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Thematic Paper Title Reducing Cost of Electric Energy Consumption of the Cooling

Tower System: a Case Study of Laem Chabang Power Plant

Author Natthawut Imthong
Thematic Paper Advisor Assistant Professor Suparatchai Vorarat, Ph.D.
Department Engineering Management
Academic 2018
Abstract

This research is to study reduction of electric energy consumption costs in the cooling
tower system at Laem Chabang Power Plant. The fishbone diagram was utilized as a tool in order
to determine devices that consumed substantial energy that were potentially improved in terms of
both thermal and electric energy. The results of the fishbone diagram analysis showed that the
electric energy could be decreased by improving the cooling tower fan set. Consequently, data
regarding operating hours, electricity consumption and total efficiency of the cooling tower
system were collected. All data were analyzed to make comparisons between before and after the
improvement and to analyze the Internal Rate of Return (IRR) and Payback Period (PB).

The results of the study demonstrated that the electricity consumption of the cooling
tower system before the improvement was 434.1 kWh, costing 8,061,570 baht per year. The
initiative of changing the cooling fan blades was implemented in order to reduce electric energy
cost. After the cooling fan blade alteration, it was found that the electricity consumption reduced
to 315.52 kWh, costing 5,900,224 baht per year. This led to the electricity cost saving of

2,217,446 baht per year, or an average energy saving of 27.28%.
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Closed-loop cooling
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MW 2.3 Make up water pump
An: [http://etamneho.ae/New/mirdiff.html]
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NN 2.19 1UUNAY (Film type)

v
=

NNN: [http://www.cheresources.com/chexpress/chexpress07 25.shtml
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4 Y
2.1.4.3 2200310z YAANDL 009U (Drift and Drift eliminators)
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MUN 2.20 a2099U A YAANAZOBIUT (Drift and Drift eliminators)

fan: [http://www.me.psu.ac.th/Power Plant Engineering/P7d.htm]

v b4
A o

Y v
gaanaazooeil lanatsuuuawaaslunni 2.23 ATNWUULDARSI (Single
Y v
row) @0AAY (Two row) @1NLAY (Three row) Iasurunuazaianulioimenlasunania
1 % % o 30} 1 % 1 1 { a [
pganz Uy Mldazessinnminn lansanlasunanianis lva ldwdeusveimea’la
Ly ) %} %’ { ) 1 3’_, v o I
wu 3 ldiueneonanoInALazaz eI NN NUNZTIauKS oURUNUTINAIN T
a| d [ 1 [ 3 ] 9 dy o 9 A a [
Wawung Inandugrenasdu ununuil 019v1910 17 Tanevsewaraan nmsanazeos
y £ ' v 3 ] P ' A ' 9 ~
iz luansaanilesnvineimeld 100% uamseenuuuszvuNAvzIe I gy
ao’ %} = 9 =\ U [ g}/ =2 9 =1 %’ a d' so'
eennszuuMyuAsulosn oA 0.2% A9UIIAEINTZ UV UALNFATSEI
1 o (% =) a}l 4 Q 90, o 1 { 1
#9817 AHUSUNTAAAUATOIANAZ D099 INUUMUNUINDINADBNIIN 1FVUDINOHAD

<
Uy



25

Single row

Qovie  Yonw ()

My 15555

T € #¢

Wet air Wet air

Two rows Three rows

v Y Y
MUA 2.21 a0 WAL YAANAZDOIUT (Drift and Drift eliminators)
fan: [http://www.me.psu.ac.th/Power Plant Engineering/P7d.htm]

2 .

2.1.4.3 9 NUNYY (The cold water basin)
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3 ' ]
MNN 2.22 9198181 (The cold water basin)
fan: [https://www .structuraltechnologies.com/article/cooling-tower-concrete-maintenance]

2.1.4.4 YuANSEUY (Makeup water)
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2.1.4.5 luvia (Cooling fan blade)
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] o 1 @ [ <
%A TUNA (Cooling fan blade) AIMWN 225 lusiavoInerasgulniINgAsINA
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mnn 2.23 lusia (Cooling fan blade)
fan: [http://spxcooling.com/parts/marley-hp7i-fan]

4
2.1.4.6 1NESNATOL (Reducing gear)
a . @ A 3 A o 1
NYINATOVU (Reducing gear) AININN 2.26 anuGEIMmvzauveslunavionas
S o [ ) < = v o o o ¥ A J I o
lﬂuﬂJﬂ%gthwnﬂUﬂ‘]Jﬂ'J’]illﬁjmﬂﬂﬂﬂlﬂﬂﬁcﬁﬂlﬂugﬂamﬂiﬂ‘Wﬂ ANUU lﬂﬂiﬂﬂﬁ@ﬂ!ﬂu@ﬂﬂﬁmiu
1 1 o w [ 9, 14 Y Y] 9 g’/ <3 4
ﬂ’]iﬁ\?ﬂ']fJﬂ']ﬁQ%’]ﬂWﬁQQ1u]1ww1ﬂl@qu@!ﬁﬂillﬂeuﬂﬂlﬂ1/\|ﬂ WIDUNAANNULIITOUITINUDIADT

Tolihas Wmunzduansiouzuoaluwa

= a < )
MNN 2.24 1NYINATOVY (Reducing gear)

fan: [https://www.indiamart.com/proddetail/cooling-tower-gearbox-12080172391.html]
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2.1.4.7 WWa1VU (Fan shaft coupling)
marvuluwaay aamni 2.25 MinlumsdaoenadanuanmaINesnan
4 [ A Y o a 7 A 9 o ] 1 I [ &’,
wones ligmaiaednumesnasou esainmalazdesiaiuegnielunevasidu iy

LW@"I%]%GEIJE)\‘]ﬁHJﬁEWIuﬁ'@ﬂ'lig'ﬂﬂi'@ullﬁzllix‘]ﬁﬂ

MW 2.25 WA 1Y (Fan shaft coupling)
fan: [http://www.coolingtowerdepot.com/content/parts/product-detail/2686]

[ <

2.1.4.8 Yavevioviaody (Fan stack)
[ 1 < @ 1 o { T 1 <
Uaoanenandy (Fan stack) a3an1WhN 228  nthnvesilaesvevasidy
I JY v W ) 9 v A o o A Y o
wennIziuglnsaldeanuouns1enInmMInyuYeINAaNLA) GaNANUEIAYNEIVDIN1
a a 3’, [ I~ ~ 1 v I a Y
UseANMTnmMNInuaveszUUonaody lagnildesonasiinuvzgnoonuuutaznan 1y

aunsasulSuaeme narulSunamnniige Tagldmauiniosngea

MR 2.26 apaneriaoidu (Fan stack)

fan: http://www.gtpl.co.in/manufacturing.php
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2.1.49 woweivulunwa (Motor driven cooling fan)

Y A

= @ A o @ A 4 Y o
uﬂumﬁlumiﬂmmamgualuvm ANNINN 2.29 namaﬁmmmmmmdmﬁlu

Yy A

A ] ] 1 o 4 { 1 <
anmaunadeniingld ed1uru msmhauluanusuiaoudngemelunenasdu nio

luannzduan vuen duuas lowndl

M 2.27 vomesvulusia (Motor driven cooling fan)
fan: https://www.baltimoreaircoil.eu/parts/gear-boxes

2.1.5 Llwuﬁﬂfgl}Nﬂm(Fishbone Diagram)
I [ @ o
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3. edeams Iiiunuamaly msszanaueos Feazaielinng auliany

aulaludymivesnquisauaas 13nilan
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Performance data

Water circulation, (m3/hr.)

Inlet water circulation temp. (°C)
Outlet water temp. (°C)

Design wet bulb temp. (°C)

Elevation (m)

Tower design data

Type

Number of cell

Cell size (ftxft)

Overall length/ Width (ftxft)
Distribution type

Drift loss (% circulation)

8,584
40.6
31.6
28.45

Counter flow

3

42x42

126x48

Low pressure down spray

0.001
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Drift eliminator type
Fill type

Access to top of tower

Fan deck live load (PSF)

Tower material

Structure
Bolting hardware
Gear support members

Fan stack

Distribution headers/ Lateral lines

Distribution spray nozzles
Drift eliminators

Fill

Exterior wall

Fan deck

Fan data

Type  Adjustable
Manufacturer/ Model
Diameter (ft)

Blade/ Fan

Blade material

Sizing of hub (Inch)

Hub material

Fan speed (rpm)

Tip speed (fpm)

Diameter of Fan stack (mm)
Diameter of fan blade (mm)

Fan at design conditions (cfm)

Total static pressure drop (in H20)

39

CDX-8010/15

1900 10mil

One concrete and One
HDG ladder

Structure design

Concrete

300 series stainless steel
HDG

FRP

SCH. 40 PVC/ SCH.40 PVC
Polypropylene

PVC

PVC

Concrete

Concrete

pitch
HUDSON/ APT-28H-9
28

9

FRP

76

HDG
141
12403
8583
8534
1147960

0.448



Recommended trial fan pitch (°)

Existing Fan pitch (°)

Required of HP at design (HP)

Gear/ Drive shaft data

Gear type

Gear manufacturer
Model

Rated capacity (HP)
Reduction ratio

Drive shaft manufacturer

Shaft material

Motor data

Type

Frame size

Manufacturer

Rated capacity (kW)
Operating rated capacity (kW)
Operating speed (rpm)

Volts/ Phase/ Cycle

40

12.6
10
157.6

Right angle spiral bevel
Sumitomo

8065

486

10:1

Addax

Composite fiber

TEFC
IEC-D280M
Baldor

162

140

1500
690/3/50
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Point From edge of skirt (cm) STN-1 STN-2 STN-3 STN-4 Unit
X1 265.4 3.7 3.3 5.0 1.8 m/s
X2 180.5 13.1 12.3 11.9 12.6 m/s
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Wind velocity 1.5 2.0 2.2 1.7
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Desi d&, lled HAMON B.GRIMM Viptel Innovek
Description Unit B.GRIMM

' SINCE 1878 A B c
Manufacturer Hudson Howden EVAPTECH COFIMCO
Country USA Netherland brazil ITALY
Model APT-28H-9 2BDNFS NCR2B06 8534-35F/G2.2T
Number of blade Q'ty 9 5 3] 8
Fan diameter mm 8534 8534 8534 8534
Air flow m3/s 542 542 542 49518
Static pressure inH2O 0.448 0.448 0.45 0.607
Speed rpm 140 140 140 140
Air Density kg/m3 1.099 1.099 1.143
Rate power kW 157.6/140 103 100.4 119
Static efficiency % 64 60.3 65.9
Total efficiency % 243 83.8
Blade pitch angle = 126 9.2 17.6 47
Materia FRP FRP FRP FRP
nvestment cost / cell including hub and install Baht/Ce 800,300 775,000
nvestment cost / 3 cell including hub and install Baht/unit 2,400,900 2,325,000
Operating per year@ 8500 OH hrs/year 8500 8500 8500
Unit rate of Electric cost per kwh Baht/kWh 2.2 2.2 2.2
The old fan power measure KWh 140 140 14175
MNew fan power measure KWh 103 100.4 119
Electrical energy saving kwh 37 39.6 2275
Energy saving % 26 28 16
The old fan power consumtion/Ce Baht/cell/year 2,618,000 2,618,000 2,650,725
New fan power consumtion,/Ce Baht/cell/year 1,926,100 1,877,480 2,225,300
Electric costing saving/ce Baht/cell/year 651,500 740,520 425,425
Electric costing saving/3 ce Baht/Year 2,075,700 2,221,560 1,276,275
Pay back period Year 1 1 »1.8
Guarantee energy saving % from existing. % =26 =28 =16
‘Warranty againt manufacturing material defect Year 15 2 1
In case of not pass: Dismantle new blade out v
In case of not pass: discount 2% of Guarantee price per 1% v
The customer can reject order if actual energy saving less than 10% v
Including mobile crane for remove and install v v
Including scaffolding v ¥
Payment Term: 70% Material on site v v
Payment Term: 30% after work complete (performance test&Guarantee report) v v
Payment Term: 30 days credit term v v
Delivery time: 16 weeks 120 days 14-16 Weeks
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CT Cell No. 3 The owner handover CT gearbox (spare) to contractor.

Drain lube oil of Existing CT gearbox

Uncoupling of coupling and gearbox

Remove existing fan blade, hub and gearbox set

Lifting and Install new gearbox on base.
Fill up lube oil of CT gearbox provide by owner

Lifting and install new fan blade on gearbox set
Adjust blade angle measurement and record

All togue bolt and mark up

Tip blade clearance check and record

Check highest blade and lowest blade

Final alignment check for Gearbox to motor

Vibration check and record

Remove scaffolding, cleaning work place

Record for fan performance test, Air flow measurement
Send draft report to owner

Gearbox 3 Send gearbox to overhaul

CT Cell No. 2 The owner handover CT gearbox (3) to contractor.

Drain lube oil of Existing CT gearbox

Uncoupling of coupling and gearbox

Remove existing fan blade, hub and gearbox set

Lifting and Install new gearbox on base.
Fill up lube oil of CT gearbox provide by owner

Lifting and install new fan blade on gearbox set
Adjust blade angle measurement and record

All togue bolt and mark up

Tip blade clearance check and record

Check highest blade and lowest blade

Final alignment check for Gearbox to motor

Vibration check and record

Remove scaffolding, cleaning work place
Record for fan performance test, Air flow measurement

Send draft report to owner
Gearbox 2 Send gearbox to overhaul

CT Cell No. 1 The owner handover CT gearbox (2) to contractor.
Drain lube oil of Existing CT gearbox

Uncoupling of coupling and gearbox

Remove existing fan blade, hub and gearbox set

Lifting and Install new gearbox on base.

Fill up lube oil of CT gearbox provide by owner

Lifting and install new fan blade on gearbox set

Adjust blade angle measurement and record
All togue bolt and mark up

Tip blade clearance check and record

Check highest blade and lowest blade

Final alignment check for Gearbox to motor

Vibration check and record

Remove scaffolding, cleaning work place

Record for fan performance test, Air flow measurement
Send draft report to owner
Gearbox 1 Send gearbox to overhaul, Keep spare on shelf
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! o 1 1 < o { @ 1
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(Internal Rate of Return: IRR)
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1 2,217,446 2,217,446
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NPV: $7,310,841.943
IRR: 94.216165%
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MANUIN
COOLING TOWER PERFORMANCE
. 23/11/2017 07:00:00 AM 27/01/2018 07:30:00 AM
Parameter Unit
23/11/2017 07:10:00 AM 27/01/2018 07:40:00 AM
Q_coolw MW 69.79 72.06
m_circ m3/h 9604.80 9604.80
Pcw_pump barg 1.98 1.97
Pcw_pump bara 2.99 2.98
T cwin_BPL1 c 36.23 37.01
T cw out_BPL1 C 29.97 30.55
hcw in KJ/Kg 152.04 155.32
hcw out Ki/Kg 125.88 128.31
Tdp C 18.46 22.28
T app C 11.51 8.27
ATl C 17.77 14.74
AT2 C 11.51 8.27
LMTD C 14.41 11.20
H_ v KJ/Kg 2724.79 2724.61
m_evaporate m3/h 92.21 95.22
m_ drift m3/h 19.21 19.21
m_drawoff m3/h 28.81 28.81
m_makeup m3/h 140.23 143.24
CocC Cycle 10.60 10.91
CT Efficiency % 35.23 43.86

sremsmmuaulszanimmreriaodu s lihunannils
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B.GRIMM

Purchase Order Number :

81

171090317
SINCE 1878 =< 0
Date : 24/07/2017
Bill To/ Consignee Name & Address Vendor:
B.GRIMM POWER (LAEM CHABANG) 1 LIMITED VIPTEL CO., LTD.
5 Kr hepk ha Road H k Bangkapi Bangkok 10240 20 Mool, Sukhumvit Rd.,
Tax ID : 0105540041363 (Head Office) T.Bangmuangmai, A.Muang
Samutprakarn
10270
Deliver To:
B.GRIMM POWER (LAEM CHABANG) 1 LIMITED
205/7 Moo 3 Sukh it Road T.T khla A.Sriracha . K.Paw
Chonburi 20230 Thailand Contace: K-Rawarun
Tel: +66 (0) 3849 3470-4 Fax: +66 (0) 3849 3475
el 0 " Y Tel: 061-9629536
Contact =
Fax:
“mail :salesl@viptel.co.th
Purchaser: Kamolrat Sutham Emall teslesl@viptelco.
Tel : 02-710-3579 Fax: 02-379-4245
Email : kamolrat.s@bgrimmpower.com
Vendor Ref. Payment Terms Delivery Date Budget Code PR Ref.
QVT-RY-17015-REV.3 30 days 01/12/2017 18013400.0000 109MEC-17/03/11
Item Item Ref. No  Description Qty Unit Unit Price Amount
1 98.00.00.01.02  Replacement for Cooling town fan blade in project for 1.00 JOB 2,120,000.00
energy saving. Cooling fan 3 cell
Remark : Reference term and condition as commercial attachment.
Note : 1. A vendor shall return acknowledgement of this PO by Fax or Email within 3 days after receipt
of this PO. Currency THB
2. A purchaser may,without prior notice to a vendor,terminates this PO in case of price and/or Total Price 2,120,000.00
condition are changed. VAT 148,400.00
3. A PO number must be shown on every invoice.
iy 2 e Grand Total : 2,268,400.00
4. A vendor must follow all I policies, I dard strictly.

Grand Total : TWO MILLION TWO HUNDRED SIXTY EIGHT THOUSAND FOUR HUNDRED AND XX /100

*%% This is generated d and approved online. No signature required . ***

Date :

Vendor Sign :

Page 1 of 1
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B.GRIMM

Purchase Order Number :

181090471
SINCE 1878 B 0
Date : 03/08/2018
Bill To/ Consignee Name & Address Vendor:
B.GRIMM POWER (LAEM CHABANG) 1 LIMITED Innovek Asia Co., Ltd.
SKr pkreetha Road k pi 10240 19/1 Soi Samyakbypass,Sukhumvit Rd.,
Tax ID : 0105540041363 (Head Office) T.Thubma, A.Muang Rayong
Rayong
21150
Deliver To:
B.GRIMM POWER (LAEM CHABANG) 1 LIMITED
205/7 Moo 3 S it Road T.Ti A.Sriracha
Chonburi 20230 Thailand Contact : K.Nopporn
:+66 (0) 3849 3470-4 @ +66 (0) 3849 3475
N O Fax ® Tel: 084-3623196
Contact : Natthawut Imthong
Fax:
il 2 i k.co.th
Purchaser: Kamolrat Sutham Emall:nopporn@lanovelcco
Tel : 02-710-3579 Fax: 02-379-4245
Email : kKamolrat.s@bgrimmpower.com
Vendor Ref. Payment Terms Delivery Date Budget Code PR Ref.
QTN-AC-0061-07-18R1 30 days 14/09/2018 50301020.0000 109MEC-18/06/12
Item Item Ref. No  Description Qty Unit Unit Price Amount
1 98.00.00.00.00  Clean and inspect fill pack and drift eliminators of CT cell 1.00 JOB 300,000.00 300,000.00
No.3 including transportation clean their workshop,
Cooling size 12x14 m, fill pack midia 5 layers, size of fill
pack 305x305x1830 mm
Remark : 1. Job will start on 12-26 August 2018.
Note : 1. A vendor shall return acknowledgement of this PO by Fax or Email within 3 days after receipt
| of this PO. Currency THB
2. A purchaser may,without prior notice to a vendor,terminates this PO in case of price and/or Total Price 300,000.00
condition are changed. VAT : 21,000.00
3. A PO number must be shown on every invoice.
" ; " Grand Total : 321,000.00
4. A vendor must follow all pany policies, I dard strictly.
Grand Total : THREE HUNDRED TWENTY ONE THOUSAND AND XX /100
**% This is p generated d and approved online. No signature required . *** | Vendor Sign :
Date :

Page 1 of 1

4 X a ] Y 1] oA
GljJﬁ\i“]f’ﬂjJﬁﬂ'ﬁﬂ'ﬁa']\‘lulﬁﬁaﬁa@lﬂuﬁu’]ﬂm 3

H a o a J o w
lan: Ta511n53 PR Approve Center U84 USHN 1051 (W05 9109 (MHIBU)

82



83

|
I; .( X I{ I \ I \ I Purchase Order Number : 181100194
Rev. :
SINCE 1878 0
Date : 24/08/2018
Bill To/ Consignee Name & Address Vendor:
B.GRIMM POWER (LAEM CHABANG) 2 LIMITED Innovek Asia Co., Ltd.
5 Kr hepkreetha Road H k Bangkapi Bangkok 10240 19/1 Soi Samyakbypass,Sukhumvit Rd.,
Tax ID : 0105548162321 (Head Office) T.Thubma, A.Muang,
Rayong
21150
Deliver To:
B.GRIMM POWER (LAEM CHABANG) 2 LIMITED
205/7 Moo 3 Sukhumyvit Road T.Ti khla A.Sriracha

Chonburi 20230 Thailand Contact : Sermsak Sermsak

Tel: +66 (0) 3849 3470-4 Fax: +66 (0) 3849 3475
Contact : Thanakrit Seesangngam

Tel: 086-798-6386
Fax :

Email :sermsak@innovek.co.th
Purchaser: Kamolrat Sutham

Tel : 02-710-3579 Fax: 02-379-4245
Email : kamolrat.s@bgrimmpower.com

Vendor Ref. Payment Terms Delivery Date Budget Code PR Ref.
QTN-AC-0049-08-18R0O 30 days 05/10/2018 13011098.0000 110SPA-18/07/13
Item I Item Ref. No  Description Qty Unit Unit Price Amount
1 16.16.01.00.01  Fill Pack Model TCI-C-19CC Size 1830x305x305mm 300.00 EA 576.25 172,875.00

Sheet thickness 10mil after forming

Remark
1. Liquidated Damages (LD): Delay in Delivery 0.1% of the total PO Price per day for each day of delay from the guaranteed Delivery
Date. LD for delay in delivery will be capped at 10% of the total PO Price.

Note : 1. A vendor shall return acknowledgement of this PO by Fax or Email within 3 days after receipt

of this PO. Currency : THB
2. A purchaser may,without prior notice to a vendor,terminates this PO in case of price and/or Total Price : 172,875.00
condition are changed. VAT : 12,101.25
3. A PO number must be shown on every invoice.

Grand Total : 184,976.25

4. A vendor must follow all policies, regulati dard strictly.

Grand Total : ONE HUNDRED EIGHTY FOUR THOUSAND NINE HUNDRED SEVENTY SIX AND 25/100

**% This is computer generated document and approved online. No signature required . *** | Vendor Sign :

Date :

Page 1 of 1
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TECHNICAL INFORMATION

Proposal No.  : AF17-0248
Date : Bth.Feb 2017
Customer : Viptel
rapToctime Query Details : Grimm Power, Thailand
1|Manufacrurer Evaptech Asia Pacific Sdn.Bhd.
2| Reference 172220-00
3|Model NCR2E06
4| Fan Diameter / Number of Blades 28ft / 6 Blades
1| Air Flowrate (m3/5s) 542.0 m3/s
2| Static Pressure (Pa) 0.45 inWG
3| Speed [rpm) 140.0 RPM
4| Density (kg/m3) 1.099 kg/m*
5| BHP (kW) @Design Temperature (Deg C) 100.4 kW
Fan Moment of Inertia 1294.3 kg m?
Pitch Angle @ Design Condition (Deg) 176 °
Fan Gap 0.0065 <25/D<0.0105
Total Efficiency (%) 84.30%
10| Static Efficiency (%) 60.30%
11| Fan Thrust @ Design Temperature 8583.7 N
12| Weight (Incl Hub & Coupling Flange) 6051.8 N
13| Continuous Unbalance Force @ Design Speed 574N
14| Radial Rotating Unbalance Force (incase of Damage Blade) 19673.7 N
15| Sound Pressure Level @ 1 meter - dB (A) {+/- 2dB(A)) 71.8 dB(A)
Sound Power Level - dB (A) (+/- 2dB{A)) 99.5 dB(A)
Flow Margin {AP!) 10.00%
18| Pressure Margin (API) 21.00%
19| Blade Natural Frequency (Hz) 5.4 Hz
20|Blade Operating Natural Frequency (Hz) 5.7 Hz
21| Frequency Margin (%) 59.70%
22| Critical Speed (rpm) 57,0 rpm
23| Blade Material FRP (Color White RAL9016)
24|Blade Leading Edge Protection 55316
25| Hub Material Cast lron (ASTM AS536GR6E5 45 12)
26| Hub Painting HDG Epoxy, Color Yellow RAL1018
27| Hardware / Bolts / Nuts A2 CL80 G316
Clamp Material Aluminum

for EVAPTECH ASIA PACIFIC SDN.BHD.

Ron Gomes

F03yaN1UNALAYEIVTEN B Technical Information
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UYoya

Proposal No.
Date
Customer
Query Details

Static Pressure Curve - Model NCR2806

@ 141.0 RPM, Ar density 1 099 kg/m®
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Required Power Curve - Mode! NCR2806
@ 141.0 RPM, Ar densty 1.089 ky/m”
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Efficiency Curve - Model NCR2806
@ 141.0 RPM, Air density 1.099 kg/m®
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: AF17-0248

: 6th.Feb 2017

: Viptel

: Grimm Power, Thailand

P-8
P-3
“e=pP=178"
—P e
-~ P8
8 Operstion
O APlipont
= = Stall imt

—— P =226 Marg Lim

- = = Static Efficiency
=== Total E fficiency
B Operaton

200 250 300 350 400 4S50 SO0 SSO 600 650 700 7SO0 800

Air Flow (m%s)

910115153 Simulation taasa)szansmmvelusinanyalui

H a o a J o w
lan: Ta511n53 PR Approve Center U84 USHN 1051 (W05 9109 (MHIBU)



9

Voya

Torque Curve - Model NCR2806
@ 141.0 RPM, Air density 1.099 kg/m®

Proposal No. : AF17-0248
Date : 6th.Feb 2017
Customer : Viptel
Query Details

86

: Grimm Power, Thailand

9000
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=0

Pitch Angle A B C D E F G H
Oper. Angle 263mm 13lmm | 10d4mm | 52mm Sce Sce
Max. Angle 28.00ft 4.50ft 288mm 144mm | 130mm | 65mm table table
Max. Dimens. 400mm 200mm | 322mm | 16lmm | below | below
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Air fan cooler Pre - test mot'rube
/ Cooling tower / | Post - test /_|Vane Anamometer
Evap condenser
Standard Method
Client : BGRIMM Laemchabang Total test point 2 i >
Test Date : . 14-Jan-18 STN-2
Time : 11.00
Location / Plant : Chonburi
Cell No.: 1
Manufac : EVAPTECH
Materials / blade FRP / 6 blades
Stack diameter (D) : 85824 m
Fan diameter (Df): 85344 m
Disc diameter (Ds) : 13716 m STN1 STN-3
Tip clearance : 0024 mm
Pitch : 13 e
Design Flow 542 m3/s £
Fan speed 140 rpm E
Rated power : 162 kw -
Instrument Name / ELECTRONIC ANEMOMETER AE-1 o
Serial No. 2045:0705 —
AIR FLOW TEST STN4
Point From edge of stack (cm) STN-1 STN-2 STN-3 STN-4 Unit
X1 106 113 115 116 121 m/s
X2 326 123 125 123 124 m/s
x3 55.9 1.7 1.9 19 120 m/s
X4 80.8 1.2 109 113 11.6 m/s AVG velocity 9.6 m/s
X5 107.6 109 104 105 108 m/s Net Free area: 56.4 m’
X6 1368 105 | 102 102 103 | nvs Air volume 5423 _oms
X7 1693 105 ‘IO}_:] 101 105 | mvs Power Consumption 1037 I Q.
X8 2065 79 92 9.6 94 m/s CWS/CWR temp 30/37 _C
X9 2513 45 6.1 72 55 m/s Standard Deviation of Flow 29
X10 3122 32 29 29 27 m/s % Flow 100.1%
9.400 9.590 9.760 9.730 m/s Motor load : 64%
Wind Velocity L s | 13 8 | 14 | ms |
POWER CONSUMPTION MEASUREMENT
Current (A) | PF ""'&; Power (KW)
10794 0.803 690.29 103.69

6ISJ}’E)iJ’ﬁ Fan Performance Test U991 187 1

U

H a o a 4 @ o w
ﬁ%ﬂ: Fan Performance Test Report Y93 UTHN ‘ﬁ.ﬂﬁJ N9 (UYANRDVY) 1 91049
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INSTALLATION CHECKING
Cell No.1 Point 1
Fan stack
Tip Point4
Point 2
(Motor)

Point3
1. Rotate the fan manually initially by two or three turn / \ o ‘ | No
2. Check blade tracking [ ‘ oK -\ No

3. Check blade pitch (not more than 0.5 degree) and tip clearance for each blade, The gap 'TC' between any
blade and fan stack / fan ring at any point should not vary by more than the following

Should not vary more than +-2 1/4"

2 %"

~—fx

s om) | et e

+35

+16
+5
8

U03ya Fan Performance Test VIHUIN 1 (919)

H a o a 14 @ o w
ﬁm: Fan Performance Test Report U893 UTHN ‘ﬁ.ﬂ‘m WIBDT (LHANRDY) 1 91NA
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PROJECT : FAN BLADE REPLACEMENT
FOR ENERYGY SAVING

[COMPANY : B-Grimm Power Laem Chabang

CELLNO. : 1

FAN MODEL
TESTDATE

OPEARTING FLOW

OPEARTING POWER P)

ENERGY SAVING
AIR FLOW INCREASE

m's
kw

%
%

Hudson Tuflite Il

EVAPTECH
6-Dec-17 9-Jan-18
542.00 542.31
139.20 103.69
OPERATING CONDITION
2551%
0.06%

9

U938 Fan Performance Test VOIHUIYN 1 (@1'@)

Y A o a 4 o o w
1311: Fan Performance Test Report U89 UTHN 1.034 1N 1105 (UYMaNRUI) 19109
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FAN PERFORMANCE TEST SHEET

Air fan cooler = Pre - test |Pitot Tube
/ Cooling tower /| Post-test Vane Anamometer
Evap condenser
Standard Method
BGRIMM Laemchabang Total test point 40 Fan Diameter >20 ft
i 22-Jan-18 SIN-2
: 1430
Location / Plant Chonburi
. $ 2
: EVAPTECH
Materials / blade FRP / 6 blades
Stack diameter (D) : 85824 m
Fan diameter (Df) 85344 m
Disc diameter (Ds) 13716 m STN-1 STN3
clearance : 0024 mm
: 13
Daesign Flow 542 m3/e
140 rpm
power : 162 kw
Instrument Name / ELECTRONIC ANEMOMETER AE-1
20450705
AIR FLOW TEST
Point | From edge of stack (cm) | STN-1 | STN-2 | STN-3 | STN-4 Unit
X1 106 10.1 102 126 112 m/s
X2 326 1.2 13 133 124 m/s
X3 559 12.0 112 125 119 m/e
X4 808 114 103 113 115 m/s AVG velodity 9.7 m/s
X5 1076 102 105 107 105 m/s Net Free area : 56.4 m’
X6 1368 10.1 104 104 102 m/s Air vol 5455 m's
X7 1693 102 101 103 106 | ms Power Consumption _018. kw
X8 2065 101 102 101 103 m/s CWS/CWR temp 30/37 ¢
X9 2513 56 6.1 58 54 m/s Standard Deviation of Flow 27
X10 3122 36 35 37 41 m/s % Flow 100.7%
9450 | 9380 | 10070 | 9810 m/s Motor load : 63%
Wind Velocity I 34 | aa@lF 23 | 14 | o |
POWER CONSUMPTION MEASUREMENT
Current ()| PE ""o'n' Power (KW)
108.71 0.785 68933 | 10184
Y

Voya

Fan Performance Test YDIHUIIN 2

H a o a 14 @ o w
ﬁm: Fan Performance Test Report U893 UTHN ‘ﬁ.ﬂ‘m NIDT (UHANRDVY) 1 91049




INSTALLATION CHECKING
Cell No.2

Fan stack

Tip clearance

1. Rotate the fan manually inifially by two or three turn i o Mo

2. Check blade tracking |1 ]o ]

3. Check blade pitch (not more than 0.5 degree) and tip clearance for each blade, The gap TC' between any
blade and fan stack / fan ring at any point should not vary by more than the following

Should not vary more than +-2 1/4"

PITCH
NO FROM
7 13 27 +20
= 13 27 29
9 13 24 -12
10 13 23 =0
11 13 23 -5
12 13 27 1]

T93@ Fan Performance Test YBIHUIET 2 (@]'FJ)

Rl

3 A o a 14 @ o w
31 Fan Performance Test Report U9 UIHN 1.031 W03 (LYauRUY) 1 91049
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PROJECT : FAN BLADE REPLACEMENT
FOR ENERYGY SAVING

ICOMPANY: B-Grimm Power Laem Chabang

CELLNO, : 2
FAN MODEL Hudson Tuflite Il EVAPTECH

TEST DATE j 6-Dec-17 22-Jan-18

OPEARTING FLOW m's 542.00 545.55

OPEARTING POWER ®) W[ 147.30 101.84

OPERATING CONDITION
ENERGY SAVING % 30.86%
AIR FLOW INCREASE % 0.65%

Yoa Fan Performance Test YDIHUIN 2 (@1'@)

U

Y A o a 4 o o w
1311: Fan Performance Test Report Y83 UTHN 1.030 1N 11I05 (UYaNRUI) 19109
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Alr fan cooler
/ Cooling tower
Evap condenser

BGRIMM-Laemchabang

FAN PERFORMANCE TEST SHEET
Pre - test Pitot Tube
Post - test Vane Anamometer
Standard Method
Total test point 4 FanDiameter >20 ft

14-May 61
H 118
Location / Plant Chonbun
. 3
: EVAPTECH
Materials / blade FRP / 6 blades
Stack dlameter (D) : 85824 m
Fan diameter (Df) 85344 m
Disc diameter (Ds) 13716 m STN-L
clearance : 0024 mm
13
Design Flow — 542 mi/e
140 pm
162 KW
Instrument Name / "ELECTRONIC ANEMOMETER AE-1
2045:07.05
AIR FLOW TEST STN4
Point | From edgeofstack (cm) | STN-1 | STN-2 | sTN.3 | sTh.a | umie
X1 106 115 103 130 29 s
X2 326 128 123 128 126 m/'s
3 5590 129 19 12.5 122 m/s
%4 808 121 11.8 126 118 m's AVG velocity 9.6 m/s
x5 1076 114 18 15 13 mws Net Free area : 56.4 m
X6 1368 106 | 108 105 105 ms Alr volume 5422 m'/s
X7 169.3 101 99 100 95 nm's Power Consumption 1100 kw
XB 2065 73 68 9.1 85 ms CWS/CWR temp 3027 e
%9 2513 83 31 52 19 m/s Standard Deviation of Flow 33
X10 32 33 29 24 32 ms % Flow 100.0%
10030 | 9.130 | 9970 | 9340 | mvs Motor load 68%
WindVelodity | 27 | 38 | 22 | 18 | ms |
POWER CONSUMPTION MEASUREMENT
Cument ()| PF '“(5 [h-w W)
| 1m0 | osin | 70274 | 11000

9

UDYya

Rl

Fan Performance Test Y9918 3

3 A o a 14 @ o w
31 Fan Performance Test Report U9 UIHN 1.031 W03 (LYauRUY) 1 91049




96

INSTALLATION CHECKING

Cell No.3 Point 3

Fan stack

Point 2
Tip clearance

Point4
(Motor)

1. Rotate the fan manually initially by two or three turn I'” o } |

2. Check blade tracking (7] [ =

3. Check blade pitch (not more than 0.5 degree) and tip clearance for each blade, The gap TC' between any
blade and fan stack / fan ring at any point should not vary by more than the following

Should not vary more than +-2 1/4"

0342 Fan Performance Test V9411287 3 (919)

U

3 A o a 4 o o w
1301: Fan Performance Test Report YB3 UTHN 1.030 111973 (UMaURLI) 1 91NN
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PROJECT : FAN BLADE REPLACEMENT
FOR ENERYGY SAVING

ICOMPANY: B-Grimm Power Laem Chabang

CELLNO. : 3
FAN MODEL Hudson Tuflite Il EVAPTECH

TEST DATE i 6-Dec-17 f 14-May-18

OPEARTING FLOW m/s 542.00 | 542.17

OPEARTING POWER ) W 147.60 [ 110.00

OPERATING CONDITION
ENERGY SAVING % 25.47%
AIR FLOW INCREASE % 0.03%

Y91@ Fan Performance Test Y9117 3 (919)

R

H A o a 14 [ o w
ﬁm: Fan Performance Test Report U893 UTHN ‘ﬁ.ﬂﬁJ INIDT (LLHANRUY) 1 910N
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PM Inspection Report of Low Voltage

2 N-BMS-FOM-02107-V4
NCE 8 Motor

6 Month Inspection of Low Voltage Motor

Work Order No. : WK190220.0013

Equipment Code : 10PUA10ANOO1 Description : COOLING TOWER FAN NO.1

Location : COOLING TOWER Panel : O0BFA 690 V / 08A/B/C
Installation : HORIZONTAL Serial Number : C0007255055

Rated Power : 217.16 HP. Speed : 1480 RPM.
Rated Voltage : 690 ! N/A V. Rated Current : 166 ! N/A A.

Visual Inspection

1. Damage or corrosion at motor, terminal box and manual switch station [“] Normal [] Abnormal
Detail/Remedy :

2. Coupling guards, fan cowl and hold-down bolts are in good condition [7] Normal ["] Abnormal
Detail/Remedy :

3. Buildup of dirt or debris which may impair to motor cooling part [“] Normal [1 Abnormal
Detail/Remedy :

4. Power cable and controls cable are in satisfactory condition [“] Normal [] Abnormal
Detail/Remedy :

5. Cable support, cable conduit, flexible conduit and cable glands are tightly [“] Normal [1 Abnormal
Detail/Remedy :

6. Auxiliary equipment e.g. thermometers, vibration sensor etc. are in good condition [“] Normal ’T Abnormal
Detail/Remedy :

7. Earthing connection tight and free from corrosion [“] Normal ] Abnormal
Detail/Remedy : 0.16 Ohm, 4.87 A

8. Cleaning, touch-up paint and tighten the loose parts || Normal ["] Abnormal
Detail/Remedy :

9. Space heater in operation ERY [ Normal 1 Abnormal
Detail/Remedy :

Motor Operating

1. Record voltage R-S: 683 V. R-T: 682 V. S-T: 683 V.

2. Record current R: 112 A S: 114 A Tt 110 A

3. Record bearing temperature DE: 50 °C NDE : 34 °C Body : 53 °C

4. Measure and record the "Motor Earting Loop Resistance" [“] Normal D Abnormal
Main Connection Point (Skid) - MCC : -

5. Abnormal noise (bearing, coupling, etc.) [7] Normal "] Abnormal

Detail/Remedy :

6. Regrease service Interval Hr. 4000 20 g. 1 na [~ Done 1 Not Done
20 g.
Note : Regrease services last date : 6 March 2019 20 g.

Working Hours: Hrs.
Inspected By : Rattana Approved By :
Date : 6 March 2019 Date :
JA10ANO01 Page 1 of1 B.Grimm Power (Laem Chabang) Ltd.

993§a351891 PM for Motor of Cooling Tower Fan No.1 Jufi 6 {iu1au 2562

=D.

U o [ Yy J o [ A v A A J @ o v
EXRK ﬁ"Ju‘iJﬁ\‘liﬂ‘]sﬂuh"h"h Phil‘]J1§Q‘iﬂ‘]el1 VDI VTN U.NTN (WIBT (UHANRUY) 1 9109
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PM Inspection Report of Low Voltage

N-BMS-FOM-02107-V4
Motor

V

8

J

6 Month Inspection of Low Voltage Motor

Work Order No. : WK190220.0014

EquipmentCode: 10PUA20ANOO1 Description : COOLING TOWER FAN NO.2

Location : COOLING TOWER Panel : OBFA 690 V / 09A/B/C
Installation : HORIZONTAL Serial Number : C0007255050

Rated Power : 217.16 HP. Speed : 1480 RPM.
Rated Voltage : 690 I N/A V. Rated Current : 166 ! N/A A.

Visual Inspection

1. Damage or corrosion at motor, terminal box and manual switch station [“] Normal [] Abnormal
Detail/Remedy :

2. Coupling guards, fan cowl and hold-down bolts are in good condition [7] Normal ["] Abnormal
Detail/Remedy :

3. Buildup of dirt or debris which may impair to motor cooling part [“1 Normal ["] Abnormal
Detail/Remedy :

4. Power cable and controls cable are in satisfactory condition [“] Normal [] Abnormal
Detail/Remedy :

5. Cable support, cable conduit, flexible conduit and cable glands are tightly |~] Normal "1 Abnormal
Detail/Remedy :

6. Auxiliary equipment e.g. thermometers, vibration sensor etc. are in good condition [“] Normal ] Abnormal
Detail/Remedy :

7. Earthing connection tight and free from corrosion [“] Normal ] Abnormal
Detail/Remedy : 0.1 Ohm, 6.66 A

8. Cleaning, touch-up paint and tighten the loose parts || Normal "] Abnormal
Detail/Remedy :

9. Space heater in operation 1 na ["] Normal "] Abnormal
Detail/Remedy :

Motor Operating

1. Record voltage R-S: 685 V. R-T: 685 V. S-T: 686 V.

2. Record current R: 110 A S 113 A T 113 A

3. Record bearing temperature DE: 59 °C NDE : 35 °C Body : 46 0]

4. Measure and record the "Motor Earting Loop Resistance" [Z] Normal "] Abnormal
Main Connection Point (Skid) : - MCC : -

5. Abnormal noise (bearing, coupling, etc.) [7] Normal ] Abnormal

Detail/Remedy :

6. Regrease service Interval Hr. 4000 20 g. 1 na [~1 Done 1 Not Done
20 g.
Note : Regrease services last date : 6 March 2019, 20g.
1480 rpm. Alarm ACS 800 0320_7SR  Replace fan (4280)

Working Hours: Hrs.
Inspected By : Rattana Approved By :
Date : 6 March 2018 Date :
A20AN001 Page 1 of1 B.Grimm Power (Laem Chabang) Ltd.

993§351891 PM for Motor of Cooling Tower Fan No.2 Jufi 6 {iu1au 2562

=D.

U o [ Yy J ) [ A v A A J o o w
1 ﬁ"Ju‘iJﬁ\‘liﬂ‘]sﬂuh"h"h Phil‘]J1§Q‘iﬂ‘]el1 VDI VTN U.NTN LWIIDT (LHANRUI) 1 910A
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=D.

Y ('R
B.GRIMNM i
'_ = 3 PM Inspection Report of Low Voltage N-BMS-FOM-02107-V4
SINCE 8 Motor
6 Month Inspection of Low Voltage Motor

Work Order No. : WK190220.0015

Equipment Code : 10PUA30ANO0O1 Description : COOLING TOWER FAN NO.3

Location : COOLING TOWER Panel : 0BFB 690V / 09A/B/IC

Installation : HORIZONTAL Serial Number : C0007255060

Rated Power : 217.16 HP. Speed : 1480 RPM.

Rated Voltage : 690 ! N/A V. Rated Current : 166 ! N/A A.

Visual Inspection

1. Damage or corrosion at motor, terminal box and manual switch station [“] Normal [] Abnormal
Detail/Remedy :

2. Coupling guards, fan cowl and hold-down bolts are in good condition [7] Normal ["] Abnormal
Detail/Remedy :

3. Buildup of dirt or debris which may impair to motor cooling part [“] Normal ["] Abnormal
Detail/Remedy :

4. Power cable and controls cable are in satisfactory condition [“] Normal [] Abnormal
Detail/Remedy :

5. Cable support, cable conduit, flexible conduit and cable glands are tightly [“] Normal [1 Abnormal
Detail/Remedy :

6. Auxiliary equipment e.g. thermometers, vibration sensor etc. are in good condition [“] Normal ’T Abnormal
Detail/Remedy :

7. Earthing connection tight and free from corrosion [“] Normal ] Abnormal
Detail/Remedy : 0.20hm, 26 A

8. Cleaning, touch-up paint and tighten the loose parts [7] Normal ["] Abnormal
Detail/Remedy :

9. Space heater in operation ERY [ Normal 1 Abnormal
Detail/Remedy :

Motor Operating

1. Record voltage R-S: 686 V. R-T: 687 V. S-T: 686 V.

2. Record current R: 112 A S: Can't Mea. A. Tt Can't Mea. A.

3. Record bearing temperature DE: 55 °C NDE : 39 °C Body : 55 °C

4. Measure and record the "Motor Earting Loop Resistance" [“] Normal D Abnormal

Main Connection Point (Body) : - MCC : -

5. Abnormal noise (bearing, coupling, etc.) [7] Normal "] Abnormal
Detail/Remedy :

6. Regrease service Interval Hr. 4000 20 g. 1 na [~ Done 1 Not Done

20 g.
Note : Regrease services last date : 6 March 2019, 20g.

Working Hours: Hrs.

Inspected By : Rattana Approved By :

Date : 6 March 2019 Date :

JA30ANO01 Page 1 of1 B.Grimm Power (Laem Chabang) Ltd.

VOYAI1831U PM for Motor of Cooling Tower Fan No.3 UM 6 Turaw 2562

U o [ Yy J ) [ A v A A J o o v
EXRK ﬁ"Ju‘iJﬁ\‘liﬂ‘]sﬂuh"h"h Phil‘]J1§Q‘iﬂ‘]el1 VDI VTN U.NTN WIDT (LHANRUI) 1 9109
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