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SUMMARY

The economy in ASEAN countries has been rapidly growing, as a result, it will be more
required to efficiently use energy and to consider about the prevention of the global

warming because of the quick increase in energy consumption.

The activities of ASEAN Center for Energy (hereinafter referred to as “ACE”) have
been established, which results in enhancing and disseminating the awareness of
reducing energy consumption in the ASEAN countries.

This fiscal year, the target countries were Thailand and Singapore, which energy audit

of main industries were not implemented yet.

Energy audits and workshops were carried out at each 2 factories at the two countries.
These achievements would be basis of implementation and dissemination based on
technology transfer regarding energy conservation improvement policies of major

industries of each country.

We had the opportunity to experience energy conservation activities with Japanese
experts at all of the ASEAN countries. Every country experiences and understands basic
issues, which means foundation is established to deal, on even ground, with energy
conservation activities of ASEAN countries.

This fiscal year is a year to consolidate the past activity accomplishment, a year
to go on to the second step toward implementation and dissemination of the past

achievement.

On-site activities of the project this FY, started at the Inception Workshop in late
October of 2003 (same with the Building Project), and ended at the Post Workshop at
the end of January of 2004 (same with the Building Project).

To start the project smoothly, action plan was explained and finalized, as well as
Japan’s technology was introduced for the understanding of research points, at the
Inception Workshop.

At the Post Workshop, there was a report of activity results and achievements of the
2 countries so that they could be shared among other countries, and activity
accomplishments of ASEAN taskforce toward establishment of database/ benchmark/
guideline in the future were discussed.

At the end, there was a discussion on implementation and dissemination of improvement



measures and approach strategy of creation of database/ benchmark/ guideline.

Specific details of activities through this project for this year are as follows:

Oct. 23-24, 2003;
Participate in “Inception Workshop of The SOME-METI Project on PROMEEC - Buildings

and PROMEEC - Industries” (location: Singapore, same as Building project)

(1) Latest policies and legal issues on energy conservation promotion of building
and industry sectors in Japan, introduction of energy management of this project and
representative energy conservation technology

(2) Implementation and dissemination of improvement measures of each country up to
now, and report on the activity

(3) Explanation and discussion of action plan regarding FY2003 projects (building
and industry)

(4) Meeting on schedule and arrangement of site surveys of building and industry

projects

Oct. & Nov., 2003; Audit Survey of Main Industries of Thailand & Singapore (primary)
activity at Thailand (Nov. 24-28)

(1) Introduction of energy conservation activities and technology of the caustic soda
industry in Japan

(2) Introduction of EE&C technology and actuality of the caustic soda industry, audit

of 2 caustic soda plants and summarization

Activity at Singapore (Dec. 1-5)

(3) Introduction of energy conservation activities and technology of food process
industry in Japan

(4) Introduction of EE&C technology and actuality of the food process industry, audit

of 2 food process factories and summarization

Jan., 2004; Audit Survey of Main Industries of Thailand & Singapore (secondary)
activity at Singapore (Jan. 6-9)

(1) Introduction of audit points of the food process industry and result report of
primary survey

(2) Explanation, discussion and additional survey of audit results of food process
industries at 2 sites

(3) Result report of secondary survey and introduction of database, benchmark and



guideline, introduction of Management & Maintenance to EE&C

Activity at Thailand (Jan. 12-15)

(4) Result report of primary survey at caustic soda factories

(5) Explanation, discussion and additional survey of audit results of caustic soda
factories at 2 sites

(6) Result report of secondary survey and introduction of database, benchmark, and

introduction of Management & Maintenance to EE&C

Jan. 28-31, 2004;

Participate in “Post Workshop on Promotion of Energy Efficiency and Conservation
(PROMEEC) (Major Industry and Building), SOME — METI Work Program 2003 — 2004
(Location: Singapore, same as Building project)

(1) Special lecture: Introduction of energy management and energy manager system in
Japan

(2) Energy audit of factories by industry in FY2003 (caustic soda industry in Thailand
and food industry in Singapore) result report, and comments and discussion by target
countries

(3) Report and discussion on activity outcomes of taskforce of database, benchmark
and guideline establishment for ASEAN

(4) Proposals of activity strategy for the future year and discussion on issues to
be considered regarding ASEAN Plan of Action for Energy Cooperation (APAEC) 2004-2009,

etc.

2 sites were selected as target factories for audit for each 2 countries. Audits were
implemented at caustic soda plants of Rayong district for Thailand, and factories
in the city and northern area for Singapore.

We were provided effective cooperation like last year at Thailand and Singapore, this
fiscal year’'s target countries.

We would like to thank, sincerely, the efforts of persons from ACE and governments
of each country for selecting factories for survey, and related preparation and
cooperation.

Energy conservation of factories in Japan was introduced at the primary survey, and
at the second survey, points of audit were introduced in concrete, as well as

explanation of management and facility maintenance.



Economically, Thailand and Singapore are pursuing active industrial activities at
the level of advanced countries. However, enthusiasm to energy conservation of the
participants of this project could be sensed due to its large import share of energy.
Every involved persons worked earnestly with us, and business were carried out
smoothly.

On implementation, 0JT for participants of site surveys was emphasized and surveys
were carried out.

Accordingly, improvement proposals by Japanese experts were put in practice, or going
to be in practice shortly, which could be evaluated as a large achievement.

By the energy audit of major industries in the 2 countries, all 10 countries of ASEAN
experienced energy conservation audit activities under the training of Japan experts.
Each country has established basis to develop energy conservation promotion
activities in home country and ASEAN countries in the future.

We would very much like to see these proposals put into practice at the earliest
opportunity and effective use made of the manuals, thereby enabling us to contribute
to the conservation of energy and protection of the environment in the ASEAN
countries.

Finally, we would like to thank all those at ACE (ASEAN Center for Energy) along with

the organizations and factories involved in each country for their cooperation
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1999 2000 2001 2002
GDP US$ 1114
GNP Us$ 1818
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75.53 TOE 14 5%
47 4% 20%
54.3 TOE 15%
102TWh 10%
39% 34% 27%
43% 27% 11% 17%
%
GDP toe/1,000U$ in '95
1990 1995 2000 2001
0.39 0.38 0.43 0.43
0.089 0.094 0.092 0.09
IEA Energy Balances of OECD Countries (2000-2001)
IEA Energy Balances of Non-OECD Countries (2000-2001)
1980
1980
90%
1990 40%
R/P 9.5 19.9
1995 2001 0.33%
1995 100%
2001 75.1%
1999



2001 17% 74% 20%
6%

1995 2000 1.5%
0.3% -2.9%
3 6%

1995 2000 2001
1995 2001
522 3.2 645 3.2 617 3.0 2.8
977 6.1 | 4040 19.9 | 4805 23.6 30.4
4018 24.9 3130 15.4 3509 17.3 -2.2
627 3.9 751 3.7 819 4.0 4.6
28 0.2 11 0.1 17 0.1 -8.0
4954 | 30.7 5428 26.7 4756 23.4 -0.7
269 1.7 381 1.9 388 1.9 6.3
101 0.6 123 0.6 156 0.8 7.5
278 1.7 150 0.7 130 0.6 -11.9
1249 7.7 1071 5.3 1061 5.2 -2.7
3119 19.3 3777 18.6 | 4079 20.1 4.6
16142 [ 100.0 | 19507 95.9 | 20337 | 100.0 3.9
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IEA Energy Balances of Non-OECD Countries (1995-1996, 1999-2000)
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92.6% 6.3% 1.3%

1995 2000 2001
1995 2001
24403 30.5 10021 9.8 2926 2.9 -29.8
14780 18.5 17604 17.2 19622 19.2 4.8
33900 42.3 60808 59.4 72205 70.5 13.4
6712 8.4 6026 5.9 6303 6.2 -1.0
1 0.0 2 0.0 2 0.0 12.2
265 0.3 1516 1.5 1362 1.3 31.4
80061 100.0 95977 93.7 | 102420 100.0 4.2

GWh

IEA Energy Balances of Non-OECD Countries (1995-1996, 1999-2000)

EGAT Electricity Generating Authority of Thailand

MEA(Metropolitan Electricity Authority)
PEA(Provincial Electricity Authority) 3

Ft (Fuel Adjustment
Clause) Ft
1999 Baht/kWh
MEA PEA
2.39 Baht/kWh 1.98 Baht/kWh

2.23 1.94
2.07 2.00
- 1.59
2.21 1.99
2000 1
15.19 Baht/L
16.19
13.19
A 7.80
C 7.20




2001 11

US$ = ¥120

0.037 0.039 US$/kWh 4 5 ¥/kWh
0.03 0.07 US$/kWh 4 8 ¥/kWh

0.10 US$/ 12 ¥/

0.18 US$/ 22¥¢/

0.30US$/L 36 ¥/L
2002 3
ASEAN

2 10

20 8 3

ASEAN
t/y-100%NaOH

Brunei Darussalam
Cambodia
Indonesia 634700
Lao PDR
Malaysia 85300
Myanmar
Philippines 33000
Singapore 65000
Thailand 471800
Vietnam 92500

435 t/y (2002) |
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ACE Bangkok
ACE Bangkok Rayong
Bangkok 180 2
1 2
Rayong Bangkok 180km
170 150
Factory Manager
| SO/Safety Dept.
Administration Production 1 Production 2 Maintenance
Warehouse Utility Caustic Soda Caustic Soda By product plant Electrical/ Mechanical
Plant No.1 Plant No.2 (99.99% NaOH) Instrument Dept.
Dept.
1995 1996
1998



NaOH 24 349 7/

20
15014001 2004 1509001
20
Rayong Bangkok 180km
Manager 21

4 325 /y
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Engineers (2)

Day Operator (2)
Shift Supervisor Shift Supervisor Shift Supervisor Shift Supervisor
Operator (3) Operator (3) Operator (3) Operator (3)
1990
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2003 11 25 14

kA (V)
Monopolar 154 206 60
Bipolar No.1 12.1 497 2 Units (75 Cell/Unit)
Bipolar No.2 12.1 495 2 Units (75 Cell/Unit)
Bipolar No.3 12.1 483 2 Units (75 Cell/Unit)
Cell Voltage)
Monopolar 3.43V
Bipolar No.1 3.31v
Bipolar No.2 3.30V
Bipolar No.3 3.22V
DC kWh/t-100%NaOH
Monopolar 2419 (96492x 3.43/3600/40/0.95x 1000 = 2419)
Bipolar No.1 2335 (96492x 3.31/3600/40/0.95x 1000 = 2335)
Bipolar No.2 2328 (96492x 3.30/3600/40/0.95% 1000 = 2328)
Bipolar No.3 2271 (96492x 3.22/3600/40/0.95%x 1000 = 2271)
Faraday 96492 (A sec/mol)
NaOH 1mol 40 g/mol
95%
2003 11 25 14

19




3.52t/h
NaOH 7.5m%h

0.626t-Steam/t-NaOH

(3.52t-Steam/h)/(7.5m3/h)/(1.5t/m?)/0.5 = 0.626t-Steam/t-NaOH
50 NaOH 1.5t/m?

2003 11 27 13

kKA (V)
Monopolar 80 108 (107~109) 29
Cell Voltage =
3.72V(Ave.)
102v
Cell Voltage)
Monopolar 3.72V

DC kWh/t-100%NaOH
Monopolar 2652 (96492x 3.72/3600/40/0.94% 1000= 2652)

Faraday 96492(A sec/mol)
NaOH 1mol X 40 g/mol
94%

2003 11 25 14

1.80t/h
NaOH 3.2m¥h  (2.4~4.0m%h)

0.750t-Steam/t-NaOH

(1.80t-Steam/h)/(3.2m3/h)/(1.5t/m?)/0.5 = 0.750t-Steam/t-NaOH
50 NaOH 1.5t/m?
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National Petrochemical Co., Ltd.
On peak 2.6B/kWh Off peak 1.1B/kWh
Ave. 2.1B/kWh
Demand Charge 74B/kWh
1.9B/kWh ( )

635B/t
De-mineralized Water:

N-Gas

100
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Flow Sheet (lon Exchange Membrane Method)

Cooling Water

NaOH Solution

Na2CO3 Solution
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Filter
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Wom B (M)

325 35 50
325 -50
[(100-32.5)/32.5-(100-50)/50]/1.6 = 0.67 (t-steam/t-100% NaOH)
35 _50

[(100-35)/35-(100-50)/50]/1.6 = 0.54 (t-steam/t-100% NaOH)

10%
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Recent Trend of Utility Consumption
- Annual Utility Consumption

600,000
500,000
400,000
300,000
200,000
100,000

0

[ Steam (t)

B Elec. (MWh)
[ ] Well Water (t)

[ City Water (t)
B N.G (x [LONm?3)

Il

— NaOH Product (t)

2001 2002 2003 (1-10)
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- Daily Utility Consumption (Oct. 2003)
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—4— Steam (t/d)

Unit Energy Consumption

Year 2001 2002 | 2003 | "03/11/25
Item (1—10) | spot data
Electricity | MWh/t-100%NaOH  2.233 2433 | 2117 2.384
Steam t/t-1000%NaOH |  0.731 0.680 | 0.632 0.625
Catholyte t-50%NaOH 208,707 | 265,819 | 238,964 416
Product NaOH| _t-100%NaOH 99,136 | 86,391 | 77,663 5.63
Steam t 72510 | 58,783 | 49,098 3.52
Electricity MWh 232,997 | 323,389 | 252,939 49.6
25 | Electricity
5 (MWh/t-100%NaOH)
15 ,Steam (t/t-100%NaOH)
1
0.5
0

2001 2002 2003 '03/11/25




Recent Trend of Production

Item 2001 2002 2003(1-10)
Caustic Soda (t-50%NaOH/y) | 54,000 55,000 46,000
Gas Chlorine (tly) 23,000 22,000 11,000
60,000 .
Caustic Soda
50,000 x
tly
40,000
30,000
20,000 .
x~ Gas Chlorine
10,000

0

2001 2002

2003 (1-10)

Recent Trend of Utility Consumption
- Annual Utility Consumption

80,000

70,000

60,000

50,000

[l Steam

(t)

B Elec. (

MWh)

40,000

— NaOH

Product (t)

30,000

20,000
10,000

0
2001

2002

2003 (1-10)




- Monthly Utility Consumption (2003, 1-10)

8,000
O -
6,000
\ / -~ Elec.
5,000 \ / (MWh/m)
4,000 \é - Steam (t/m)
3,000
2,000
0 | | | | | | | | |
1 2 3 4 5 6 7 8 9 10
—_—> Month
- Unit Energy Consumption
2001 2002 2003 | ‘03/11/27
ltems (1—10) |spot data
Electricity MWh/t-100%NaOH 2.558 2.543 2.654 2.652
Steam t/t-100%NaOH 0.936 0.849 0.859 0.750
Catholyte t-50%NaOH 54,000 55,000 | 46,000 6.51
Product NaOH t-100%NaOH 31,000 32,000 28,000 2.4
Steam ly 14,502 13577 | 12,027 3.52
Electricity MWh /y 69,069 69,923 | 61,045 8.64
3 Electricity
25 (MWh/t100%NaOH)
2 Steam
1.5 /(t/t—lOO%NaOH)
1 ¥
0.5
0

2001

2002

2003

'03/11/27




Benchmark / Guideline
at Caustic Soda Industry

Contents

1. Composition of Variable Cost

2. Benchmark for Caustic Soda Industry
3. Check Items for Plant Operation and
Maintenance Examples in Japan)

January, 2004
The Energy Conservation Center, Japan

éa ECCJ
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1. Composition of Variable Cost

L

(. J
Y

B Electrolysis ~

H Salt
L1 Elec. of others >
[]

Steam )

B Chemicals

BTechnical fee
for electrode

B Pure Water

Target for cost reduction!

2

94%



Composition of Energy Consumption

Other Electricity:




2. Benchmark for Caustic Soda Industry (1/2)

Electrolysis
Monopolar cell (Current Efficiency: 0.95)
Current density 3 4.5 (kA/m?)
Cell voltage =3.2 3.5 (V)
Unit consumption =2.260 2.470 (DC-MWh/t)
Bipolar cell ( Current Efficiency: 0.95)
Current density =4 6 (kA/m?)
Cell voltage =3.2 3.5 (V)
Unit consumption = 2.260 2.470 (DC-MWh/t)

@ ECCJ



1) Monopolar cell

Current density vs Cell voltage

4.0

3.8
Cell 36 O

voltage ;4

(V) 3.2
3.0
2.8
2.6
2.4

)
EHEI O : Shift run

- Flat run

0 ! 2 3 4 5 6
Current density (KA/m?)

Current density  Cell voltage  Unit consumption
(DC-kWh/t-NaOH, C; ; 0.95)

Example: 2.1kA/m? 3.0V 2,116, 4.2kA/m? 3.5V 2,468

ég ECCJ



2) Bipolar cell
Current density vs Cell voltage
O : Shift run

4.0 — -
- . Flat run
Cell 3.6
Voltage 34
(V) 3.2
3.0
2.8
2.6
2.4

L

Current Density (kA/m?)

Current density  Cell voltage  Unit consumption
(DC-kWh/t-NaOH,C_ ;0.95)

Example: 2.1kA/m? 2.9V 2,045, 4.2kKA/m? 3.2V 2,257

é} ECCJ



Electrolyzer:

Cell Voltage == Electricity Unit Consumption
Electricity Unit Consumption

= [Electric Power Consumption] /[Product Volume of NaOH]
= [(Electrolysis Current (kA))x (C.V.)/ (R. Eff.]/
[(Electrolysis Current (kA)) / (96492 (Coulomb/F))

X (3600 (s/h))x (40 g-NaOH/mol))x (C. Eff.)]
= 0.670x C.V.)/(C. Eff.)/(R. Eff.) (AC- MWh/t- NaOH)

| =0.74 x C.V.) (AC- MWh/t- NaOH) |

| =0.71x C.V.) (DC-MWh/t- NaOH) |

Here, C.V.: Cell Voltage (v)
C. Eff.: Current Efficiency (-) = 0.95

% ECCJ R. Eff.. Rectifier Efficiency (-) = 0.95 (AC), 1.0 (DC)
7



Benchmark for Caustic Soda Industry
(2/2)

Steam at evaporator
Double Effect Evaporator

(Steam condensate is not used at other plants.)

Unit consumption:
Catholyte NaOH conc. =325 35 (wt.%)
Product NaOH conc. = 50 (wt.%)
6 0.8 (t-steam/t- 100%NaOH)



3. Check Items for Plant Operation
and Maintenance Examples in Japan)

1) Operation conditions and factors
2) Feeding brine specification
3) Check items for plant operation
Brine refinement & Electrolyzer
4) Check action after maintenance
5) Grasp method of change at Electrolyzer
by the day
6) Recoating cycle of cathode & anode

QD ECCJ



Hydrochloric Acid Depleted \ Too low pH + > Conversionto H Abnormity of
Over addition / ,I brine pH from Na in carvone cell voltage
High density base of Membrane
> 02/Cl: conc.\
Under addition /
Low density
Brine supply
Brine supply stop / > NaCl / NaOH ﬁ
Circulation fluid flow or stop
Under feeding / > Depleted \ —— P Permeate f O:2/Cl2 conc.
Lowing of NaCl brine conc. flow rate B f
density
Clz conc. \
Higher > Temperature § > Membrane A |Efficiency _!»EI;-’
temperature f swelling > 7Y \
Depleted brai
C
Over feeding / > pH f’
Raising of NaCl > Depleted ————Jpp» Permeate .
density brine conc. f flow rate \ L) Depleted brai’
CLO
Lower »Temperature \ § > Membrane
temperature shrinkage
Impurities > Ca, Mg 5 Note:
accumulation . Factor
Purified water v v | variation
Under feeding > NaOH conc. f »Cell voltage ﬁ
: Membrane
condition
\ 4 : Result
Over feeding > NaOH conc. \ V» Cell voltage \
|: Phenomenon

€0 Ecc) 10



2) Feeding Brine Specification

ltem Unit Standard ltem Unit Standard
Value Value
NacCl g/L {300 310[A| ppm 0.1
Na,SO, | 9/L |[<5 SiO, ppm | 5
NaClO, | g/L |<20 Fe ppm | 0.2
Ca+ Mg |ppb |<20 NI ppm |<0.01
as Ca
Sr ppm |<0.06 TOC ppm |<10
Ba ppm |<0.5 | lodine)|pPpm |<0.2
Hg PpmM | <15

Source ; Chlorine Engineers Corp,,Ltd

11




3) Check Items for Plant Operation

Brine Refinement & Electrolyzer)

Analysis Continuous data
Feed Brine NaClO, |>Once/d |Electrolyzer
(individual
NaCl |>Once/d |Na,SO, |>Once/d |Cell Volt
Ca |Continuously |Catholyte Cell Temp.

Mg > Once/d |NaOH|Continuously | Brine Flow rate
Na,SO,|>Once/d |NaCl |Continuously [NaOH Recircula-
tion Flow

NaClO,|> Once/w [Electrolyzer ndividual
Depleted Brine [NaOH > Oncelw
NaCl |>Once/d |NaCl/ > Once/w

NaOH
F-Cl, [>Once/d |ClI, > Oncel/w

ég ECCJ

12




4) Check and Action after Maintenance

Assembling Air tightness test Tierod & bus bar for
completion at 0.2kg/cm?G, =P cell main body

To check the should be tightening.

leakage from gasket

Electrolyzer
START

v

Catholyte & =
i conc.
depleted brine Cl, conc. Check 2

over-flow check, f=p» 5 ==p| & Cell volt
Cell temperature (97%up) check

check (70 up) Once again *

tightening
€0 ecay

Normal operation

13



5) Grasp Method of Change

at Electrolyzer by the day

Prepare the data table for following factors by
once a week, and make plans for the
maintenance.

Cl, concentration

Cell voltage

Cell temperature

Cell life (Progress number of days)
Kind of membrane

Maintenance record

14



6) Recoating Cycle of Cathode & Anode

Cathode:
Electric Potential measurement
(Electrode maker)

Give the instructions by the result
(User)

Anode:
Recoating : 1 times/life
Usual life: Standard type = 10 years
Long life type = 15 years
@) eccs > All renewal

15
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(ASEAN Center for Energy)

Energy Market Authority
2003 12 1 2004

Super Cofeemix Manufacturing Ltd. ( )

a. Energy Market Authority (EMA)

Mr. Abdul Rashid B Ibrahim Deputy Executive Director

Mr. Zulkarnain B H Umar Engineer, Consumer Education
Ms. Latha Ganesh Executive Engineer

Mr. Melvin Tom Engineer, Consumer Education

b. National Environment Agency (NEA)
Mr. Pang Hian Kiat Eddie Engineer, Resource Conservation
Mr. Andy Wong
c. Industrial Committee of Energy Efficiency
Mr. Vincent Low Loke Kiong (Super Solution Pte Ltd)
Mr. Yeo Chee Kiong (Precision O&C)



Mr. Colon koh (Precision O&C)
Mr. Francis Plang (Precision O&C)
Mr. Leow kok Chong (Honeywell Pte Ltd.)

Plant Manager

Mr. Muhamad Muhtazam Noor Din Technical Assistant

Mr. William ONG General Manager

Mr. Dan Khoo Yew Meng Technical Manager

ASEAN ASEAN Center for Energy ACE

Mr. Christopher Zamora

ECCJ

Republic of Singapore
682.3km? 23 617km?
413.1 1

1959
1963
1965 8 9

1965 8 9

84 5

1 PAP

90

11



31
90
PAP

2007

2000 11

75
2007

ASEAN

ASEAN

2001 11
84 82 75.29
PAP
0 11 31
PAP
84 82

ASEAN+3 ARF APEC ASEAN

WTO
NZ EFTA
FTA
EU



1999 2000 2001 2002
GDP S 137935 157000 152066 155727
GNP usS 20598 22769 20544 20887
6.9 10.3 -2.0 2.2
0.0 1.3 1.0 -0.4
4.6 4.4 3.4 5.2
S 25737 22894 28914 33490
1 S 68 2002 7
1
S

2000 2001 2002

39955 28794 26080

17949 16712 15990

1965
9% 1 OECD
97 98
GDP 85 -0.9%
99 6.4 2000 9.4
2001
-11.5 GDP
-2.4
2002 1 2

5 3.9




2003
3 5
-4.2%
2003
1999 1
2001 12

2002

2010

21

2005

2.2
2 5

2000

Economic Review Committee : ERC

0.2

SARS
2003 2
0 1%
1.0%
21
2003 2
2
5
7
2003



70

1
1000toe
2000 2001
64 24591 64 29158
23344 25088
1183 4007
5088 14305 6612 18553
6177 7409
3040 4532
93 4001 89 3962
2895 2888
1013 985
2414 4388 2413 4559
1949 2120
25 26
3 1898 3 2084
813 990
546 555
536 536

(

IEA 2003 Edition, Energy Balances of

Non-OECD Countries, 2000-2001)




Super Coffeemix Manufacturing Ltd.

640
24h/d  5.5d/w ( 7
2003
ML
Sweeten Condensed Milk 1750000ctns 25.7
Evaporated Milk 1500000ctns 29.5
Vitagen Cultured Milk Drink 1800000hottles 0.23
Cup Yogurt 7200000cups 1.1
Juices — 5.0
Pasteurized Milk — 15.0
Jelly & Pudding 2200000cups 0.26
2003
S$
9800000kWh 0.122
3200000L 0.406
LPG 7000kg 15




2 Senoko South Road

Cereal
95
h/d d/w
6
Million Sachets (kWh)
2003 55.0 286391
55.0 282647
60.0 282987
10 56.0 288740
(Sachets )




ASEAN
ASEAN

ACE

Energy Market Authority 2

Plant Manager

ECCJ



40

Sweeten Condensed Milk
200000L/d
(110Bar 60Hp)
« ) « ) 350CPM

Evaporated Milk
145000L/d
(250bar 100Hp)

245CPM
Pasteurized Milk
134400L/d
(75Hp)
6000L/h (50Hp)
12000Lx 5700L/hx

10



10Barsx 188

UK @4.5t/h 1997/2002
Singapore @2.27t/h 1988/1989
30-70 2002
8.43kg/cm?
(KAESAR) @50HP  5.95m*/min
(IR ML) @25HP

(MYCON) ~ 75KW
(MYCON) ~ @55KW
(MYCON) ~ 45KW

Vitagen @35m*/h  7.5HP
Juice @60m3/h  15HP
Mi Ik @40m*/h  10HP
1 1200000kcal as Ice (15 )
1 800000kcal as Ice (10 )
20
@2.0MVA > 96%
S$
OkW 7.3 10.99
(Bkwh)
23:00 7:00 0.07250+0.0015
7:00 23:00 0.09590+0.0142
2.5% 4.0%

11



b. 2 2.25%/m?

(@]

Vitagen Cultured Milk Drink
9:00 11:00

-0.6,-0.5,1.0,1.0

HACCP

e. Sweeten Condensed Milk

4,200L/ 2.0 2.9inHg
700 1000kg/h

130
90
LPG 149
f. Evaporated Milk
FMC 125kg/h
g-
Sweeten Condensed Milk Evaporated Milk
(
« D

a.

12



6.0kg/cm?

®125HP 1

50HP

30HP

1
d.
20 55  65%RH
@ 30kw
0] 30kw 1

e.

@40HPx  Comp.
f.

@2 .0MVA = 99%
a. S$

Okw 7.33 10.99
(@kwh)
23:00 7:00 0.06960+0.00150
7:00 23:00 0.09810+0.01420
3.5% 4.0%
1
2003 12
12 ()
EMA  NEA ACE ECCJ 16

12

13



12
12

12

2004

Super Coffeemix Manufacturing Ltd. SCM

EMA  NEA ACE ECCJ

SCM

EMA

EMA  NEA
ECCJ 10

14

12

ACE



2002 3070
740008$ 1.5 )

Cochran Boiler
10,0001b/h

%@@@

Mech Mal —
Boiler
5,0000b/h

Cochran Boiler
10,0001b/h

mHviT‘c'm

Mech Mal
- Boiler b
5,0000b/h

a. 4.54t/hx 10barx

Cochran Boiler 1997/2002 UK
b. 2.27t/hx 10barx
Mech Mal Boiler 1988/1989 SG

Bar

15



in 200A 460ft 140.2m
in 150A 211ft 64.3m
in 100A 277ft 84.4m
in 80A 242ft 73.8m
2
o
!
> >
> >
1
|
1 |
FNC
L
SCM
>
EVAP
(m/s) kg/h ( 9kg/cm’ 0.1943m°/kg)
@ 10 15 20 25 30
200 6094 9142 12189 15236 18283
150 3503 5255 7007 8758 10510
100 1613 2419 3225 4032 4838
80 947 1421 1894 2368 2842
50 407 611 814 1018 1221
40 252 378 503 629 755
25 111 166 222 277 332

16




)

Sweeten Condensed Milk

/d 1
=4200L/

1
20in  250mmHg
23in  175mmHg

27inHg 50 75mmHg
4200L 16

x 16 /dx 2 =134000L/d

27in 50 75mmHg

17



Sweeten Condensed Milk Evaporated Milk

i}

i}

i}

il
m

ICE BANK

18




Vitagen 1 \ _ | Vitagen+Yogurt

Vitagen

—_— Juice

>
No
>
No
BUCO
}{ Juice (%.1 ‘{ > Juice
Y [ )

>

No

o>

No

-\ Milk 1 . Milk
ICE BANK ;
Milk No.2

a. 75kwW MYCON

b. 55kw MYCON

c. 45kW MYCON

a b.
24
a. 1200000kcal as Ice (15 ) 1 BUCO
b. 800000kcal as Ice (10 ) 1 Ice Bank
Milk Vitagen Juice

a.Vitagen (level3) @ 35m/h 7.5HP 7.0

b. Juice (level3) @ 60m/h 15HP 5.0 10

c.Milk (levelb) @ 40m/h 10HP 5.0 10

19



8.44kg/cm?

a. S0HP
b. 25HP

5.95m*/min Kaesar

IR ML

/ AN
e D

a. 2.0MVA

Kaesar 50HP

Kaesar 50HP

Kaesar 50HP

Kaesar 50HP

IR ML 25HP

IR ML 25HP <
IR ML 25HP <

N

-

9800000kWh
850000kWh
1650kW
1736kw
96%

Sl

2003 10

20

No.2



20 55  65%RH 10

300A 400V = 208kw 2
90A 400V = 62.3kw 1
54000CVH 30kW
210000kcal/h
| "
© i t é © i
=2 [Sbss]
30KIx 2) 30Kix 2)
g g
2set 1 ) 3set 2 1
a.
b.
40HPx  Comp.

21



o 2

8.3kg/cm? 7.6kg/m®
(15 )
180A 400V = 125kWw
140A 400V = 97kw
125HP
50HP
30HP
2.5m
125HP
125HP
2.5m3
50HP
30HP
400w Switch
2003 10
289000kWh

22

125HP



850kw

T49KkW

88%

52%
2.0MVA

23



1SO9002

10kg/cm? 6kg/cm?

Sweeten Condensed Milk 700 1000kg/h

24



20

100

25



Sweeten Condensed Milk Evaporated Milk

h/d

Vitagen (level 3) Juice (level 3) Milk (level 5)
Vitagen (level 3)

30

26



2003 10

1736kW+ 0.96 = 1808kVA MVA
96%
1 125HP 1
30HP-50HP-50HP
50HP 1 125HP
2003 10
749kW+ 0.88=851KVA MVA
851kVA+ + MVA=0.21 21%

27



96 97% 40%

88%

28



kg/cm?
kg/cm?
kg/cm?

10kg/cm? 477.2kcal/kg
kg/cm? 484.5kcall/kg
1300000S$
1300000S$x  -477.2kcallkg+ 484.5kcallkg = 19600S$/y

85%
9200kcal/L
0.406S$/L
2.2S$/m* 0.0022S$/L
6552hrly

10kg/cm? 477.2kcal/kg
40827kcal/hr

80A 100A 150A 200A
Pipe | Valve | Flange| Pipe | Valve | Flange| Pipe | Valve | Flange| Pipe | Valve | Flange

Piping Size Unit

Heat Loss from

Bare portion kcal/hr.m| 650 | 813 273 | 850 | 1080 332 | ####] 1950 585 | #### | 2856 748
Thickness of
Insulation mm 50 50 50 | 50 50 50 | 50 50 50 | 50 50 50
Heat Loss after
Insulation kcal/hr.m| 65 81 27 | 85| 108 33 | 130 | 195 59 | 170 | 286 75
Reduced Heat Loss | kcal/hr.m| 585 | 731 246 | 765 | 972 298 | ####| 1755 527 | ##H#| 2570 673
Length of Piping ft 242 460 211 460
74 140 64 140
Number of Valve
and Flange 2 7 5 14 2 6 5 14
Total Heat Loss kcal/hr 1793 | 1808 4529 | 4172 3752 | 3377 #9414
40827
——
Assumption; Enthalpy of 10kg team 478 kcal/kg
Number of Valves 1 Valve for each 30 m of Piping Total Steam Loss 85 kg/hr

Number of Flange 1 pair Flange for each 10 m of Piping

29



= 40827kcal/hr+ (9200kcal/Lx 85%)x 6552hr/yx 0.406S$/L

= 13900S$/y
= 40827kcal/hr+ 477.2kacl/Lx 6552hr/yx 0.0022S$/L
= 1230S$ly
70 70kcal/kg
10kg/cm3 634kcal/kg

= 0.406S$/L+ (9200kcal/Lx 85%=
(634kcallkg -70kcal/kg)) 0.0022S$/kg
= 0.0315S$/kg

o o o = = = = == ———— === = - -

22kW

30kW

15 40 55.32mmHg
900kg/hr

30




15 1

300kg/hr 20
17.54mmHg
60
563.3kcal/kg
1.0kcal/kg
4,200L
60 Xeol
40 Xao L
Xeo -Xqo X% 563.3kcallkg = X,0x 60 -40 x 1.0kcal/kg A
X4-4200L x 563.3kcal/kg = 4200Lx 40 -20 x 1.0kcal/kg B
A B XGO X40

Xeo= 4503L X, = 4349L
= Xgo - Xao= 4503L - 4349L = 154L
191.6m?

5.0m?
= 191.6m® + 5.0m®* =+ 15minx In 760mmHg+ 55.32mmHg x
60min/h
= 2008m3/h

22kW
30kw
9300 143000S$

0.0315S%/kg

6552hrly 273dly

32 d
= 900kg/h-300kg/h x 15/60hx 32 /dx 273dly
= 1310400kgly

= 1310400kg/yx 0.0315S$/kg = 41277.6S$ly

31



0.122S$/kWh
= 22kW+30kW x 15/60hx 32 /dx 273dly

= 113568kWh
= 113568kWh/yx 0.122S$/kWh = 13855.3S$/y
41277.6S$ly - 13855.3S$ly = 27422.3 S$ly

kw  7.5kwW kw
60

Pac

B
D<)+
P

Pump )
Performance  Courve

// Power RPM3 '

TP (Pressure)

=
o

(Water Volume %)

1085—

32



60% 90
60% 30
= kW+7.5kW+11kW x 90 -30 x 6552h/y
= 92383.2kWhly
= 92383.2kWh/yx 0.122S$/kWh = 11270.8S$/y

350
750
200
1300 = 20000S$
MVAX
1808kVA+= + MVA=0.45 45 97 98%
40% 1
35%
9800000kWhly
96%
0.122S$/kWh
= 9800000kWh/y+ 96%x = 102083kWh/y
= 102083kWh fyx 0.122S$/KWh = 12454S$/y
2003 10

= 147386S$x 12 = 17686.32S$/ly

2500m? 6.7m 16,750m?

33



720m?
4.5m
=720m?x 4.5m = 3240m?

260 /d

=260 x /d = 2080h/y

=365 x 24 /d-2080h = 7045h/y
70

208KWx 2080h/y+104kWx 7045h/y x 70 =815724kWhly
815724kWh/yx 3240m*+ 16750m°=157788kWh fy
= 815724kWhly-157788kWh/y = 657936kWhly

50%
= 657936kWh/yx 50% = 328968kWh/y
= 328968kWh/yx 0.122S$/kWh = 40134S$ly

VAV

34



2]

-
e,

30HP-50HP-50HP

O‘vxj: G*vxj: G\/\/\
| | Vs
A B C
749kW-=+ 0.88 = 851kVA 20
285000kWh 88
= 285000kWhx 12 /y+ 88%x = 38864kWh/y

= 38864kWh/yx 0.122S$/kWh = 4941S$/y

99%
88%

35



19600S$/y

15130S$/y

27422S$ly 143000S$

11270S$ly 20000S$

12454S$ly

17686S$ly

103562S$/y

40134S$ly

4941S$ly

36




Sweeten Condensed Milk

350cpm

Sweeten Condensed Milk

37



Evaporated Milk

No2
Nol

Nol No2 No3

250cpm

Evaporated Milk

Pasteurized Milk

~

4

Nol Nql Ng2 N@3
No2

Pasteurized Milk

fwl_
Bk

\V,

38
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Check Items
at
Factory Energy Audit

The Energy Conservation Center, Japan




ltems to be Checked for Factory Enerqy Audits

1. General Management (1/2)

1. Energy management

« Organization setup and personnel training

» Consistency with environmental management

* Energy conservation targets and investment budget
» Mid-and-long term planning

» Use of public preferential system

 State of energy conservation implementation

2. State of measuring
and recording

- State of installation and use of measuring instruments
 State of maintenance and checks for measuring instruments
* Implementation of periodic measurements and recording

3. Maintenance and
management of
equipment

» Periodic and daily checks
* Repairing leaks (water, air and steam)

* Thermal Insulation
 Equipment cleaning (filters, strainers)

4. Energy consumption
management

- State of daily record keeping

 Daily consumption volume and daily load curve

* Monthly consumption volume and year- on- year comparative
graphs

e:g ECCJ




1. General Management (2/2)

5. Managing major
products by energy
intensity

« Energy intensity against shipping value
* Energy intensity against production volume

6. Environment related
management

* Prevention measures against global warming

State of reduction measures against CO, emission
« Utilization state of the energy conservation, recycle support
law (energy conservation measures, promotion using recycle
resources, measures against ozone layer destruction:
introduction of freon-free type equipment, etc.) - presence of
project application, projected time
» Using state of “LCA” (Life Cycle Assessment)
(procurement - production - use - disposal/recycle)
*Disposal of wastes: measures for volume reduction,
segmentation, resource recycling
» Waste water treatment
« LCA: Evaluation of effect on environment in an overall flow
(materials procurement, production, uses, disposal and
recycle)

7. Process
improvement

« Operation improvement
e Line reviews
» Use of continuous production, higher efficiency, etc.
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2. Air Conditioning and Cooling Systems (1/2)

1. Operation
management

» Optimization of setting temperature and moisture

* Reduction in intake of outside air

* Management of unit numbers in operation of heat source
equipment

* Change in temperature setting at cold water outlet

* Operation on schedule

« State of shutoff of outside air inflow and ventilation

» Radiation heat insulation for high temperature equipment

2. Energy conservation
measures

« Enhancement of building insulation, shield against insolation
» Use of outside air

* Recovery of exhaust heat, heat pumps

* Revolution control (VAV etc.)

» Local cleaning, local exhaust ventilation

* Reduction in air-conditioning volume

» Use of ice thermal storage system




2. Air Conditioning and Cooling Systems (2/2)

3. Operation
management for
cooling equipment

« Operating power of refrigerators
* Inlet/outlet pressures of refrigerant
* Inlet/outlet temperature and pressure of water

4. Operation
management for
auxiliary equipment

« Operating power of cooling towers

« Water quality control (Electric conductivity)

 Pump operation power (water volume, lifting range)
« Higher efficiency

5. Cold
insulation/freezing
equipment

« In/out control
e Thermal insulation control
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3. Pumps, fans, compressors, co-generations, etc.

1. Operation
management for
pumps and fans

- State of valve opening/closing

* Route modification (piping and ducts)

* Flow-rate and operating pressure

» Design margin check

« Control of revolution and number of units in operation

2. Operation
management for
compressor systems

« Type review (screw/reciprocal/ blower)

» Capacity and model matching

* Reducing discharge pressure and final working pressure
* Dividing high/low pressure lines

 Ventilating systems and surrounding temperature
* Review of piping size and route

* Air receiver installation

 Number control of units in operation

» Capacity optimization control

» Countermeasures to leakage

» Use of waste heat




4. Boilers, Industrial Furnaces, Steam Systems,

Heat Exchangers, Waste Heat, Waste Water, etc. (1/2)

. Managing
boiler/furnace
combustion

« Managing air ratio and exhaust gas

* Burner, fuel and draft systems

« Automatic combustion control system
* Regenerative combustion system

» Fuel conversion

. Boiler/Furnace
operation & efficiency
management

» Load factor & state of starting/stopping

» Controlling number of units in operation

» Heat efficiency, heat balance, heat distribution
» Water quality and blow management

. Boiler/Furnace
insulation and radiating
heat prevention

« Furnace wall and duct temperature
 Insulation and insulation materials (thermal storage loss)
» Seals on openings and furnace internal pressure

. Boiler/Furnace exhaust
gas temperature
management and
waste heat recovery

« Exhaust gas temperature
» Heat recovery (Feed water and air pre-heat)
« Exhaust gas circulation

. Operation
management for
steam

« Dryness and carry-over
» System setting in steam pressure and temperature
« Steam flow-rate

{9 ECCJ




4. Boilers, Industrial Furnaces, Steam Systems,
Heat Exchangers, Waste Heat, Waste Water, etc. (2/2)

6. Managing steam leaks
and thermal insulation

 Piping system, tanks, etc.
* Load side equipment

7. Optimizing steam
piping systems

* Route and piping size
* Eliminating unneeded pipes
* Integrating multiple steam lines

8. Load leveling in steam
system

« Accumulator installation
* Modification from steam ejector to vacuum pump
* Measures for load side

9. Recovery and use
of steam drainage

» Steam pressure recovery (back pressure turbine)
» Steam trap management
» Drainage recovery point and system

10. Operation management
for heat exchangers

* Model adequacy

* Adequacy of use and heating medium

« State of system maintenance (fouling and pressure loss)
 Temperature of heating medium and materials heated

11. Reducing waste heat
and waste water

* Recovery heat from hot water

» Streamlining waste air ducts

«Circulating cooling water for reuse
 Managing impurity concentration in water
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5. Power Receiving/Transforming Equipment, Motors, Lighting
and Electric Heating Systems (1/2)

1. Power receiving  Managing demand, load factor and power factor

» Charges management (contracted power)

» Use of nighttime power

2. Substation facilities » Transformer capacity and voltage
management  Demand factor and load adjustment
* Unneeded loads shutoff
3. Motor capacity and * Equipment capacity, voltage, number of units in use
operation management | *Revolution control
* Non-load operation stop
4. Operation management » Use of high efficiency lamps and fixtures
of lighting systems » Use of automatic flashing and localized lighting

 Light installation location and divided circuitry

* Proper illumination management

» Turn off lights when unnecessary and use daylight
» Cleaning or changing lighting fixtures

5. Operation management * Improvements in supply voltage and power factor
of electric heating » Material preheating at product in/out

» Temperature and heating management
 Insulation management

* Load factor improvement

« Continuous operation

* Reuse of exhaust heat

systems
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5. Power Receiving/Transforming Equipment, Motors, Lighting
and Electric Heating Systems (2/2)

6. Load leveling
measures

* Reviewing operating pattern (operating time, operation rate,
load factor, etc.)

» Adaptation with proper equipment (accumulator, absorbing
type cold/hot water equipment)

7. Electric power
adjusting contracts,
etc.

« Charges management (use of nighttime electricity)
- Heat storing contract
- Contracts in accordance with seasons and time zones
- Peak time adjusting contract

8. Co-generation
introducing plans

* Equipment type, capacity, fuels

» Seasonal load fluctuation

» Using rate, heat/electricity ratio

» Checks, spare powers, measures against pollution

9. New energies etc.

 Fuel cell
* Photovoltaic generation
e Solar heat

{9 ECCJ
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Summary of Main Findings of
“Walk Through” Audit

Energy management

. To establish good energy management

. To use of monitoring and targeting methodology
Steam System

. To strengthen insulation on piping and valves

. To stop steam leakage

. To reduce steam pressure

. To study the use of waste condensate

. To check and maintain steam traps

Power Receiving and Transformer

. To check power factor and load of transformer

. To record and check the power consumption
Fans and Pumps

. To study on adoption of inverters for Fans and Pumps
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Summary of Main Findings of
“Walk Through” Audit

Refrigeration
« To study of enhanced utilization of ice storage
e Toreexamine the set temperature of cold room

Compressed air

e To check air leakage

Lighting

. To study the appropriate luminance at the
separated zone

{9 ECCJ



Voluntary Action Plans for EE&C of
Japan Dairy Products Association

Type of
business

Target for battle against
global warming

Countermeasures

Dairy
products

[Japan Dairy
Products
Association]

Energy intensity should
be cut down 0.5% of 1997
per annual rate of 5 years
average between 1998
and 2002,

and 1.0% of 1997 shall be
cut down from 2003 to
2010.

(Actual achievement

was +1.3% in 1998.)

1. Regroup / integration of dairy
factories beyond individual corporate
frameworks, regroup of transportation
method of milk and dairy products

2. Introduction of energy saving
equipment like boiler/co-generation,
saving of energy in refrigerator,
de-CFC

3. Reduction of product defective
fraction and product scrap, etc. by
guality and distribution management

4. Review of frequency and a small

amount of deliveries

etc.




Energy Intensity of Food Processing

Factories (1/2)

Type of industry

Beer brewing

Do

Plant name Unit All over plant Kobe plant
Fiscal year 1,999 2,000 2,001 1,999 2,000 2,001
Production klly 2,857,000  2,737,000. 2,580,000
Electricity consumption: mwh/y 410,000 386,000 359,000
Fuel consumption mlly 117,000 107,000 101,000
Steam consumption
Electricity intensity kWh/kl 143 141 139 113 100 95
Fuel intensity I/l 41.1 39.1 39.2
Steam intensity t/kl 0.26 0.26 0.26
Type of industry Beverage (Soft drink)
Plant name Unit Kashiwa plant Akashi plant
Fiscal year 2,000 2,001 2,002 2,000 2,001 2,002
Production klly 117,607 118,725 104,183 229,234 217,497 207,667
Electricity consumption: kwh/y  1,785611: 1,901,395: 1,913,723 5495589; 5,734,760. 5,708,868
Fuel consumption Ily 2,293,136: 2,442,520: 2,643,038 5,414,044: 5,876,083: 5,295,269
Steam consumption
Electricity intensity kWh/kl 15.18 16.02 18.37 23.97 26.37 27.49
Fuel intensity I/KI 19.50 20.57 25.37 23.62 27.02 25.50
Steam intensity
5




Energy Intensity of Food Processing

Factories (2/2)

Do

Type-of-tndustry Dairy-products
Plant name Unit . Sapporo | Atsugi Noda Nagoya : Fukuoka iYokohama
Fiscal year 2,000 2,000 2,000 2,000 2,000 2,000
Production tly 74,451 81,279 74,829 70,791 60,559 24,203
Electricity consumption mwh/y 10,993 20,814 14,974 13,253 13,308 10,418
Fuel consumption klly 2,490 3,297 1,307 1,620 1,545 1,057
Steam consumption
Electricity intensity kWh/t 147.7 256.1 200.1 187.2 219.8 430.4
Fuel intensity I/tn 33.44 40.56 17.47 22.88 25.51 43.67
Steam intensity
Type of industry Meat processing
Plant name Unit All over plant
Fiscal year 2,000 2,001 2,002
Production tly 132,000 135,000 149,000
Electricity consumption: mwh/y 157,081 154,470 161,990
Fuel consumption klly 19,599 20,228 26,385
Steam consumption
Electricity intensity kWh/t 1,188 1,146 1,087
Fuel intensity I/t 148 150 177
Steam intensity
6




Improvement ltems Proposed by Professional Auditors

Energy management system

Implementation of measurement & recording
Quality management of used energy

Energy intensity management of
major products

Maintenance management for equipment
Load leveling measures
Improvement of processes

Energy saving measures

Operation management for air-conditioning
& freezing equipment

Operation management for cooling equipment

Operation management for
auxiliary equipment
Cold insulation & freezing equipment

Operation management for
pneumatic equipment

Operation management for pumps & fans

Introduction plans for co-generation

@ ECCJ

Total proposed items=11,795

6.8

- 5.8

84 General