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-1 Rough estimation of COP for No.3 chiller
COP
COP = kw / kw
= COP x X
= )/ -
COP = (4+273)/((50+273)-(4+273)) = 6.0
COP( )=6.0x0.81x0.8=3.9
COP COP
COP
COP COP
kw = X x ( -
COP = kw / kw
COP COP
COP

-2 Evaluation of condenser performance

coP
coP
LMTD
LMTD=( tl- t2)/In( tl/ t2)
tl t2



74

41 refrinerant /

) t1 !

¢
air 45
31

45 41

-3 Improvement of chilled water pump efficiency at part load

/ 100 =

1-0.63 x100=78.4%
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-1 Waste heat recovery to pre-heating RO feed water
Reverse Osmosis Membrane/ RO

RO
RO RO
ORGANO

-2 Application of inverter to water pumps

PID

Concept of Automatic Inverter Control
N\ A\ \4
\./\/ U\ delta P ~ e A~ —
/b v ~J ~J \V4
manual control of header nressure automatic control of header pressure
(manual on/off of one pump) (inverter auto of one pump)

Calculation : kW saving = delta P(m) * Q(ton/min)/(6.12 *n )

-1 Reduce intake air temperature

(273 20) (273 10 / 20 273 x 100 = 3.4

-2 Reduce unloading losses



100% <---
Compressor
motor kW
- <_ --

30%
> hl<

min

Cumulative unloading time = X ti

-3 Reduce pressure drop between air supply and end user

0.5bar

0.5bar

-4 Minimize air leakage

-5 Reduce end-user’s air pressure

2-3bar 1-2bar
6bar 4.5bar
Sbar

4.5bar 5.5bar
4.5bar

-1 Application of inverter to makeup air fan
Makeup Air Handler/ MAH

Recycle Air Fan Filter Unit/ RAFFU
MAH Hz
Hz Hz

loading

unloading



-2 Reduction of reheating losses
MAH

Chilled water Hot water _

Makeup Air Handler | >{_Hydraulic q.)

; W i Oil cooler i

Fresh —» < Y —> e
<] Molding machine

-3 Minimize air conditioning load in clean room

-4 Review the key operating conditions of clean room

0.03 0.05

{air change}
10,000 60-120

(ONR N
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SESSION I: Policies, Programs and Initiatives on EE&C
Overview of ASEAN EE&C Programs and APAEC 2010-2015
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12 VN
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Overview of Energy Efficiency in the Philippines
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Ms. Genevieve L. Almonares

2030 Action Plan

Japan’s EC Policy and Measures and EE&C Experiences

ECCJ 3 11
PPT

Top Runnner Progrum
AEEC Web Site

Results of OJT Energy Audit at Wacky Corporation

DOE/ Mr. Maximino G. Marquez oJT
Wacky Corporation PPT
Mr. Maximino A

Energy Management Practice

ASEAN Best Energy Management Practice ASEAN Best Special Energy
Project Mr. Christopher T.
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Energy Conservation activities of semiconductor manufacturers in Japan
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PPT Recording Instrument
in EC activity
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Training plan for energy management personnel
Energy Efficiency Practitioners Association of the Phils., Inc./ ENPAP Mr.
Bernard E. Pacia

SESSION Il : The Way Forward
Updates on the Development of PROMEEC EM Tools
ACE Mr. Junianto M Technical Directory In-house Database
ASEAN Energy Management Service and System

SESSION IV: EE&C Technologies
Japanese State-of-the-Art Smart Energy Products
ECCJ JASE-World
Centrifugal Chiller

PDF MHI High-Efficiency Centrifugal Chiller B
PPT Supporting
Technology for High Efficiency Operation of Chilled Water Supply system
C
/MHI High-Efficiency
Centrifugal Chiller
MHI ECCJ

DOE/ Energy Utilization Management Bureau Director Ms.Evelyn N. Reyes

ECCJ
MHI
High-Efficiency Centrifugal Chiller JASE-World
Web Site PPT

Inseption Woksyop
ECCJ ASEAN
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2011-10-14 2011-10-14

Briefing of OJT Energy Audit for A-Facory
Presentation of Energy Conservation activities of semiconductor manufacturers

in Japan
Briefing of Follow-up Survey at Amherst Laboratory

Tentative Power Recording for Energy Audit

15



FEP ENERGY AUDIT
Reply Questionnaire (final)
Briefing of OJT Energy Audit
A-Facory OJT B laboratories
Result of OJT Energy Audit at A-Facory
Initial Findings and Recommendations
Briefing of Follow-up Survey at B Laboratory
Progress in Implementation for proposal of 2009 OJT Audit

PROGRAM OF ACTIVITIES

Overview of ASEAN EE&C Programs and APAEC 2010-2015

Overview of Energy Efficiency in the Philippines

Japan's EC Policy and Measures and EE&C Experiences

Results of OJT Energy Audit at Wacky Corporation
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Presentation of Energy Conservation activities of semiconductor manufacturers
in Japan

Recording Instrument in EC activity

Training plan for energy management personnel
Updates on the Development of PROMEEC EM Tools
Japanese State-of-the-Art Smart Energy Products & Technologies
MHI High-Efficiency Centrifugal Chiller
Supporting Technology for High Efficiency Operation of Chilled Water Supply
system

A Results of Energy Audit OJT at Wacky Corporation

PROKEEL fer Major Indusinas e Manila, Philippees
ScheduleofEnergy Audit
Resultof OJT Energy Audit Fieling oTemergy s :
at Wacky Corporation bl e i e S i A

Sie tour & focusing
Measurement & data collection

1142 Qct., 2011 AT W P Aecion feonaRed)
: [T sasurement & data collection [continue
ECCJAdvisory Group Discussion & recommandation

Taspinu CRamoloM azunics KunitokaTalching Kawase

DOE
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Comments

(1) Rough Estimatian of COP for Chiller No.3

Caondensing temp. to = 50°C
(mssume hat tcis 3°C higher than femp of ar leaving the condenser)
Evaporalng lemp, te = 41T
(zasume that teis 3°C bowar than temp of CW lsaving the

gvaporator

' COPcamat = [4+373) 1 ({50=273) - [d+273)

=680
COPestmates =G 0x 0Bl x 08 =319

Mext grep - calowate COPacal, then compare with COPeshmated
COPszwml =0ewx Cpia x Eowin =1owaul) @evaparsto

Comments

[3) Closed Loop Circutation of Chilled Water
Flant introdeced 3 clossd systenal the d2segn stags

() Improvemant of CW pump efficioncy ot part load
GV supply temp - BC retum temg . 12°C
A [sugply — retum) = 372
Generally, .« temg s desligned la be 57
Srmalld seggesis thal process side coolng requiremen
may he bywer than dasignad valus
In ather wonds, CW rate may be over-sized compared to actual
requirgment.
By mbraducing an inverber mba the CW pump, pump power may be
mduced
I gddiian, an Invetar confrbutes 10 ensngy saving & part lnsd
operation

17
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(2) Evaluation of Condenser Parformance
Condanzer type - Air coolad
Temp of airlzaving condensar (43'C ) is highar than rafrigarant
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Comments
(1) Waste Heat Fecavery 1o Predheating RO Feed Water

In Japan, RO feed wataer is temparsiws-controilad typecaily ab 240
torthe pupose of kaeping optamurm vscosity of waker

flawing through RO membrane

Thiz plar. RO fead watés is nat Lémperalure-carrolled

R unit was supgpbad by Jagan's Organe, waler treaiment facilillies
suppliar

Cncussion with suppheris recommendsad concemng a necessity
of feed watar temperatune conlsal

SomprAir
Compressed Air System
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Comments

[2) Redice Unlnading Losses
Approdmately 30% of power ts wasted dunng unkoading cperaton
=+ Sty oniofl operation, orlanger i ank,
ar mvadar-conlralled comgrassar

o 4--- lnaging
Campresos
mace, 4o~ unBonding
R

Hif
Cunmiative loadig tme = I

Hawt 520 Measurs 3 tracion of uninading ime parday

Comments

14] Minimize Air Laskags
Flanthas aveaty perdormad air leakage =5l sndimolemanizd air lsakags
measuras.

{5l Reduce Encluser's Al Pressura
- Cparatad froceiantly atie air pressung g har than requirad
Rasguirad 3 prossune
Al cyinger 2 -3 bar imostcasas L confimreg'd prassue
Af blow (watar remioval] 1-2 bar
- Study air boasiar:
for us@r whdzh consumes small amaoint

bt raguirgs hegh prassurn | for examiple Shari

Comments

[#) Apphication of Inverer to Water Pumps

WS, typically mvariar improves pump efficiency at part load
gnd for over-sized pumps.

Eefore introduction, mwestigate an extant of load fluctuaton;
fram the standpaind of daily changé seasonal change

Comments

{1) Lower Intake Air Temperature

A ] "
I -1 = (R
nad it
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Comments

[3) Redirce Pressure Orep berween Alr Supply and End User
InJdapan. prassure dropis designed tobs lass than 0.5 bar
Inardesto domal ihe lobawing measures ane Laken
- replaca wilh a lofge-size piping
« lnop air distribalion sysbam
- Fam e 3 detur 1outs of ping
Flanthas already mtrogaced leop sx5tem
AE e nixd S8R
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Clean Room Alr Conditioning System

T Low il Retum Type

-~ ey £ ECEppanin
Paffarmance ol AL TR syt
. recirculsticn
x“‘—ﬂ"'ﬁih makeup AHU
nm:lﬁeurj% ":Cé /@
i
£ '
& L8
el -
Rgfn ke ooen SR I R
paramatars of o class 10000 class 15000 ol SR
i HERA filtar located A0 HEPA, :m o
induct covered } WazaT, Mz
[mnlaad
e ToEETT e )
¢ Minemizs § taciiities | 3
AT s ol gﬁf g S -
s =i



Clean Rocimy

Comments

1) Applicaton of Investar to Makeup Alr Fan
=%+ The irwerter has een inroduced, and the frequency of fan mator eureent
ha% teen decressed{rom 60 He 1o 45H:,

o L)

Clean Rocimy

Comments

Clean Rocimy

Comments

(2j Reduction &f Rehealing Lesses
= Makaup alr andler (MAH] kas & heat racovary coll, through which
hiot water flows. Hol water s heated by hot hvdraolic ol of the molding
Egugnent in e clean rooimn, and Hen neal i# releazedin ﬂ'ﬁhﬂ ol 16
riheat the cood delwimidfied air n e MAH.
= TIE iS5 vory Saiant Beal recoyely measii e, Becawse il eliminales
rahaating by sieam and ramove heat load of the air conditioning

ro B 12 I [ e

@ ko) %

Clean Rocimy

Comments

|3t Minirnize Aif Conditonng Load n CR
Piant has alraady insulated tha hot surface of process amipment,
It greatly contrinsed to a reduction of air conditaning kead m tha clean
TOCHTY,

o L) z

A Comment on your EC
Activities

+ Remarkable results were obtained with
maximum efforts and minimum cost.

~Lighting, Inverters, Thermalisolation.......

« All employees are involved in the EC
activities.

awery dilficull far vs EC expeds 1o maka good recommendations at
Ucha excelizpiplant

Pump Current measurement
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hacaor Input Power o
=1.732 % 220V x 59 2A % DBE(PF) = 19.2kW T
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|41 Review the Key Operatmg Conditicns of CR

A Loweding préssunzakon preasue
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o Lowering airchange rate
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© Raview ol cleanlingss = avosd excsssve cleanlingss

This wasnot examined in the audit, becawse of Bme availabilit
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Recommendation list
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Your EC activities would be a very good
model in Philippines.
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ECOs Recommendation

. Cvorall Mant's parlormance

Lighting Fietures Re-arrangement

. Re-pamtng ol walls and ceilings of cld manuifacturing area
. Replacemont of old lumsaires inciuding ineflicient lamps.

&, Installation of anti-heat coatng ghass partitions and glass
wirkows

. Insulate refriperant pipings
o Provide profecion to sutocs condenser
. Consldar maotor replacement with high-eficiency maotors

. Provide single switch to ighting and exhawst fanan the
resireoms of male and female.

10.Ins1alaticn of Facillties Eriergy Manapament Systsm
o L i

T

I

Type of Heat Source Equipment

Centrifugal Shiller is suailable Tor over 100RT large capacity,
thi-conditionicg far balidisg Alaciory, [T, fos thanma etocegs syeemm s

Key Words — Cooling Capacity(RT)

@ [RT=Ton of Relrigeration)

v smaun! of haat which mest ba dded ‘ramavad in ordor to melt/reaze a
tom of loa/waler In n 24 hour period
1RT = J2keal/h = 351G KN

e WElikzaed] Boors.

Do 101 BTSN AN BT LT M i e “

Trend of MM Centrifugal Chiller Performance & Relrigerant

Fart laad perfarmarce of chifler is impraved by i o
variable speed drive. !
g ook i

=pzlisg capaciy OOWD ~Maler inguii]) - T \F
e iaEs Smed ENTes tTETR pE Warlabin o
i ~ Buwad_SECS
i e i e AT s
L) L T —— o ]
= B T Bt e g i T ~ m
I P ——— 2 i
; T TV i s o g i LTS g, f o
ik
§ [
B ] <
¥ y‘ | tpews |
i —|
i L e ———— - =
Biopdol mpoteTan | B of OrRraETan:
| T | e

TOOHE ORI R ER R R D) S R CRT R 0 0 R N0 T B e
g 5 50 TR ALY A TR T 8 s



Constant Speed : AART

Extremely High Efficiency
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Varlable Speed - AART- (1/3)

Capaclt',r 230~4000RT

Further Improvement of the B :JL"u.-L Part Load
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C ECCJ Expert Presentation Document

Supporting Technology
for High Efficiency Operation
of Chilled Water Supply system

From MHI Technical Report VVol. 48 No.2(2011)

» Real-time Display of Achievable COP

 Total Operation Controller

for Chilled Water Supply System

Accuracy of COP Estimation

Deviation of Calculated COP and Measured COP is less than 3%

Non-Inverter model:m:

Energy Consumption (%)
=

4% 2K B B 3

@

Simulation Condition

Inverter model

— g — K
| b Measured o0
~ |Measured r{a’) o] ke '—‘S(’“di""e\
(sl "n'p\‘, 7 § # |~calculated 250G
/,20’{ ; i | (broken line) J
alculated = 7
roken line ,f? .?/ 157 '%_ s S /I S g
‘ff"/fjﬂm £ e /’ e
oy — Cooling @ ot o A — .-
X / aterinlet 5 | A y /,?’HG
1z (i Al “:'_’r’f / e Cooling
—f = e 4 inlet
£ wl ¥ L
0 .-"""‘f
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Simulation Results

g2 | m Chiller ' Chilled W Pump
| |_mCooling W Pump 1 _Cooling Tower Fan
" i e

Centrifugal| No of units| 3

Chillers

(Inverter) | Rated COP 61

i

=

B<S

Capacity | 1000USRt

o
o

Cooling
Towers

No of units 3
Fan Pover | 2x 7.5kW

Chilled
Water
Pumps

No of units 3
Input Power | 2x 37kW.
Pump efficiency|  75%

Cooling
Water
Pumps

No of units 3
Input Power | 2 x 45kW.
Pump efficiency] 0,75

Electricity Consumption (GWh/year)

=

Location: Japan

Without Total
System Control

Total System
Control

22

Real-time Achievable COP Display

Achievable COP is usually different from the
rated COP because operation condition is
different from the rated one.

If Achievable COP and Measured COP are
known, they help to keep high efficiency
operation.

Real-time Achievable COP calculation method
was established for both Inverter model and
Non-inverter model.

Total Operation Controller
for Chilled Water Supply System

“Ene-Conductor”

It controls
— Chiller unit On/Off and Load allocation
— Chilled Water Flow
— Cooling Water Flow
— Cooling Tower Fan Speed
In order to maximize

Total System Efficiency



PORMEEC

oJT ASEAN
oJT 6
16 ECCJ 3 ACE 2
ACE&ECCJ
ECCJ
11/21-11/24 OJT
11/25
OJT B
MEMR Ms. Ani  Ms. Dewi Mr. Dedi Suntoro Mr. Andriyanto
Ms. Endang Widayati Mr. Sonden Winarto
PT PLN Mr. Basuki Siswanto Ms. Tiva Winahyu DH
Mr. Alsusilo Handoko Mr. Arif Susetyo
B Mr. Rizki Dwi Kusworo Mr. Arief Teguh
PTPJB B
ACE Mr. Pham Mr. Bernard
ECCJ
B
PT PLN/ PERSERO B
1,650MW 9 2
No.4 & No.5 7
1981
GE
oJT 1982
5 636t/h
200MW / / /
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Operation, Maintenance, Shift, Human Resorses, Engineering

7 Manager General Manager
2000 Block 2 1 shift 10
300
/ X

1982 400MW/ STG 200MW/ST x2

1993 500MW/ CCGT 107MWI/GT x3 + GE
185MW/ST x1

2010 750MW/ CCGT 270MW/GT x3 +
70.6MW/ST x3

STG Steam Turbine Generator CCGT Combined Cycle Gas Turbine

(ONR N ACE ECCJ
MEMR B B
(ONR N
B
NEC AVIO
F30W
-20 350
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TESTO
905-T2
-50 350
IR-303
-55 350
EXAIR
ULD
Max.6.1m
/ / MK Scientific Corporation
/ LM8000
0 50°C
10 90%RH
0 20,000Lx
(ONR Y
(ONR Y 5
oJT
/ / 1982
(ONR Y
636t/h  624t/h
12.65MPaG/538 127MPaG/541
200MW  201MW
(ONR Y
(ONR Y
-1
02%
1 2%
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Heat Output
Heat Input

Qx(hg'hf)
F < GHV ® 100 [% ]

Boiler Efficiency (1)

% 100 [ % ]

Q : Quantity of generated steam per hour [ kg/h ]
F : Quantity of consumed fuel per hour [ kg/h ]
h, : Enthalpy of generated steam [ kl/kg ]

h; : Enthalpy of feed water [ kl/kg ]

GHV : Gross (High) heating value of fuel [ kl/kg |

1
Boiler Efficiency Steam ~_ _ Power Output . [% ]
Turbine Generator (1) B Heat Input ’
E = 3,600

Where
E : Generated Power [ kWh ]
S : Quantity of Inlet Steam per hour [ kg/h ]
h, : Enthalpy of Inlet steam [ kl/kg ]

]
Total Power
Overall Efficiency of ~ Output
Power Plant () = TotlBofler  ~ 100 [%]
Heat Input
Go X 3.600

= Fox GHV X 100 [%]

Where
Gy : Total generated Power [ kWh ]
Fy : Total quantity of consumed fuel per hour [ kg/h ]
GHYV : Gross (High) heating value of fuel [ kI/kg ]
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Boiler Efficiency

Energy output

Live steam output GJ/h 1,500.73
Reheat steam output GJ/h 237.93
Auxiliary steam GJ/h -
Blow down GJ/h -
Total energy output GJ/h 1,738.67

Energy input
Heavy Fuel Oil HHV kJ/Kg 43,324.14
Fuel mass Flow kg/h 46,188.00
Heat input GJ/h 2,001.06

Boiler efficiency based on HHV % 86.89

Steam Turbine Generator Efficiency

Energy output
Generation Power kWh 200,200
GJ/h 720.72
Energy input
Main steam input GJ/h 1,500.73
Reheat steam Energy input GJ/h 237.93
Total energy input GJ/h 1,738.67
Steam turbine generator efficiency % 41.45
Power Plant Overall Efficiency
86.89x41.45 % 36.0
2
65
2 120
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Unit 4,5 2 1
( #1 #2 )
#1
0.74 [MPa] 0.86 [MPa]
2002 (
)
1215{@ : dtlas Copco 1 Atlas Copco 2
15m* /min
1.0MPa -
fater cooled
RT 1 2® RT 2 2®
X
X
4 b4 X X
Control &ir Dryer ) 4
Refrigerated type
b4 X X X
Pressure
(bar) - N
—2
Unit 4,5
Receiver tank capacity : 2 [m3] x2 [set]
Dryer : type : Refrigerated type x4 [set]
Number of current operating machine : 1[set]
Automatic control : Start/ stop operation : manual operation at control room
Automatic on load / unload change control : yes
Setting value of load / unload pressure of each air compressor
AC #1: on-load: 0.74 [MPa], unload: 0.86 [MPa]
Unit 4,5
Facility Air Compressor Motor
hame Type Capacity control | [m3/min] [MPa] | [kW] [V] [A] [rpm]
ATLAS
COPCO 1 2 Screw | On-load /unload 15 1.0 121 380 125.6 2,980
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1
[ 2.1.2-3

#1

Measured data by audit members

Measurement term : abt. 6min

Data interval : 1 [sec], number of data : 6

Nov. 22, 2011
Facility On load Un load
Name Ave. [KW] [sec] %] | Ave.[kwW] | [sec] [%]
ATLAS COPCO 1 128.3 177 51 27.3 169 49
( )@ ( )
V3 x0.38[kV] x216.6[A] x0.9 = 128.3[kW]
V3 x0.38[kV] x 63.8[A] x0.65 = _27.3[kW]
49%
( 31 /1h)
-2
8.5[kg/cm?] 8.2[kg/cm?] 8.0[kg/cm?]
( ) 18 38[psig](0.12 0.26[MPa])( )
0.8[MPa]( )
-3
-4
Facility name of AC Intake air Ambient Different temperature
Ti[ ] Ta[ ] AT ]
ATLAS COPCO 1 34.3 33.0 13
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béo. Chetkitems Examination result Judagreent or comment
e

11 | Classification ofioad { Constat.yariabfs, Intermittent )

2 | Measured data (average) P2EI L [mfiminl, 8.0 [MPa) WAL Input power

3 | Unloadfactor[%] 4% Litle data

fed | Adrleakage %] MNochack

-5 | Intakeair & amblenttemperature Intakealr J4300L amblent 33 [V] Differenttemp, 1.3[C]

-8 | Inspection &maintenance { daily inspection, BDM, P @ GBI
21 Start / stop opersbion ¢ machine site operathgp, remolgd automatic’
&2 | Capacty controlfmethod Wa ale., invettat gga. fitbotype 1 | Onload/unlosd controd
&1 Reduction ofcomps o air consumption { implama&mMMn ¥
32 | Reduction ofdelivery pressure (implemen&ﬁgug; High delivery prassure
&3 | Changingto small capacily air compressor { imphementatify, non-mplementatioh
344 | Lowsering of inlet air terperature i implementaﬁW ¥ Unnecassary
35 | Converting toinverter type air comp { imipd matimw ¥
3-8 | Numbercontrolin opsration {implementatioh, non-implementatid
&7 Integrating air compressors i impl&menﬁﬁ@mp%emmm ¥
%7 | Others counter measure{ dryerand so on) { mplementation, non-implementation }
-5
a)
a)-1 Unit 4,5 AC
128.3[KW] 51[%]
65.4[KW] 95[%]
(a)

AKWhi = [(128.3KWx0.51 + 27.3kWx0.49) - (128.3kWx0.51 / 0.95)]x8,760 [hly]
= (78.8 -68.9)x8,760[h/y] = 86,724 [KWhly]

(b)

“0.8 [MPa]

0.74 [MPa]

0.74 [MPa]” (¥ 0.06 [MPa])

Wa2/Wi1 = {(0.74+0.1013) / 0.1013}04/14-1] / [{(0.8+0.1013) / 0.1013}04/14-1]

(note) 1.4 : insulation factor of air

=0.831/0.867 = 0.958

AkWh: = 128.3[KW]x(1 - 0.958)x 8,760[h/y]x0.51 = 24,074 [KWh/y]

c)

AkWhi+ AkWh2 = 86,724 + 24,074 = 110,798 [KWhly]
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a)-2 Unit 4,5 AC
75kW

49%  75kW 21%
0.9

75kW
AKW = (128.3kWx0.51 + 27.3kWx0.49) — (83.3kWx0.79 + 17.7kWx0.21)x8,760h/y
= (78.8 — 69.5) x8,760h/y = 81,468 [kWh/y]
Power-Saving percentage = 9.3/ 78.8x100 = 11.8 [%]

b)
0.8 [MPa]
0.8[MPa](0.74/0.86[MPa]) 0.66[MPa](0.6 /
0.72)
0.6 [MPa]: 0.05 + 0.05 + 0.5

Wa2/Wi = {(0.66+0.1013)/0.1013}0-4/14-1]/[{(0.8+0.1013)/0.1013}04/14-1]
=0.779/0.867 = 0.899

AKW = 128.3kWx(1-0.899)x8,760h/y x0.51 = 57,893 [KWh/y]

6

(ONR N

(@)
49[%]
Unit 4,5 AC 54[%]

(b)
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(©)

(d)

Unit 4,5 BLOCK
Unit 45 BLOCK

Unit 4,5
oJT

-1
(a)
(b)
(c)

-2
Turbine Floor (40Wx2)

Turbine Floor (250W)

(@)

(b)

(©)

32

Unit 4,5

(250W)

JIS Z 9110
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Room name Place |Time zone|Condition|Lux Std IHHlumination [IX]
Turbine Floor 3rd floor 10.00 | cleaning | 70-150 | 87 86 57
Control Room 3rdfloor | 10.15 | cleaning |300-750| 529 | 491 | 539
MCC Room 2ndfloor | 10.30 | cleaning |150-300| 65 | 112 116
Swich Gear 2ndfloor | 11.00 | cleaning |150-300| 26 73 148
pErI;F;) (Boiler  feed 2ndfloor | ;) 15 cleaning | 757150 | 250 | 234 | 213
CP (Condensat Pump) 1 floor 11.30 | cleaning | 75-150 | 90 215 20
Relay House 2ndfloor | 13.00 | cleaning |150-300| 300 | 699 | 414
AUX Cooling Water 1 floor 1145 | cleaning | 75-150 | 191 | 115 117
( JIS Z 9110 Condition ( )

(d)
Ma. Checkitems Examinationresult Judgment or comment
15 teasurad Hlumination data [Ix] Sampling measurement
1-2 | Unnecessary lamps fWial] « [aat] = W 1 Mocheck
1-3 | StrictBght out Management { anough, mdiffarm@fﬁciéﬂcy i Many unnecessaryfightting
14 Lightout/ an operation place avanualin roon site, remole, auty)
1-8 Diirty larng & reflector { nsﬁ)ir@ )
18 Padiodical inspecion Emaintenance | {dally inspaciion, BUM, PRUTEM, CBM)
21 Taskambientlighting {impldGrentation, non-@tuﬁm §
22 | Haturelighling implementatigednon-implementation §
2.3 | Automatic lighting control (implementatign TSA-implomentanoiTyy
34 Kore managementof light out [ i Timplement
32 | Reduction of fHlumination
33 | Intoduction ofhigh efficlency lighting
taciliies | lamp andlor reflector)
34 Othars counter measure {implementation, non-implementation §
-3
(a)




(b)

Task-Ambient Lighting

(©)

Relay House

Turbine Floor

( ) (40Wx2) (40Wx1) 50[%]
Hf (40W) (32w) 20[%]
Turbine Floor 30-50[%]
LED 50[%] LED
(a)
Cooling Sea Water Pump (710kWx9)
Boiler Feed Water Pump
(b)
Unit 4 GRF, FDF(2sets)
Unit5 BLOCK GRF, FDF
[%] | [kWhiy]
a)-1 Unit 4,5 AC 16 | 110,798
a)-2 Unit 4,5 AC 12 81,468
b) Unit 4,5 AC ( ¥ 0.14MPa) 8.4 57,893
C) - -
d) - -
a) ( - -
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b) (

c)-1 50
c)-2 Hf 20
€)-3 30-50
¢)-4 LED ( ) 50
Q) (A)
Q) Hf (A)PWM
Hf JIS
oJT 5 29
PT. PJB 8
oJT
OJT Groupl, 2 C
E
Q IGCC ? A uUsc
43 IGCC 50 IGFC 60
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JP 200MW

A
4,000 5,000t/
3,000 4,000t/h/y(/ )
usc JP A USC
JP
uscC
IGCC A
JP
Q uUsC
6,200kca/kg
usc
JP 200MW
90
40 80
SCR
FGD Selective Catalytic (NOx) Reduction
NOXx SCR
FGD
2 2
combustion management system
combustion simulation JICA Study

National Thermal Power Corporation Ltd/ NTPC

JICA JICA Study

1,2 20 kW

2011
Bidakara Hotel 3  Convention Hall
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ACE Mr. Oscarlito C. Malvar MEMR, New
and Renewable Energy and Energy Conservation/ NREEC  Chief of EEC, Ms.
Indarti ACE Ms. Maureen ECCJ

ECCJ 3 11

SESSION I: Policies, Programs and Initiatives on EE&C
Overview of ASEAN EE&C Programs and APAEC 2010-2015 ACE/ Ms.
Maureen ACE APAEC ACE PROMEEC
MTPEC

OVERVIEW OF ENERGY EFFICIENCY AND CONSERVATION ACTIVITIES IN
INDONESIA FP Ms. Andria Feby Misna 2010
2025 EC

Japan’s Energy Conservation Policy and Measures and EE&C Experiences

ECCJ Top Runner
Program AEEC Web Site

SESSION I11: EE&C Best Practices in Industries
On the Job Training ENERGY AUDIT IN POWER PLANT
Ms. TIVA WINAHYU oJT
D

Case Study of Successful EE&C Countermeasures ECCJ

Energy Conservation Successful Cases in Japanese Power Plants (Electrical
Equipments) ECCJ

12 1999 2008
10 ECCJ

( 1973 )
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CO+ CO2

SESSION Il1 : The Way Forward
Updates on the Development of PROMEEC EM Tools ACE  Mr. Pham
Technical Directory In-house Database ASEAN Energy Management
Service and System

SESSION 1V: EE&C TECHNOLOGIES
Japanese State-of-the-Art Smart Energy Products & Technologies ECCJ
JASE-World
Centrifugal Chiller

The Latest and High Performance Coal-fired Power Generation J-Power

E
IGCC/IGFC
IGCC/IGFC IGCC GT
HRSG ST dual combined sycle
IGFC FC
GT HRSG ST triple combined sycle
IGCC1500 GT 51 53% IGFC 60% 43%
IGCC/IGFC
6200kcal/kg IGCC/IGFC
IGCC
NOXx 159ppm 13ppm SCR
NOx
Low Nox 2 SCR NOx
NOXx
ECCJ
JICA Study
RLA CO/CO2 Furfural
DP (Degree of Polymarization)
JICA Study Title
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MEMR, NREEC Director of Conservation, Ms. Indarti

oJT oJT

oJT

Inseption Woksyop
ECCJ ASEAN
FP

PROMEEC @
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2011-11-25

2011-11-25

Questionnaire
Muara Karang

oJT

Energy Audit Plan of Facilities Related to Thermal Energy
Briefing of Energy Audit for Air Compressor

Instruments for Energy Audit

On the Job Training ENERGY AUDIT IN POWER PLANT

J-Power The Latest and High
J-Power

(Muara Karang)
SEMINAR AGENDA

Performance Coal-fired Power Genera.
PT. PLN (Persero)

Overview of ASEAN EE&C Programs and APAEC 2010-2015
OVERVIEW OF ENERGY EFFICIENCY AND CONSERVATION

ACTIVITIES IN INDONESIA

Japan's EC Policy and Measures and EE&C Experiences
Case Study of Successful EE&C Countermeasures
Energy Conservation Successful Cases in Japanese Power Plants (Electrical

Equipments)

Updates on the Development of PROMEEC EM Tools
Japanese State-of-the-Art Smart Energy Products & Technologies
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D Results of Energy Audit OJT at B Power Plant

Onthe lob Training
ENERGY AUDIT IN POWER PLANT

Jakatta; 21-24 Hovembar 2011

Activities Scope

1. QUT Enirgy Alait Team
R

% Compi tha hinal Fepert

YA

Air Compressor

Recommendation

Chesk ineat of Alr Comporessor

Goal & Objectives

#Llearn how to conduct audit energy in power
plant equipment and facilities

#ldentify, analyze and evaluate of thermal
equipment {boiler, turbine & steam line} to
improve the thermal efficiency of energy use
without reducing the level of quality

= Getting the technical data and calculations

#Get  recommendations  for  improving  the
efficiericy  such  as:  savings  opportunities,

modification of equipment.
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Reduction of wilcad oss
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I Wiempolng of Enargy Sonserseticn on Al Coenprassor

| Camaresser || Receher fank |

i

| ey

Recommendatbon itema of Al com

Al Reduction of unicad s

Largs unlcadtacor ichangs fo frequent onleat) unlcadt Innae opsration. tut
litts maasured data inthis audit, tharstors longlarm measwramant 1s nacessany
Irplamentatan af countermeadurz o large unlcadiatar
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B L e Bl | [Racommendation EC itams of lighting facilities |
EE= ] SEjoret LI e [iTT] a4 TR G ]
i e e s AL Ermanaticn o sIicURGne sl magagem e
't s Vet (11 Ta light out 2 unneceaary Bme, ik uninhadied places
T W (Ex. Relay panel room 2ic;
- o Tam e e (21 Automass an/ att contral by matisn seasorlighting, llumination sensarsss
1 | utras me i o P —— (3HImpresamant from integrated svilch toindiddual swiich
1T | R W TG A mag e W | w2 emon
13 [ Trecogn it it Alrmgicit ¥R PR ORI =, | U3 ST T 1 Reduction of lumination
[t | Lo | 0 coerman: pae: e —— (il Adeguay of ilumination stangand
TE | S e e et (21 Remawa of uselass lighting
SEA3IE TRMET L SRTWHTY Wy PRI 2O, S [T T {AImprovament of lavo ot llluminates
T eree go e
P e ; g1 10 high_efficientcy bt sou
PP e e T (1 Inlrosuctian of miror st a2 rafizclor
L SRR T et S eI, Ex | flucrascantiamp 400 2= 40W K 1
T ("o e = e:.-;uq?u—_u:_ﬂy 1 fd1Changing o Hf Flucrescantiamp and ballast
e e Ex § fluofescantiamp A0y = 32
BTSN I FEF T (33 Changing ta mstal hafde lamp ansor sadium lamp frommesury arg
e T AP | [1Changigiiucreacent lamp to LED tamp (50 percent more efficient

Instruments

Aaustic Aod Infra Rad Camara

Paorfakis Indrared Thermomesher



Spot Checking by using Spot Checking by using Thermograph
Thermograph camera camera - con'd

FMamnal mode of makn sleam pipe ling Tharmma mods of main skeam olpalins
Mesrasl miode Belles sumace of right :IHB"'WF“'J"EEE"E"HI'TBDED‘HW-
Hide
Checking Result of Insulation & Refractory Checking of Steam Traps
H LyAs aresub of site v, there weald be abeuar 50 i chix
by using Thermograph Camera s R S

Iy0ne seameeap wascheekedusing anacewsic rod
- The achon of steamtrap =2 snormal
1. The condition of insulation & refractory are relatively - The brpassvalve of steamitzap wasa little bit leaking
30w i recommendable 1o implenent the peniodical checking {mch as every
good. ord vear) ofall mearnteapl and the masenanoe
2. There ara some hol pars wherethe temperature 1S high
3 s wery convenient to find outthe hot parts by using
thermograph camera
4. It's required to repair the insufaticn of the hot parts to
reduce the the radiation and convection losses

Bieamn Taag for L2 Sveare Towendac Lo
dBafanmaty L Foia Floa Tyea)

f Poriadical Maintenance of St Steps to calculate Plant Efficiency
Empirzal malfunchonrate of team traps witheat amy periodical
mainfenance: 20~ 3%
4

= Mfamtensnce of nhoby meameaps baged on panedical inpecnon
inckuding brpassvahies

»  Replavement or pvethaulng of following matfunctioned steamiraps e o
- Sreamm bloning Large Amaunt
- Blocking up | EnersySavin

» Chattesing (Desc tvpa), 2t
*  Replacemient ofinefficien: seamtraps with snergy-saving ones

¥

Esvpirea) malfimerionrats of seam aps nith pariodioal and e @"

* Choose the proper methods
+ Define system houndary

+ [ata collection & analysis

+ Calculation

* Results Validation

* Reporting

mexintenancs: lower than 10%

p i ' Caleulation of Steam Turbine
Boiler Efficiency Calculation - Results s
Generator Efficiency - Results

Ty " Kifu ALEATLTE GEneration Power kWh 200,200

Beheat cutpul wifn BEL & TIOTR
Aunilialy Viam (1 r
Wit Meam kfa - Ziie S I m
Tl anerpy oufipat 00| [15] AR 6D Mair sEwm input Gith 1,500,735
Releatstoan Intput Gith 23793
n.l...l-.rmli ﬁ,m g Tatal enargy inEut Gih 173847
Fuief ey Hhony L 13 1za3
HEaL gl i e Y]
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CALCULATION OF OVERALL POWER
FLANT EFFICIENCY

« Owerall Plant Efficiency can he calculated

==

&
+ Qelis generator output [k'We)

* Qinis useful heat input proportional to fuel
burned (k}/s)

E J-Power Presentation Document

D

FEoER

Promiction Tor Erangy EMciancy ard Consarvation
[PROMEECIngusties in indonesia

The Latest and High
Performance
Coal-fired Power Generation
Noriyuki SHIMIZU

J-POWER

CALCULATION OF OVERALL POWER
FLANT EFFICIENCY

* Yields

&
= —..U'I:I. b =0.3397
355,992.62
* Then the overall power plant efficiency is
35.97%

Frowes -

Discussion Points

1. What is J-Power?
2. Historical trend of thermal efficiency
improvement

3. The latest and high efficiency coal-fired
thermal power station — lsoge TPS

4. Efficiency management and
improvement for existing coal-fired TPSs

What is J-Power?

# Electric Power Development Company, Lid.

# The largest wholesale electric power company in
Japan

# Initially founded by the Japanese Government in
1952 and fully privatized in 2004

@ Domestic wholesale installed capacity: 16 9930MW

¥ Caal: 8412 (7 TPSs), Geo-thermal: 15, Hydro: 8,566

® Other power business installed capacity: 1,1420W

@ Global power business

¥ Consulting service: 320 projects in B3 countries, 1982 -
Indonesia; Keramasan CCGT BOMW (FT. FLN}, 2008 -

« IPP: 3, 708N share aq.) by 29 prajacls in 6 countries

[Feaen T T iegn S T i b 301 ACF Sesenarn Dk T R (T
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What is J-Power? jconra)
Facditins m Jagan .
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Efficiency Improvement

J-Power coal-fired power stations

Fromer . @
Trend of Efficiency Improvement

Coal-fired thermal power stations in Japan

1. Upgrade of steam condition [omome | smen
® sub critical = 22 1MPa z e oLl o
® supercitical  222.1MPa, £ 566°C - psie Wt #0G
& ultra super critical 22 1MPa, =566°C F ?m"#am"“ J tsoge New?
2. Size up of unit capacity g*' I “3":“..;";."; )
& —200MW to 1,000MW+ = el L
3. R&D of new technologies E At —
® |GCC [zsowwr|  [oownw | voow | | amooew ] [osen]
® |IGFC T e YT TR R e R

USC Coal-fired TPSs in Japan

Fromer . @
Historical Efficiency Improvement

Major EFCos Fower Station MW MPa/MST/RST  COD Coal-fired power stations in Japan
Chutu Bleknan £ ] MASHIGEE 190 i
Trhaki Plrafpiny 62 B0 MGERGHE 15 S
Hussuriku Bdanan (i &1 S0 PUVEERGIE 1985 Ll
Tohaku Haramachi #1 1.000 MNEERTIE 1997 _g
J-Power Matsimra 22 1.000 244050583 1997 2=
Clugiskal Wi Al 1,000 PSEONE0 1 w
Husunikw e (Hn &2 T P R b
Tohoku Haramachi ¥ 1.0040 50N 1568 g
bk Tachbanmwen 1ol 240500503 2000 a
P ower Tachinsnawan #1 1,080 ROMLHG0D 2000 109,
Huokurigy Twrugs a2 el o Mt R e
J-Powar Tachimmnwwan €2 1050 25 06LHEDD OG0 -
Chutas Hokunan #4 1,000 2.LGETI3 001 3
JiPowar Hsogo Hew #1 a0 H5.00EMwI0 2002 &
Hoskasdo Tomaloh Atmama #4 i HOEEGN0  a E
Cluitn Hakonan #5 1,000 GERG0E 0D
Hpushu Raihoku 47 700 4 AMOATOE P03 *
Tokyo Hinchinaka i1 1,000 FUAGONG00 003
=d i o s :
un g
JPaiwar Hogo Niw 82 a0 I5MBINEID 2000 o PR - T ,:'E,, (Souren METI)

‘ R&D of New Technology

* Developer: CCP R&D Co.
(10 EPCos & CRIEF)

= Developer; J-Power

- Oxygen-blown gasifier

Isogo TPS

# Initially commissioned in 1989 {2x265MW)
IGCC Demo Plant IGFC EP:LGL‘EPIEI“{ in urban area of Yokohama c!w
- Qutput: 250MWe |- Output: T IMWa #® Replacedirepowered in 2009 {2x600MW)
* Coal feed rate:1,7000d |- Coal feed rate: 13500 ® Replacement under operation of old units
* Test Period:  2007-2013 |- Test Period:  2001-2014

v inthe same area of 12 ha
¥ Build (Mew #1), Scrap (Old #142) and Build (New #2}
¥ replacement work 1986 - 2008

= Alir-blown gasifler

& Why replaced?
¥ lomeet Yokohama City Environmental Improvement
21st Century Plan
+ loomeet iIncreasing power demand In metropolitan area
¥ o cope with aged facilitias
. Apply the ialesl USCfenwmnmenl,al 1emmlngy

__Emission Regulation

® Close to the level of gas-fired TRS

Fromer .
Technical Features of Isogo TPS

® USC
¢ Mew #1; 250MPa/s00G10
¥ Mew #2; 25MPRGDIVG2D

: Mew Units  Old Units
® Environmental control
¥ Flue gas freatment; #1 #2 #1, 42
Dusi: EGP
S0 Activated coke dry tvpe FGD Dust mam™ 10 5 a0
MO SCR
¥ Waste water treatment system S0%  ppm 20 10 18]
+ Coalfash scattering control;
Coal: Indoor type silo & air-fioating belt conveyor NOx  ppm a1 12 159

Ash; Indeor type sile

® Measures for small area of 12 ha
v aner t',rpe boller and tall silositanks
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Fromer . @ eFromer . @
Activated Coke Dry Type FGD Replacement Milestone

Dld 2:265MW MNeaw 2XE00MW

WFromen . @ WFromen .
Replacement Milestone (contq) Replacement Milestone icontq)
® Sep 1996; Start replacement work ® Moy 2001 Start demolition, Cld #1&2
{reduce coal storage area — remave exisling ® Apr2002: COD, New #1

eutdaar BOP SN coristilct eaal 2o thiray ® Mar 2004: Complete demolition, Old #182

® Jul 1988; Start construction, New #1

eFromer . .
Replacement Milestone (contq) ® Efficiency Management

& Oct 2005 Start construction, New #2 1

o 0 003 C0D. New Efficiency of coal-fired power stations in

Japan has been improved by upgrading of
steam condition and size-up of unit
capacity.

2, However, basis of efficiency management
activities is same regardless of steam
condition and unit size.

3. Such a basis can be applied to coal-fired
power stations in Indonesia, where sub-
critical and 300-6000MW class units are

dominant.
PORERT - @ -
T!Eical Efiiciem:x Management Record Activities in Takasago during 40years
J-Power Takasago coal fired power station, 2xZ50MW 1. Shut-down Maintenance
Efficieny HW Capacity Eluil?r Biannually, Turbing: once Ever'_.' 4 years
. SN _1_ — __Un{:1 ;rt i iR 2. Major Replacements of Facility
4, - Boiler Tubes & SH/RH. 1385, 85, B3, 80, 91, 93, 84, 05, 96,
" AN — ._.\,{ M"'ﬂ oy & OB
# - ESP Eleclrodes: 1967 & BB
- - Turbine Rotors: 1984 & 1285
- = FGD Absorbers: 1985 & 1806
r' - Control System: 1985 & 1596
1l - 3. Daily Efficiency Management
l= e 4. CMMS (Computerized Maintenance Management System):  2002-
5. PdM [predictive Maintenanse by themmagragh, vbralion, oil analysia):
ERNEREER i Sring
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Typical Efficiency Management Proper O&M
1. Proper operation and maintenance to 1. Monitar efficiency trend periodically
keep the efficiency at the level of the 2. Analyze the deviation between current
design efficiency efficiency and the design efficiency to get
2. Active performance improvement by the root cause, if any
applying new technologies and/or 3. Take countermeasures both during
replacing with high efficient equipment operation and /or periodical inspection
shut-down

WFromer
Typical O&M Activities Typical O&M Activities (conta
1.0peration 2. Maintenance
« proper combustion management to reduce +gap adjustment and replacement of turbine
unhumed carbon loss labyrinth seal
* proper soot blowing to prevent increase of «gap adjustment and replacement of AH seal
flue gas temperature «water washing and replacement of AH
= proper management of feed water quality to element
prevent boiler Iube corrosion and heat loss +scale removal from turbine nozzle
1hraggh_bmler @rgm wate_r ko « boiler chemical washing
s manitoring of air ingress into condenser «replacement of plugged condenser tubes

wFromen
Active Performance Improvement o JICA Study in India__

® JICA Study on Enhancing Efficiency of Operating
Thermal Power Plants in NTPC-India

® Dac 2008 — Jan 2011
& Y of J-Power, Kyushu and Chugoku EPCos

1. Gross heat rate improvement
+  AH leakage control system
« high performance AH element
« aplimization of soot blowing

T o2 . ® Objeclives

?w e gad Dpera_m" . ¥ Improve the efficiency of coal-fired TPSs sustainably
* h'Qh_PET;‘?a”DE tu;l:una blade and anti- « Transfer the technologias for the above objective

BRI ORIE ® for 9 units of 5 coal-fired TPSs, NTPC

2. Net heat_ rate improvement 3 #® Study incl. economicfinancial evaluation and COM
(reduce in-house power consumption) v Efficiency: AH, Candenser, Pump, BFP-T, C&1, BT
+ vanable speedipitch fans « RLA: Boiler, Turbine, GeneratorTransformer
+  partial in-service of aux, equipment ¥ D&M Procedure
; v Bmler diagnaosis and Combustion mmulatu:un
[Tt P T Do W Moy PP i P gt ACE L,
Result of JICA Study Conclusion

® Efficiency improvement
¥ Warious proposals were made; AH new seal sysiem,
Boiler fumace modification, O&M procedure, eic,
+ Somea of them were implemented, Candansear air
ingress improvemeant, Turbine seal fin treatment, etc.

¥ The ofhers are under progress for implementation

® For newly planned coal-fired power stations;
¥ New technologies such as USC can be applied to get
betier thermal efficiency.
¥ This is alse effective against Global Warming,
+ The latest environmental conired technologies can also

inciuding detail studyidesign by NTPC/OEMs, cost- be applied to reduce polliution in kocal environment.
effectivensss and timing adjustment ® For existing coal-fired power stations,
® Technology transfer ¥ Praper managamant shall be conducted 1o keep the
< & et of technologlesinformationfexarcises were thermal efficiancy at fhe dasign level.

introduced. ¥ Measures for efficiency improvement beyond the

v They were transferred through in-situ demonsiration,
trainings in Japan and SeminarsWorkshops,

& Details: nl.'tp Hzc-pac:j ca.go jpiibranyindexeng htmi

original design fevel can be considered thraugh
justification of related technologies,

@ J-Power can provide assistance upon reguest.
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