,000 kcal/tonne
of clinker. Such fuel consumption ratio of this
factory is only slightly higher than average value in
Japanese cement industry.

Rotary Dryer
1 Combution Control

The flue gas of dryer O, content of 12.5 % and this com-
bustion situation could be improved by reducing the 02
content in flue gas to 5 % provided there is no smoke
formations. The reduction of 02 content in exhaust
gas owe to control intake air for combustion would give
the savings of 5 to 6 % of fugl consumption on,the dryer.
This saving of fuel is annualiy equivalent to about
14,000 $ to 16,000 $

2 Extensive Insulation : '

The inner surfaces of cylinder of rotary dryer are com-
pletely not insulated which result in high heat loss from
surfaces It would be better to install the insulating

rbrick:on the inner surface of rotating cylinder with pro-
per thiclmess. . In present it 1s difficult to estimate
the effect of savings because of the lack of suitable data

and survay time.
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6.2 Cement Rotary Kiln

Refering to the operational data on Japanese cement
industries, the fuel consumption on rotary kiln operation
is almosf reasonable.

6.2.1 _.Restriction of air flowing into suction zone of Lepol

Station
In suction zone on Lepol staticn, ambient air consi--:
deréblyis sucked resulfing in to lower the temperature
of the atmosphere of pellet inlet space. It would
° be better to close the opening located on case of station .
as many as possible, .as to heat up the cold pellet to
higher temperature as posible, provided that heated pel-

let is no effect.

6.2.2 Alternative resource for preheat of fuel oil

The supplying systems of fuel oil to the burner of
rotary kiln is equipped with electric o0il heaters.
The required energy for electric heating of f&el was equi
valent to 40 kw. If waste heat, for example, from

{) the air quenching cooler is utilized instead of the ele-

ctricity, an amount of saved electricity is estimated to

be about 60,0008 annually.
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7. Electricity

7.1 Electrical consumpticn chracteristics

- supplier _ : National Electricity Board
of the States of Malaya
1000 kW

- contractual maximum demand

548 x 10 kWh

- average monthly consumption

- 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 grindiné 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 k¥ -|——— Rrw Meal Mill (2) 2,9 kw
_@_——— Raw Meal Silos 357 kW
1000 kVA
Lepol Kiln Plant 256 kW
-t——— Cement Grinding Mill (3) 9 kW
& Plant
o NEB .- b————Cement Mill (4) 3530 @
33 kV Raw Meal Grinding 6, XW
Rotary Dryer 13 kW
Grinding Mill (1) 180 %W
33/.433 kV
( Q ) +——— Rotary Kiln 105 kW
1000 kVA +——Cooling Plant 89 kW
~—t———Cement Grinding Plant (3) 188 kW
Capasitor -—— Cement Silos 30 kW
O 6 x 40 kVAr ®
. —[} Packing Department 49 kW
Figure 7.1 Ele ic e
MALAYA TNDUSTRTAL MINING CORP,

8. Problems in electric vower utilization and their

potential s=olutions

8.1 Source

8.1.1 Transformers

The factory transformer capacity total 2000 kVA and

the load registered as shown in the table 8.1.




F-17

The transformer No.1 is suitably loaded whith load factoer
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 tranms-
former capacity an energy saving of $2418/year can be

realized, as shown by the following calculation.

saving/year,
- {2 x 1000 (1-0.985) -2 x 750 (1-0.981.)} x 0.2 x 24
x 365 x 0.23 = $2418/year

where 1000 : existing transformer capacity

750 : recommended transformer capacity
0.985 : efficiency of 1000 kVA transformer
0.984 : efficiency of 750 kVA transformer
0.2 : iron loss factor

24 : 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 22 .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,

j.e, 400 volts. It is generally accepted facts that

potors used in this type of industry, lowering the supply




voltage will results in increase notor efficiency and
also improve power factor.

According to the log book of the factory it is
jndicated 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
ébout»L12 volts. This Qoltage is considered significart
and corrective actions should be takén to improve the

factory voltage regulation.

8.1.3 Power factor

The power factor on transformer No.2 is very high,
about 0.98 at full load. It is possible that the power
factor would be leading at base load. This is due that
the capacitor of power factor correcting equipment installed
for this transformer is too large for the network connected
to it. This undesirable condition can be rectified by
rem;;ing some of the centralised connected capacitors énd
jnstall separate capacitor banks for individual large

motors. These capacitor bank should be switched in .

parallel with the motors simultaneously. L

8.2 Electrical loads

8.2.1 Unbalanced loading

For transformer No. 2, the current as measured shows
about 13 % unbalanced loading. This large unbalanced
condition in the load current resulted in unbalanced

voltage of about 5 %. This condition introduces reverse

torque and vibration in the motors which reduce the
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efficiencies of the motors and increase maintenances

on motor bearings to excessive vibration and heating.
It is recommended that the factory conduct a thorough
investigatioh of the electrical load distribution and
tc redistribute the phasal loads 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| power factors

Motors (kW) (V) | (W) (V)| factor] .-:

Grinding 160 400 130 433 | 0.87 | 0.81

Grinding

No 3 150 400 157 432 0.91 1.05

Cement 230 400 210 418 0.84 0.91

Grinding -

Exhaust 110 97 | 418 | 0.77 | o0.89

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
motors. Further power factor correcting capacitor should

be installed for these motors as recommended earlier.

8.2.2 Continucisly 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 continuocusly. This situation
make maintenance scheduling very difficult. Nevertheless
we have also observed that many motors are running without "
any load connected to it, and some motors are still
running even when the beltings are already snaped.
This leaves to the conclusion that the factory has very
poor maintenance procedure. This practice is very wasteful
and should be avoided to save energy. We recommended,
therefore that a systematic maintenance schedule to be
drawn for the electrical installations and for those
pmortors 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 ,
jnstalled to enable the operatc.s to swich off the motors
as soon as they are no longer required for the érocess.
Even allowing for only about 30 minutes of idling time
per day for each motors a saving of ab9ut $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
0.25 : cost of electricity/kWh

working days/year

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 channéls 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 notor losses.

8.2.4 Heaters

a For fuel oil heating the existing system used 60 kW
electic heater. OQur 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 economiczal
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 ali these measures are taken only




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.

8.2.5 Lightings

It was found that the factory spaces were very poorly
lighted and is considered unsafe for working. We strongly
recommend that more lightings to be installed and proper

lighting cleaning schedule to be implemented. . .

8.3 Maintenance

As mentioned earlier the factory maintenance system
need improvement and that machines should be kept clean
and belting should not be allowed to slack which can
introduce beit siipping, thus causing heating,.belt sﬁapping
and wastefuil operation of moﬁors, etc. ft is importanﬁ

to note that for each kilowatt save is equivalent.to:saving

of $2190/year on energy cost’
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9 Summar

9.1 Thermal part

The fuel consumption ratio for the cement clinker manu-
fac%uring using Lepol station in this factory was .found

to be. resonable comparing to the data of similar cement

industries in Japan.

Fuel savings can be achieved by the following measure ;

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

Annually fuel saving

———.r

% $

(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 oil using '

waste heat ' - 60,000

(3) 3rd. Phase Measures (large-scale process change)
| For furthersavings in fuel, the conventional study

for réplacement 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 ecergy

saving can be achieved and in addition "to improve working
condition and factory management. The following major
recommendations have'beeﬁ‘suggested;

-~ (1) Reduction in transformer_capacity to.commensurate

with the loading of :the factory as- suggested ‘in 8.1.1.

(2) Install automaticzno load alarm system for the large

motors.
o

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

heat exchanger utilizing waste heat .
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1. Outline of the Factory

Address: Senawang Industrial Estate, Seremban,
N2gri Sembilan, Malaysia
2pital: 30,000,000 Malaysian dollars
Type of industry: Textile
Major products: Textile yarn (cotton & blendead)
Present output of major products per day:
45 s Polyester viscose 1,900 kg,
‘ 45 s Polyester cotton 400 kg
24 s Polvester viscose 2,250 kg,
32 s Polyester cotton 650 kg
No. of employees: 500
Annual energy consumption: Electric power, 7,560,227 X&h
Interviewees: Mr. Prem K. Sahgal, Factory Manager
Mr. Dinesh Agurwal, Spinning Master
Mr. Heblikar, Maintenance Engineer
Mr. Rac; 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. Eguchi, 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 <apital city
of Negri Sembilan, which is situated about 65 km south-
west of Xuala Lumpur. A north-south hichway links the
city with Kuala Lumpur. The company is specialized in
spinning.

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

Energy is consumed only to operats airconditicners,
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.




2. Manufacturing Process
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3. Major Equipment

3.1 Maijor Equiprent

Blowing Machinery:

Carding Machinery:
Drawing Machinery:
Combing Machinery:
Roving Machinery:

Spinning Machinery:

Wwinding Machinery:

Cemprassors:

Scutcher
Mixing Bin
Autonixer

Aerofeed Card

Draw Frame

Ring Framz

wirders
Circular winder

Autcmatic Winder

No. of Units
Installed

1

16

32

12
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4. Situation of Energy Management

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

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

. There is no organization for the prorotion ©f energy-
conservation.

. There is no training program directed to general
workers. Buit, the staff members are macée to attend
seminars from time to time.

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

. Daily recording is made on pcwer consumption by equip-
ment, production process, and factory. Recordings are
compiled and kept in good orcer. 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 lcad 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.




5 Situatiom of Puel Consumotion

6 Problems in Thermal Enersy Utilization ané tkeir Potentiocal

Solutions
All the management of factory nas oveen cverated using

only the electricity as energy source. Tren the des-

cription on above items is eliminated.
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Slaciricitv
7.1 Slecfricg{ conzumoiion chracteristics
- sugplier : National Electricity Board
of the States of Malaya.
- contractuzl maximum deoand : 950 ki
E
- average monthly consumption : 557 x 10 kWn
- averzgs factory load factor : 0.45
- contractual power factor :0.85
- transformer capaciiy : 2 x 1250 kYA
- raftzd supply volizge : 11,000 volsts
%.2 Schematic Gizzrazn znd ouitliza of Taclorw
Zlzcirical schezziic diagram is as shown in Figurs 7.1.
This factory corsuned onliy =2lectrical energy. The elacirical
energy d3gnagezent of the company viz inzut voltage, power
facltor, countermeasuras z2gainst meximum demand and load
bzlanze Is considersd w211, The factory installad 2 x
1253 V&, 3 phase irznslormars znd recisved supply at 11 %V,
However tae two transformers are lignily loaded and 38 %
of the %Lotzal load is consumz2d by the air conditioning
equigzentis, The %total insitalled motor capaciiy is aboutl
00 ¥W, Dbut zctual powsr consumad by these motors is

and there are many motors wnich are rated below
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Desericiion Transforaer [Transforamer Totzal
No 1 No 2

Canapity of

vapacity ot 1250 1250 2500

Transformar{kYi)

P2awor talra kel

IOwWer vaLan OJ LEG 450 900
loads (ki)

Average moninly 332 x 10 | 370 = 16 | 702 x 10
consuaption (kin) :

0.95 0.95 8.9

N

4~
-3
o~
S~
(o))
O
O
™~
N

Calculated lozd
7 0.38 0.338 0.38
factor

Tadblzs 8.1 rransgformar ratinss and loading condiiion

It is obvicus Shaet ths transforasrs arz undsr usi

with conbined load factor of only 0.338. It is recomazended

(o]

[o N

-

W
]

tnat the total transforzer capacity be reduced i
connecting one of the transforaers and the whole of faciory
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
whers 1250 : rating in kVA of the transforaer

to be taken off.
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ncy of 1250 kVA

iron loss
: cost of electricity /

0.17

365

.1.2
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to be installed for %toizl consumed power indicator . to

prevent the Taciory operating beyond the contraciuzl maxizunm

8.3.1 Ziir condiltioning
This factory has two ceniral air conditioning systesms

wilh refrigerators, suaps and blowers. Ths zajor data for
‘ the systen ars given bellow in tadis 8.2 and 8.3.
P Average poninly consu-{installed

Actual LLo> ) g
- s motion ( Mar.-83') ..
Jzscriciicon . = — capacity

- lozd % oI ToTal -

() (kuin) monialy {xi)
i 2afwi~n_ . 3
Y ot Pl - ;54 I) p - - -
= ration 210 163x10 23 521
5o}
z Dyim 3 3
o s=s] A0S 224 171 anr. = Q
5 =1 o0- . ° H i07x10 1 2
© =l Blgwars * ? 23

et

- =
231 Total 351 270x10 38 814
Teplse 8.2 D2tz for zivr conditioning svshen

Description Yalue

. Room capacity

22000 u°

No of work mer

80

Power rai os
STl L0 ki
lighting *
Power rating of 208 iy
operating machi ’ '
Table 3.3 Mzjiocr heat load data




It was found that there are several neat dissipating apparat-

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

loczatad in air conditioned rooms. This praciice increases

w
+t
(o]
"
0]
=
cr
e
w

the loazd on the air conditioners, and ther

strongly recoanended that these heat dissipating equipments

Heat dissipated oy
. = 7.3 x 1-0.75) x 0.5 = 2.8 Xi¥n/nr

3 comopressors /hr 3 (1-0.75) '
Where 7.5 : rating of congresser in XU

0.75 : afficisncy o0 COmEra23sSor

G.5 : diversity faczior
E"e?gy requéred oy 2ir 1
condition plant tc take = 2.8 x

i p s 0.7
away the compressor hszli/hr
= L kWn/nr

wasrs 5.7 : 2fficiency of air condition2d plant
saving/year = L x 24 x 365 x 0.17 = $5957/y=ar
whrs 24 : working hours/day

/L - r, . hi -

365 : working days/year

0.17 : cost of electricity/%Wh

8.3.2 Motors

> Y,

Some of :he motors in the factory are lightly loaded

Lot

( overdesigned ). Generally ths mctors operating within
70 % to 80 % lcad factor give TYetter of

f
this contex%, for these operaiting below 4O 42 load factor

should be raplazced by one, wnose rating is apgropriate




(9]
i
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for the load. The 1cctory was found clesar and mainterance

L]

system sesms adequate. However the coapressad systen

it is suggested that compresssd air lsakage De chacked

}=d
()
w
[ 7]
ot

ho tem periodicsz

1y

$]
[eX]

for distriobution pive 32 ¥

Most compartaents and seciions in the faclory
have good lighting system excespt in the spinning and

winning ssciion, where the light intensiity at working




9. Summary

Tharmal parts

Electrical parts

For this factory the following reconaendations were
8

for saving elecirical

1]

nergy.

Operating with one transforazer only.

Reduce maximum demand load and utiliging maximua alara

indicator=

|-h

Decr=zasing air conditioned load by ra2iocating

ating equipmenis such as comprasso

s and

"

dissi

'3

LOTS.

4

cavnac

the
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1. Outline of the Factory

Address: Jalan North Port, Port Kerang,
Serangor, Malaysia
Capital: 10,000,000 Malaysian dollars

Type of industry: Textile

Major products: Fishing nets, agricultural nets, ropes
Annual output: Fishing nets 400 t, agricultural nets
' 11,000 pieces, ropes 660 t

No. of employees: 350
Annual energy, coasumption:
- Electric power, 3,000,000 kWwh
- Fuel, fuel oil 168 k2
Interviewees: Mr. Choo Kok Keong, Factory Manager
Mr. Ralmah, Personal Manager
Mr. Tan Guan Segg, Senior Production
Assistant
Mr. Yap Eng, Sen;or Supervisor

Date of diagnosis: Apr. 7 - 8, 1983

Phan Yoke, Electrical Engineer

Diagnosers: Mr. M. Eguchi, Mr. R. Takahashi, and
Mr. T. Sugimoto
Counterparts: Dr. Mohd Ariff Araff, Dr. Ong Peng Su,
Mr. Ahmed Faizul, and Mr. Alizan Ab.

-

Manan




. 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 1963
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
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3. Major Equipment

3.1 Major Equipment

Name

No. of Units
Installed

Type, etc.

Polyester monofilament
extruders

12

Products: Polyester mono-

filament yarn
Nominal output: 90 t/M

Kind of enerqgy used: Electrical

Nylon monofilament
extruder

Products: Nylon monofilament

yarn
Nominal output. 10 t/M

Kind of energy used: Electrical

Polypropylene tape
extruder

Products: Polypropylene tape

yarn
Nominal outzut: 38 t/M

Kind of energy used: Electrical

Heat stretching
machines

Products: Fishing nets

Nominal output: 50 t/M

Kind of energy used: Electrical

Steam depth stretchers

Kird of energy used: Steam

Cveing machines

Kind of enerqgy used: Steam

Boilers

014 boiler
Installed: 1968

The Kure Shipbuilding
& Engineering Co.,
Ltd.

Maker:

Max. press: 10 kq/cm2
New boiler
Installed: 1973

Allen Ygnis Ltd.
{London)

Output: 3,000 1b/h

150 pSI
(10.5 kg/cm?)

Maker:

Max. press.:
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4. -Situation of Erergy 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. NoO measuring
instrument is used. It will be necessary to confirm
the quantities by scale at fuel receiving.

. Measuring of the exhaust gas temperature from the

" boiler and exhaust gas analysis was conducted for the
first time since starting operation.

. There are a number of points for improvement such as
the on-off (intermittent) operation of boiler, no re-
covery of steam condensate, etc. This means that the
effect of energy-conser--ation, when achieved, will be
great.

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

At a present the fuel cil in this factory is consumed
ﬁy two boilors which are sometimes operated in parallel to
each when the steam demand is hizh. Luring the low

demand of steam the old boiler is shut dowm.

In 1982, the fuel consumption on the twe boilers was
163 k1 per year. All the steam produced on tae boilers
was only utilized on the dyeing and stretching processes
of fishing nets, wkile in the hot water baths at boiling "
condition in tne extruder machines, the electricity to
be extremely exvensive energy has been utilized for only
heating with the electric resistance elements. This
heating systems should be improved by alternating the
energy sources like as the steam or direct or indirect
firing of fuel as soon as possible in order to save the

operation costs.

5.1 Boier Operation

5.1.1 New Boiler .

(1) Overating and Measured Data

A) Puel o0il specification

(a) Sulphur content ; 2%
(b) Gross heating value ; 18,500 btu/1d
or 10,278 kcal/kg

(¢) Annual fuel consumption 168 kl/year
B) Plue gas condition

(a) 0, content average 12.2 %

(b) Temperature average 254 °C




C) Blow down procedure

(a) Period 3 once in each 4 hours
(b) Water level indicator ; about 1 inch (25.4 mm) drop

D) Steam condition

(a) Operating pressure 10 kg/cng.

(b) Operating temperature 180 °%c

(2) Heat Balance on New Boilor

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

fuel is estimated using above data as follows ;

Description Inovut Output
keal/kxgfuel % | xcal /xgfue? %
Input
Fuel 9,580 | 100.0
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 9,580 | 200.94 9,580.0 100.0

Table H.5.1 Heat Balance Sheet on new Boiler

5.1.2 014 Boilor -

(1) Overating and Measured Data

A) Puel o0il svecification

Same as new boilor.




B) PFlue gas condition

(a).O2 content average 13.03 %
(v) Temperature average 257 %

c) Blow down procedure

Same as new hoiler

D) Steam condition

.(a)‘OPerating pressure 8.5 kg/cng.
(b) Temperature 175 °%

(2) BHeat Balance on old Boilor

The heat balance on old boilor in teras of ver kg of .

fuel is estimated using above data as follows ;

Descriotion Inout Outout
kecal/kgfuel % kcallkgfue# 4
Input
Fuel 9,580 100.0
Output
FPlue gas heat loss 2,191.9 22.+
Dispersion heat loss 261.0 2.7
Blow down heat loss 273.0 2.2
Produced stzam
(from balance) 6,854.1 T1.6
Total 9,580 100.0{ 9,580.0 100.0

Pable H.5.2 Heat Balance Sheet on old Boilor

5.2 Steamn Consumption Pacilities
5.2.1 Dyeing Machines




(1) Overating and Measured Data

A) Time schedule.of dyeing operation

~(a).Sorking time for dyeing per one batch 45 min.
(b) No. of dyeing processing per 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

(c) Volume of dyeing solution 1,000 litre
. (d) Surface area of dyeing vessel about 6.3 m2

(2) Required Heat on one Batch Oneration

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

(b) Evaporation heat locss
from free surface of solution vS,OOO_kgal/batch

(c) Dispersicn heat loss from

surfaces assualng.
h = 20 kcal/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 kecal/kg

(b) The total consumption oi steam
per day for dyeing prccess

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

5.2.2 Depoth Stretching Machine

(1) Overating and Measured Data

A) Time schedule of denth stretching operation

(a) Sorking time per batch 20 min.




(b) No. of total processing per day 30

B) Stretching machine specification

(a) Volume of Vessel 33.3 m)
(b) Area of vessel cover 47.6 22
(¢) Sorking temperature 100 °c
(¢) Surface temperature of vessel cover: . 60 °

(2) Required Steam on.one stretching Qperation

 (2) Pilling up in stretching vessel
assuming twice steam of volume of
stretching vessel

(33.3/0.3924) x 2 = 40 kg of steam/batch
where 0.3924 is specific volume of steam at 150 %

in m’/kg.
(b) Dispersion heat loss 14 kg
(¢c) Heat content of fishing nets 0.2 kg

(d) The total required steam for one batch

(3) The recuired Steam per day

54.2 x 30 = 1,626 kg/day

5.2.3 The Calculated Amount of Steam Consumed

3,653 + 1,626 = 5,249 kg/day

5.2.4 Average Amoﬁnt of Generated Steam per day from

Annual Fuel Consusotion

a) Annual fuel co.sumption 168 kl/year
b) Annual working dats 291 days/year
c) Specific gravity of fuel - 0.95

d) Assumed boiler efficiency approx. 70 %

e) Temperature of steam : 170 O¢




f) Total amount of steam ;
' (168,000/291) x 0.95 x 0.7 x (10,278/631) = 6,253 kg.
where 631 is the heat required to evapcrate one kg of

water at 30 %c¢ to saturated steam at 170 c.

It seems to be considerably resonable in svite of the -
rough assumption. Refering to this results on the
steam production and consumption, it seems that the only
new boilor is sufficent to supply the regired amount of
steam to the steam consuming facilities.

According to the boilor instructices book, the new boilor
has steam generating capacity of 3,000 1lb/hr = 1,360 kg/hr.
The rated output of steam for one day, 16 hours/day,
continuously is resulting in to 21,770 kg of steam/day
which is corresponding with about 3 times of actually gene-
rating steam in presents. Therefore, due to arrange
the manufacturing schedmle of stretching machine so as to
match tiie demand to supply, the total steam requirment
would be satisfied with only new boilor in loading factor

of 60 to 70 %.




6 Problems in Termal Energy Utilization and their Potential

Solutions
6.1 Boilor

6.1.1 Reduction of 02 content in the flue Gas

The 0. content in the flue gas of new boilor is 12.2 %

2
and of old boiler is 13.03 %. These show that both
boilors are operated on high air ratio. some con-

siderable effect for energy conservation should be ex-
pected according toreduce 02 content in the flue gas by
closing the air damper for secandary combustion air. .
However, some caution should be taken to prevent the ge-

neration of smoke from the stackes.

If 0, content in the flue gas were reduce till 5 %
which is recomendable value for the small package boilor
using ligquid fuel in Japan the savings in fuel consumption
are 8 to 9 % on the new boilor and 10 to 11 % on the old
boilor. These percentage of sévings are equivalent

to annually about 6700 $§ and 8300 $ for respective ovoilors.

6.1.2 Decrease of the Temperature of Flue gas .

At presents, the temperature of flue gas of both boilor
inthis factry are about 250 to 260 °c These are clear
on the 7alue of recomendabie criteria, 300 °C, in Japanese
industries. Actually, the temperature of flue gas
is affected by a lot of factors or undefined circumstance,
that is, the loading factors, the-degree of scales depc~

siting on.the surfaces outside and/or inside of the heat-

ing boilor tubes, the flowing linear velocity of combustion




gas through the boilor tubes, so on. In practice
nowadays almost of all factories having snall package
are endeavouring to reduce the temperature of flue gas

as low as possible beyond criteria.

The most effective measures to reduce the temperature
of flue gas will be to remove the scale attatched on the
surface of inside and outside of the boilor tubes with

the periodical overhaul of boilor bodies.

® 6.1.3 Boiler Water Quality Control

mhe values of PH and eleciric condmctivity on the blow-
down water from both boilors are clearing on its recomen-—
dable values in Javan which are 11.0 to 11.8 and 6,000 3/cm
respectivity. As a matter of fact, the blow-down ove-
ration of boilors in this factory was conducted without
checking the PH and electrical conductivity of the the boilor
water. In order to prevent the unnecessary blow-down
which would cause chemical 2nd heat losses, it is suggested

that the boilor water guality should be measureed and the

blow-down procedure should be improved periodically.

6.1.4 Continuous Overation of Boilors

The operation of only one new boilor to meet the dyeing
and stretching stea. demands would be sufficient as descri
ved in 5.2.4. To enable the continuous operation of
new boilor, steam demand should be planned and continuous
operation of boilor would reduce the fuel oil consumption.

On case of asuffering the troublesome olanning, it would

- be better to install the well designed steam accumulator.




6.2 Steam Consumption Pacilities

6.2.1 Irstallation of Partition Barrier in Stretching Vessels

‘mhe fishing nets with smaller length than 10 m are fre-
queﬁtly processed for the finishings, altkhough the stre-
tching vessels have 20 m in lengths. In such cases

the half space of vessels is not completely utilized and

the filling up steam into such vacant space is more wast-
able, In order io reduce the steam consumption it
would be recomendable to place a partition barrier on end
of the fishnets so as to prevent the leakage of steam into .
unused vacant spaces.

Although it is difficalt %o estimate accurately the
effects to save the steaxm, as a guess the savings would
be roughly 10 % of the steam requirement of the stretch-
ing processes. Assuming that a chance of the process-
ing non-full size nets is 50 %, Steam ratio is
10.84 kg of steam/ litre of fuel oil,and fuel oil price
is 0.47 $/litre of fuel,the effect of the partition bar-

rier would be equivalent to annualy aboul 1000 $.

6.2.2 Lowering Operating Pressure on Boilors

The dyeing and stretching machine are operating at 85 °c
and 100 °C respectively under :tmospheric pressure.
Considering to the basic energy conservation principle,
it would be recomendable to be operated with as low pres-
sure as possible. The preseht condition to be

8 kg/cng. and 170 °c is too excessive.




Only as Reference
6.3 Extruder

6.3.1 Orerating: and Measured. Data

(1) Size of Hot Bath

(a) Volume of bath ; 90 litre

(b) Freesurface area of bath being exposed to ambent

0.16 m2
(2) Make-up water rate 0.2 m2/3 sec.
(3) Temperature of water in bath 100 %
6.3.2 Estimation of Reguired Heat ver unit 3ath
(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
(@) Total requirement of heat per
unit bath ' 10,020 kcal/mr
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. Eleciricity

7.1 Electrical consunoiion characteristics

- coniractual maxiaum demand
- average monthkly consumption
- average factory load {actor
- contractual power factor

- transforaer capacity

- rated supply voltage

: National Electricity Board
of the States of Malaya

550 ki

;s = 3 .
246.5 x 0 kih

0.63

0.85

1000 kVA

: 415 volts

7.2 Schenmatic diacraz and outline of faciory
Zlsctrical schezatic diagram is 2s shown in Figure7.1.
Twisting 154 X4
—Netting. Fishing 134 %Y
- b ing 1L i
w33 11/.433 kV Dyeing Ab
______@____———'Roshel Machine 25 kil
. IE—— i il
1000 %VA ' xtruding 254
———— Roping 223
- ————— Workshop. boilor 50 k4
L—{| capacitor 5x 8 kVAr
Figure 7.1 Electrical schematic diagram of

TUSAN FISHLNG N&: Arlbs phu.

Thisz 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 slectricity. Major installed equipments are
t

extruders, roping ard netting machires and elscirical
heaters. Thz electric sourcs 1s 2 1000 kY&, 3 pnase

transformer.

8 Problems in electiric vowsr consumption and their votential

.

solutions.
2.1 Source

8.1.1 Transforaer

The factory average loading is 550 k¥ (640 xVA assu-

ming 0.86 power factor ) and transformer capaciiy is

by

Most of the equipments are ratad between 415 voltis
and 420 volts, but the actual supply voliage measured was
L4L0 volts. It is therafore recommended to lower the
supply voltage down to 420 volts. This measure will cert-

ainly reduce losses and lmprove power factor.

8.1.3 Power factor correction eguioments

As mentioned earlier. The factory power factor is
about 0.86. This power factor is still considered low
in spite of the use of capacitor bank. Our measurements
alsn indicate that the capacitors are worsened ( consumed
large power about 420 watts each ), w@ich makes them very hot.
Therefore it is suggested to change the capacitors wi%th
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




have losses less than 175 watts each. If such measure 1is

taken the effect in electricity cost can be calculated as

follows,
Saving/year = ( 0.42 - 0.175 ) x 5 x 24 X 365 x 0.25
= $2683/year
where 0.42 : loss in kW of existing capacitor
0.175 : loss in %Y of capacitor according
to JIS C 4902
2L : working hours /day
365 : working days /year
0.25 : cost of elactricity /¥Wh

Accodiag to.the company's last annual report the
total electrical energy comsumption per year is 3 nillions
k¥Wh/vsar and distributed to the extruding section (33 %),
Twisting machines (25 ¢2) and the remainder roping and

other machines.

8.2.1 Extruders

The block diagram of the extruding processes is
as shown belcw with the power consumption of each process

tabulated in table 8.1.

He
| _________(: — o = e e =
I |

Blcek diazram of extruding orocesses




Extr-| No of Rating Power consuméd ( k¥ ) iActuai| Total
uder | Simi- (kW) power | power
LIRY
Yo la? Mot- {Hea- [Motors| Heaters TOtf}_c°3§u- (2x3)
units ors ters Heat="|zption
(1) = Hy {da |HAr er (3) &t Wi
E1 8 11 28 6 6f 7 - 13 19 152
E10 4 37 72 19 181 16 - 34 53 212
E13 2 31 56 16 16| 16| 13 45 61 [ 122
|
éTotal 14 - - - 1521152} 26 330 - 436&

Table 8.1 Power consumptions of extruders

rrom the table i% is shown two third of the s2lectiri-

(&5

cal energy that is required by the extruding procsss is
used by the various heaters anéd the remainding one third
by the:extruding motors, and the spinning processas of
the extruders. t was also observed that the hot haths
used at the extruders are not properly lagged and that stean
from the hot baths escaped freely. Therefore it is
recoznended that the following measures to be taken to
reduce energy consumption of the extruding machines;
(1) To lag the exiruding machines and the baths.
(2) Cover the bath and monitor the temperature so that
the heaters are cut off at about 95 C.
(3) Preferably the heaters for the bath of the spinning
process should be replaced by steam or fuel heating.

If steam or combustion heaters are used for the hot

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




Existing Zlectrical systenm

Electricity cost [year

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

wkere 152 : actual rating in XW of baths heaters
0.5 : diversity factor
24 : working hours/day
296 : working days /year

0.25 : electricity cost /k¥Wn

Alternative svsienm

Fuel cost /year

1}

152 x 0.5 x 860 210000 x 0.47 x24 x 296

$21,823 /year

whers 860 : conversion factor kcal /i
10000 : hea® content of fuel kcal /[litre

0.47 : cost /litre of fuel

Saving

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

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

can be reduced.

§.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 |Measursd | Power
Section Capacity ugl?s of |Power voliace Factor
similar consuned o
() size (xW) ()
Twisting 12 3 4.9 435 0.56
section
15 1 7.9 L35 0.68
Roping 19 1 9 442 0.53
section
16 2 8.2 LLO 0.65

Note : (1) Combined rating of Twisting machines is 141 k¥

and average load factor is 0.5.

(2) Combined rating of Roping machines is 51 kW
and average load factor is 0.34.

ing and rovin

ny

(4]

Table 8.2 Loading conditions of twis

-~

nacnines

pa

It was found that the mctors are under utilized by
as much as 50 % of capacities and operating a2t low power
factor. Therefore we recommend that the factory conduct
a through invesigation of loading requirement for each
machine and replaced those which has load factor less
than 0.6 with those commensurate with the load reguirercent.

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.




9. Summary

9.1 Thermal Part

It seems that the management on the energy , fuel and
electricity, consumption should be considered a little
bit more in urder to reduce the expence on purchasing
energy. Therefore in this factory, the considerable
cost down on energy would be expected.

As a reference, for examvle, since the hot bathes in
extruders have been utilized the electric resistance
heztersto heat up weter only to 100 %c, it is recommended .
that this systems should be substituted to energy soursr.

steam or éirect firing.

According to this survays, the substitution to steam
would be possible because the boilor§ have the steam ge-
nerating capacity which might be enough ~or the reguired
heat for  the extrude. operations as well as the existing

facilities consuming steam, the dyeing and stretching ma-

chines.
{1) 1lst. Phase Measures (no or a little investment) ‘
Annually fuel saving
s
(a) 0, content control in . 6,700 -
flue gas to reduce tJ 5% about 10 8,300

(b} Management of blow-down
procedure ‘ Max. 1 -

(¢) Lowering of steam pressure
as possible - -
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Annually fuel saving
% $

(d) Continuous boilor opr-
ration - -

(2) 2nd. Phase Measures

(2) Installation of partition
barrier in stretch. mach. - -

(b) Additicnal insuration of
steam piping systems - -

9.2 Eliectrical parts

A rajor electrical recommendations for this factory
where substantial saving can be realized are shown in
section 8.1.3 and 8.2.1. In 8.1.3 replacing the power.
factor correction capacitors is recommended. An alternative
energy source for the bath heaters is recommendg@ in

- B - 3

section 8.2.1.
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Outline of the Factory

Address: Sunyai Chua, Kajang, Serangor, Malaysia
Capital: 4,000,000 Malaysian dollars

Type of industry: Textile

Major products: Cotton textiles

Annual output: White clcth, 400,000 m.

No. of emplovees: 558

Annual energy consumption:

- Electric power, 5,484,400 kWh

- Fuel, fuel oil 958 k1
Kerosene 98 k1
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. Equchi, Mr. R. Takahashi, and
Mr. T. Sugimoto
Counterparts: Dr. Mohd Ariff Araff, Dr. Ong Peng Su, and

Mr. Arizan Ab. Manan




mhe factory is located in Sungai Chua which is about

25 xm south of Kuala Lumpur. The production began in
1971.

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

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

Power and fuel consumption and other operations are
recorded in detail, end 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
sf the glohal economic recessiomn, the'opefations are
at a level lower than 50% of the plant capacity. But,
this company belongs to Mara, a large industrial group.
And, all the products are delivered to Mara. No
marketing efforts are necessary despite business

recession. So, the company has no sales department.
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2. Manufacturing Process
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3. Major Eguipment

3.1 Major Egquipment

Nane

No. of Units
Installed

Tyoe, eic.

-

Boilers

2

Cochran boiler

Flue tube type

Rated evaporation: 7 t/h

Rated steam press.: 10.55 kg/cmz

Kind of energy used: Fuel oil

0il heater

Stors Vapor Liquid Phase Heater
Eroducts: 200°C heated oil

Kind of energy used: Kerosane

Spinning machines

41

Products: Spun yarn
Nominal output: 90 t/M

Xind of enerqgy used: Electricity

York centrifugal
chillers

Products: Chilled water (7°C)

Nominal output: 3,600 2/min at 7°C
and
400 1/min at 20°C

Kind of energy usad: Electricity

Weaving lcoms

520

Products: Grey cloth
Nominal output: 850,000 m

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

. The production committee meetings are helé twice a
month. Energy problems are discussed whenever naces-
sary.

. Training programs are only directed to stafi members.
There is no training program directed to genearal
workers. But, the factery manager conducts an energy-
ccnservation campaign to workers.

. Daily recording is done on power and fuel consumption
with respect to the major equipment, and data are kept
in good order. Whenever we asked for data, they were
guickly produced.

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

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

consciousness.




Situation of Fuel Consumption

mhe tw0 boilors with completely same and capacity of
7 tonne of steam/hr is consuming the fuel oil at the rate
of 958 x1.. annually.

A heat transfer solvent furnace kas the kerocene con-
sumption of 98 k1. annually, while the desizing machine
in the breaching range of finishing lines for oroduct has

LPG consumption rate of 9 tonne annually.

According to the factory manager, 90 % of the fuel oil
. purchased on factory has been converted to steam and SC %
of its steam has besen utilized for finishing lines of the

white cottcn cloth.

5.1 Boilor Overation

Actwally in this factéry the daily amount of fuel con-
sumption is recorded in summerizing togather of two boilors.
Portunately overhal of No. 2 boilor was undertaken before
one month and only No. 1 boilor was overated.
therefore from the record for such period of single overa-

. tion the rate of fuel consumpion for single boilor was

available, Using this data of fuel consumption, the
diagnosisses for the boilors have been barely implemented

as follows.

5.1.37 No. 1 Boilor

(1) Operating and Measured Data

A) Puel 0il svecification

(a) Svecific gravity 0.957
43.0 MJ/xg

(b) Gross calorific value
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or 10,272.0 keal/k%z

(c) Compositin (by wt.) C ; 85 %
H 12 ’5
; 3 &
(d) Unit price 0.5138 §/litre
(e) Puel consumption per boilor 232 litre/hr
B) Fiue gas condition -
(a)_O2 content 10.5 %
(b) Temperature 220 °c
C) Blow-down procedure o
(a) Period once/4 hours
(t) Mark of water level meter 1/2 inch

(c) Approximate discharged volume 100 litre

(2) BHeat Balance on No. 1 Boilor Overation

Using above data, the heat balance is calcurated in

terms of per kg of fuel as belows ;

Descrirption Inzut Cutout
Kcal/kgfuel % |kcal/kgfuell %
Inout B
Fuel 9,624.0 100.0
Qutput
®lue gas heat loss 1,384.0 14,4
Digpersion heat loss 102.C 1.1
Blow-down heat loss ' 16.0 0.1
Generated steam
(from balance) 8,122.0| 84&.4
Total 9,624.0 100.0 9,624.0 | 160.0

Table I.5.1 Heat Balance of No. lBoilor
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5.1.2 No. 2 Boilor

This boilor was overhauled only before zbout one month

according to the periodical maintenance.

Then the ver-

formance of the boilor would provide the useful informa-

tion on the effects due to the clezning of
surface of the boilor tubes.

(1) Overatinz and Measured data

the outsicde

Almost of all data of No. 2 boilor are same as Mc. 1

except the flue gas conditions.

A) Plue gas cendition _

(a).O2 content 5.1 %

(b} Temperature 198 °C

(2) Heat Balance cn NHo. 2 Boilor Cveration

Using above data, the heat balance is calcurated in

terms of per kg of fuel a2s belows ;

Description Input Output
kcal /kzfuel % | kcal/kgfuel] %
Input
Puel 9,624.0| 100.0
Qutput
Flue gas heat loss 814.0 8.5
Dispersion heat loss 102.0 1.1
Blow-down heat loss 16.0 .1]
Generated steam
(from balance) 8,692.0 90.3%
Total 9,624.0| 100.0 9,624.0 1 100.0

Table I.5.2 Heat Balance of No. 2 Boilor




5.2 Bleachine Range in Pinishing Line
The straignt and smooth steam piping lines are suit-
ably-insulated exceot in areas which are located near to
the bcilers anéd the steam consuming facilities.
the roughly estimated amount of dispersion heat from
indivisual steam consuming machines in the breaching range
is as follows ;
r_
Descrivtion |[Temp.|lBared Piping Disvers.; Dispers.| Recov.
x Units Nos. Surf R . Heat after In}- Heat
P L P
1 Area _‘j‘f_e Fite. : sulation L.
% n?| “xm *yocd kcal/hxr | kcal/hr | kcal/zr
1. 2x2.| Vv 840 1331 707*!
Cylirnder 2x1 §
2. Washer ¥ | 100 | Pree 2x3 | V 10,886 3,110 7,776
- 2x1 ' ’
L 0034
Case
9.23 600 25 505*
3. Desize Case 2x9| V 17,300 6,92C | 10,380
Saturator; 80 34.6 2x1
2,520 399 | 2,121+
4. Washer x 100 | Same 2x | v 32,658 9,331 25,127
3 as 2 2x)
1,800 285 1,515*
5. Caustic 100 |Same | 1x1 |V 10,886 3,110 ; 7,776
Saturator as 2 1x1l
x 1 350 50 300w
6. Vaporloce 130 31.6] 2x2 |V __. 31,620 6,324 25,296
x1l 2x4 '
P
2x2 1,920 304 1,616%
7. Washer x | 100 | Same| 2x3 | V 34,458 9,845 | 24,613
3 as 2 2x6
L 2,880 456 2,424%
3 Fixs| 8 840 126 | T14»




Description |Tenp.| Bared Piving Dispers.| Disvers.| Recov.
x Unit Nos Surf. [T -] Heat after In- Heat
Area | FIP€|Fitty sulation
8. Peroxide |Room
Saturat. |Temp.
9. Vanorloc (115 31.6f 2x2 |V 37,944 8,928 | 29,016
x 1 2x4
P
2x2 2,160 342 1,818+
10. Washer
x 3 100 sa2ne 2:1.5F 44,458 9,845 [ 24,613
® as 2 2x2
1,800 285 1,515%
11. Drying 2x¥21v 4,720 734 3,982%
Rglls x 1x8 2x2
1

Summary on Recovery of Heat

Intengsive Insulation on Caca
154,597 kcal/kxr

Intensive Insulaticn on Piping
17,217 kcal/ar
Total 171,814 kcal/ar

| . 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 ('1'i - Td)/(Ta _ TO)
wnere Ty and Ta are temv. of surface before

and after insulation respectively and Tois
temp. of ambient.

Table I.5.3 Disversion Beat Lous in Bleaching Range




6 Probleams in Thermal Energy Utilizatiorn and their Potential

Soluticns
Two Boiiors in this factory kave been perforzed rela-
tively well, espetially No. 2 boilor, although some degree
of excessive chemiczl dosing might have occured.
Actually according to the observing the blow-down water
the toilor water in vessel are presumed to be colored like
as tea.
Comparing to the boilor verformance, the management on

steam consumption is not enouzh "

Seae

6.1 Boilor Overation

6.1.1 0, Content in Plue Gas

No.2 boilor, which had just been overhauled, the flue
gas condition of 5.1 % O2 content and temperature below
200 °c. This flue gas condition which is very close
to recomnended values in Japan, could be achieved primarily
due to th:2 descaling of the kheat transfer boiler tuves
during the periodical overkaul. : If No. 1 boilor
underwent similar overhaul, the fuel consumotion would bde '

improved by 6 % comparing to before overhaul.

This improvement is eguivalent to about 2,0008/month
or 33,6008/year of fuel savings. therefore it is

recommendable that No.l boilor should undergo the overhaul

as soon as possible.

6.2 ngumption Pacilities

6.2.1 Zxtensive Insulation of Steam Piving Lines



If extensive insulations were carried@ out on steam pip=

ing lines close to the facilities, with reference to the

table of the dispersion heat loss in the bleaching range

shown in Table I.5.3, the estimated amount of fuel saving
would come to about 17,000 kcal/hr which corresponds to

10 k1/year or 5,4008/year.

6.2.2 3Zxtensive Insulation on Surface of Ecuivient in 3leac

ing Range

mhe existing surface temperature of the steam consua-
. : ing equipments in the bleaching range is about. 100 °c
If proper insulation is applied on the equipment surface,

and the temperature would be able to be lowered to 50 °C,

This measures would give 150,000 kcal/hr as shown
in Table I.5.3. This value is equivalent to

92 kl1/year or about 50,00C3/year.

6.2.3 Similar Measure on Other Range in Pinishing Line

These equipment such as mercering range should de
similarly insulated to achieve further savings in fuel

consuaption.




7.1 Zlactrical consuapsion craracteristics

: National Eleciriciiy Board
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of the States of Maliaya

- contractual maximum demznd 950 ki

- averags zonthly consuaplicn 302.5 x 10 Xidh

- average factory lozd factor : 0.36

- contraciual powar factior : 0.91
- rated supply voliage : 11000 Volis
- transforzer capaciily : x 1590 kYA

- 7.2 Schemziic diagras and oubliinzs of factory
Electrical schemasic diagraz 1s as shown in Tigure

-~ The major electricel joads are air conditioners and large

nuabsr of small motors with total installed capacity of
2000 ¥W. This transformers are very lightly loaded and

25 4 of the load is utilized by air conditiorning equipments.
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‘Weaving (2)
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Lighting & Fans
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Water pump & Lighting

7.1 Elecirical schematic diagram of KTMA SDY.
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8.

Probleas in slectric

pctential solutions

8.1 Source

ransformer capacity of 6100 kVA against total load of

cl

-—
0

3, k¥ ( 2125 kva assuming 0.9 p.f ) and the load is

R
1!
[0]
2]

:stributad every through out the six transforzers.
The load conditions for the various traznsformers ars

indicated below in table 8.1.

Trans- |Rating Aciuzl Mszsursd data Load
torzsr Load Voltage Pover Powar zacuvor
coane- ¢onsun-facior
coaa od
"o (kva) | (%) (v) | (<)
L 1500 | 1223 | 217 | 607 | ©0.89 | 0.45
i
s 2 1500 593 431 315 0.36 | 0.2L
P _
| 3 750 515 410 L05 | 0.94 § 0.57
4 800 347 424 209 | 0.96 ; 0.27
5 750 1050 423 185 0.90 | 0.27
6 800 424 430 213 | 0.93 ; 0.29
Total | 6100 4172 - 1934 0.91 | 0.35

Table 8.1 Load conditicns of traansformers

The outline of the factory 2g2inst the lecation
of the transformers is as shown in the Figure Dbalow
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to be placed on stand by bui not switched on. I% is

also recommendad that the low voltage switch board
connacted to each transforamer oe interlinked to provids
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ty of supply. If such measur

the saving in energy is as follows;

seving/year = {1500 (1-0.988) + (750 + 800)x(1-0.986)}
x0.2 x 24 x 365 x 0.17
= $11,824 /year
where 0.988
0.986

efficiency of 1500 kVA transforaer

.0

efficiency of 800 kVA or 750 kVA trans-
former

0.2 : iron loss factor

24 working hours /day

365
0.17

working deys /yesr

cost of electricity /k¥h




.2 Voltaze
From the naze plates of the motors, they are rated
froa 400 volts to 415 volts but the actual supply voltage
measured varies from 410 volis to 430 volis. It is
recommended that voltage to the factory be standardized
at 415 velts for all equipzments. This exercise will

improve power factor and expected to

o
m
<
o
0
rs
w
r
it
o]
Te)
0
n

as follows;

saving /year 1934 ( 0?81 -5 812) x 16 x 298 x 0.17

$.782 [year

where 1934 : actual power in k¥ cosumed Dy all the

aotors.

0.81 : efficiency of typical 1.5 ¥4 molor
at voltage of 430 volts.

0.812 : efficiency of typicel 1.5 k¥ movor
at 415 volis.

16 : working hours /day

298 : working days /year

0.17 : cost of electricity /kih

8.1.3 Power factor

The factory has automaiic power factor corracting
equipments installed for each transformer such that power
factor of input supply is good ( 0.91 ). However some
of the capacitors are operating at tempralure abovz 70 C.
Power input into these capacitors are also considered high,
about 420 watts each ( see report or FUSAN FISHINC NET
BHD ). Therefore it is reconmended to replace the capaci-

tors with those that consume less power { less thnan 175




witts for a typical 50 ¥V¥Ar capacitor ) and suitably

ventilated.
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8.

Zlectric vower consuzminz manacsesment
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These factory has corntractuzl zaximua denand of

950 ¥3. During our visit the factory was not in full
production. Therefors it is not possible for us %o

rzcoanend the new contraciual maxizuzn dexmand value.

It is recomaenied that the factcry =ea
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cut.

Iv is also suggested that the factory install
a2 totzl consumed powsr indicaitor and alarm to prevent the
factory oparating beyond the coatractual maxipuz demand.

in factory spaces of approximately 25000 squares msters.
Unfortunately many section of the factory zre not utili-
zed but are still air conditioned. ( e.g. onz third of

spinning arez are not utilized ). It is suggested that



the air conditioning system. Further saving in air condi-
tioning systaa can also be realized by relocating -the air

compressors, sizing machines outside the air conditioned

u9

rooz and introduce special curtain to reduce free mixing of
air at the many doors. Assuaing that one third of the

roon is compartmentalized a saving of $22696

|/ year can be realized as shown by the culculation

telow;

Calculiation

(1) Total power iaken by rafrigsration plznt
213 i

(2) Total capacity of blower Ior air conditicning
plan% = 503 Wi

(3) Total capacity of blowsr Ior the spinning room

I
W
O
w,
P

only

"

Phnersfore proportional power raguired to air

on thes spirpnin

'.l
ct
H-
uy
g}
(8]
(o]
E3

condi

o

o
S (213 x 22+ 59 ) ki = 8L Wi

I one third of the rooa is capartzentalized the energ

Therefore saving/year 28 x 16 x 298 x 0.17
= $22,6%6/year
where 16 : worki. - hours/day

296

working uays/year

0.17 . cost of electricity/¥¥h
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8.3.

N

tletors

Qur measursments indicaie ©

fa

£
U

motors in the

[\

= oz
av o

spinning section havas very low lozd facter (only 0.25 ).
Thersfore it is recormaendad thzi the facicry czrry out
a through study on the load resquiresaznis of these motors
and stzps should be taken to rsplace those zoicrs having
ioad factor less than 0.6 with thoss commensuraie wiih
th2 load requiremsnis. This zezsurs will cerizinly improve
tre power factor arnd %thus incr=2zse the motor =2ificizancy
in the weaving section howevar most of the movors ;
are fully loaded arnd soame ccondition of cvwsr load wers Y
registersd. It is g2nerally acceptad that tals condiiion '
is safe 2nd good provide the maxizum zolor Tempsaraiure
rise is not excsedesd.
8.3.3 Lightings
Overall factory lighting is rezsonably good as
shown in tabls 8.2 below
Section of the lighting intensity
factory ' 1lux )

Spinning 105 - 256

Rewinding 140

Weaving 35 - 164

Finishing 360 - 650
Table 8.2 Factorv lighting intensity
From the table the lightings in the threse seciions of
the factory , i. e spinning, revinding and weaving sections




are below the comfortable level. According to JIS

standard a factory of this nature requires lighiing inten-
sity of 250 lux to 300 lux. Therefore it is recozmzended
that the ligatin

(=3
>

sxa3ple below shows that by lowering the lighting

fitiings froz 5 meters to & zetars an improvemeni of
lighting intansity from 150 lux o 23/ lux can bz achieved.
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(1)

ATTACIMENT 1

Energy Conservation Survey

A NX—FAKE

Name of Facfory
I 4

Location

Ar % i

Tel.

Name of Company Officials

Segment of Industry

SHZA A ¥ =
;mid:l Capital "
Factory Manager R X £
ISk
Energy Manager Annual Turnover s
TRAX—-{EEE E£BELES
Number of Employees Number of Engineers
fEXEER - EREH '
Electricity
T =%
Heat
”

Major Products

EREED

Production Capacity of Major Products )

EREEYNLEERD

Nominal
2 B

Present Condition
a R




Faoe

11

12

13

Fuel Consumption

(2)

REERS
O Fuel oil

g2 kl/y ns/Y
(J Diesel oil w

g y MS/y
(0 Kerosene

T kl/y KS/y
O Gasoline "

Iy y _us/ly
O LPG

BILE MY X vy MS/y
{0 Nawral gas -

ERA X /y uS/y
(O Lignite or Brown Coal

BRAXILBR vy Wy
{J Bagasse

<R qw?)/y MS/y
(OJ Charcoal

x B vy MS/y
(O Firewood

= (a)/y MS/y

Others
O o i "S/y
Electric Power, ® /1
Electricity Consumption
2R KWh/y MS/y
Contract Demand KW
z2HITN _ Receiving Voltage v
Power Factor XIARNE .
n_ = %
Power Plant Capaci

=1 Have or Not i P“';JY KW or KVA.

Water Consumption, XifRE
Sea Water o ort/ River Water
. X Y om Xk ot or t/y
Underground Water City Water
e T K m or t/y Xl X w or t/y




(3)

14 Boiler, KA 7

Nominal Capacity Operating period
Built{A.D.) Type “HmEn Kind of Fuel &R
- Evapocati .
S (B b porling
SX(A0) K Steam Press. Volume _ENMR hes/day | days/y
kg/cwG t/h

15 Major Facilities Using Energy, T A NX—{FRANEEXE

Output Kind of | Operating period
Buil(A.D.) Name of Facility Products X % 3% |[Enegyusd] E & H IR
v M- ' - . Present L Ep e
L (asid) & W 4 FAM  |Nominal| . .. QH;;;« hes/day | days/y

. AT




(4)

16 Flow-chart of Producing Process of Major Products, +ZE4+EHn4ETER

Pulp or Wagm pepw

Example 1. Paper ' l
s Cowmct Chomte Pulper
X y
= b

lei:'-r R:-”l:’ —#E:mﬂicim Kiln

Package Cutter Resl 3 Dryer Press Wire

Example 2. Glass

-9

Mazin
Raw Maeeriai Mixing Melting Refining —.Lc«u;..,

Forming

Almali'ng anﬂ |

Raw Maserial




17 Energy Flow<chart, xR FX—KNEH

(5)

Fuel oil

EXample 1. Paper

-

_m_",[ Evaporator
(31 N

Digester

1%
Hot Water

) Bleach ]

ol Paper Machine

LY —

Example 2. 92_

Fuel oil

“%r
-——1 Tank or Pot Furnace

2% -
Annealing




(6)

18 Skeleton Diagram, HRZEHRE

Example )[T.ighting Facilities | @l L
or each
Transfocmer
No.1
——a‘ Lathe  tocal o
q\_@_CD_ or each
0s c8 trans atio _
w/v L—sf Grinder | ‘W;TE
or
[ ’
—f o cs
CB 4
eceivi Traasformer
R ing | total -
Voltage xv No2 —)LBIOw« for Furnace 1 o ouf
G B total 4
tract -
Dounnand o DS CcB trans ratio —JI Pump for Boiler .
N/V )
Total Capacity otal -
for facilities s Dryer for Wood ol
™
DS : Disconnecting Switch total -
CB : Circuit Breaker Others | o excn




(7)

19 Plant Layout, Tig&@&EEXA




(8)

20 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 3 items)

3’:—*»¥—#iﬁ_hﬂf-1ﬂ.§.ﬁ‘iatuf. TRNAGETIRACRALHFLTT IV, (BL. B&ESH 8-21‘

(1)
-(2)
(3)
(4)
(5)
(6)
(7)
(8)
(9)
(10)
(1)
(12)
(13)
(14)
(13)
(16)

(17

Prospect of energy price is not clear.
1 anX—-EEORELHFTHA,

The proportion of energy cost in the whole cost of enterprise is small.
ésuzﬂ'aL*w%’—ammﬂ%b‘d‘éh.

Increase of energy cost can be covered by raising the prices of products.
LRI E¥—RANERENSMET TS "—=T2b,

Instability of coergy supply. (pow& stoppage, efc.)
LA X—BBITRE (FITY). ' ®

Shortage of engineers.
HHEITE.

Difficulty in obtaining good cnergy conservation equipments.
ErinE—RENLV LONFIZAN I,

Information such as active cases is not easy to obtain.
KEHAN L S CHRAIAN

System of research and development is not sufficient.
WRARKII T+,

Shortage of fund for facility improvement.
LRUBNRENTR.

The facilities are superannuated.
LM EH{EL Ty 5.

Employees’ consciousness is low. .
ERROBADE .

No personnel is available who can educate the employees.
RAARNE TEBANVLY,

Shortage of measuring equipments.
HEDZMOTRL TS,

No time to analyze energy consumption rate.
MG £ 1T 5 MR L,

Shortage of information on government’s measures.
HREROMROTR,

Shorrage of government’s subsidiary measures.
BFONEMITR,

Others
zoft.




ATTACHEMENT 2

(9)
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O

Energy Management (=2 ¥-K1U)

Company 's Energy Conservation Policy

LROKX 3 ¥ -5t

°

Setting up Target BHE Set up not set up
Numerical Value of Target B W % improve to base
Completion Deadline RS WM by
Investment for Energy Conservation LTS WIS,
Investment Scale 0w 1981 Bta
1982 Bts
1983 Plan Bts
Judgement for Investment Ky BF 3 W Pay Back Time, within Yrs
Check on Energy Consumption TA¥F-HRBRFHU.
Measurement of Consumption iﬁﬂll.lﬁll'l B Electric Power Fuel
Times/ Times/
Factory Total I8 done not done | done not done
By Major Process FETILN done not done | done not done
By Major Factlity F IR done not done | done not done
Data Analysis 7 — & M
Grasp of Energy Consumpt's. rate Ry ieu done not done
Preparation of Control Chart o) PR R done ‘not done
Analysis of Variance AR done not done
Cost Control 065 8 W
Energy Cost Accounting . X A~ R Monthly, Times/y, not done
Energy Cost Distribution by Procesas TIRNIES done not done
Accounting of Heat Balance MRE done not done
Diagnoser Date b— Factory

(o1)




°

Organization | "]
Planning and Promotion i« HEil Section Person in Charge
Committee & R & held not held
Frequency of Holding U (0 3 IR Times/y
Committee Chairman 2 AR
Project Team Z7avzr2 b F -4 made not made
Consultant Contract avend vl made not made
System 1 iy
Improvement Proposition System Y MR RN is isn't
Achievement Commendation System ST BLOZ ST is isn't
Ingpection, Audit Uisk, B done not done
Education of Employees (3" J1E 1§ 4 :
Seminar U & £« held Times/y not held
Observation Meeting R 3% & held Times/y not held
Campaign to Employees mﬁmf\(f:)l-)ivau
Appeal from Factory Marager THRDGEU done not done
Poster, etc: N2p~ W done not done
Activities in the Business Circles RADTEY Practised not practised

1-2

(17)




Heat

2-1

2-2

2-3

2-4

Furnace, Kiln, Dryer
Steam Consuming Equipment
Boiler

Steam Piping, Condensate Recovery

(z1)



~N
[
Pt

Furnace, Kiln, Dryer

1 | Part T )
2 | Name of Equipment| It W £
3 | Use 1] A
4 | Charge BINKRY
S | No. of Furnace & 8
6 | Type ] M
7 | Maker A= h -
8 | Time built 1% 0t %W
9 | Outer N~
Dimension
Length or Dia. & 8
Widch m
* Reight x
10 | Design
Capacity K RN
11 | Usage WA ®R
Continuous B B
Batch ' IE N B
h/Day '
h/month
12 | Induced Draft CuA%RN m3/h__mmAq _ kW
Fan
Forced Draft 1PIAL LI
Fan —_— — _—
13 | Improvement %M E R
done .
Diagnoser Date Factory

2-1-1

(€1)



O

14| Fuel ] H
Name 2 nl
Lower Heating Value RMR (LERD) Kcal/kg. L.m3N
Specific Gravity H %
Molsture K
15| Average Consumption [ mpsmu (M) /h
16 | 011 Storage |
Tank | Contents rey) R . |
Volume ! 2 m3
Temp. # om - °C
Insulation * # mm
17 | Fuel Receiving g At
Measuring Volume It = done not done
Temp. g alsE done not done
Sp.grav. it - done not done
Analysis 82 W done not done
18 | 011 Leak alh A h good not good
19 | Steam ' AF -4
Presasure E 2 kg/cm2G
Temp. H oo °c
20 | Electricity L N
Elect. Heater g ) kW
Infra Red Lamp b2 % A kW

2-1-2

(¥T)



@

No. of Equipment K W 2
21| Combustion
Pressure jet, Low pr.air Steam or air Rotary, Intermixing, Interior Semi
Burner st — atomizing, atomizing, atomizing, mixing
Burner Tile N—F =940 Good not good
Cleaning of N=F=FA times/y Quantity of Burners
Burner tip Zone Preheating Heating Soaking
Flame Color D | & good not good Burner Type| axial {Side |axial {Side |axial |Side
Length R X good not good Upper Zone
Sparks % good not good Lower Zone
Blow wE LU
off . good not good
Color of Smoke | 1 o good not good
Aix/fuel ratio | & & H Factory Data Measurad 0,21
M & e
0.21 - (02)
Automatic
Controller Snan exist not exist
Fuel ® R 3
Consumption kg.t.m3/h
Fuel Temp. i &l °C (at Burner, after Heater)
Air Temp. i o
Primary Air ~REM B
flow
Secondary Air kA
flow
Atomizing MBE
press,

2-1-3

(sT)



No. of Equipment N
22| Furnace Pressure | 4 E mmAq  (Measuring Point mmi)
Pressure Control WE MW done not done
Movement of Damper| # v.¢~{ff) good not good
Alr Sucking LB I
from Wall A & | good not good
Burner Side »~—¥bb | good not good
Door i A A |good not good
Truck #U &= | good not good
2::t:u:£ Stack, X, AAOR good not good
Cooling Air IR K m3/min,
23| Heating m )
Furnace Temp. A i Y Preheating Zone| lleating Zone Soaking Zone
Charging Temp. %A il °C Set °C °c °C
Extracring Temp. o d e °C Actual °c °C *c
:::t' measure—' 8 0 iz Thermocouple( ), Resistance Thermometer, Optical Pyrometer,
Radiation thermometer, Segex cone
Temp. Controller W GIER exist not exist
Burner Setting sX--F =104 good not good
Arrangement of
Charge BAS good not good, Truck Speed
(Furnace Load
Factor)
Seal
24| Size of Charge R
Hleat Utilization
of previous pro- oy N Fp—F done not done

ceaa, Hot Charge

2-1-4 ‘
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No. of Equipment ® WO 8
25 | Drying % 19

Air Temp. R il °c

Air Flow B & m3/h

Moiscture of BAWMKS

Charge

Inlet A0 X
Outlet W@ n A
26 | Insulation ¥ ) Preheating Zone Heating Zone Soaking Zone

Structure of Wall| uwiHia sk

Refractory Brick # X #

Insulacing Zone oM

Outer Wall # 2

Color of Wall R oe

Surface

Temp., of Wall , Ue i A

Surface

Side Wall o i °c °c °c
Roof, Crown £ ifi °c c °c
Heat Flux keal/m2h

Insulation of A%y FRIM

Skid . good not ‘good
Weight Reduction 8ll. 2 vyR7THD

of truck, o done not done

conveyor, etc.,

2-1-3

(1)



No. of Equipment s
27 | Waste lleat Recovery | B M ®
Name of Recovery L' B -
Equipment
Type ] X
Righ Temp. Fluid WM M e
Low Temp. Fluid € & N w
Heat Recovered B @ A ®
Flow W b |
Temp. (::: iti\gs) STER ET)
Specific Heat 4 M
Temp. of Waste gas AN W,
Furnace Outlet # WM N °C
After Heat HMMAE R K °C
Recovery
Clearing of
Heating Surfale EME DM Times/y
Preheating Zone
in Furnace H o ¥ M exist not exist
Alr Leak in Neat BARRKR D
Recovery Equip. ) @AM | found not found
Cooling Water flow MRk it
Water Inlet temp. e AQ#m
Water Outlet temp, ” mdm
® 2-1-6
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No. of Equipment & 8
28 | Operational &.
Management
Operation .
Standard f¥ " made not made
Reating Curve RUWWY | exist not- exist
Recording 12 1) good not good
Maintenance h-] 7] good not good
Period 3] ol ly
Record R 1’3 good not good
29 | Current 14 7]
Performance
Output M MR
(or Input) t/h
Fuel B HR
Consumption L.kg. m3/h
Heat Efficiency N ] %
Loss with g7 2 AR
Waste Gas Keal/h
Loas with WEnAIn %
Coolant Keal/h
Loas through MR K
Wall Kcal/h

2-1-7
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o

2-2 Steam Consuming Equipment (ZESR{E M WMD)
1] Part I )|
2| Use M F
3| Name of Equipment | ¢ W £
4| No. of Equip. & g
S| Type n 2
6 | Maker A = B -
7| Time bullt B K g W
8 | Dimension 5 i * mm_x mm_ x h mm, ¢ mmx__h__mm
9 Iali::ing surface & M E W n2
10| Volume > it
11} Capacity e p)]
12] Subject of
heating Womt oM
13| Heat source M Steam: kg/cmlG, °c t/h, Hot water °c, c/h
| Trescment. s u s
15| Operating ’ oM R
condition

Temp. TR °c

Press. E 7 kg/em?G
16| Insulation M M mm good, not good

Surface MO oo

Temp. °c heat flux Kcal/m2h
Diagnoser Date Factory

2-2-1 .
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[y

17 | Cleaning for
heating EMTHoORR done not done
surface
18 | Instruments it W Temp. Press., Flow, Other:
19 | Auxiliary Equip. M B B @&
Heat Recovery [ NG exist not exist type
RHigh Temp. il %
Fluid specific heat
Low Temp. ; .
Fluid i m & specific heat
Temp. rising Hmr R
(falling) (B3 TF)
Flow Woom m3/h
Condensate ¥y vER done not done, open system, closed system
recovery
Rate of B @ oW
Recovery X

2-2-2
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2-) Boller (44 5)

1l Part I 12
2| Use ;] a®
3| No. of Boiler &
4] Type 0] Water tube boiler (%) Flue tube boiler (3M) Once-through boiler (WH)
Hot-water boller (k) Other (¢ofh)
5 | Rated evaporation ERRSR t/h
6 | Manufacture date iEE AA
7 | Steam pressure g N Rated (&) kg/cm2G, Normal (#M) kg/cm2G
8 | Reating surface & M@ m . m2
area
9 | Auxiliary Equip. MOB O oW Superheater (;@Mys) m2, Reheater (M) m2
Economizer (i) m2, Air heater (W@FMmH) m2
10| Fuel ® #
Name a L1
Lower Calorific R A& k)
Value (L) Kcal/kg,L,m N
Specific gravicy it m
11| Usage @M ®RR
Continuous 1 P )
Batch F U B h/d, d/m, hly,
Diagnoser Date Faccory!

2-3-1 .
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Unic Nominal Actual Remarks
Item by} 8 ,
i\ 3 % ¥oOMm ! ]
12| 01l Tank w oy v 2 —_—
Volume 2 @l md
Temp. il il °C
Ingsulation ® #] mm
"Leak M n — good, not good
13| Boiler N4 5 -_
Steam Pressure ®aEn | kg/em?c
Steam Temp. waape | °C
Feed water 7 x*
flow rate sk | m3/h
" Temp. ‘& o1 °C
"  Meter Wikt Type
Blow off flow rate 7o -n |md/d Continuous, Intermittance, lleat recovery
Boiler water i x —_—
pi Cexoy¥
Conductivity WAERE |uS/cm
14 | Feed Water 7Y kK
pH SV 3L &
Conductivicy aayzing | uS/em
Preparation m ook
method
Testing REME —_—
time
Cl' content sa-mux | PPM

2-3-2

T =\



1 Unit Nominal Actual Remarks
tem by 1 a
ot R ] ®on ] 9
15| Combustion " 1
Fuel ] f
Consumption @ M R |t.kg.m3/h
Temp. it " °C
Meter It ) exlat, not exist
Burner N — 01l burner
Type 0] ® | —— Low preas, ailr atomizing ({LFmIss)
Steam or air atomizing ( MjHEIIs)
Press. jet type (mFEst)
Rotary (@)
Gas burner
Intermixing type ( (aiRast)
Injector atomizer ( AafiRAR)
Semi-mixing (QpERARK)
Capacity d & |L.kg.md/h |
Burner tile Nt =94 good, not good
Clinker 29— | —— found, not found
Alr ratio @ oa it _— Measuring point ()
Ingulation W M mm good, not good surface temp,
Sucking air gdAnNK — good, not good heat flux.,
16 | Color of smoke ¥ 0 f —_— good, not good
17| Air heater QIR M — exlst, not exist
Alr temp. VAl
Inlet A N °c
Outlet ty 0 °c

2=3-3
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Unit Nominal Actual Remarks
Item by | a8 i@ s pici % E S | u K1
02 X Inlet A0
Outlet thn
Waste gas temp., Yk At
Inlet AQ *C
Outlet tho °C
18| Economizer X3 )24 Y- exlst, not exist
Waste gas temp. e 2 AR
Inlet AQ °C
Outlet o °c
Feed water temp. Bimw | —-—
Inlet AN *C
Ouclet Ma) °c
19 | Automatic Controller | g gh 4|2 exist, not exist
Subject ng | — Steam press, air ratio
System AK | —
Operation ' Y | —— good, not good
20 | Steam accumulator AF LT atdrG - exist, not exist
Capacity | m3
Pressure . EN |kg/cm?6
22 | Evaporation ratio i 5o 13 m (Kg/kg,2
Boiler efficiency 43 R’H_“ X Hh base, H1 base
Loss with waste
gas Y772 MK | Kcal/h

2-3-4
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Unit Nominal Actual Remarks
Item (] a " A/ bR |- E A "}
23| Soot blow PR - /d
Service a burner N—g —-FA /m
Removal of scale Ay —-ikE
Air heater QEMFME ly
Economizer a4y | "
Gas duct 15 i "
Stack v ] ” "
gi:aning burner sy F 9T EA /m

2~3-5
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2-4 Steam Piping, Condensate Recovery ( X&@®, rwvvEMR)

Steam Piping KAR W
Insularion f i
Leakage &R A
Recovery of 2592k
Flashed Steam - oY 1]
Cylinder lood wWey-k | exist, not exist
Condensate F L vENR
Recovery
Flow st & I m3/h
Rate @ ® g 4
System AEAX | open, closed
Steam Trap 2F=4b557
Type L M
No. of Unit S
Present . d t good
goo not g
Condition Lads '
Flow Shezet 720=Y—}
Steam x @
Condensate A T
Diagnoser Date Factory

2-4-1
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Electric Power

3-1

3-2

3-3

3-4

3-5

3-6

3-7

3-8

Electric Power Management

Trans former

Motor Driven Machine-Except Air Compressor
Operation of Motors

Air Compressor

House Power Plant

Air Conditioner

Lighting Fittings

(82)



3-1 Electric Power Management (7% M)

1l | General

—- R

(1) Record of used power for every | @GADEAMUNL (KWD OI2L} done not done (M)
month

(2) Examination the cause for AR HRNHRALL 2 DO RE done not done
variance for used power

(3) Stabilicty of volcage and SUIWE, RBBRDORERR stable not stable
frequency of source

2 |Electric power specific unit (EPSU) tHGiutty
(1) Calculation for major TR F UKDV LT DY Yes No

product's EPSU moathly

(2) Preparation table on the right
for every process and use

HE DR q;lsszmcmammm

Output { Used power | EPSU
(A) (B) (B/A)

ratio of electric power
fee per total cost

[ Em@A] | 07 EMB{R) [,

HREIRIC S BN NIEN

(3) Numerical EPSU target WAHTN D B 4 BTV A determined ATV IV not determined
(value )
3 }Load Factor A MWW
) ::C:::e:f hourly censumption mnsmmmmumaan 1BALTVW 3 done f::‘;: kwh;laﬂl.’cw.n.\ not done
(2) Daily load curve graph (=P =Rl '3 2{tL T3 done LT not done-
{3) Improvement of load curve B RAHD RN S INA 2 3K TU->TW3E done 12~>THVW  not done
4 |Value of power factor contracted WHH LN LD
(1) Supplier L' ¥oL-314
(2) Penalty fee _RFNTF 4

Diagnoser

3-1-1
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O

Subsctation Samii
(1) Mecers at receiving panel and RUUDHBOHME £ Meter |Voltage | Ampere | kW kWh Power kVr kVrh
adequancy of indication I ORE Factor
It &8 (W K I oW W (WA N [ Rl (Ynl
‘Yrimary
— %W
Secondary
ol L
Note Good
% Not good
2) Measurement of transformer load| XEROAMIE Yes No
3) Transformer exclusively for
( ) lighting y mﬂmlﬂmﬂiﬁﬁﬂ Yes No
(4) Turning off transformer when — [T g v
off load . PSP Hid iy 4T Yes No
(5) Improvement of power factor by " s ap
static condenger AVFVY-lkESHNUR Yes No
(6) One-line diagram BEBREER D AL llave No
Distribution system AU IS
(1) Measurement of main circuit FEREMIO R LE Yes No
load .
(2) Rate of voltage drop a@f main E RO MR TR
circult N
(3) Balance in three phases HND 5 v Voltage , Current
Motor W Y W
(1) Mcasurement of load of motors § kB L D W RN D £ F Yes No
over 15 kW é T
(2) Periodically lubrication of v UMD E NS R Yes No
gear and motor
(3) Turning off motor when off load] $NIATNYDIEEID L Yes No

3.-1-2
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@

8 | Motor driven machine WHRIEH] Bedl
(1) Flow control of blower and T =0 7O LIS Motor speed control TR D IR K1 By
pump Control of numbers of operating motor HpEME
Damper or valve control & v/¢—~, /A 7OBHH
Others €0l
(2) Checking leakage of compressed EREMOKDENDF = » 2 Yes No
air or water
(3) Keeping adequate working
pressure of compressed air ERRDHMLED)I ATE D Yes No
(4) Keeping adequate diacharge # 7O MR B ES Yes No
pressure of pump
9 |Lighting fittings AR O B W
(1) Cleaning lighting fittings KU RN Yes No
(2) Turning off unnecessary light A /D INLT Yes No
10 | Electric welder WU IR
(1) Static condenser exclusively YMOHBUMIN 2 v F v — Yes No
for welder
(2) Transformer excluasively for WMOLES Yes No
welder '
(3) Reeping circuit balance of WEOK D3 ¥ 2 Yes No
three phases
(4) Cable length from welder to BIERD TS TORE & Yes No
holder
(5) Primary cutout type voltage _ 1 e
reducing device ROARURYI L BOBN Yes No
11 |Classification of load . Machines | Alr Compressors| Pumps |lleaters { Lighting | Air Conditioner| Total
ARORH ERDE—9- AavFveyy L% o E—9 - R ¥ @ w & It
kW kW kW kW kW kW
4 X X X %] 100,0 %

(1€)




o

3-2 Transformer for ( wIEW)
1| Type of Transformer|{ & oY DOii Immersed Self Cooling ( aAFIMNK ) D Dry Type ( % )
DMr cooling Forced 011 ( ganuwdst ) Do:l)ers ( o)

2 | Number of Phase # % ::] 3 Phase (=4) D Single Phase (1 )
3| Connection 5 05 DA - A D)\ -4 [:]A - A DV -V

{Single Phase) (HATr)
4 | Rated Output kVA, Number of Bank

P ® WD (evot)

51 Rated Voltage B W E

Rated Current £ BN M Primary v, A Secondary A
6 | Rated Frequency TN MM Hz, 7 | % lTmpedance '4";::‘.:;./2 % At KVA Base
8 | Maker, Year Made 2 =N & QUREE
9 ] Loss ‘ n % Iron loss Copper loss At Full Load

(&) kW, ( ®OMRMIN) kW,

Measurement Record ( MElcs: )

Time Voltagk | Current | Apparent Power Power Power Factor 0Ll Towp, Remurlks
i 1 wt E | & [, Bl o 7 N i h i i %
v A kVA kW X °C
Diagnoser Date Factory
@ 3-2 o
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Motor Driven Machine except Air Compressor ~ Over 15 kW

" @

(W TBEINBUN 2 » 7'V v EMRS ~ ) SKWELL)

1| Name of Equipment B w 2 Number of Similar Equipment
! LT —
21 Kind of Motor &R O MM DD.C. (i ) Dlnduccor (Mixm) —-ngound Rotor D()chers
D A.C. (%M) [(syncronous (mm ) Squirrel Cage
3| Rating of Motor W D 1 1% Output “(I47)) kW, Voltage (M[E) V, Current (%}t ) A
Frequency ( pjausk ) Nz, RPM ( @z ) rpm, Magnetic Pole (i &)
4 [ Starting Method 2 w % & |[ Full-Voltage [ |Scar-delta (A-A) [ |Rotor-resistance (=& [ Jothers
: CiiA) I e —
5 | Coupling Apparatus E B % m DDirecc(.'m.li ) DBel:( b)) Dcear (W) [:]m:hera
Material ( 4%t ) [:] Natural( BXe ) , Tenslon(3bnt)
[T] synthecic( A1) , Number( A )

6 | Equipment oW ol oMW DPump (rv7) DBlower (7an-) DOthers
7 { Kind of Flow and ! Alxr Water Others Density (or Specific Gravicy)

Density wua e | (28 ) _ (k) O ' D( @ X2 b0 )

- ______kg/m3 (1b/m3)
8 | Flow Control wOR S m DAutomatic (Aw ) DValve ( 7)) DSpeed Control ( Emimy )
: DManual (3 ) DDamper (Fve=) DOchers
9 | Speed Control oo oW [jMotor [[:]Pole Change (#t( ) JDVoltage (UE )] [CJMechanical
(€-%-) DFrequency ( ) D Others _ Bt )

10 | Automatlc Cutting- ~ .

of f (When Off-Load) glb.& 11-'.*&:0]? DYes (#) DN° ()
11 | Frequency of , Frequency of INAT 4 V9 -

Lubrication 2 W times/year( [l /s ) 12 filcer cleaning| W #i times/Month

Diagnoser

NDate Factory
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Motor driven machine ( RN MMM )

Name of machine

Used powar Used Flow Q m3/min Fluid
) Temp. ) - < Valve|Velocity[Esti-|Effici-{Remarks
LI powerd of A IA g Posi-|of fluid|mated|ency Sound
Date |Voltage |[Current|{Power |Elect- /r:t:r fluid Actual | Pressure| Pipe tion Load Vibration
factor|ric pow Raced | W & (4 ll'kg/cm2 Inner Leakage
power | x 100% °C max. Dia=- | sy Others
v A % kW @A _ min, Hm meter) DY m/s kW %
WE | Wk | om e ok st E M Wikon | 3y |weaw wagw | w0
@
>
1) Required electric power of blower Pa A*QPT (kW) PT: Total pressure (mmAq), A: Allowance, n: efficiency of |
. 1,000°n'6.12 1.1-1,3 blower (0,72-0,78%
ZRAFENS »000°n e K (1. 12038 ek W%
2) Required electric power of pump P = A'*‘Q’“"ﬂ P = Q'-u' (k) A+ allowance (1.05%1,2) n: efficiency of pump
n6.12 Y'n:36.7 R B MY (0.8~0,85%)
3) Velocity of fluid U= Q (m/sec) Q: flow (m3/sec) velocity (m/sec) [ pressure (Kg/cmz)
ERARS A o o & i 0.6 ~ 1.5 1.8 & 3.0
A: sectional area g City water jKillk ) . . .
of pipe (m2) T S| River water —puk 1.5~ 3,0 3.0~ 10
WP Wi T L 25 Alr @ o 8 ~ 15 1 2

‘ 3-3-2 .



3-4 Operation of Motors

o

(-5 -ORULKR)

Process | Used for | Maker | Year Outpuc | No, Voltage Current 1 Bt Revolu~ Speed Power Note
built Rated | Actual ® tions control factor
T B mo@ fa-n- pMETE | ®R A dE | oga® | wn® B | mem | oawesm [ o ow | W
kW v A A r.p.m. %
up
Diagnoser Date Factory
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3-5 Air Compressor (xTav7Fuvy¥-)

Type Installation On-off Cooling
Process|Use for|Pressure| Volume | Input yp No Operation|Water Temp.. Air leakage

% X 0w s X (BB BHKAUNL 2 @ ,
011 01il- Centra~|Sepa-| Yes| No |Inlec]Outpet|Ratio|Body|Pipe|Valve|Joint
less |B¥| 1ized |rated| 5 | m (A alw o| ® |x@lur| wrz|le ¢
reci-|reci-

pro.}| pro.
screwj|screw

IR | R A E 7N EGER | A N

(9g)

Diagnoser

Date Yactory
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3-6 House Power Plant (g mseutem )

1 | Xind of Engine x v 2y O Dbiesel Engine DStenm Turbine
DCondensing turbine
Dcas Turbine DBuck Pressure Turbine
. DExcraccion and Back Pressure Turbine

2 | Output of Engine zvyJrilin PS (kW) 3 | Fuel Consumption | MEipnig L(Kg)/h
4 {Kind of Fuel M H 8 8| Jcoal [Jueavy o11 [[]pteser o1 DOtl\ers
5 |Caloric Value of Fuel| @lroimnm Kcal/&(Kg) :
6 |Rated Output of o1t () Rated Power

Generator E &’ m h kVA (kW) 7 | Factor E#HW® %
8 |Rated Voltage, e 1 K ‘

Rated Current P g % | ___ VY A -

w

9 |Daily Record X i A .[:IYes (#) DNO (i) >

Measurement Record ( gusidcsd)

Time | Generated Energy| Fuel Consumption| Steam Temp.| Steam Pressure Volca&e Current Power Factor Remarks
55 R 2 ¥ K M H R ® 8l o| ¥ W E u L' 7 R 1 I ]
kWh Kg| In. = °C| In kg/ v A T %
Out Out
Diagnoser , Date Factory
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3-7 Ailr Conditioner ( i Erai)

O

o

f i Unit Al tioni
1| Type of System W HF R DAir ?\;hclgjjcigr;dicioning Dl‘gr_} 7(:3314%\,}}&)D n?n,',),g_s%gtg’s oning
2| Room Air Conditioned | ¢ oo (X ®
(1) Room Size EDOK & & Floor Space Room Volume
- Cokmm ) m2, (uEW) m3
(2) Number of person T A A K A

in the Room

{(3) Usage M & D Office [ yipssie ) [] Works ( (i) D Others
(4) Room Temp. € ] Actual Temp., ( RAMEUMT ) °C Set Temp. (IXEMIX ) °c
Measurement Method D Manual Control Method D Manual
Mz ) [] Automatic (#wAx ) [ Automacie
(5) Humidity & % Actual- ( $imig ) (seain)
Measurement Method [___] Manual Control Method D Manual
( BEX ) [:]Automacic (MPAHEK ) L—_]Automacic
(6) Air Flow B it Fresh Air Flow Induced m3/min, Circulating Alr Flow____ln3/n\1n.
( ASURARM ) (EANmENL )
3 | Wacer Coolinlg Tower EYIVY Actual Temp. Wet Bulb Temp. Flow Delivery Press,
79- ( Shimiaey — °c, (EMEBE)  °c, (ki) L/min., (HIUE ) kg/cmec
“ H:eM:zhri{::rigerac- 48R O B M D Compression Type ( L&) D Absorption Type (BIRK )
5 | Refrigerant b W D Ammonia ( 7TvE=7 ) D Freon ( 707 )

D lligh Pressure (Mif )

D Low Pressure ( {8/ )

Diagnoser

3-7-1
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6 | Cleanness of Air IR S|
(1) Method for removement of BABALE TR
Elying cotton DNozzle absorbing ( 7 XA )
D'I‘taveling absorber ( j(mu;a )
Dl’loor duct ( ERiWLiA)
[[]atr condicioner ( wmm )-[[:]w1per (D4=3 )
QBlowoff ( 7a—-zx7% )
(2) Method for electrostatic shielding| muiwi7ist Numidifier ( gaku ) Electric ( & AHK )
7 | Insulation of roof and wall AN, MOWNIM good not good
8 | Insulation of duct and pipe ¥2 b, REDONM good not good
9 | Tightness of window and door 8 FTous good noc good
10 | Separation heat generating equipment e iyl yes no
11 | Parcial air conditioning in large Refochn XMW % 2 2 Bi5 e
omi yes no =
room
12 | lleat recovery by total enthalpy . " - yes no
heat exchanger SRZBRIC & B MUK (Type )
13 | Water spray on roof M os oMK done not done
14 | Starting and stopping time of v 10 I Starting time
air condicioner il PRI Stopping time
15 | Stopping water pump when ML IR EK 2 v 7D scop not stop
refrigerating machine stops #ik: ) (auto, manual)
16 | Prevention over cooling and - , . . - yes no
1 stopping when unnecessary BBk, FURMOUEIL

3-7-2 ' ,
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17 | Setting most suitable . .
temperature by climate Fidic k3 LEMLARN yes no
18 | Control of induced fresh air BEA RO TN yes no
19 | Checking temperatu-es of
evaporation, condensation Xuuso KA, KRR oY, L
yes no
and pressure of refrigerating FoRM
machine
20 | Cleaning (Condenser) W QB2 v#ve-) done not done
( times/month)
21 | Cleaning (Air Conditioner Coil) (M2 40) done not done
( times/month)
} 22 | Cleaning (Air Filter) MB(=T24009-) done not done
( timea/month)
23 | Cleaning (Cooling Tower) (2= vr90=-) done not done
( times/year)

Air Conditioner Measurement Record No.l (@NHlIEIZ ®vD1.)

Irlet® Fan Circulating Fan Cooling Tower Refrigerating Machine ( /sl ) ,
Pump Fan Compression Type Absgorptir -
(ASRMAZ 7 ¥) | (EAEKH2 7> ¥) (2v7) [(22) QOERR) 91y
—— ]
Rated kW kW kW kW kW Kecal/h
O )
Actual kW kW kW kW kW Keal/h
(K )

3-7-3
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Alr Conditioner Measurement Record No.2 (@wmaiglosy €o2.)

Place (i )
Temperature | Set u & °c
A u Actual w M °c
Humidity Set u s 3

4 m Actual 9 M

Cleanness of Alr % i

Insulation | Ceiling| Material # %
M M X #* Thickness Y &
Wall M. "
L T. ¥ b
_Floor M, # R
B T. [ S~ -
Window | Double glasa =ifi#32 e
® Hleat-absorbing glass
MR 5 2

v | Blinds T3I4VY¥

Tightness of Room R

Heat source | Persons A A
MANWN | Motor -4~ &
Lighcing M 8 kW

Steam or Fuel a#-—-g
lleater 1 M kW

3-7-4 .
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3-8 Lighting Fittings (RWILW
1 |Lighting System TR % & Dcenetal ¢ £RMm ) DGeneral and Local ( £AMW & /& BAGHA )
2 |Method of Turning PO S - 3 Automatic { BUAE ) DMnnual ( FUAR )
On and Off Both Automatic and Manual
3 [Circuit Separation MMM O One Switch per Room ( =4, 1AL 9 F)
{In case of General il & o Several Switches per Room ( jw—4 WAL o F)
Lighting) o B F X One Switch per Line (Turn, Line by Line from Window side) ( 34 v{gic/58k)
4 |Kind of Lamp Incandescent Lamp { sty ) Dl’luoreacent Lamp (daylight color)
3 Uk b ()
Fluorescent Lamp (White)
o ] &
570 8N . ( BT ) D Fluorescent Mercury Lamp ( 4t3¢7kMLr)
DEnergy Conservation Type F.L. D Good~color High Pressure Sodium lLamp
(38 = 2 80A0EIT ) (MENmES ) LoLT)
. |_— Octhers

5 |Cleaning Frequency & R D .
of Lighting Flttingsr;ﬂ B oS Wl Times/Year ( [Bl/4E)

6 |Uctilizacion of ) Dclass DVlnyl chloride Polystyrene Acryl resinDPolycarbonate Octhers
Daylight £ ok B A W3x T Mee=—a AFa—i T2934b WYn=At— €0fl
Measurement Record ( iMEicsk ) Time at /}M ]

P Clllsznak )
Place

(@S]

Illuminance

(RU )

Distribution of
I1luminance( pyg s )
Kind of lLamp

(3 »7’0him )

Wall Color

(Qom )

Power Consumption for Lighting Day Time ( £20f) ) kWh/h from daily record

CRWIDALRIE ) )

Diagnoser

Night (#I) kWh/h HiEm o

Factory

. Date ’
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INSTRUMENTS LIST

ATTACHMENT

No. Instrument type
1 Hotwire Anemometer v-02-aA700
2 Heat Insulation Tester MH2
3 Portable Oxygen Meter 6232
4 Pocket Thermometer 2542
5 Thermopetter 400
6 Portable Radiation Thermometer IR-HP2

IR-2P3
Pocket Conductivity Meter SCS1
Pocket PH Meter PHS1
Lux-Meter ANA999
10 Clip-on AC Power Meter 2433-11
11 Clamp-on Power Hi Tester 3136
12 Integrator 3141
13 Digital Printer 3171
14 Volt Slider §$-260-5
is Multitester 3009
16 Portable Thermc 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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