9.5 Potential of Energy Efficiency Prometion
The energy efficiency promotion potentials arc summarized in this section.

(1) Power Saving in Lift System

1) Operation Management Control Avoiding empty car operation already adopted
2) Introduction of Tnverter Control - 157210 kWh/day
System for the Lift Power Supply

{2) Improvenient of Boiler Combustion Conditions

1) lmprOVement of_ Air Ratio ' Hard to control strictly because of automatic on/off

' ' | operation

2) Reduction of Exhaust Gas Standard value already achieved (no exact standard
Temﬁerature data available for on/off boilers)

- {3) Solution for Frequent QOver-Current Trip Problem

Installation of Capacitor . | Stable chiller operation would be achieved after

inslaila_tion of 170 kVA capacitor for chiller #1 and

#3 power supply

(4) Improvement of TNB Power Receiving System

Adjustment of Automatic Capacitor | Avoid problems due to leading current:

Conirol Set-up : Facility life time, power loss

: '(5) Introduction of Latent Heat Storage System (available only after future chiller

expansion)
Reduction of Demand Power o - 150 kW /mionth
Chargé o | '
Energy Charge o
peék period .- 3 -1,400 kWh per day 3

E off-peak i)ériod B o 2,000 kWh per day
Reduction of Chiller Design ' 650 to S00 kW
Capacity ' | R
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9-6 Cost of Mcasures for Energy Efficiency Promotion

Budget-type costs were estimated for two recommended modification works (1) power saving
in lift system (2) solution to frequent over-current trip problem and (3) introduction of latent -
heat storage system. Note that item (3) is only for reference, applicable after future chiller

expansion.

(1) Introduction of inverter control system for lift power supply

RM
1. Lift replacement (L# 1,6, 7, 8) 1,550,400
2. Lift replacement (1.# 2, 3, 4, 5) 1,594,400
(Inverter controller installation: (314,480)
L#1234,56,78)
TOTAL 3,144,800
(2) Solution to frequent over-current trip pmblém - : : :
' | 10’ Yen - S ®
1. Capacitor -~ . . ' 3,220 | '
(25 kVar x 7 unit = 175 kVar) |
2. Installation work 100
(2 man-day) :
TOTAL o . 3320 -
3 Intr.oduction of latent heat stofag system
. | B 10° Yen -
1. Water chiller | _ ) _ - 19,500
(capacity: 390 kW) -
2. Brine chiller - e | 9,000
{capacity: 110 kW) ) o
3. Phase change material and tank | . ' 10,500
(tank : carbon steel, 70 m%) )
4. Installation work_- 6,000
 TOTAL | | 45,000
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9.7 TRenefit of Measures for Energy Efficiency Prosnotion
9.7-1 Current Price of Energy in Malaysia

Electric power could be saved by all the recommended measurces for energy efficiency

'promotion. The current price of electric power conforms to category C2 of TENAGA

NASIONAL’s tariff, effective from 1 May, 1997, in the case of {Hospital Seremban. The

following rétes are applied, according to this category of tariff.

_-Peak load rate (between 800 and 2200 hours): (.208 RM/kKWh
~Off-peak load rate(between 2200 and 800 hours): -~ 0.128 RM/kWh
- -Maximum demand charge: . -, 25 7RM/kW/month

9-7-2  Benefits of Measures

The benefits of the measures are estimated and the results are summarized in Table 9-6.

Table 9-6 Estimation of Benefit from Measures

Measures _ . e S . Benefit, RM/year

- Introduction of Inverter Control Syste_;m'for the Lift Power Supply 20,569
Introduction of Latent Heat Storage System . o 57,273
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9.8 Financial Evaluation of Measures

In this section, financial evaluations are made for the following measures requiring investment

in order to ascertain the financial feasibility of the measures.

- Introduction of Inverter Control System for the Lift Power Supply

- Introduction of Latent Heat Storage System

The financial evaluation for the first measure is made under the assumption that the measures
would be taken at a time when overage lifts were to be replaced by new lifts.” As for the
second measure, the financial evaluation is made assuming that the latent heat storage system is
introduced into the hospital al the time of chiller system expansion. Under é_;uch conditions,
only the amount of money that will be used for energy-saving equipment is considered as fixéd
" investment in order to obtain the enefgy-saving benefit. The remalmng invested money is

regarded as a cost that is necessary, regardless of energy saving,

In fact, for the first measure, only the cost related to inverters is coun:t'ed as the fixed investment
for the purpose of the financial evaluation, assuming VVVFE system lifts with mvcrters are
introduced at the time of lift replacement. ' As for the second measnre, the fixed mvestment
cost for the financial evaluation is defined as the difference between the fixed investment in the

case that latent heat storage is installed and that in Wthh latent heat storage is not mstdlled
9-8-1 Premises for Financia} Evaluation
Financial evaluations are made on the following premises.

1) Exchange rate: US§1= RM38;US$1=1Y118

2} Project life: 15 years from the start of operatlon

3) Corporate tax rate: No fax is 1mposed on Hospital Seremban, as 1t is a governmenl

' _ organization,
. 4} Depreciation: None _

5) Fixedinvestment: Fixed investment cosl is shown in Table 9-7 in Ma.'laysian Dollars.
For the latent heat 'storagc system, only the invertér controllér
installation is counted. As for the second measure the fixed

investment cost was obtained by subtractmg the cost of a 650 kW- -
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water chiller (32.5 million Japanese Yen) from the total investment
(45.0 million Japanesc Yen), and converting it to Malaysian

Dollars.

Table 9-7 Fixed Investment for Measures

Measures : : : ' Fixed Investment,
. : ' RM

~ Introduction of Inverter Control System for the Lift Power Supply 314,000
Introduction of Latent Heat Storage System ' 402,542

9-8-2 Results of Financial Evaluation

Table 9-8 shows FIRROI before tax, FIRROI after tax and payback period for .the.two

measures.

Table 9-8 Results of Financial Evaluation
Measures : o " FIRROI - FIRROI after Payback Period
' . before tax - tax o
Introduction of Inverter Control Syste!ﬁ for -0.2% 02% 15.3 years
" the Lift Power Supply _ ' : . N _ _
Introduction of Latent Heat .Smrage System 11.4% ©11.4% 7.0 years

In a_ddition to the above,'three kinds of indicators are calculated for the two measures on the
~ assumption that electricity tariff rises to the rate shown in Table 9-9, which is considered to be
the current level in Japan. This calculation is made in order to find out the effect of electricity

tariff on the financial feasibility of those measures.

Table 9-9 Assumed Rise in Eléct_ricity. Rate for Study

S - _ Assumed E]ectricity Rate for Study .. Reference (C2 tariff)
Peak Load Rate - 0.483 RM/kWh (15 JY/kWhy  0.208 RM/kKWh
- Off-peak Load Rate 0.113 RM/kWh (3.5IYAWh) - 0.128 RM/KWh

Max. Demand Charge - 49.9 RM/kW/month - (1,550 JY/kWh/month) - 25.7 RM/kW/month

Table 9-10 shows the results of the evaluation at the electricity rate assumed in Table 9-9.
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FIRROI before tax and after tax increased by about 12% for the first measure and 46% for the
second. The payback periods were shortened by 8.5 ycars and by 5.3 years for the first and

second measures, respectively.

Table 9-10 Results of Financial Evaluation at Assumed Increased Electricity Rate

Measures : FIRROI FIRROI after ‘Payback Period
: before tax Ctax '

Introduction of Inverter Control System ' 12.0% 12.0% : 6.8 years
for the Lift Power Supply . : S

(Difference from the base) ' (+12.2%) (+12.2%) ~ (-8.5 years)
Introduction of Latent Heat Storage 57.3% _ 573% 1.7 years
System : : ' . |

(Difference from the base)  (+45.9%) (+45.9%) (53 years)

9-8-3 Conclusion of Financial Evaluation

According to the information obtained during the ficld survey, the lending rate in Malaysia has

been ranging from 12 to 14% per annum recently. This rate could be taken as an indication of

the opportunity cost of capital in Malaysia. -

The measure of 1nstallmg an inverter control system in the lift power supply is not financially
feasible, assuming an inverter system is installed together with lift replacement. Currently, the
hospital consumes electr1c1ty at a relatweiy low rate in the lift system, because of the low
frequency of lift operahon_ Therefore, no lar_ge effect is expected by the installation of an_
inverter control system. Another reaSon for low feasibility is due to the fow electricity tariff in
Malaysia. [If the electnc:ty tariff increases to the current Japanese level, its fman(nal fea51b111ty

will be improved to the margmal levels shown in Table 9-10.

The latent heat storage system measure is e'valnated'under' the a'ssumption that'it is installed at

the time of chiller expansion, as menhoned before. It is concluded that the measure 1s at the

margmal level of financially feasibility under the conditions of the study Its FIRROI is 11.4%
and the payback period is 7 years. However it is said that the measure wzll become fmanmally
feasible if electricity tariff increases to the current Japanese level _]udgmg from the mdlcators
shown in Table 9-10. It is recommended that the introduction of latent heat storage be

investigated at the time of chiller expansion. . -
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9.9 Recommendations for Energy Efficiency Promotion

Based on the energy audit and subsequent study for Hospitél Seremban, the following measures

_ arc recommended for improving its energy efficiency.

(a)

(b)

(©

(@

For space cooling, Hospital Seremban currently uses a combination of natural ventilation,
mechanical ventilation, centralized air-conditioning and local air-conditioning systems.
Approximately forty percent of main building areas are cooled by the centralized system.
In the near future, expansion of air-conditioning will become inevitable instead of natural
ventilation and mechanical ventilation. In the event of such air-conditioning system
expanéion, it is recommended that the introduction of latent heat storage be investigated.
This technology will enable effective peak load saving and reduction in maximum demand
by éhifling peak demand into off-peak demand. As a result of the financial evaluation, we
conclude that this measure has a marginal level of financial feasibility under the conditions

set for the study.

The chiller system often stops because of the over-current trip problem. According to the

investigation by the study team during the energy audit, this system has two prablems:

' éxtraordinarily fow power factor and high current quite close to the trip set value of 300

amperes. 'The following measures should be investigafed.

- Clarifying the cause of low power factor

L

Increasing the fuse from 300 ampere to 350 ampere

-. Installation of capacnor

1

Replacmg distribution line cable with a larger size

Negatwe power factor values were observed at the power receiving system from TNB

during the energy audit by the study team. It is recommended the automatic control

'system of the capacitor bank be adjusted.

The air ratlo of boiler exhaust gas exceeds the Japanese guideline. Improvement is
deslred by remforcement of operatlon managcment from an energy efficiency point of view,

although the current air ratio may be affected by the on-off operation of boilers.
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Chapter 10 Cement { APMC Rawang Works )

10-1  Outline of Cement Industry in Malaysia

The first commercial cement plant was established in 1953, in Rawang, Selangor, by Malayan
Cement Limited. Subsequently, Malaya Industrial and Mining Corporation began operations in
1958, also in Selangor, followed by Tésck Cement Limited and Pan Malaysia Cement Wdrks,
Lid., in Perak in 1964. Between the 70’s and 80’s, several cement manufacturers, including the
two cement grinding plants, one each in Sabah and Sarawak, were established to augment

supply.

There were ten cement manufacturers operating in Malaysia in 1995 (snc mtegrated pl'mls and
four cement grmdmg plants all ensuring a regular supply of high quality cement to meet the
nation’s growing needs). .

Key data of the cement industry for 1990 follows. {Data Source: Cement & Concrete

Association) _
Total clinker production : 9.29 million tons
Total cement produclion o 12.71 million tons -
Total cement consumiption : 15.19 million tons
' A{rerage cement.price : 198.00 RM/lonq (9.90 RM/50kg bag)
Per capita consumption : - - . 717.0kg

In March 1967, Malayan Cement and Pan Malaysia Cement Works merged their manufaéturing
operat.ions to form Associated Pan Malaysia Sdn Berhad (APMC).  Since then, APMC has
invested huge sums to expand and modernize both factories. Upon completion of an upgrading
exercme in 1993, its rated producuon capacity stood at 2.8 million tons of clinker per annum,
' Another 1.8 million tons of clinker production capacity at Kanthan is expected to be on-stream
in 1997. '

APMC pwduccs_drdinary Ijoftland c_:emént, masonry cement and portland pulverized fuel ash

cement, all in compliance with Malaysian and equivalent British standards. It is also able to

~ produce other special cements depending on market demand.
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10-2  Outline of Factory, Facilities and Process of Major Product

10-2-1 Outline of Factory

1) Name of Factory : Associated Pan Malaysia Cement Sdn, Berhad, Rawang Works

2) Address:
Head Office : Wisma APMC :

Rawang Plant : Rawang Works

No 2, Jaran Kilang 46050 Petaling Jaya Selangor Darul
Ehsan '

Tel : 03-7918344 Fax : 03-7917309 / 7942518
48000 Rawang Selangor Darul Ehsan

Tel : 03-6916711/ 4

Fax : 03-6919361 '

3) President (Name) : Mr. Saw Zwe Seng  / Factory Manager : Mr. Chen Choon Siong
4) Energy Managef (Engineering Manager) Mr. Tan Chek Luck
(Operations Manager) Mr. R. Jaya Kumaran
5) Number of Employees / Number of Engineers :  Total 560 pérsons o
Managers  Staff/Engineers - Workers Sub-Total
Administrative o -9 - 14 3 o 26
Department - o '
Production Department 56 123 294 - 473
Mining Department 4 -5 52 61
Total . 69 142 349 560
(* Not Include Plant Manager 1)
6) Number of Encrgy-Related Engineers : 13 persons
General Manager (Plant Manager): -1 person
Fuel-Related Engineers : 5 persons
Electricity-Related Engineers : 7

persons

7) Major Products and Trends in Annual Sales Amount: (unit ton/year): .
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Table 10-1 Trends in Annuak Sales Amount : (unit  ton/ycar)

. Year .
Kinds of cement 1992 1993 1994 1995 1996 1997
(1) Ordinary portland '

Cement 1,096,596 1,129,533 1,161,363 1,213,085 1,256,472 1,296,728
(2) Fly ash cement 86,323 160,870 197,364 341,168 383,265 435,895
(3) Masonary cement 167,741 183,634 208,035 180,592 143,230 159,614

Total 1,367,352 1,474,041 1,566,762 1,734,645 1,782,967 1,892,237

8) History of Factory :
Malayan Cement Berhad {MCB) was established as the country’s first major cement plant
in Malaysi'a' at Rawang, Selarrgor, in 1953. It is a member of Blue Circle Group (UK),
one of world’s largest cement producers. ‘Iwo wet kilns and associated crushers, mills,

eic., were constructed and operated until 1981, but are not operating at present.

The new 5- -stage, twin- strmg SF precalciner plant was erected and commissioned by IIII
_Japan early in 1981 This 4,000 t/day SF precalcmer was modified to a 5,000 t/day, 5-
stage NSF precalcmer plant in 1992.

9) * Share and Pbéition in its Industrial Sub-sector

APMC is the No. 1 eemenf company in Malaysia and its market share is about 33 percem.

10) Plant Capacity (Design & Ac_tua}) -
" Designed Capacity : 1,500,000 t-clinker/year
Actual Capacity : 1,600,000 t-clinker/year (1,860,000 t—cer_nent/year)

'11') Employmem and Trammg _
'For newly hired employees operatrons trammg through on-thc-]ob trammg (OJT) and
' _safety education are carried out for a certain period inside t_he factory, However energy
efficiency training for employees is not executed directly. Details of operations training
‘and safety education were not available. ' |

10_-2‘-2 | .Ou_t-line of Cement Manufacturing Process

Figure 10-1 shows the matcrial', gaé and fuel of APMC’s Rawang Works.
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(1) Quarrying of Raw Materials
Limestone is quarried nearby and transported by dump trucks to a crusher, which reduces the
size of stone to smaller than 30mm. Shale is extracted from reserves about 24 km away and

transported by lorries to the works, where it is crushed and blended in a reclaimer store.

(2) Raw Material Preparation
Limestone and shale ( after drying ) are ground separately in the roller-press and closed circuit
tube mills. Ground limestone and shale raw meals are stored separately in silos for final

homogenization to ensure that the quality of raw meal is consistent with predetermined guality
standards.

(3) Clinker Burning _ _
The new 5-stage twin-string precalciner dry Process plant at Rawang was constructed and
commissioned by IHI Japan early in 1981. . This 4,000 t/day SF precalcmer was mod1f1ed toa
5,200 t/day, 5-Stage NSF precalcmer plant in 1992. _ _ |
The operation of this kiln is unique. Primary raw materlals ie., hmcstone and secondary raw
material, i.e., coal shale blended with iron rich clay, are separately ground blended and stored
in silos. TFrom blending and storage silos, limestone raw meal is fed to the top of a 5-stage
cyclone preheater and coal shale raw meal 1s fed directly into a flash furnace ( Precalcmer )
before entering a rotary kiln.  Limestone raw meal flows down through cyclones and fmally
reaches decarbonation temperature of 900°C at the fifth stage cyclone where it mixes with coal |
shale and enters the rotary kiln at about 88 % decarbonation for conversion mto cement clinker.

In the kiln, successive chemical reactions occur and materral 15 sintered to cement clinker at
about 1,450°C. -

(4) Clinker Cooling

Red hot clinker leaves the kiln at about 1, 250°C and is raprdly cooled ina grate cooler before

being conveyed to clinker storagc silos.

(5) Cement Grinding

From the clinker silos, clinker is extracted and ground wrth the addruon of approxrmately %

gypsum in closed- circuit tube mills to produce cement. Gypsnm 1s added to contr_ol the setting
time of cement. Cement leaving the grinding mill is pumped and stored in cement silos ready
for dispatch.
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{6) Packing and Dispatch

Cement drawn from cement silos is fed to high-speed rotary packers in the packing plant for
bagging. Bags are filled to 50 kg and discharged for loading into trucks and rail wagons.
Bulk tankers arc loaded directly from cement silos. Bulk cement is also loaded into rail wagons

for delivery to the company’s depots .

{7} Quality Control |
The laboratory at Rawang Works is equipped with the latest Multi-Channel Simultaneous X-ray

- analyzer, automatic samplers and other test equipment. .Proportiohing of raw materials is

- strictly controlled at all stages of the process to ensure that the quality of finished product well

cxceeds the standards set by the Standard & Industrial Research Institute of Malaysia ( SIRIM ).

®) Environment Control S - _
The dry process plan;'_at each location is _Well—equipped with high efficiency electrostatic

' prcéipitators, gravel bed filters and bag filters at various stages of the process to ensure that the

dust emission level is niaintained well below the limits stipulated by the authorities at all times.
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igure 10-1 Rawang Works Dry-process Flow Chart
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10-3 Trends in Energy Consumption

Table 10-2 and Table 10-3 show the trends in annual energy consumption and unit consumption

in the past 6 yearé, and the fuel and electricity consumption in 1997, respectively.

Table 10-2 Trends in Annual Energy Consumption and Unit Consumption

Year :
Name of utility 1992 1993 - 1994 1995 1996 1997
(1)Fuel oil - '
ton 16,796 24,460 29,755 42,590 32,235 33,447
- (2)Bituminous coal
' ton 63,512 88,845 99,702 111,324 148,160 153,413
(3)Other fuel :
( Coal shale) ton 516,682 348,967 405282 404,651 403,514 349,017
(4)Electricity C Co . o
1000 kWh 158,614 180,297 205,006 213,546 222,624 233,670
(5)Clinker Production .- ' ‘ '
L ton 997,070 1,120,055 1,299,175 1,474,030 1,554,895 1,560,055
_ ( t/day ) ~3,567.6  3,701.0 42146 46916 48756  4,826.4
(6)Cement Production - : : '
v ton 1,360,602 1,474,041 1,566,762 1,734,845 1,782,967 1,892,237
(7)Heat Consumption - '
( keal/kg-cli’ } 952 - 107 1124 982 912 915
(8)Power
_ Consumption .
( kWh/t-cli’ ) 1591 161.0 157.8 144.9 143.2 149.8
_ { kWhft-cem ) 1313 1371 138.9 129.8 130.3 134.2
Table 10-3 Annual Energy Consumption ( 1997 )
~ Name of Consumption Heat value - Calorific value Unit price Cost .

10-7

CUtility (ton/year)  (kealfkg)  (10°kealiy) (%) (RM/t)  10°RM/y (%)
Fueloil 33447 10200 3412 (214) 422 14,1146 (186)
Coal ~ (wet) = 153,413 : : : : :

C(dry). 130401 - 6500 847.6 (530) 135 - 20,710.8(27.2)
- Coal ~(wety 349,017 _ '
Shale (dry) = 296,664 . 700 2077 (13.0) 5.7 1,989.4 ( 2.6)
S *D o (10°kWhiy) (kealkWh) - Tariff B-3
Electricity 233670 860 201.0 (12.6) = Special  39,259.2( 51.6)
Total — — 1597.5  (100.0) —  76,074.0(100.0)



Judging from the trends of energy consumption and unit consumpiion, the results of completing
~ the upgrading exercise from 4,000 t/day to 5,000 t/day of clinker production in 1993 were as
follows. : _ _ ' '

(1) Clinker production increased from 3,701 t/d to 4,876 t/d (in 1996 )

(2) Heat consumption decreased from 1,071 kcal/kg-cli’ to 915 kcal/kg-cli’

(3) With power consumption, however, there was little change, dec’réasing from 137.1 KWh/t-

cem to 134.2 kWh/t-cem. ' '

(4) Nevertheless, the above figures of .unil oonsumption are approxiola_t_ely 25_-30 percent

higher than. those of Japan.
Table 10-3 and Table 10-4 show a comparison of energy consumption in 1997. -

Table 10-4 Relative Comparison of Energy Consu'm"p.ti'on (1997) |

_  Calorific base Monetary base  Calorie price . - Unit price . -
C Nameof utility " (%) (%) " RM/10%kcal ratio
(DFueloil 214 186 00414 2.
(2) Coal . 530 212 00208 1
(3) Coal shale o130 .26 00081 . 04
(4) Electricity *-1 126 | 516 0.169 - 0.195 | 8.9
Total - 1000 - 1000 o= =

N.B: *-1 The price calculated assuming that the peakfoff—peak ratio’ 1s 58/42, and assuming
the contracted demand charge is 30,400 kW, '

(5) Consumptlon of c]ecmcal power is not more lhan 13 % of total encrgy con&.umption on a
calorific basis, but is shown to reach approxlmately S2%ona monctary bas;s

(6) . Consumpnon of oil energy is under 22 %.0f total energy comumphon on a calorlﬁc bdsm
and about 19 % on a monetary basis, Therefore it is desirable to reduce the use of oil.

(7) In terms of calorie price, the price of electricity is 8-9 times hlgher than that of coal and

the price of oil is double that of coal. Thus we can see that the price of elecmclty is very

expenswe
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10-4 Energy Audit Method and Procedure

A factory survey for the energy audit was carried out through interviews and plant observations
based on questionnaires and data sheets prepared by the Study Team. As for these results, high
figures were recorded for power consumption and also heat consumption at this works in spite
of the latest facilities. For this investigation, the study team carried out an energy audit
concerning the énergy consumption of facilities and eguipment, instrumental and control
equipment, and operations. _

o conduct an energy audit at this cement works, field investigations such as the analysis of
operation data is the first essential Step, followed by many kind of measurements. The results of
. the energy audit, including an evaluatlon of the results and recommendations for energy

efflclency, are described in this chap(er

Major items and types of energy_audits in cement works are as follows.
" 1. Heat cor_isumption of burning department
- (1) Preheater and FF furnace
(2) Kiln
(3) Cooler
2. Electncity consumption of the raw material grinding department
| Electricity consumption of the coal drying and grmdmg department

Electricity consumption of the cement grinding department

10-5 Measurem'ent Execution Procedure

To calculate and evaluate the current condition of cnergy consumption and to develop an energy
balance, including gas and material balance, the measurements and operation data analysis
'_dcscrlbed below were cairied out accordmg to the schedule and corresponding to major items

for energy audit.

(1) Raw Material Grinding Dept’ |
‘1. Limestone mill Grmdmg capacxty & mill kW
: 2. C(jal shalé mill Grmdmg capacity & mill kW; FK Pump/Compressor kW, flow rate;
DTA /YG analysis of coal shale.
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(2) Coal Drying & Grinding Dept’

£38

1. Coal dryer : Drying'capacity & k'W: moisture content; exhaust gas volume / temp.

2. Coal mill : Grinding capacity & kW; moisturc content; exhaust gas volume / temp.

(3) Cement Grinding Dept’ _ . , _
No. 1~3 mill : FK Pump/ Compressor kW, flow rate; grinding capacity & mill kW
No.4~5mill : EK Pump/Compressor kW, flow rate; grinding capacity & mill kW

| (4) Burning Department .
1. Preheater Cyclone : Temperature & pressure; combustion gas ( 0,/CO/CO, %)
' o Exhaust gas flow ra.{e; dust content; surface temperature

2. B.F furnace : Coal/oil/cbal shale feed 'rate; _éonveyiﬁg - air  volume,
température; surface temperélure; qhantity of unburned carbon

3. Kiln _ : Coal feed rate; conveying air volume; primary air flow rate;
surface temp; combustion gas ( O,/CO/CO, %) flow rate

4. Caooler : Cooling air flow rate; exhaust gas flow rate; recouped air flow
rate/temp; surface t_empefaturc; outlet clinker temp.

5. Clinker Quality : Chemical composition of kiln feed raw meal and clinker ' |

(5) General energy consumption
(6) Field investigation
1. Review of eqguipment list

2. Investigation of drawings

3. Observation of operating conditions of equipment and facilities
10-6 Measurement and Investigation Items and Analysis Results Thereof -
10-6-F Measurement and Investigatibn Items
(1) Raw maferials, fuels and energy cbnSumption
(2) Measurement of air and exhaust gas volume

1) Measurement of kiln primary air volume

2) Measurement of F.F furnace primary air volume . : S ' _ 1
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3) Measurement of exhaust gas volume at coal dryer and mill outlets

4) Measurement of cooler exhaust gas volume

. 5) Measurement of recouped ajr volume ( tertiary air volume )

- 6) Measurement of IDF exhaust gas volume

&)

“4)
©)
(6)
)

®)

Measurement and investigation results of cyclone outlet static pressure, and igloss (L.OI)
of cyclone outlet faw meal

1) Cyclone outlet static pressure measurement

2) Measurement and investigation of igloss (LOI) of cyclone outlet raw meal
Measurement and investigation results of O,/CO/CG, %

Analysis resuits of kiln feed raw meal and clinker

Measurement of surfacc temperature |

Investigation of electricity consumption and unit power consumption of each equipment

| piece

Investigation of coal shale combustion characteristics -

10-6-2 Data Analysis and Conclusion

From the measurement results carried out in the energy audit and the results of investigating and

analyzing existing data, the following items became evident concerning the facilities and

operation of this works.

(@
- ®

. ©

(d)

Heat consumption is high, at 950 — 970 kcal/kg-ch
The measurement result of recouped air ( tertiary air ) volume was around 60 % of the
necessary air volume 2 900 Nm3/min ) for combustion of fuel feed to the I'F furnace.

This shows that the combustion air volume for burning fuel is around 40 % less than

. required.

The gas, material and heat balance was calculated and its result is shown in Table 10-6.

Mal_n data are as follows.

1) Heat 60nSu_mp£i0n: 924.7 kcal/kg-cli’

2) Cooler heat rcéovery efficiency : 528 %

- 3) - Sensible heat taken aWay by cooler exhaust gas : | 145.2 keal/kg-cli’

4)  Sensible heat taken away by preheater exhaust gas: 315.1 keal/kg-cli’

This sensible heat takch aWay by exhaust gas 3) + 4} = 460.3 keal/kg-cli’ is extremely
hlgh 1t is better to recoves this heat by waste heat recovery power system

Compared with other cyclones, the pressure loss of C3 and C4 cyclones is rather high. It is

desirable to consider measures to counter the pressure loss of these cyclones.
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(e) The calculation result of the collecting efficiency of C5 (bottom) cyclone is low at
approximately 66.3 %. If it is possible 1o improve the collecting efficiency of the cyclone,
power consumption will increase in proportion fo the increased pressure loss, while heat
consumption will decrease by the fall in exhaust gas temperature, -

(f) The following items can be confirmed from the recording chart of O, (%),

1) 0, (%) at kiln inlet housing:  Short-term fluctuation is around 0.6-1.0 % and long-
term ﬂuctuatibn is 1.4-1.6 %. _
2y O, (%)at CS cyclone outlet:  Fluctuates at 15-minute intervals at a rate of around
0.6-2.5% '
" These fluctuations are atiributed to the feedmg accuracy of the coal feedmg apparatus and
" the fluctuation of preheater and kiln line exhaust gas volume :
{(g) To confirm the burning conditions of fuel in the F.F furnace, the calonf}c value of kiln feed
* raw meal was measured. The average measurement result was 213 kcal/kg
Calculation based on the material balance indicates that around _35-40 % of unburned

carbon is generated. This coin_éides with the result of (b) above.

10-7 Energy Flow of Factory

{1} Heat balance of kiln line ( Referto Table 10-5) _

Calculation of the kiln line heat balance was carried out to analyze’ energy ﬂow

Because of the use of coal shale as clay materials in this works, there is a charactcnstlc hlgher
heat intakc calone of raw meal, at 361.6 kcal/kg-cli’, which is approxmateiy 37.2 % of the total
heat intake. And the sensible heat of preheater and cooler exhaust gas is high, accounting for
approximately 47.5 % of the total heat. ' '
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Table 10-5 Calculation of Heat Balance

Heat Intake
Heat
o Ttems '  keal/kg-cli’ (%)
(1) Heat of combustion of fuel 563.1 58.0
(2) Kiln fuel coal : 170.4
(b) EF fueloil o 136.1
(c) FFfuelcoal . = - 256.6
(2)  Sensible heat of fuel ' 1.3 0.1
(a) Kiln fuel coal 0.4
(b) F.F fuel oil : : 0.3
- {¢) F.F fuel coal S 0.6
(3)  Heat of combustion of material o 361.6 372
(4)  Sensible heat of material : _ : - 204 2.1
(5) . Sensible heat of primary air 15 0.2
: (a) Kiln { primary air + coal conveymg alr) 0.4
(b) EF furnace ( primary air + coal/shale conveying air} - 1.1
©) - Sensible heat of cooling air of coolers ' 229 2.4
Total (DHHFGHBHEHE) . . - 970.8 100.0
Heat output
. _ _ . Heat - :
Items ‘ o : kcal/kg-cli’ = - (%)
(7)  Heat for clinker burning. . - : - S : coo-- 4125 : 42.5
(8) - Sensible heat taken away by clinker : 259 2.7
- (9)  Sensible heat taken away by exhaust gas from cooler 145.2 15.0
(10) Heat of vaporizaticm of water content in materials ' 9.5 1.0
- (11 Senmble heat taken away by exhaust gas from preheater 3151 324
- (12) Sensxble heat taken away by dust . 10.2 1.0
(13) " Heat loss due to radl_atlon etc., S o - 524 5.4
© Total '(7)4(8)4(9)4 (10)+(11)+(12)’+(13) 9708 100.0

(2) Gas and heat energy flow of the whole plant

. Based on the mcasuremem results, it is very difficult to calculate the gas mateml and heat
balance of the whole plant. Therefore, this calculation was carried out in consideration of (a)
'klln operatxon data under stable -:.ondmons, (b) measurement data of the energy audit and (c)
'ex1st1ng data measured by works engineers, Table 10-6 shows the result, thereof.

In terms of the calculatlon resuits thc following matters are evident.
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1) Results of gas balance

2)

2)

b)

9

4

The total leakage air volume of the whole process is around 295 % of the total
exhaust gas volume,

Leakage air volume of the burmng process is around 15.5 % of kiln line exhaust gas
volume.

Leakage air volume al the cooler is around 28.2 % of cooler exhaust gas volume.

Compared with the conventional NSP, preheater exhaust gas volume i's_ excessive, at
2.11 Nm3/kg-cli’ ' '

Results of heat balancc

a)

b)

)

Heat consumption of this kiln is rather high, at 924.7 kca!/kg cli’, compared with the
conventional NSP kiln.

Fuel consumption of the kiln and RF furnace is 170.4 kcal/kg cli and 754.3 kcal/kg—
cli’, respectively, that is, around 82 % of total fuel is bumned in the FF fumace This
fuel ratio is abnormal compared with the conventional NSP. _ ' |
S‘en‘;lble heat taken away by cooler exhaust gas toials 145 2 kcai/kg—ch which is
exhausted from use. Sensible heat of 149.2 kcal/kg-~cli’, which forms parf of the
scnsible heat taken away by prehéater exhaust gaa, is utilized to dry raw material and

coal. However, the remaining 165. 9 keal/kg-cli’ is not utilized. _
Cooler heat recovery efficiency is poor, at about 52.8 %. This is caused by the poor
recouped air volume for burning of fuel in the EF furnace.; that is , the recoupt_:d air

volume is low and the cooler exhaust gas volume is high.

10-8 Energy Consumption

Trends in energy consumption of the APMC Rawang Works of Malaysia and the cement
Industry of Japan are shown in Table 10-7 and Table 10-8. Furthermore, trends in heat

consumption and power consumption during the past 25 years in the Japanese cement mdustry

are shown in Figure 1{)-2 and Figure 10-3. At the same time, recent heat and power"

consumptlon of each country compmcs part of each flgure
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Table 10-6 Gas, Material and Heat Balance Data

Calculated based on operation data of 25/Feb *98 and related measuring data

< APMC Rawang Works >

- (c) Excess/Leakage air

0.1866

ITEM Material Gas / Air Tg/Tm  Heat
(Nm*/Min)
PROCESS (t/h) (keglke-cli’) (Nm*/kg-cli’) (C) (keal/kg-cli’)
(A) Clinker Production 5250 (t/ day )
: 218.7 - 1.0000
(B) Raw Material _
(1) Limestone 293.9 1.3439 55
(2) Coal Shale 77.6 0.3548 S T2
M+ 3715 1.6987
(C) Fuel _
(3) Kiln Fuel Coal . 5.7 0.0261 59 170.4
(4) EF Fuel Oil 3.1 00142 52 136.1
(5) EF Fuel Coal 8.6 0.0393 59 256.6
(6) F.F Fuel Coal Shale 77.6 03548 72 361.6
: _924.7
(D) Cooler B
- (7) Cooler Inlet o 1.0719 (1350) 369.0
(8) Cooler Outlet — 0.9685 141 -25.9
(9) Cooler Quenching Air 7100 2.1125 35 229
~(10) Secondary Air 760 0.2085 | 1226->900 -62.6
- (11) Tertiary Air *1710 04601 | * 825 -128.5
(12) Exhaust Gas *5250 1.4403 | * 354 -145.2
(13) Cocler~GBF leakage . : 2060 0.5652 35 { 61)
(14) GBF Outlet Fly Dust 7310 . 2.0055 (185) (-115.0)
- 35.2kg/h S0mg/Nm? _
_Cooler Efficiency : n=52,8(%)
(E) Kiln : _ ' - -
(15) Kiln Fuel Coal 5.7 0.0261 — - 59 170.4
(16) Primary Air - — * 50 0.0137 32 0.1
(17) Coal Transport® Air - - 78 00214 | . 40 0.4
(18) Kiln Inlet Gas — — 988 0.2711 | 1076->900 | (Ref87.7)
(a) Combustion Gas - — 705 0.1862 —
(b) Excess/Leakage Air — — 283 0.0776 —
(F) Preheater o :
(19) F.F Fuel Oil 3.1 0.0142 52 136.1
- (20) EF Fuel Coal - - 8.6 0.0393 59 256.6
(21) EF Fuel Coal Shate 776 0.3548 72 3616
(22) Limestone 2939 13439 55 —
~ (23) Primary Air - 186
(24) Coal Transport’ Ait 45 0.0853 40 1.1
(25) C/S Transport’ Air - 80 :
(26) EF Outlet Gas 6442 1.7673
- (a) Combustion Gas 4632 1.2708
- (b) Veoy + H,0 - 1130 0.3100
680

- N.B: *: Measuring data during Energy Audit
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ITEM Material Gas / Air Tg/Tm Heat
. (Nm*/min) ' .
PROCESS (t/h ) kg/kg-cli’) (Nm'/kg-cli’) ( C ) | (keal/kg-cli)
(27) Preheater Outlet Gas *7703 2.1133 445 -315.1
(a) Combustion Gas 5337 1.4644
(b) Veo, + H,0O 1130 03100
(c )Moisture in R.Meal - 40 . 0.0110
(d) Excess/Leakage air o 1195 0.3278
(¢) Fly Dust 27.8 01271 — — -10.2
(G) Coal Dryer / Mill B o
(28) Hot Gas 410.  0.1125 230 - 87
. (a) P.H. Exhaust Gas 213 0.0585 420
{(b) Ambient Air : 200 0.0549 35 -
(29) Coal Mill 14.44  0.0660 - |
(a) Hot Gas - : 121 0.0332 230 .
(b) Leakage Air 18¢  0.0519
(¢ )Exhaust Gas 310 - 0.0851 75
(30) Coal Dryer 152 - 0.0695 C
(a) Hot Air : 289 0.0793 230
(b) Leakage Air 174 - 0.0478
{c) Moisture of Coal 16 - 0.0043 o
(d) Exhaust Gas 479 0.1314 75
(H) Coal Shale Dryer / Mill '
(31) Coal Shale Dryer 90 0.4115 . .
{(a) Hot Gas ; 2120 05816 436 -88.8
(b) Leakage Air 818 0.2244 o
(c YExhaust Gas | 3180 - 08724 160 |
(32) Coal Shale Mill | 783 03580 | 305 - 00837 | - 74
{33) C/S Dryer/ Mill outlet 3485 0.9561 L
(I) Limestone Mill . 1283 03520 | 420 517
(34) Roller Press/H-Mill 100 04572 o S
(a) Hot Gas . 469  0.1286
(b) Leakage Air 234 0.0642 _
{c) Exhaust Gas ' 786 0.2156 75
(35) Limestone Mill 260  1.1888 S . .
(a) Hot Gas 814 02234 420
(b) Leakage Air . 244 (.0669 '
(c )Moisture of L/stone 216 0.0593 L
(d) Exhaust Gas 1274 0.3496 120
(36) L/Stone Line Outlet 2060 0.5651 '
@ GCT . T
(37 G.C.T Line oo L R
- (a) Hot Gas: 4087 11213 420 -165.9
(b) Leakage Air 366  0.1002 L
(c )Spray Water 50 934  0.2561
(d) Exhaust Gas 5386 1.4776
(K) E.P for Limestone (1) Fly dust  10.7kgh 3700 1.0151 112 -39.2
(L) E.P for Limestone (II) ~ 15.4kgh 3745 1.0274 130 -46.7
(M) E.P for Coal Shale 1.27kg/h 3485 0.9561 140 -46.8
(K) + (L) + (M) 10930 2.9986 11327
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Table 10-7 Malaysia APMC Rawang Works Data

. -

Year Cl Production  Ratio ()pI:rl:t]ion Heat Cons. | Power Con. L;:;ri:i:;)
( tonnes/year ) (%) rate(%) (keal/kg-cl.) | (kWh/t-cem}) (t/m)
1992 - 999070 160 76.4 952 - 131.3 (1,780 )
1993 1120,055  112.3 82.9 1,071 137.1 —
1994 1299,175 - 1303 84.5 1,124 138.9 —
1995 1474,031 - 147.8 86.1 984 129.8 -
1996 1554,895 1559 87.1 912 130.3 -
1997 1560,055 . 156.5 88.6 915 134.2 2,786
Table 10-8 Trendsin] apan s Energy Consumptlon '
[ Statistical data of the Japan Cement Industry ]
Year Ci..Production Ratio OpI:rl::ion Heat Con. | Power Con. L;:;Evl;:;)"
0 - _ .
: (1000 t/y ) (%) rate(%) (kcal/kg-cl.) | (kWh/t-cem) (1/m)

1992 87,391 100 — 730.5 95.3 12,459
1993 87,436 100.1 - 724.3 95.4 12,798
1994 89,695 - 102.6 - 725.6 94.4 13,681

- 1995 89,095 101.9 - 728.0 95.1 15,282
1996 91,599 1048 - 709.6 95.8 17,338
1997 88,462 101.2 - 683.1 97.8 16,824

Energy consumptioh of the Malaysian cement industry is not conspicuous, however, energy

consumption of APMC Rawang Works is very high compared with that of Japan, as we can see

from this table.

And labor productivity, which bears no relation to energy efficiency, is lower than one sixth

of _{h.at of Japan.

Differences in energy consumption are roughly as follows:

(1) Heat consumption:

(2) Power consumptlon

Raw Material (xrmdmg Dept

Burm_ng Dept’:

.Cemént Grinding Dept’:

Others

+ 210 keal/kg-cli’

+37 - 38 kWh/t-cem
+ 5 - 6 kWhit-cem
+14 - 18 KkWhft-cem
+ 4 - 5 kWh/t-cem
+10 - 11 kWh/t-cem

However power consumptxon in each department varied cons:derably in accordance with the

depanment s scope '
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10-9 Present Situation of Energy Management and Energy Efficiency Promotion

It is fair to say that the energy consumption of a cement factory is determined by the general

layout of the plant at the time of its construction, the selection of main facilities; and its design.

Therefore, at the contract signing of a plant construction project, a guarantee of heat

consumption and power consumption is normally requested.

Further, heat and power consumption are affected by the skill of operation and maintenance of

machinery after construction.

The following matters on energy management and energy efficiency are points at issue in the

case of this works.

{A) Probiems with Plant

(B)

4y

2
3

Q)

)

Unlike a conventional cement plant, limestone raw material and coal shale as clay
materials are ground separately, and stored in silos separately. Limestone raw meal

drawn out from the silo is fed to the top cyclone inlet, while coal shale raw meal is fed

to the FF furnace in the preheater. This system in the Rawang Works is umque in the '

world. : .
It is surmised that the reason for the higher heat consumption of this works comes

from the re—carbo_hation phenemena of powdery limestone fed to the cyclone
preheater. '

Prneumatic conveyer systems are utilized for raw ineai and cement transportatibn
For the treatment of cooler exhaust gas, a GBF (Gravel Bed Flllcr) is installed, Wh](.h

has a larger pressure loss and lower collectmg efficiency.

In spite of installing of vertical roller mill, which drys and grmds the coal at the samc_

time, after coal conversion, a coal dryer is also installed. This coal mill capacity is

insufficient due to the increased kiln capacity

Modification of the preheater cyclone and EF furnace for 1ncreased productnon and

. fuel conversion were insufficient, that is: (a) the inner volume of the FF furnace is

©)

small and (b) the pressure loss of the cyclone preheater is large etc.,

4 existing small- capac1ty mills remain and are still used.

Pmblems with Operatlon

(1)
@

This plant is operatmg at 5000 t/d by modification from the mmal design of 4000 t/d.

At first, this kiln was operated by oil fmng, but now it 1s Coal fired. However, after
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. the above-mentioned modification, coal mill capacity was inadequate, necessitating
partial use of coal, and consequently partial use of oil.

- (3) In relation to problems with the plant {(A)-(1), the fuel ratio of kiln to FF furnace
Fk/Fs is normally 40/60, but in the case of this kiln, Fk/Fs is 18/82, that is, the fuel
ratio of the EF furnace is extremely high.

{(4) In relation to problems with the plant (A)-(1), homogenization of kiln feed raw meal
is poor due to the separate gri.nding and separate feeding of limestone and coal shale
raw materials. _ _

- (5) The clinker cooler was replaced with the latest CFG cooler, however, heat recovery

efficiency was inadequate.

(C) Problems Based on the Check List
Using the check list, the plant’s existing facilities were investigated from an energy efficiency -
poinf of view, aside from the above pro_blems.' That is, according to Table 12-26 “ Energy |
Efficiency Promotion--Checklist for existing equipment , the existing equipment and
'o'peratihg' conditions of each depértment were checked by a 3-step evaluation of A ( good ), B
(average ) and C { poor ) during the energy audit in coop'erétio'n with W'orks_.engineers.

The following results were obtained in respect to a total of 172 check items.

A=26 (164%)
B=94 (591%)
C=39 (245%)

Apart from the conclusion obtained from Chapter 10-6-2 “ Data analysis and conclusion “, the
“problems concerning energy efficiency al the works were evident from these results. In
particular, check items rated with C ( poor ) account for 25 % ( 39 items )_6f the total, and these

matters should be carried out as measures for works energy efficiency promotion.
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10-10 Measures for Energy Efficiency Promotion

As improvement items in respect to the problems described  in Chapter 10-9, measures for
energy efficiency promotion were selected specifically in terms of related equipment and

operation, etc. These items are shown in Table 10-9.

Table 10-9  Selected Measures for Energy Efficiency Promotion

Purpose of saving
Power Heat

Measures for Energy Efficiency Promotion

<" Process & Facility >

1,  Raw material department

1-1 Limestone grinding process
(1) Prevention of air-leakage at exhaust gas duct

1-2  Coal shale dryer -
' (2) - Prevention of air-leakage at dryer inlet and outlet
1-3 Coal shale mill : :
(3) - Prevention of air-leakage at mlll exhaust 2as duct
(4) Rationalization of transport’ system (Pncumatlc >Mechamcai)
2, Coal drying & grinding department .
2-1  Coal grinding mill / Coal dryer : _ ; S @

o0 |0 ©

(5)  Construction of mill { Cap, 20t/hx 1 set ) © ©
(6) Prevention of air-leakage at exhaust gas duct of dryer & mill O
3, Burning department
3-1 Raw meal feeding process

(7)  Coal shale raw meal->Change of lransporlatlon system to F. F ©
Feed Pump19.02-1A/1B/1C—>BE/As transportation _

(8) Change of feeding point of coal shale to F.F furnace ©
Feeding to F.IF furnace -» To C3 or C4 cyclone I

(9) Change of feeding system of coal shale ' ©

Pneumatic feed by EK pump > Cyclone/B F/R.F system
3-2  Preheaier Cyclone

(10) Reduction of pressure loss ->M0d1f1cat1011 of C3/C4 cyclonc ©
(11) Modification of C5 cyclone to maintain higher collecting eff.
(12) Prevention of air-leakage ->> Total leakage 330-340Nm3/min
(13) Adoption of waste heat boiler / generator system . '
3-3 F.F furnace -
(14) Modification / Enlargement of EF furnace inner volume
(15) Enlargement of tertiary air duct
(16) Adoption of Venturi flow meter and control damper
34 Kiln _
(17) Adoption of lifter brick at kiln backend part
(18) Adoption of adjustable orifice at rising duct
(19) Prevention of air-leakage at kiln hood and backend part

60

000 ©00 (000
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Purpose of saving

Measures for E Effici P i
easures or Lnergy iciency romotion Power Heat

< Process & Facility >

3-5 Cooler
(20) Adoption of waste heal boiler and generator ©
(21)  Replacement cooler GBF to EP ©
Prevention of air-leakage / Easy control of kiln hood pressure, ete

@)

4, Cement Grinding department
' (22) Terminate No,1,2,3 cement mill operations
Adopt Pre-Grinding system for No,4,5 cement mills
(23) Adopt O-Sepa > Replace cyclone separator
(24) Rationalize transportation system
(Pneumatic = Mechanical)

©

Q0O

< Operation >

1, Coal drying / grmdmg department
(1) Terminate coal dryer operation >(operate during dry season O
only) - :
- < Terminate raw coal transportation faulmes and fans >
Terminate F-1/F-2 ( Dryer ) /F-3
Terminate bag filter process

2, Burning department .
(2)  Change fuel ratio of kiln to EF furnace
Kiln/EF = 18/82 —2> 42/58
(3) Change fuel from oil ( partial use ) to 100% coal flrmg
(4) Reduce kiln rotation speed to maintain good quality of ©
clinker ' '

e ©

3,  Cement grinding department

(5) - Adopt and use grinding aids - 3 O

Selected measures for energy efficiency promotlon consist of 24 items concerning process &

" equipment, and 5 items concerning operation, as mentioned above.

From among them, the major energy .efficieney rpromotion measures and their effects arc
described in detail in section_lO-lO—l to section 10-10-12. The fesults are summarized in Table
10- 12, “A list of measures for 'energy efficiency promotion”, and the investment costs and
calculated profits thereof concernmg the 4 selected items in these energy eff1c1ency promotion

measures are also shown in thlS table
10-10-1 Prevention of Air-leﬁkage
~ The air- leakage volume of edch deparlment was estlmated from the measurement and

mvestlgated resul_ts Results are as follows. ( Please refer Table 10-6, “Gas, material and heat

balance data”.. )
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Table 10-10

A List of Measures for Energy Efficiency Prometion

Cost up by grinding aids
( Addition 0,02%)

5 450,200 RM/y

Enerpy Saving Effect Investment Calculation
Measures of Energy Efficiency Heat/Power T Monetary Amount | (10° yen) - IRR,
Promotion Consumption (Yen/y) (RM/y} (RM) N( year)
1)  Prevention of air-leakage 3.8 kWhit-cli’ 016,000 RM/y
(6,336,000 kWh/y ) -
2)  Rationalization of 5.3 kKWhy/t-cli’ 1,377,000 RM/y
transportation system | (9,523,000 kWh/y )
3) Mill construction Reduce oil  +33,447vy | 14,114,630 RM/y ‘
Increase coal 49,105 tfy + 6,629,170 RM/y 950,000
Reduction of heat
25,792 x 10°keally | 533250 RMyy | (30,595,000
{Convert into coal - :
3950 tfy) + 72,180 RM/y .
Increase of power
. 499,200 kWh/y 27,946,500 RM/y
4)  Change of feeding point and 8,210 x 10° kcal/y _ _
feeding system of coal shale (Convert into coal : 169,830 RM/y
: 1258 tfy) -
5) Reduchon of cyclone 2.0 kWh/t-cli’ _
pressure loss 3,300,000 kWh/y - 477,180 RM/y
6) Improvement of C5 cyclone Reduction of heat - ' ' L
collecting efficiency | (Convert inio coal - 1,148,850 RMYy
8510 t/y) : )
Increase of power + 25'5,'950 RM 1y
| | - LTT0000kWh/y | 3 897 900 RM/y o
7)  Waste heat boiler/generator Power generation E o . 3,000,000
' ‘system | Capacity 15,000 kW 15,132,000 RM/y | (96,618,000)
101,007,000 kWh/y | : 3 :
8) - Modification of FF furnace —— e —
9y _ Lifter brick at kiln 11.7 kecal/kg-cli’ 10,000
' backend part | 19,470 x 10°keal/y = i
{Convert into coal 404,685 RM/y ( 322,000)
2982 1y) -
10} Replacement of cooler Reduction of heat _ :
: GBF | (Convert into coal - 620,460 RM/y
4596 Uy) B
Reduction of power 138,800 RM/y
960,000 kWh/y 49,500 RM/y
- Rccov:er of clinker 2SQ tfy 5 808,760 RM/y . o
11) Rationalization of cement | Reduction of power : o 2,200,000
- grinding process | 12,210,000 kWh/y | - 2,048,260 RM/y | ( 70,853,000)
12) Grinding aids Reduction of power S
) - 4.07kWhit ) 1,084,5(}0 RM/Y
7,500,000 kWh\/Y . 634,3(}0 RM/y

(1) Reduction of heat

21,300 t-coally ( converted into coat ) ( In respect to total heat Abt: 17.3 % )

(2) Reduction of electricity 37,559,800 kWh/y (126 033,800 kWh/y)*-1, ( In rcspect to total eiecmc:ty Abt.

161%(539%)) |
- (3) Energy saving effect
14.6 %)

*-1:( ) shows the case including waste heat generation power in electric power saving effect
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30,623,315 RM/y ( In respect to total investment cos_t 209,282,000 RM Abt.




e

(1) ILimestone grinding process (a) Roller press/hammer mill ling ---ee- 234 Nm3/min

_ (b) Limestone mill line ------------------- 244 Nm3/min

(2) Coal shale dryer/ mill line --- R - 818 Nm3/min
(3) Coal dryer/mill process {a) Coal mill line O 189 Nm3/min

: o (b) Coal dryer lintg --—----mmmmmmmmomnooaee 174 Nm3/min

(4} Preheater ling ——-----memmememmmeme oo . © 147 Nm3/min
) R LR ' 85 Nm3/min
(6) GCT ( Gas Conditioning Tower } e eem e e e eene 366 Nm3/min
(7) Cooler exhaust gas ling - S 2,060 Nm3/min

| [ Y7 — S —— 4,317 Nm3/min

Total air-leakage volume is around. 39.5 % of the total exhaust gas volume (10,930
Nrm3/min ). By rcducing this air-leakage, it is possible to save approximately 825 kWh/h of
electricny, that is 6,330,000 kWh per year, ' '

The anticipated reduction in power consumption is around 3.8 kWhit-cli’, that i 1s (1) around
0.7 kWh/t-cli’ in the Raw Material Department and (2) around 3.1 kWh/t-cli’ in the Burning

Department.
10-10-2 Rationalization of Transportation System

In this works, pneumatic transportation facilities, that is, an EK pump and compressof are

installed for coal shale and cement transportation. Power consumption of these facilities is

© approximately 1,493 kWh/h and is about 2, 126 kW, as rated motor power.

By modifying this transportation system into a mechanical bucket elevator ( BE ) and air
slide ( AS ) system, a considerable reduction in power consumption is expected, as described
below. That is,

(1) Raw Material Department (coaI shale transportanon |3
| | Abt -140 kWh/h (Abt 0.6 kKWhit-cli’)
(2) Buming Department { coal transportation. ): . Abt -275 kWh/h (Abt 1.2 kWhit-cli’)

(3) Cement Grinding Depariment: Abt -825 kWh/h (Abl 3.5 kWhit-cli”)
Total - -1,240 KWhh = - 9,523,000 kWh/y (Abt 5.3 KWh/t-cli’)
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10-10-3 Mili Construction

Due to the insufficient capacity of the coal mill, about 3.1 t/h of fuel oil is used in the EF
furnace. This is equivalent to around 15 % of total heat energy. The fuel cost of oil is about
double that of coal. Therefore, it is important to construct a coal mill that cnables reduced
fuel costs and does not require fuel oil.
The following two plans are considered as measures, :
(1) Existing coal mill ( Cap 12.0 t/h ) + small vertical roller mill ( Cap 7.5 t/h )
(2) Construction of new large vertical roller mill ( Cap 21.0 t/h)

The measurement result of electricity required in the coal drying and grinding process is
about 767 kWh/h at present. Adding to this the 45 kWh/h clectncuy of the oil fmng
equlpment gives a total of 812 kWh/h { 3. 73 kWh/t-cli’ ) .

In the case of (1), power consumption will be approximately 6.0 k_Wh/t-bli’, including
electricity consumption of about 500 kWh/h for the small mill. n the case of (2); a dryer
and related transportation equipment are not necessary. Therefore, power consumption will
be around 820 kWh/h ( 3.76 kWh/i—cli’ ), which is similar to the present level.

The difference in power consumption of (1) and (2) is about 2.3 kWh/t-cI'i’..

* Therefore, in consideration of works ratlonahzatlon and energy efﬁcmmy promotlon
adoption of plan (2) is desirable. '

10-10-4 Change of Feeding Point and Feeding System of Coal Shale

(1) From the results of differential thermal analy81s ( DTA ) and thermograwmetnc analysis
( TG ) of coal shale, it is deemed necessary to mvestlgatc changing the feedmg pomt '
from direct feeding to the FF furnace to the C4 cyclone_ inlet, in consideration of coal

shale burning conditions.

~ This change is ekpccte'd to improve coal shale burning in the FF furnace.

2) Reductmn of heat consurnpuon by changmg the coal shale feedmg system trom a

pneumatic system to a mechanical system: _
Conveying air volume of coal shale 44 m3/min x 2 lines > 72 Nm3/min _
Calculate reduction in heat consaumptmn = replace above conveying alr with hlgh

temperature recouped air.
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75 Nm*/min x 750°C x 0.33 keal/Nm*C = 17,820kcal/min ~> 8,210 x 10° keal/y -
Conversion to coal; 8,210 x 10° keal/y / 6,528 keal/kg = 1,258 t-coalfy

10-10-5 Reduction of Cyclone Pressure Loss

Pressurc loss of cyclone(mmAq)  Present (measured) After modification{assumed)  Effect

C3 cyclone L - 240 160 80
C4 cyclone : 190 160 : 30
C1~CS5 cyclone 950 840 110

The effect of reducing pressure loss is calculated as a reduction of clectricity consumption.
The reduction of electricity consumption of the above pressure loss, 110 mmAg, corresponds
to approximately 430 kWh/h ( = 2.0 kWh/t-clf’ ) '

-'I‘his is expected to yield a sa\éing of approximately 3,300,000 kWh/y in annual electricity

consumption.
10-10-6 Improvement of CS Cyclone Coliecting Efficiency

The collecting efficiency of the CS5 (bottom) cyclone was poor, at 1 = 66.3 %.

" Consequently, exhaust gas temperature of the Cl(top) cyclone increased. Through

modification to maintain the normal collecting efficiency, the following energy saving is

expected.
_ - Atpresent  After modification Difference
(1) Loss of pressure 150 mmmAq 210 mmAg 60mmAgq increase

(2) Drop of exhaust gas temp’  450C . - 390 -400C  Abt 50-60°C decrease

" Increase of electricity consumption by pressure loss increase

230 kWhh ( = 1.05 kWh/t-cli’ ) SR———— . 4 (X113 34
Reduction of heat _cbnsumption by exhaust gas temperature decrease . :
2.11 Nm¥/kgecli’ x SOC x 0.315 keal/Nm3'C = 33.2 kealfkg-cli’ > 55,584x10° keally
Con.version' to coal ( saving in .quan'tiiy ofcoal } ----memmermeeees => Abt 8,510 t-coalfy

- 10-10-7 Wa'ste Heat Boiler / Generator System

Sén‘sible h'e_,'at. taken-'aw'ay by exhaust gas from the preheater ( 315.1 kcal/kg-cli’ ) and from
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the cooler ( 145.2 keal/kg-cli’ ) account for about 47.4 % of the entire heat intake. At present,

around 30 % of this is utilized for dry raw materials and coal. The remaining 70 % of heat

AR

intake is not used efficiently. Therefore, adopting a waste heat boiler / generator system is
regarded as an effective utilization technology.

{ Refer to Chapter 10-7 “ Energy Flow of Factory ” )

This waste heat boiler / generator system technology has been already utilized at 50 % of

cement companies in Japan .

Power generation capability in this works : : 15,800 kW
Effective amount of power generation : : 13,700 kW '
Total amount of power generation per year: - 101,007,000 kWh ( assumed )

This figure corresponds to arourid 43.2 % of total electriéity consumption (233,670,000
kWh) of the works in 1997. ' '

10-10-8 Modification of F.F Furnace

As mentioned in Chapter 12-9-3 (i) “Combustion conditions of fuel in FF furnace”,
around 35-40 % of unburned fuel is fed to the kiln with kiln feed raw meal, due to poor
combustion in the F.F furace. The causes of this are (1) around 35-40 % of recouped air
volume is insufficient ' _ _ o '
{2) retention time for fuel burning in the F.IF furnace is .short, about 1.5 se_éonds, due to the
furnace’s smaller inner volume. '
The following measures for this are considered: o _

(a) Modification to enlarge the inner volume of the F.F furnace.

(b) Enlargement of the recouped air duct and addption of a Venturi flow meter
However, in practice, it is very difficult to carry out these measures; And e\:ie'n if the above
mentioned measures are carried out, it is very difficult to estimate the improvement of
combustion in the FF furnace and the cons_equent eriergy saving.
10-10-9 Lifter Brick at Kiln Backend Part
As mentioned in Chapter 12-11-8, unburned carbon is fed to the k_iln with kjln feed raw meal. _ 1

One measure considered to burn this unburned carbon effectively is to line with lifter brick,
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With the same objective, 23 kilns of the 74 kilus operating in Japan have adopted the lifter
brick .
It is estimated that exhaust gas temperature decreases about 15°C and heat consumption is

reduced by around 11.7 keal/kg-cli’ as a result.
10-10-10 Replacement of Cocler GBE

Three kinds of precipitators for cooler exhaust ga.s are available: GBF { Gravel Bed Filter )
which is used at present; BF ( Bag Filter ); and EP ( Electrostatic Precipitator ). However,
with the GBF used at present, §)) col!ectmg effmmncy is bad and (2) it is difficult to control
the pressure of the kiln hood for reasons of its function. For reason (2) above, the gas ﬂow
rate of the kiln line and preheater line fluctuate, and operation of the burning proceqq
becomes unstable _ :

To mamtam stablhty of the burmng process, it is de<51rahlc to install an EP instead of the
GBE '

As a result,

(a) Combustlon of kiln and F.F furnace will be stable due to stability of the whole
process The consequcnt heat consumpuon savmg is-estimated at around 20
keal/kg-cli’ ( 30 x 10° kealfy )

{b) It will be poss1ble to. prevent dlr-leakage of the cooler exhaust line ( air-leakage

o quantity 2060 Nm3/min ) and kiln hood. The re_ductlon in electricity is estimated at
approximately 3000 kWh/d (960,000 KWh/y ) by preventing this air-leakage.

(c) It will be possible to improve co]lecting efficiency. By reducing clinker 'ﬂy dust,

about 250 ton of clinker will be recovered annually.
10-10-11 Rationalization of Cement Grinding Process

Power consumption for cement gri'nding é! this'works is. high because of the tube mill and
cyclone separator systern. One of measures to reduce power com,umptlon is to s;mphfy the
: grmdmg proccqs by mlroducmg a pre- grmdmg mill. _
- There are two kinds of pre-grinding mill : (a) Vertical Roller Mill and (b) Roller Press, but it
Nt de31rable to adopt the Vertical Roller Mill c0n31dermg its cheaper maintenance cost.
The followmg specific measures will be carried out : . '
(1) Terminate operauon of No.1,2,3 mills ( Cap 28 t/h each ) and No 6 mill ( Cap 15
th). s : :
(2) Install a prc-grmdmg mill for No 4,5 m1lls ( Cap 70 t/h each ) to increase the
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capacity of each to 120 t/h, ' e

The adoption of a pre-grinding system is expected to reduce electricity consumption bj
12,210,000 kWh/y .

10-10-12  Grinding Aids

This works does not employ grinding aids. However, the small-scale use of these wbu_ld
increase grinding capacity and reduce the pdwer used in grinding According to actual data
of Japanese mills, the addition of grinding aids by 0.01 % increases mill grinding capacity
about 5 % and decreases power consumphon ‘about 5 %. ' T
Depending on the price of grinding aids, this technology should be mvesugated as a measire
for energy efficiency promotion.
Effcct of reducing power consumption ( use of grmdmg aids ; assumed as (.02 % )

40,7 kWh/t-cem x 0.1 = 4.07 kWh/l-cem  ~--ve--- > - 7,500,000 kWh'/ y

10-11  Benefit of Measurés for Energy Efﬁci'ency Promotin
10-11-1  Current Price of Energy for APMC Rawang Works

(1} Fuel - _ : - . -
Table 10-11 shows the unit prices and heat values of fuels for APMC Rawang Works.

Table 10-11  Price and Heat Value of Fuel

Heat Value (kealkg) Unit Price (RM/ton)

Fuel Qil - - 10,200 (net 9,584) 422 -
Fuel Coal . 6,800 (net 6,528) - 135
Coal Shale ' 700 . R 5.7

(2} Electricity , .
The currc;rit price of electric power confo_rms'to '(_:ategory E-3 (speéial-rate for_quaiificd
customers) of TENAGA NASIONAL's tariff, effective from May 1, 1997, in the case of
APMC Rawang Works. The following rates are applied, according to this category of o '
Ctariff. _ T e . .

-Peak load rate (between 800 and 2200 hours): ~ © 0.178 RM/kWh



o

-Off-peak load rate (between 2200 and 800 hours): (0.098 RM/ kWh
-Maximum demand charge: 16.2 RM/kW/menth

10-11-2 Benefits of Measures
Table 10-12 s:ummari.zes the benefits of the measures.

Table 10-12 Benefits fmm' Measures

Measures ' . Benefit (RM/year)

Waste heat boiler/generator system 17,275,630
Pre-grinding system for cement grinding 2,048,260
Construction of coal drying/grinding mili 7,946,500

Adoption of lifter brick 404,685

10-12 Financial Evaluation of Méasures

In this section, financial evaluations are made for the following measures requiring

investment in order to ascertain the financial feasibility of the measures.

- Waste heat boiler/generator system

- Pre—grihding system for cement grinding

- Coﬁstruct_ioh of coal dryihg/grinding mill
- Adoption of lifter brick |

- 10-12-1  Premises for Financial Evaluation
Financial evaluations are made on the following premises.

1) Exchangerate:  US$1= RM3.8;US$1=1Y118
-2) Projeét life: 15 years from the start of operation
3 Corpofate tax rate: 30 f)erc_ent .
4) Dépreciation: . The straight-line method is applied. The depreciation period is
- 15 years for the plant and machinery. - | _
5) Fixed invest_menlt: Table 10-13 summarizes the fixed investment cost for the

measures.
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Table 10-13  Fixed Investment Cost for Measures

Measures Fixed Investment Cost (RM)

Waste heat boiler/generator system 96,618,000
Pre-grinding system for cement grinding - 70,853,000
Construction of coal drying/grinding mitl 30,595,000
Adoption of lifter brick 322,000

10-12-2 Results of Financial Evaluation

Table 10-14 shows FIRROI before tax, FIRROI after tax and the payback period for the

measures.

" Table 10-14 Results ef Finaneial Evaluation

Measures FIRRO! FIRROI Payback
. before tax " aftertax  Period
Waste heat boiler/generator system . 159% 11.8% 6.9 years
Pre-grinding sysle'm for cement grinding -9.0% - -57% @ - na.
Construction of coal drying/grinding mill ~ © - 25.1% © 186% - 5.0years
Adoption of lifter brick . C1257% 0 90.0% 1.1 years

10-12-3 Conclusion of Financial Evaluation

According to the information obtained during the ficld survey, the lending rate in Malaysia
has been ranging from 12 to 14% per annum recently.  This rate could be regarded as an

indication of the opportunity cost of capital in Malaysia. - :

A waste heat borler/generatron system would generate the largest benefrt among the
recommended measures, at RM 17,275, 630 per year, although lt requires the largest amount
of fixed investment cost, RM 96,618,000.  FIRROIs before tax and after tax are 15.9% and_
11.8%, respectively.  Iis payback period is.estimated z_rt 6.9 years. It could be .seid that this

meastire is at a marginal level of financial feasibility under the conditions set for the study. -
A pre-grinding system for cement grmdmg would generate only a smeli benefrt in terms of

encrgy saving. Capital mvestment cannot be recovered in 15 years and FIRROIS show

negative values. Tt is concluded that this measurc is not fmanmally feasible.
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Construction of a coal drying/grinding mill has sound financial feasibility, as FIRROls
before and after tax are 25.1% and 18.6%, respectively. The payback period is 5 years,
which is considered to be in the reasonable range. It would be fair to say that this measure

is financially feasible.

Adoption of lifter brick has excelient financial feasibility, with a 1.1-year payback period and
quite high FIRROL A _lo'w investment cost of RM 322,000 is the advantage of this

measure.

10-13 Recommendations for_Enefgy Efficiency Promotion

Based on the energy audit and subsequent study for APMC Rawang Works, the following

measures are recommended for improving its energy efficiency.

(1} Measures for Energy Efficiency Promotion based on Financial Evaluation
- Among the four measures selected in the previous section, the followmg three measures are

recommended based on the results of the fmanclal evaluatlon

() Waste Heat Boiler/Generation System
~ This measure enables the recovery of sensible heat of preheater exhaust gas and cooler
. exhaust gas. This system is composed of (1) a boiler to recover sensible heat of
preheater exhaust gas, (2) a boiler to recover sensible heat of cooler exhaust Bas; and (3)
a power generator system con51st1ng of a turbine, a generator and a condenser. It
could be said that this measure is at a marginal level of financial feasibility under the
condl_hons set for. the ‘study. It is recommended that a detailed investigation be

- .conducted for this measure.

“(b) Constructlon of Coal Drymg/Gnndmg Mill _

o Expenswe fuel oil is used in the FF fumace together with coaI because of the lnmled

~ capacity of the exlstmg coa_l mill. The recommended meaeure is to construct a coal

. drying/grinding mill that iscomfnosed of (1) a vertical roller mill for drying and

' grihding the coai; (2)- a bag filter; and (3) a set of pulverized coal weighers. By tiiis

. measure, all the fuel oil used.in the factory will be shifted to coal, resulting in fuel cost
saving. ~ In addition, combustion eff1c1ency will be 1mproved by combustion of fme

-coal powder, It could be said that this measure is fmanc:ally feasible. H is
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@)
(a)

(b)

()

(d)

recommended that a coal drying/grinding mill be constructed.

Adoption of Lifter Brick

The energy audit revealed that a lot of unburned carbon is returned to the Kiln because
of poor fuel combustion in the preheater TLI° furnace. It is recommend that the inner
wall of kiln be lined with lifter brick so that heat consumption can be reduced by
maintaining efficient combustion of unburned carbon from the preheater I. furnace

This measure is recommended, as it is excellenl in terms of financial feasmﬁuy

Other Measures for Energy Efficiency Promotion
Prevention of Air-leakage .

During the energy audit, air leakage was observed from various locations in the plant

- such as the limestone grinding 'process, coal shale dryer/mill line, coal dryer/mill

process, preheater line, kiln line, gas conditioning tower, and cooler exhaust gas line.
Total air leakage volume is estimated at around 39.5% of the total exhaust gas volume.

3.8 kWhyton-clinker of power saving is a’nticipaéed by reducing this air leakage. Itis

. recommended that this measure be investigated,

Rationalization of Transportétion System

Currently, coal shale and ce.ment are transported by pneumatic transportétion facilities
such as an FK pump and compressor. By modifying this. transportation s'ystem. into a
mechanical bucket elevator and air slide syst_cm,-abdut a 5.3 .kWh/t_on-clinker powér

saving is expected.  Further investigation is recommended for this measure.

Change of Feedmg Point and Feeding System of Coal Shale SR

From the results of differential thermal analysis (DTA) and thermograwmetnc analyszs
(TG) of coal shale, it is deemed necessary to mvestlgate changmg the feeding point
from direct feedmg into the F.F furnace to the C4 cyclone mlet in consideration of coal
shale bummg condxtlons

* In addition to this, it is recommend\:‘d that the feeding system of coal shale be changed

from a pneumatic to a mechanical system. 1,258 ton-coal/year -of heat saving is

expected by this measure.

| lmprovement of C5 Cyclone Collectmg Efficiency

1t was observed that the collectmg efﬁmency of the CS (bottom) cyc}onc Wwas poor.
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Consequently, exhaust gas temperature of the Cl1 (top) cyclone increased. By
improving the collecting efficiency, 8,510 ton-coal/year of heat saving is expected
through cxhaust gas temperature reduction, although electricity consumption would
increase by 1,770,000 kWh/year due to an increased pressure drop.  This measure is

recommended.

Replac.ement of Cooler GBF _

It is suggested that investigation be made into the replacement of the existing Gravel
Bed Filter (GBF) with an Electrostatic Precipitator (EP) for cooler exhaust gas. By
this measure, the following.benefils are expected. '

- About a 20 kcal/kg-clinker heat éaving by stable combustion in the kiln and EF.

' furnace :
- Approximately 960,000 kWh/yéar of eleclricity saving by preventing air-leakage
from the cooler exhaust line and kiln hood, and

- About 250 ton of clinker recovery by improving collecting efficiency
It is recommended that this measure be investigated further.

Grinding Aids

tis recdmmen_ded that investigation be made into the use of grinding aids, although the

economics of the measure depend on its price in Malaysia. 7,500,000 kWh/year of

power saving is expected at the grinding mill, assuming a 0.02% addition of grinding

aids.
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Chapter 11 Food Processing (Sugar Refinery)

. 11-1 OQutline of Food Processing Factory Energy Audit

During the first field survey carried out in February, 1998, the JICA study team decided to

conduct the energy audit at Central Sugar Refinery Sdn Bhd as the candidate factory of the food

procéssing industry. There are various types of enefgy consumption in this factory, such as

utilization of light fuel oil, generated steam and electrical power.

This factory started operation at a capacity of 150 ton-melt raw sugar per day in October; 1965,

and is now producing 1,300 ton-melt per day. It has the secdnd largest production capacity,

account for 30 percent of the total among Malaysia’s four sugar refinery factories.

11-1-1 Outline of Factory

1) - Name of the Factory:

2)  Address:

' 3) | Factory Organization:

4) | Capital:

5) Number of Employees:

6) Number of Energy-Related Engineers:
~7)  General Layout of the Factory:

8) Major.Products:

C_emrél Sugars Refinery Sdn Bhd
Batu Tiga, 40000 Shah Alam, Selangor, Malaysia
' 'G(_:'nefal Manager: Mr. Lem Cheng Hoe

Technical Adviser: Chan Choong Lim

 Engineering Manager: Ir. Lim Chin Chuan
33 million RM

290
-Heat 1, -Electricity 5

- Building area

Refined sugar

. -Factoryarea 16 acres (Total)

6.4 acres

. _ - White sugar - Brown sugar - Liquid sugar
9) Trends in Annual Sales Amount: . ,
Products 1994 1995 | - 1996 1997 1998
.' . ' . | (estimate) - (plan)
Refined Sugar | 300,081 ton .| 315875ton | 332,500ton | 350,000ton | 300,000 ton
Retail price - | (1.20 RM/ke)- | (1.20 RM/kg) | (120 RM/kg) | (1.20 RM/kg) | (1.45 RM/kg)

10) History of the Factory:

Operation started Oct, 1965 at a capacity of 150 ton-melt/day
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112 Outline of Production Facilities and Flow Sheet of Major Product

(1) Production Facilities

‘The main product of the factory is refined sugar, as mentioned above. The production scheme is

roughly iltustrated in Figure 11-1, The factory is planhing to increasc production capacily from

1,300 to 1,500 ton-melt per day by modifying the affination station,

- Raw Material
Raw Sugar Buik Handling Station Refined Sugar
Affination Station = White sugar

Clarification Station
Curing Station
Drying Station

Packing Station

Steam and Power Station
Cooling Tower Statlon _

Efﬂuent T reatmem Stahon

- Brown sugar

— Liquid sugar

Figure 11-1 Outline of Production Facilities

Figure 11-2 shows a simplified productiod flow diagram of the factory.

(2) Major Energy-Related Facxlltles
iy Bmler : ~No.l/ 2

- NoJ3

_ No.4
2) Steam turbine generator:

No.1

No.2

No.3

No.4

: No.5
3)  Air compressor No.1, 3,4
4). - Centrifugal machine x 15

15 t/h 11 bar x 2 (stand-by) -
30 t/h 11 bar x 1 (stand-by)
50 t/h 17 bar x 1 (in operation)

800 kW x 1 (stand by)

1 20() kW x 1 (stand-by)
2,500 kW x 1 (stand-by)
3,500 kW x 1 (in operation)
1,000 kW x 1 (stand-by)
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5)

0)

Electric Consumption Ratio of House Generation versus Receiving Power:

10 - 15 per cent of total power consumption (receiving power from outside)

House generation power capacity; 4-,375 kVA

Electric Power Reeeiving

Receiving Voltage, volt: 415 (50 Hz)
Maximum Demand, kWh: 3,200 (Total Demand) 600 (receiving from TENAGA)

Power Factor, per cent: 0.8

Transformer Capacity per Unit and Number of Transformers:

1,500 kVA x5
1,250 kVA x 1
TS0 KVA x2
630kVA x 1
200 kVA x 1

Capacity of Receiving Power Generation for Emergency:

1,000 kW x 1 unit, 440 volt, 60 Hz

11-3  Production and Energy Consumption

'(1) Pfocluction Capacity, Trends in Production Amount of Major Products and Annual

Operating Hours: See Table 11-1

Table 111 Production Capacity, Production _Amoimt and Annual Operating Hours

Production Capacity Production Amount Annual Operating Hours
' (ton-rhelt/day) {ton/year) (hours/year)
1994 * o 312,584 7,920
1995 _ 329,036 7,920
1996 1,300 346,354 7,920
1997 o 364,583 7,920
1998 312,500 7,920

©{2) Trian_ds in Unit Cons_ilmption Figuré_ﬁ_»f Raw Materials and Energy for MajOr Products;

See Table 11-2 -

(3) Trends in Annual Utility Consumption: See Table 11-3
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11-4 Method and Procedure of Energy Audit

Based on the current condition and problems with facilitics, an analysis and measuring plan

were prepared as follows.

(1) Ttems to Note for Implementation of Energy Audit
The following prbblems were considered to require audit.
1) Measuring the exact steam flow rate
2) Establishment of energy flow chart
3) More steam condensate recovery _
4) Maintaining the correct Working condition of steam tfaps
5) 1Improvement of thermal insulation
6) Measuring the exact corripreésed air flow rate
7)  Improvement of power féctor

8) Increasing of power generation from steam turbine genetator

(2} Analysis and Measuring Points _ o _
The main analysis and measuring points for the energy audit are shown in the following figures
respectively. _ | ' ' S
) Figure 11-3 Steam System Flow
Figufe 11-4  Power SyStem

(3) Modification for Analysis and Measuring Work
There is one steam flow meter to measure the total generated steam from the boiler, The'study
team planned to install two orifice flow meters, one in the line to the Plate Evaporator and

another in the line to the Steém Accumulator, both fromlthe New HP header, as Figure 11-3
shows. ' ' ' '

11-6
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11-5 Measurement Procedure
11-5-1 OQutline of Measurement and Analysis

1) Majof Items and Types of Energy Audit
Measurement and analysis work were carried out in accordance with the following major items
and types of energy audit in the factory.
1. Thermal efficiency of steam boiler
| Energy balance around steam turbine generator
Management of steam and steam condensate lines
Management of steam trap system

Management of thermal insulation system

BNV AR

Management of electricity consumption
11-5-2 Measuring Items, Points and Measuring Equipment

To calculate and evaluate the current condition of energy consumption and to develop an energy
balance, the analysis and imeasurement work described below was C'imed out according to the
prepared schedule of major energy audit items.

The elemental analysns of fuel 011 was conducted by SIRIM

(I) Thermal Efﬁc1ency of Steam Bonler
1) Medium fuel oil: Heating value, eclemental analys:s (carbon, hydrogen, nitrogen,
| _ oxygen and sulfur) and flow rate
2) Boiler feed water:  Flow rate and lemperature
3) Combustion ai: ~ Flow rate and temperature

4) . Generated steam: Flow rate, temperature and pressure

5) Exhaust gas:  Oxygen, carbon monoxide, carbon dioxide, temperature
(2) Energy Balance around Steam Turbin'e Generator
1) Inlet steam: ~ Temperature and pressure
2y Exhaust steam: Temperalure and pressure

3) Condensed steam: Flow rate, temperature and pressure

4)  Generated power: Power aund power factor

119



(3) Management of Steam and Steam Condensate Lines
1)  Confirmation of overall steam flow
2}  Confirmation of steam condensate recovery system

3) Measurcment of steam flow rate (turbine by-pass and evaporator inlet)

(4) Steam '[‘rap- System
1) Confirmation of steam trap list

2) Investigation of malfunctioning steam traps

(5) Management'of Thermal Isisulation System :
1)} Surface temperature measurement of insulated steam piping
2) Confirmation of insulation material

3) Confirmation of pipe dimension (diameter, length and thickness) '

(6) Management of Electricity Consumpﬁon
1) Generated power: Voltage, current, power and power factor
2) Main transformers:  Voltage, current, power and power factor

3) Major facilities: ~ Voltage, current, power and power factor

11-6 Measurements Results

The results of measurement and analysis described in this section are categ'drized as the
following six items, _

1. Steam boiler and related facilities

2. Steam turbine generator

3. Steam trap system o

4, Thermal insulation system -

5

Electricity consumption
11-6-1 Steam Boiler and Related Facilities

(1) Air Intake Data

For audit purposes, air intake data were taken three times. The results are as follows:

11-10
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Velocity (my/s) 19.20 14.93 17.00
Flow rate (m’/min) - 812.97 632,17 719.81
Temperature 1 (°C) 39.38 3823 40.23
Temperature 2 (°C) 920 - -

Temperatures 1 & 2 represent the temperatures before and after pre-heater, respectively.

(2} Flue Gas Data

Flue gas data were taken three times as shown below.

0,(%) 210 23 2.1
CO, (%) ' 143 14.0 14.2
CO (ppm) : 45 ' 5 -9

| Temperature 1 °C) | 3747 362.4 368.6

Temperature 2 (°C) . 231.9 - -

T emperatures 1 & 2 represent the temperatures before and after pre-heater, respectively.

"~ (3) Fuel Consumption Data .
Flue consumption was measured three times as shown below.

Flow rate (kg/hry) 258851 278538 2807.0

A sample of 't_he fuel was taken to SIRIM Environmental & Energy Technology Center and the

analysis results are as follows:

" Parameters - | Amount (wt %)
Carbon : 8379
Hydrogen o 1144
‘Oxygen : ) - 2.23
Sulfur S " 2.05
Nitrogen 5 . 0.403
Moisture 0091
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(4) Steam Consumption Breakdown

The steam consumption breakdown on average is as follows:

1.15 tons/hr  (2.6%)
11.06 tonsthr  (25.1%)
31.87 tons/hr  (72.3%)

To Plate Evaporator

To Steam Accumulator

To Power Plant

The actual stcam consumptlon which causes the variation of bmler operation, varies fmm one
hour to another depending on the demand.

(5) Air Ratio Calculation
A = Actual Air Quantity / Theorencal Air Quanmy

= A/ Ao=1.136 -
but, A = v AQ273/27340) / Qna .. (Nm/Kgae) |
- = 14.93%0.706*3,600%(273/(273+39.38))/ 2785.8=11.89
and, Ao = 8.89C + 26.7(H-0/8) + 3.33S (Nm'/kgg,)
= 8.89*0.8379+26.7(0.1144-0.0223/8)+3. 33*0 0205 = 10.497
where, v, = ajr intake velocity (m/s)
A . = air intake area (m?)

0 - = air intake temperature (°C)

Qiuel . = fuel intake flowrate (kg/hr)

CH OandS = elementary analysis of fuel in fracuon

(6) Heat Loss from Flue Gas
Heat loss from flue gas is calculated as follows,
lg = (Lg/HI) x 100[%)] =(800/10632)*100:7.5%'
=[Gy +(m-1) x A x Cg x (Tg-To)
=(11.168+(1.136-1)*10.497)*0.33*(231.9-39.38)=800
Go —079A0+1867xC+112xH+07xS+124xW+08xN g
- =0.79%10.497+1.867%0.8379+11.2*0. 1144+0 7*0.0205+1. 24*0. 00091+0 8*0 00403

=11.168 o
where, H1 = lower heatmg value of fucl . '
=8,100%0. B379+34 000(0 1144 0. 0223/8)+2 500*0 0205
o =10,632
m - = air ratio
Cg = 0.33 [keal/Nm3 x °C
Tg = flue gas temperature, °C
To = ambient temperature, °C’

C,H,N,S,0and W ;eleﬁngntary analysis of fuel in fraction
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11-6-2 Steam Turbine Generator

Table 11-4 shows operational data for the turbine generator No.4.

11-6-3 Steam Trap System

64 steam traps in operation were investigated out of 90 traps installed in steam piping and steam

" consuming facilities. The types of steam traps are categorized into two, DISC and FLOAT type.

(1) Analysis of Malfunctioning Steam Traps

"Table 11-5 shows the summarized failure analysis, including the estimated monetary loss

resulting from steam leakage from malfunctioning traps
The measurement result shows that 30 traps are working well and 31 traps are malfunctioning,

while 3 traps are not in service.

Table 11-5 Summarized Failure Analysis of Steam Traps

: Malfunctxon._ 'Goo_d:' - Failed | No service Tota! Monetary Loss
Category ~ : : - (US$/year)
Good - 30| 0 0 30 ' 0
Leaking o 9 0 9 2,757
Blowing 0 1 0] 1 1,356
Low Temperature 0 14 0 14 0
Blocked 0 7 0 7 0
No Data 0 0 3 3 ' 0
| TOTAL _ 30 31 3 64 4,113

© Figure 11-5 illustrates the analysis on malfunctioning tréps by type and malfunction categoriés.

11-6-4 Thermal Insulation Syétem _

Thermal insulation conditions of steam piping were checked along the main steam lines. Heal

losses from each steam line were esti_mated as summarized in Table 11-6.
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Table 11-6 Heat Loss from Steam Main Line

Rated Stcam Pipe Insulation Heat Steam

Applied Heat Conductivity Value for Insulation Material

110°C  260°C  280°C

Calcium Silicate; 0.0485 0.0547 0.0557
Rock Wool | ; 0.0376 0.0490 - 0.0507

Note: a) = abnormal surface lcmpcrature (120°C) was obscrvcd at this linc
b) = No insulation al expansion joint :
¢} = No insulation al flow meter
d) = No insulalion at a small section of straight pipe
¢) = No insulation for valves around LP header

11-16

Steam
Line Fl;:)w 0. | Length { Material | Thickness Loss, Q | Loss | Loss
rate .
_ (t/hr) | (mm) (m) (cm) (kcal/hr) (kg/hn) | (%)
Pressure: 17 bar  Steam Tempcrature 286 °C Atmosphenc Temperature: 33°C -
Boiler #4 to HP |  50.0 250 50 1 rock 5.0 10,770 151 | 0.030
Header ' : wool | : : o
HP Header to| 38.5 2501 . 27| rock 5.0 5,816 8.1 0.021
IT.G #4 wool
Pressure: 11 bar  Steam Temperature: 260 °C - Atmospheric Temperature: 33°C
HP Header to| - 5.0 100 90 | rock 3.87 10,133 143} 0.286
Plate "l wool N '
Evaporator_ : : . _ :
HP Header (o 5.0 250 - 85 calcium . 501 18,041 2557 0.510
Accumulator silicate ' B ’
b), ¢} . - _ . - N
Pressure: 0.5 bar  Steam Temperature: 110 °C  Atmospheric Temperature: 33°C
T.G #4 1o LP 38.5 400 26 | calcium 5.0 2,516 3.9 0.010
Header ' : - | silicate ' ' S R
LP Header to 300 600 70 | calcium . 5.0 9,780 15.0 | 0.050
Vacuum Pan : silicate b
LP Header o 53 501 - © 20}rock RS 4741 07| 0.014
Vertical Shelf ' ‘ wool: : T
Dryer e) : - S : : : . o
P Header to | Not 250 35 | rock ' 5.0 1,779 2700 NA
Melter #1 ) | known : ' wool ) B R G '
LP Header. to | Not 200 40 | rock - 5.0 1,691 - 261 NA
Melter #2,3 ¢) | known : wool e : S .
LP Header to 5.7 250 50 | rock 500 2,542 391 0.069
Steam Header - { wool '
for
Evaporalors ¢) ' o : ‘ o : . N
LP Header to 1.5 100 25 |rock 3.8 748 121 0.077
Molasses Plate - | wool ' n B
Heater e) * R
TOTAL 64,290




T

11-6-5 Electricity Consumption

(1) Measurement of Power Supply and Distribution System |
This factory has one turbine generator to supply the entire power demanded at the sugar plant.

Electric power consumption was measured at each point, as illustrated in Figure 11-4.

(2) Major Motors _ o
This factory has installed about 426 motors, which are classified by rated capacity as follows,
1) less than 10 kW 270

2) 10-30kW 91
3)  30-50kW 27
4y 50100 kW 14
5) more than 100 kW 24

~ Power factor for the biggest motor, the cooling water pump, was kept at 0.9 or more during the

measurement.

3} Generat_ed Power Profile

" Figure 11-6 shows the generated power consumption measurcd hourly on September 29, 1998,

Output power fluctuates between 2,800 and 3,200 kW just to accommodate the plant power

: demand..

Power factor at the supply end was manually kept at 0.8 or higher.

) Poﬁer Profile for Air Compressor and Centrifuge
A detailed view of power consumption trends in the air compressor and TSK centrifuge showed

some fluctuations due to the frequent load-unload operation.
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11-7 Energy Flow Chart of Major Energy-Consuming Facilities

11-7-1 Energy Flowchart around the Steam Boiler

Based on the result of measurement and analysis, the encrgy balance around the steam boiler

was calculated as follows,

Table 11.7 Energy Flow around Steam Boiler

Quantity Temperature Pressure | Heat{(Kcal/h) Ratio(%)
Q) (bar) - |
Inlet .
1) Fuel Oil 2,785.8 kg/hr 30 Ambient | 29,620,000 86.28
D Air | 33,294 Nmhr 38|  Ambient 310,000 0.90
3) Feed Water | 27.3 ton/hr 29 Ambient 800,000 2.33
4) Recycled | 15.5_ ton/hr 113 0.5 . 1,700,000 4.95
Condensate ' '
5) Steam 2.9 ton/hr 113 0.5 1,900,000 5.54
_ (Deaeralbr) _ ' .
| Total 34,330,000 100.00
Qutlet _ .
1) Steam 44,060kg/h 282 | 206 | - 31,340,000 91.29
2) Blow Down 1.6 ton/hr 282 20.6 340,000 0.99
2) Exhaust gas | 35,078Nm’hr 231.9 - 2,600,000 7.57
3 HeatLoss | - ) 50,000 0.15
Total 34,330,000 100.00

Fr_o_m these calculated results, it is judged that the boiler was operated under sound conditions

_with suitable heat efficiency (steam/fue! oil) of 91.29%.

11-7-2  Energy Flowchart around Steam Transfer Line

: The heat balance a_round the steain transfer line was also calculated as follows in Table 118

11-19




Table 11-8 Energy Balance around Steam Transfer Line

11-7-3 Energy Flowchart around Steam Turbine Generator

- The heat balance around the steam turbine generator was also calculated as follows in Table- 11-

9.

Table 11-9 Energy Balance around Steam Tu‘rbine_ Generator

Quantity - | Temperature Pressure Heat Energy Ratio
Q) (bar) (kcal/h) {percent)
| INPUT : '
1) Generated 44,060 kg/hr 282 -20.6 31,340,000 100.00
Steam : _
- Total 44,060 ke/hr 31,340,000 100.00
: ' OUTPUT :
1) Steam to 1,000 kg/hr 278 172 710,000 227
Film .
Evaporator :
2) Steam to 11,060 kg/hr 278 172 7,850,000 25.05
Accumulator -
2) Steam to 32,0000 kg/hr 278 17.2 22,720,600 72.50
Turbine ' ' o
- Generator
3) Heat Loss - - - 60,000 0.18
from Pipe o :
Surface . ) . I
Total | 44,060 kg/hr 31,340,000 160.00

Temperature

Heat Energy.

‘Ratio

11-20

22,720,000

Quantity Pressure
{°C) {bar) (kcal/h) {percent)
. ' ‘ ... INPUT . )
1) Steam Inlet | 32,000 kg/hr | 278 | 17.2 22,720,000 | 100.00
' ' Total : 22,720,000 100.00
OUTPUT : : :

1) Extracted 31,098 kg/hr 113 - 0.55 - 19,902,720 87.60 -
Steam ' ' '

2) Steam 0 kg/hr - - 0 0.00"
Released to '
Atmosphere - : :

3) Condensed . 102 kg/hr 74 © Aim. - 7,550 0.03
Steam : .

43 Generated 2,900 kWh - - 2,494,000 10.98
Power B I L

5) Loss Balance 315,730 1.39

Total - 100.60




11-7-4 Energy Flowchart around Pressure Control Valve to Steam Accumulator

The cnergy balance around the steam preseure reducing vaive to the Steam Accumuhtor was

also calculated as follows in Table 11-10.

Table 11-10  Energy Balance around Steam Control Valve to Accumulator

Pressure

1121

Quantity Temperature Heat Energy Ratio
: (°C) _{bar) (kcal/h) (percent)
: INPUT
1) Steam for 11,060 kg/hr 278 17.2 - 7,850,000 100.00
Steam '
Accumulator
Total | 11,060 kg/hr : . 7,850,000 100.00
OUTPUT :
1) Steam to 11,060 kg/hr 113 0.55 7,131,500 90.85
Steam :
~ Accumulator
2) Kinetic - - - 718,500 9.15
Energy Loss
by Contro}
Valve :
Total | 11,060 kg/hr 7,850,000 100.00
11-7-5 Electricity Consumption Network
Electrical power consumption balance is shown in Table 11-11.
Table 11-11  Electrical Power Balance
Service Quantity | - Ratio Remarks
(kWh) (%)
Inlet
1) Generated Power 2,900 94.16 | Turbine Generator No.4
2) Receiving from TNB 1801  5.84
TOTAL (3,080) | (100.00)
S . Qutlet
1) Office Use (TNB) 120 3.90
2) No. 1 Line (P1ACB2) 85 2.76 | LINT IT4(35), Others(50)
3) No. 2 Line (P2ACB2) 510 16.56 | NIRO Evaporator(ﬁ()), Film  Eva.(50),
e L Others(400)
4} No. 3 Line (TNB) - 60| . 1.95 | Vacuum Pump(60)
5) No. 5 Line (P5A1,2) - 160 | - 5.19 | Boiler(80}, nghlmg(SO)
6) No. 6 Line (P6) 320 10.39 | Boiler(320) -~
7y No. 7 Line {P7A1) 500 16,23 | Pan Agitator & Others (500)




Service Quantity | Ratio Remarks
- (kWh) | (%)
8) No. 7 Line (P7A2) 651 - 2.11 | TSK, ASEA, Others (65)
9) No. 8 Line (P8A1) 200 6.49 | TSK, MCCB, Others (200)
103 No.12,13 Line 100 3.25 | Vacuum Pump #1, 2
11) No.14 Line (P14M) 450 14.61 { Air  Compressor(100),  TANAKA(250),
- 1 Others(100) -
12) No.15 Line (P15C) 300 9.74 | Cooling Water Pump(280), Others(20)
13) No.16 Line (MCCSP) 40 1.30 | Mixer, Others (40)
14} Balance ' 170 5.51 '
Total (3,080 | (100.00)

11-7-6  Overall Energy Flow

An overall energy flowchart of the sugar plant is shown in Figure 11-7,
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11-§ Unit Consumption of Raw Materials and Energy for Major Products

Table 11-2 shows the trend of unit consumption figure of raw materials and energy for major
products. -

11-9 Present Situation of Energy Management and Energy Et‘ﬁciency Promotion ‘

(1) Establishment of the Target for Energy. Conservation
18.5 ton medium fuel oil / ton raw-melt (Year 1997)

At the beginning of every fiscal year, the factory execulwes make some target for energy

conservation on unit COl_'lSl.lmpthIl figures of fuel and electrlclty. '

2) Systeinittic Activities for Energy Conservation in the Factory .
Under the control of Engmcenng Manager, Energy Saving Committee consxstmg of about 10

members managers and engineers in technical department has been held once a month for these
10 years.

3 Energy Management Utilizing Data and Records
The Engmeermg Department is controlling the operation data for the steam boller steam turbme

electricity and so on. Some of the facilities such as steam boiler are operated by using computer,
therefore data can be utilized through the computer. '

{4) Education, Trammg of Employee for Energy Management
Operdtmg training is given for a certain period inside ihe factory especially for the newly hired

employees. Brief meetmg is also held to dl‘;CUSS both operation condmons and energy

management every morning

(5) Maintenahce'Maﬁagémént of the facﬂities

1)  Preventive maintenance is carried out to monitor each main facility including

steam trap using checklist sheet every day.

2) Corrective action is periodically implemented according to the preventive

maintenance data, (4—5 d'ays / period)
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(6) Measures Carried Out for Energy Efficiency Promotion and Their Effects

Installation of capacitor(s) to improve power factor above (.8

(7) Planning Measures for Energy Conservation and Their Expected Effects

Target figurc management system, improving 5-7 per cent / year

(8) Economic Condition df the Factory and its Industrial Sub-sector

Fluctuates considerably, reflecting the nation’s economic situation

(9) Probléms in Promotion of Energy Conservation
1) Rather long payout t_ime for energy saving investment

2) Shortage of measuring equipment especially for steam system

(10) Environmental Pollution Management

1) Working Condition: Good (Air Conditioner in Control Room and Electricity Room)

2) Waste Gas: No exhaust gas analyzing equipment at the boiler chimney, though, the
Co, contcnt'should_be lower than the Department of Environment (DOE) re.gulation
figures of 10 pér c_erit for CO, . Moét of the carbon dioxide contained in exhaust gas is
recovered at the gas scr.ubb'er to make calcium carbonaf_e.

'3)  Waste Water: Activated sludge treatment plant
4) Waste Disposal: 10 ton / day (sugar cake mud by lorry)

11-10 Current Condition and Problems with Facilities
11-10-1 Problems in Major Energy-Consuming Facilities
1) Shortagc' of steam flow meter around steam main piping
2) Lack of energy flow chart o
~3) Stable operability should be required .
11-11 Measures for Eﬁergy Efficiency Promotion

In éccordance with the results of the factory energy audit, recommended of measures for energy

’ efficiency pfomotion are described and discussed as follows.

11-25



1. Improvement of heat energy 'efficiency in the steam and steam condensate recovery
system

2, Improvement of steam trap system
Decreasing heat loss in the thermal insulation system

4, Recovery of electric power from energy loss in steam control valve

11-11-1 Emprovement of Heat Energy Efficiency in Steam and Condensate System

(1) Steam System

Judgi'ng from the pres'ent material and heat balance of the eteam and condensate system, there
are several items for improving the energy utilization of heat energy in flue gas.

The temperature of flue gas was recorded at 232°C, which is rather hrgh compared to similar

Japanese facilities.

Table 311-12 Standard and Target Temperature of Boiler Flue Gas Standard {Target)

Flue Gas Temperature (°C)

Boiler Capacity - Solid Fuel o : "
quurd Fuei Gas Fuel

Fixed Bed Fluid Bed ' "
Over 30 ton/hr 200 (180) 200 (170) 200 (160) 170 (150)
10 to 30 ton/hr 250 (180) - 200 (170) 200 (160) 170 (150)
5 to 10 ton/hr = ~(300) | - 220(200) 200 (180)
Under S ton/hr T - (320) 250 (220) 220 (200)

As this table shows, flue gas temperature should be around 160°C to 200°C. " In other words,
the economic [easibility of heat recovery in this temperature range can be expected in the

factory.
There are three kinds of heat recovery, shown below.

- Direct heat exchange between feed air and ﬂue gas (expansion of ex1sl1ng pre- heater)

- Economizer installation for steam heating
- Utilization of low temperaturc fluid as heat remplent ﬁ

Taking mto account the recovery of steam condensate, preheanng of borler feed water was
seiected in this study. ' '
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(2) Condensate System
The recovery ratio of steam in this factory is around 30 to 40 percent of boiler feed water. It is
estimated that there are three reasons for the low recovery ratio, as described below.

- Direct steam injection to the process system |

- Contamination by process fluid in the system

- Low static pressure of condensate for recycling

Tn the sugar manufacturing process, the amount of direct steam injection and contamination by
process fluid is not $o great. ‘The main reason could be the low static pressure of condensate.

Howe\fer the huge investment cost of condensate recovery could be minimized through the

_u'tilizatidn of rather cheap carbon steal materials in piping, tanks and pumps. It is

recommended that a recovery system be installed.

A scherﬁatic plan for the recommendation is illustrated in Figure 11-8.

11-27



(uoyEPUIUILIO0IAT) WIAISAS JIIOg JO AduElRq JEaf] PUE [ELINE §-TT amdry .

S m : . . HAED O1-005 T
HUEL U:.mg

3JBSMApUO
) ! prod TS o HALLEL
< 1 wo1sAg A12Aa000y
C 0 | ®iesuspuop R/ O1<00L' T
. D, €11
A A % 4 H/LS'51
- paag 0462
HESY OT«067 CH/LGTL
(PaISem . - " H/L60 [T OLUIE T -
IJeSUIPUOY)) ol . WROP . — 2, 091 n .Ll
S150 (EXEN GRS | HAZE 01097y -mopg wis H/WIN 0292 .
Eﬁvum AH\H . ’ NH“W-H& ue v : U: £01 : . I\—NOV— m_”:*D@N. Wwﬁwﬂmﬁﬁ‘w?ﬁwmﬁ:@ﬁ@%ﬁ%
A Emm 2 H/L EEF 2, €11 | uonefsuy
n HALTL £ 1eayald Mg
weNs J1 . P
1 - ™
: NS ey OLUF L
_ : BeY 0140915 50508 2,522
7 S _ oen . [mmay B/ 02526
. : HAL £€v _, . : .
a3
Jopeay wng 41 _ _ _ _ N B S Iajeanaig  — o |
: . | any
HAR OL»tdo ol R HEuEu\fO.HQEH . :
- . 3, el :
Mp MN Ho D, ET1 Toreiodeny F o oney v » I . .
o= H/L+'6
H/L 60°IE : _ Wiy : _ [omolg arv| [HH 01067
I0JEI3U25) | . . : 0, 88
auqiny, Joje[nunoy | H/;HN 096°0€

REILELEE

4 G
Eg RV ¢ .x Mw
B L QLY A | merormTr H/E2M) OLL0Z8°LT o pnd
SFICE V) P 7Bk | 2.8z 2, 842 124 9°07 H/wo3 01,021 2, 0€ <
®q T LY H/L Y H/LO' 3. 787 H/L 85T
L gl

2,82 ] i HIL¥Zb s
H/LO'ZE Japeay uns JH

11-28



11-11-2  Improvement of Steam Trap System

There are about 64 steam traps installed in éteam-utilizing facilities, Their working condition
and maintenance are generally' satisfactory. However, some steam traps are blowing or lcaking
. and some af_e blocked. The service life of steam traps is usuaily 3.5 years.

The folloWing are recommended: 1) to replace the leaking or blowing traps, 2) to conduct a

scheduled maintenance for the blocked or low-temperature traps as shown in Table 11-13.
- 11-11-3 Decréas’ing Heat Loss in the Thermal Insulatior System

Heat loss from major steam lines is not so gredt as Table 11-6 shows. Some portions of the
straight lines or some of the valves and ﬂanges were loft uninsulated to facilitate maintenance

and inspection work, but msu]auon should be applied to these portions.
11-11-4 Recovery of El'ectric.Power from Energy Loss in Stearh Control Vaive

A rough estim'ation from the energy balance shows that the kinetic energy lost in the pressure .
reducmg comrol valve would have the capablhty to generate about 750 kW of ejectrical power
(718 500 kcal/hr /860 kcal/kW x 0:90 = 750 kW)

The additional mstallatlon of a supplementary turbine is recommended.

. Since stearh and eieetfical power are roughly balanced now, the generated power should be
supplied to out51de users through INB. This means that tariff. system reconstruction is
essential. |

| ThlS turbme should also have some operahondl ﬂex1hlhty to absorb the change of supply steam

1 pressure and quanuty w1th EH-governor comrol
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