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Webinar Agenda

09:30 - 10:00 Sign-in

10:00 - 10:15 Jayalmeoiuusenua:dngNs

10:15 - 10:50 e UEET sustainazsLe ENMS (s-EnMS) Model

e NIsUSUAUSSNUAUWAVLU

yovs:uuInSavaulAnuI:ay
(Pumping System Optimization)

1050 - 11:.00 Q& A

11:00 Conclude webinar session
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Meet GHG Reduction Targets

Developing Energy Saving Roadmap

Meet Energy Saving Targets

Whole Facility

Compressed Air System | Chilled Water System _eAe

System Specific | Fan System | Steam/Hot Qil Systems

Energy Performance Assessment Air Compressor | Chiller | Pump
| Cooling Tower | Fan | Motor
Equipment Specific
Steam Boiler | Hot Oil Boiler | Oven
\ | Fired Heater | Furnace
Energy

Feasibility Study of Energy Saving Measures

Energy Management System Implementation: Conforming to Thai Regulation and ISO 50001:2018
Energy Management System Energy

ONLINE EnMS Management Consultancy Analyzer

Process Integration using Pinch Analysis Principle and Aspen Energy Analyzer® Program — Exchanger
A o . f ] . . . . . . Design & Rating
UGG * E;aSsi:?llLlllltgtiit:dy of Energy Saving Potential £ Production Process Simulation using Aspen Plus® Program to Identify Potential Energy Saving

7]
\ Utility Distribution Network Analysis using FluidFlow® Program @ Aspen Plus

Developing Competency-Based Training Program for Energy Personnel {(En-TRM)

9 FLubFLOow
Product Life Cycle Analysis (LCA)} and Material Circularity Indicator (MCI) Development

Sustainable Development

T Water Management | Water Pinch Analysis !‘.s Simulis Pinch

Occupational Health and Safety Management System Implementation: Conforming to 1ISO 45001:2018

Process Risk Assessment using HAZOP Technique

Safety
Process Safety Management (PSM) Development
Site Safety Management
Digital Transformation Cloud-based Monitoring, Analyzing, and Predicting System (C-MAPs) Development

O/\®
Wz June Service Highlight
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Energy Performance Assessment using Energy Performance Indicators Measurement, Verification, and Financial Analysis

and Energy Baselines (1 Day) of Energy-Saving Projects (1 Day)

Sustainable Development

Energy Energy

Management Energy Management
Introduction to GHG Accounting System Management System
(1 Day) Requirements System Internal Audit
Developing Energy Saving Roadmap (1 Day) Implementation (1 Day)
in line with GHG Reduction Targets (1 Day)
(1 Day) Energy Saving
in Compressed Air System
(1 Day)
Heat Exchanger Distillation Pinch Analysis Energy Saving Energy Saving Energy Saving
Fundamental Fundamental and Process Integration in Steam System in Fan System in Chilled Water System
(1 Day) (1 Day) Fundamental (1 Day) (1 Day) (1 Day)

(1 Day)
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N1SMS2US:ITUNMEUS:UUNISYANISWEIU

NISWFRJUNS:UUMSdANSWavumuNnnuigLa: 1IS0 50001:2018

msus:0uaussnuAuwauulrelsBIAIa:UaYagUAMUWEDIU

MsnSI03n Msligouwaus:nan 1a:n1s3AS1AMUMSIBudINSulnsunsUs:nEAWEU

msus:ngnwanoulus:uuanAdn
nsUs:ngnwasmulus:uudnidu

Introduction to GHG Accounting

Pinch Analysis and Process Integration Fundamental
Distillation Fundamental

Heat Exchanger Fundamental
msus:ngawaouulus:uutinau (Fans and Blowers)
msus:naawaooulus:uuladn

NISUIFRILN Energy Saving Roadmap Ndonnaauiu GHG Reduction Target

ONLINE

ONLINE

ONLINE

ONLINE

ONLINE

ONLINE

ONLINE

ONLINE

ONLINE

ONLINE

2,000

2,000

2,000

2,000

2,500

2,500

3,500

3,500

3,500

3,500

9 29
23 12
9 27
16 10
20 17
27 24
14
28
12
26

laueidundngms In-house Training 1Nu
lauetdundngms In-house Training INU

lauotdunangms In-house Training IN1U

rnene: (1) symauanulusoun@yaniidy (VAT); (2) uSEn1 veauouansiunmsenianidoideunisiinaust
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} PTT Gas Separation Plant

} PTT Eastern Region Petroleum/Gas Terminals
} PTT Global Chemical

} PTT MCC Biochem

} IRPC

} ExxonMobil

} Trans Thai-Malaysia

} Sahaviriya Steel Industries

)} Thai Cold Rolled Steel Sheet

) General Motors

. . . © 2022 uee technology (thailand) all rights reserved

} Western Digital

} Swarovski Gemstone

} Marigot Jewellery

} Pandora Production

)} Berlin Pharmaceutical Industry
} Yokohama Tire

} Yokohama Rubber

} Inve

» Kao Industrial
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Certified 4rrPc IRPC: PP, ETP, SAN, BTX Plants Salamander Jewelry

BRAND’S Suntory (Thailand)

u" Continental Petrochemical - Laem Chabang & Pin Thong 2 Plants
©/scG SCG Cement Plant

TscL Thai Styrenics

Theppadungporn Goconut (Mae Ploy)

— Tha Luang & Kao Wong Plants Sahaviriya Steel Industries
cord’  Siam Sanitary Fittings (COTTO) (N#| Thai Cold Rolled Steel Sheet
m General Motors (Thailand) Whoronama  Yokohama Tire Manufacturing (Thailand)
g’igeon Thai Pigeon _(_)l_l_d(;i_n_g_ PANDORA Pandora Producton

Lee Pattana Feed Mill
— Saraburi & Petchburi Plants
Marigot Jewellery (Thailand) Co., Ltd.

— Bang Pa-In & Bangpoo Plants

Note: Certification bodies for the certified clients are MASCI, SGS, TUV Nord, and Lloyd’s Register.
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} lasun1sdARIINSTIUNISIANISWADVIU*

} IAsSuN1SS1VNNNS:NSIVUINSTIUNISOANISWADVIU*

) 1ASuNISMSMSIDUS:ITUITASOVSUS:UUNSIANISWALLIU (Energy Management
System) dmsSu SMEs

) lasumsaviasunisdnnismumsBuaomulpgasus:nonsim

) lasunisiwanwsinalnnIsSORNSWEVIUagDUS:ANSNW

) lnsonisaviasuguanluinsieidnnlswavounyuidsulnedsus:nonsin

Specifications Implementation Audit Guideline
Toolkit
Note: * wanisAnuatinlugnisdariangns:nsavy ua: Us:n1ANS:NS0Y 1A8INUNISIANISWALLIU
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file:///F:/Documents for Company Presentation/Project Experiences/Documents from Thai EnMS Development Projects/Specifications - rev February06.pdf
file:///F:/Documents for Company Presentation/Project Experiences/Documents from Thai EnMS Development Projects/Implementation Toolkits - rev February06.pdf
file:///F:/Documents for Company Presentation/Project Experiences/Documents from Thai EnMS Development Projects/Audit Guideline - rev February 06.pdf

InSeviiaaliuauuviunusnun

Tools - no data, no energy saving

} Power loggers (8 Sets) with current transformer
(600V 5A — 3,000A) (22 Sets)

} Combustion Analyzer

} Thermal Camera

} Ultrasonic Flowmeter

} Ultrasonic Leak Detector

) CompreSSGd Air Flowmeters with Data Loggers for Compréssed Air Flowmeters + Pressure Sesor
. + Pressure Dew Point Sensor
Dry Compressed Air

with Data Loggers for Dry Compressed Air

)} Compressed Air Flowmeter with Data Logger for =
Wet Compressed Air

| Compressed Air Flowmeter
§ with Data Logger for

_ Wet Compressed Air
) Pressure Sensor & Pressure Dew Point Sensor

) Air Flowmeter - Vane Anemometer and Hot Wire ﬁ

,
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Software d@tiuayuviunusny

Software - analysis before implementation

} aspenONE Engineering Suite
) Aspen Plus® & Aspen HYSYS® - Process
Simulation
) Aspen Energy Analyzer — Heat Integration
) Aspen Exchanger Design and Rating
} Aspen Capital Cost Estimator

} FluidFlow - Design and Analyze Fluid Flow
) Microsoft Power Bl - Data Visualization and

Data Analysis

. . . © 2022 uee technology (thailand) all rights reserved
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¢ 9 FLUIDFLOW

O Temperature (C)
<:> Pressure (barg)

E Mass Flow Rate (tons/day)
D Volume Flow Rate (cum/hr)

D Molar Vapor Fraction
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JNyINS - AS. dUBY IABWITLNA

) msANG ) msriwnu
} DdngMmansununm (1) UMINYNAINYNSANENS

) USsrynuiUnuin (3FonssuiAD) The University of lowa, USA Pty = QnannSsy
} Certifications _ G.D. Searle Co., Ltd. _
Process Engineer S Pharmaceutical
) Aspen Certified User in Aspen Plus® — Certification #00004655 Skokie, lllinois, USA
} Certified Measurement and Verification Professional (CMVP) #89107 3ronsaola
} Certified Infrared Thermographer Level I ST Lo
uroANIsaoulnAdn uuD. LnUlnsidsy Oil Refinery
) Trainings S
lla:avlonaou

) Organizational & Project-Level GHG Accounting
Principal Consultant

}» Smart Manufacturing: Moving from Static to Dynamic Operations 5
nusnu
} Digital Transformation in Manufacturing Weuouns uSEn 19319 InAlulag .
AUWALLU
) Distillation Process & Equipment Design, Sizing, Troubleshooting ihaunuAns (Us:inAlng) Tiim .
o : lLAzF0IONAD
) Optimization of Steam, Compressed Air, Pump, Motor, and Fan Systems e
NSSUNISWOANNS
Ine United Nations Industrial Development Organization (UNIDO) .
) Process Simulation Related using AspenTech Software Package nusnun
)} Committee Member SIS usSEn ga8 Inalulag AMUWALLIU
N (Us:inAlng) 91 AJWUaonNg

} nssumslu “ArurIUTMSUNARIABNINENNSSUALAU (Prime Minister’s

. - - . la:n1sWruuaggvEU
Industrial Award) Us:InNNISOANISWanuIU” Yauns:nsivgnainnssy
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June Service Highlight

NsUs:10uUaussnU:rMuUwavIULa:NSWAUNLLUUS:ngAWauuIudnsus:uuonMmeon (Energy Performance Assessment and

Bousms
Energy Saving Plan Development for Compressed Air System)

InnUS:avA

_ MSODUSIIUMEANSSOU:AUWALDIUYAVS:UUBNMATA LhalEdayanlAlunsrinuALLUUS:NSALIDUIBNS:UUDINMAIA
yoavuusSMS

_ missausoudayalneanugunsnd #iv ¢ Tus:uu Compressed Air

D

16U DuduLa: Specifications YoV Air Compressors, Dryers, Tanks [OU#U

MssousaudayalneonuMsls Compressed Dry Air (CDA)

Sumeu TAun 9ARlE CDA, AruMWuaY CDA NfaL(S, ADWAULA: Flowrate uav CDA, Leakage 10UAU

N1SUSN1S Mssousoudaya Pressure Profiles vavs:uunio ta:amsinisinavan CDA Tudousino

E aussnu=AmMuwavuIuYsY Air Compressors

m N1ssausoudaa Demand Profiles Lla: System Profiles ¥o0S:UuU Compressed Air

m n1s Benchmark 1iiarm Gaps Nidu Opportunities for Improvement = AUdUWANAULNUNIVNNSIOU = DA Action Plan

SHIRREAE 3 -6 IFiau (TununouwsSouyavdaya n1s Modify S:UUIDBMNSIDIA LA:IWUNISWER)
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NANUA gavn1v

Unsudlns n1stlnausuy

29 0.9. 22 0.9. NsmsooUs:I0UNTElUS:UUNISYANISWALLIU (ENMS Internal Audit) ONLINE 2,000.00

MISWUNS:uUNISHRNISWavUMUNNnUIgLa: 1ISO 50001:2018
12 n.A. o N.A. ONLINE 2,000.00
(EnMS Implementation: Complying to Thai Regulation and Conforming to ISO 50001:2018)

msus:iduaussnuzmuwauuulneBAGIRIa:goaguMUWEDU

27 N.A. 20 N.A. ONLINE 2,000.00

(Performance Assessment using Energy Performance Indicator and Energy Baseline)

NSNSIDIN Msigolimals:ngn tla:ns3iAs1AmuMsIBudnsulasumsus:ngnwauIu

10 4.n. 3 da.n. ONLINE 2,000.00
(Measurement, Verification, and Financial Analysis for Energy Saving Projects)

17 a.n. 10 4.n. nsUs:ngnawavoulus:uuannAdn (Energy Saving in Compressed Air System) ONLINE 2,500.00

24 an. 17 a.n. nsuUs:ngawaouiulus:uuthidu (Energy Saving in Chilled Water System) ONLINE 2,500.00

AugInn: 1. s1AMUsouMByaA by 7%
2. pswa:BeAIDNUIAU ta: Download Brochure/luaiins TAN Web Site: www.ueet.co.th
3. Platforms Nl3: Cisco Webex Training dnsumstiniauatia: Audio Conferences

4. USEN4 veavouansiuniseniannseideumsiineusy Tunstindauaslunsumusuoudush
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UEET sustainazLE ENMS (s-EnMS) Model

ENERGY SAVING ACTION ROADMAP IN LINE WITH GHG REDUCTION TARGET

) 1) )

OPPORTUNITIES FOR IMPROVEMENT ® ENERGY SAVING MEASURES ®» RETURN ON INVESTMENT

17 11 17

L p 3

system workforce hardware

JELNEE ) Energy Performance
QIGENEE  of SEUS meet

) Procedures ) Controlled & Monitored » Quantity ) Persons affect SEUS’
Implementation & Work Parameters JUNEIENG B Performance

‘ 1411 [Hil) 3 ) Criteria for Effective ) Training ) Necessary Competence ) Loss Specification and/or
R 't for Operation RS EEIUELY y Skill ) Competent based on Reduction Better than Average
esutls Control Maintenance L Education, Training, DVESGEE GG in Benchmark
1 Maintenance ) Controlled Values & ) Participation Skills or Experience Recovery ) Minimum Losses
Controlled Windows JUGLEL GRS ) Training Plans ) Process ) Optimum Waste
D & ) Maintenance Activities BN BN e} Knowledge Sharing Integration Energy Recovery and

£ I ' Implement to Prevent Losses ) Knowledge Transfer ) New Process Integration
ﬁ_ Technologies

Monitoring
Measurement
& Analysis

LF

& S UPPORT
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(PUMPING SYSTEM OPTIMIZATION)

o MsdANduaUnsuNiBwavvUlulsuLUGNEMNSSY
e Optimization Steps for Design New Pumping System

e Optimization Steps for Existing Utility Systems
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) aunsnilunwundauuisy 16U gUnsnidmnsunstounsy 10UAU Energy Losses
) gunsnilunwunnagaunruniw 16U gunsnidnsunisnageu (MuRu v %
) aunsniluaimsdtinoiu 16U 1ASaVUSUBNNA S:uULEVEFY 1OUAU i
: L ~ o Input IASBVINS Output
} lLiuanIvnIsUs:ngawanvu wosoun Performance/Efficiency

na:n1slsvnu 1W0unan

”~

aUnsni/indeudns ! I
e Al End-Uses, Distribution,
AlGwavoulu ! oot - d-Uses. Distributio
eneration 1la: Recovery
Isvougnannssu L s
: ) Aibunsiios:uu

) 1ASevdnsiid Motor 1DugUnsninan 1Gu Ball Mill, Mixer 10uUsU ,
) 1nSavdnsiigunsninataus:innluinSav 16U Extruder 10URU Input —>| Indovdns |—> OQutput
| ) gunsnidu 7 16U Fired Heater, Kiln, Gas Compressor 10UAU 0 1!
NOTE: Us:nngunsnunudnvidu )} 1uaNVNSUS:RSAWALYIU TSN Performance/Efficiency Energy Losses

EVADE IKHa:ISHUEMNSODA

L 1 la: Losses 10unan
TRaanndaviugunsnini
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nwunaaoneluvev Pump

4]
b
3
w
(7]
(<]
—
o

Side

Downstream
Pipe Flange

T LA/

Driveshaft Flange
Rotating Direction o
Indicator *te,,

Pump Casing-.,

Volute
«** Chamber

....
*« Impeller

“"** Upstream
Pipe Flange

source: www.sulzer.com source: www.durofy.com
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n1slwavviuvavindevgu

) Usunruwdooulwannlsius:uu Pump: 75%
1UU Centrifugal Pump ua: 25% 10U Positive

) D nMisAnulng European Commission N2
lan Usurruwaooulwinnlslng Pump Anidu
22% vavwavuulwinnlglng Motor Displacement Pump

100%
All plant
. pump systems
du 1 l Percentages for illustration only
35% =SH.
- 25% :_B' !
" | Big pumps that L s i
- | run a lot | . I
o |0 - l ______ : Centrifugal :
e e " NP iy e p——— |
| 75% - 7

Seldom used, = 20% =

S 1 3 u - small loads - — e ]
diguwruaiiagy IASBVOMADINTA «» = 10%
| i T w
2% 18% l 5% Lo .
Non-centrifugal 10%
paUlwsdlsasniAdULéU | No
7 % Uwmnau ! | symptoms |
16% Policies and Moderate Highest
practices priority priority
75% 15% 10%

source: Pumps: Cost Reduction Strategies, Office of Industrial Technologies, Energy Efficiency and Renewable Energy, U.S. Department of Energy, 2001.
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Optimization Steps for Design New Pumping System

I finum Process Conditions Afavn1s I

. 2

I nnumA Pipe Routing I » ds$1v0 Isometric Drawing

2

I Setn=1 I

y

I finum Pipe Size I<— N=N+1 c—

L 2

I New Pipe Size H Audru Hydraulic I

* ARIADINNASAIUD 16U Velocity [Oufu

i wwinrindely? o oo----mmT 7T
YES -7
® 01nfh Suction Pressure tta: P, AlA Fuomu v
Pump Head . ]
® 0nF1 Flow Rate 11a: Pump Head awnsn I A1 Pump Power I
AUOTU Pump Power . 1
Auoru Plot
@ Investment Cost Taun A1s:uuria A1 Pump Wusu Pump Power
® Operating Cost laur Aqwavviu 10usiu vs
LCC
2
FUDFu A7 Life Cycle Cost (LCC) | 1
dnsSu Design # n I

@ © @ © 2022 uee technology (thailand) all rights reserved slide no. 21

Optimal System Cost (USD)

Q = 250 M3/HR
Py = 6.2 BARG

*
10 m

180,000 .
picture source:
170,000 - L. .
“Optimizing Pumping
160000 Sweet Spot Systems to Minimize
b
150,000 / Life Cycle Cost,” by J.
140,000 Hodgson and T.
130,000 - Walters, Proc. of the
120,000 - 19™ Int. Pump Users
110,000 Symposium.
100,000 T T T T T T T
30 35 40 45 50 55 60 65 70

Pump Head Rise (feet)
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Optimization Steps for Existing Utility Systems

ds:iduwanasvanas Utility System

mnungouguRo:Tga0an | sousoudaya Tann mdvmswan 4510 CUSUM Plots vauuUsuneu Utility RS I usuncuwaouuiis |
Usunru Utility Awan waouiunls | aswuuudrasunioadi meannanstunnsAguoulbiBulumonmamsod

>

s:ydayaloguUuuuovavAUs:nauYyavs:uu
sousoudiayadoouu TAun Goluoms Operate
luin s:AuAcUAU grungD “a- b

simplified Diagram | snemsaunsnilus:uu |

A1 Design/Specification vavgunsnilus:uu

Us:gniuansnisniunndinumaiu Action Plan
ueunuenowsudinceu | Fidumsmunwununmnua

1 finsnu msavaeu axumontnisanduou | Us:iou
wad1SpUavINSNIS

nnuaaniu:J99Uuyavs:uU Benchmarking Lileriinum OFIs & ESMs
Jipsrianu:Jonsuevgunsilus:uu Ineisuon 3IAS:HM OFIs InaiUSeulieudoyansousouniu Specifications
QﬂTﬁmu (End-Uses) I ietnana:innau (Distribution/Recovery) I lla:nSe gaudeya Benchmark 11a:nSe Best Practices ! dnun
mswan(Generation) | mstnauunlsiny (Recovery) EsMs | fuoruwameutnumumstou | 9ariidu Action Plan

Notes: OFIs = Opportunities for Improvement
ESMs = Energy Saving Measures
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o:[sfi® Pumping System?

;, I Aoul s:uuAIU Suction BuDUS:NBUADEY
4= 1 Vessel Ao “Ongolui” Pressure
I ria/gunsniiausiaonnunay (Source) YoV Liquid [URA
Suction Y9V Pump
I Liquid Source 8109¢ 0n3 S:AUIASIAU NSFNIT Pump
Center Line AlA

1 novl vavinad (Liquid)
I wovinadAavTonunnTNING1 Boiling
Point NA9WAUMDAIU Suction La:

Discharge
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I A90l s:uuAIU Discharge GVO10US:NAOUADY
B Vessel N0 “Onsalul” Pressure
I rio/gUnsnilBourionn Discharge uov Pump
TunoaUanenv (Destination) wov Liquid
B Liquid Destination 8199g gund1 S:AUIAEINU
n3amnan Pump Center Line AlA

1 soud Pump Tu Webinar U 9:001S0untawn:
Centrifugal Pump trindu

§ 07010u Motor Driven n3a Turbine Driven

B 910U Fixed Speed n3a VSD
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N1SATUITUAT Pump Efficiency

iNudaya AUonU AUDTU Head (m) = AUoNU INudaya
Discharge Pressure (barg) Discharge Head (m) Discharge Head (m) - Suction Head (m) Suction Head (m) Suction Pressure (barg)

NNUMA
3

head (m) x flow (m /hr) x density (kg /m3) 0 Density (kg/m?) vov Liquid
B 367 x 1000

lﬂUUOUE]
Flow (m/hr)

muueua Power (kW)
Aeuliiu Pump

‘ AMUIrUA1 Fluid Power (kW) ‘

Fluid Power (kW)

o l

I > AMUDrUA1 Pump Efficiency (%)
Fluid Power (kW)
, np = X 100% a
Fuoru %Load MA1 M_ @ Load 9N Power (kW) X n,
uov Motor Technical Data Sheet
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AUFUWUSS:121Y Head NU Pressure

MNJ9810
ft @ Discharge Pressure YoV Chilled Water Pump
pressure (psi) x2.31 (7 "/ L
head (ft) = - . ( pSl) €@  1nu 8.1 barg
specific gravity
pressure (bar) x 10.2 (™
head (m) = = .( fpar) 4
specific gravity

nUgIAn: A1 Pressures Mavidntiosilu “absolute”

] (8.1 +1.01325) x10.2
Discharge Head (m) = =9296m

1
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%Load lagdmAT Input Power

lngmsy

_ V XI XPF x V3

L 1,000
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) nstd Nameplate S:U Shaft

Power 10U Horsepower

0.7457

NrL

Pi = POT X

) nstd Nameplate S:y Shaft

Power 10U kW

slide no. 26

A1 kW Twidnls ru oruznsa93m | A1 kW Twdh @ full rated load

) nstdluaunsndnan kW R

Na =
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P:
%Load = 100% x — €D

P;

A1 kW Twihnlsonu cu vru:
NSIDIM

A1 Voltage 1038
ANS:IE1038

A1 Power Factor 1038

A1 kW [wih @ full rated
load

A" Shaft Power Ns:yuu
Nameplate 9100nuoe1tu
hp nSe kW

Efficiency @ full rated load



) Jayaonnmsmnsandn Technical Data Sheet
lla: Nameplate diSu Chilled Water Pump
CHP-01

} Impeller Diameter = 517 mm.

) A1 kW Nameplate = 132 kW

A1 KW nS299m = 107 KW
ansnislnavevuun = 291.59 m3/6u.
ADUAUAMIU Suction = 3.15 barg

AUMUMU Discharge = 11.7 barg
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voya Chilled Water Pump CHP-01

Frm moF
\'\
10
\‘\Re ll—-4// 3
pPSH- 9418100
400 150 2
-5
1
350
1001 100 0 }o
P71 | dow " , ¢ D
g0 3004 L‘ B 2 N S € 2
payT | L | “‘\x\_ 78 g
{79 4 &
oof | eopaeat t T2 b R
250 = *'r-‘-{ -l B \\\5 T 3 &
2 T S = =
701 . — —S77 =
b418 T Ll ™ I e o
60 2004 g0 |1~ I | NS
EEN RN SN EY
= o /
50- b 0 > K
150 o=
40+ 40
a30- 1004
2 20 20
> |38
s 1= =
E |2 |2
] Ve v
mmn 0 2 4 6 8 10 12 14
>
I T T T T T T T
g usGPM 0 500 1000 1500 2000 2500 3000 3500
s I T T T T T T
I° Imp GPM 0 500 1000 1500 2000 2500 3000
=p kW ot
L =
1504 120 __,-23//
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§ 100- 80 _"’_,’-- @A-_' L
= = 41
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AMUJNU %Load na: %Efficiency @ Load uov Motor

) Assume J1lUddoyaneaniu %Load vs %Efficiency vov Motor [u Technical Data
Sheet

) [6lUsunsu MotorMaster+ (MM-+) uov USDOE Lilomdaamnand

) 91N MM+ f1 %Standard Efficiency N Full Load (%Load = 100%) d&nsu Motor
YuIm 132 kW INnnu 95.3%

)} 9INAUNIS @ A Full Load Power P, = -2 = = — 13851 kw

NrL 0.953

) 9INaUNS © AN %Load WLoad = 100% x Pi = 100% x —o

) 91nlusiinsuy MM+ A1 %Standard Efficiency N 77.3%Load (iU 95.2%

= 77.3%
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AU2U Pump Efficiency

} DINAUNMS ® ATUDLU Suction La: Discharge Heads

. (3.15+ 1.01325) x 10.2 ] (11.7 + 1.01325) x 10.2
suction head (m) = 100 = 425m discharge head (m) = 100 = 129.7m

} Pump Head = 129.7 — 425 =872 m
)} DINauNIsS @ AMUDINUAN Fluid Power

3 ok
head (m) x flow (™ /) x density (“9/,3) 872 x 29159 x 1,000

Fluid Power (kW) = 367 x 1000 - 367 x 1000

= 69.28 kW

)} DINAUNS & AmMuduAl Pump Efficiency

_ Fluid Power (kW) « 100% = 69.28 % 100% = 68.0%
Np = Power (kW) X 1,, 0~ 107 % 0.952 C o
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N1SIIASI:AWANISMNSIDIN/AUINU

) Flowrate = 291.59 m°/BU. N30 4.86 m*/min T R HEEFEH: [
meEmzERNS) |
) WSsuIieudoyaon Curve dnSu Impeller e
gum 517 mm. oo m*ji REII B e
Efficiency % 73 68.0 :'m' SRR AREmatE :\%;zvg/\k?
Total Head m. 90 87.2 ; °
) %Load eV Motor (77.3%) egludoviunal "
A Guideline Ye0 USDOE (60% — 80%) P S i .
) Assumption NwarioMsAUI T R A e e e
} Yokfficiency Uov Motor éz Bo" SZumnn nhe
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Plot S:nd1v %Load NU %Efficiency yav Motor

100%

90%

80%

70%

60%

50%

% Efficiency

40% acceptable short-period

30% .
acceptable operating

M ﬁ

optimum

10% ‘ ‘

0%

20%

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100% 110% 120%

%Load

source: “Determining Electric Motor Load and Efficiency,” Motor Challenge, a Program of the U.S. Department of Energy
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12 uuomvnmsmlanialunisusuuso (OFis)

@ Uses mp msnegnlGilignu Us:inn Inappropriate
lta: Uncontrolled Uses

msinum Controlled Value & Window 4m Operation Control @

Inputs: N Conditions & Sources

Conditions & Sources Youwavuiu lla: Utilities
nsUaesnu (15U Steam Trap, Stack Gas 10usU),
4 Losses @

Heat Loss/Gain, Pressure Drop 1a4
Waste/Residual msthwavviunavindaiu

) , = R
n1sI5 Simulation Software 31AS1:AUINSNS \ Energy Recovery Process nauunlsus:leu

Bu finuanowidululAvevlasons 4m Simulation
finum Operating Conditions Atnunzay 10UAU

fnuALwUGoLUNSLIDaUsvAU Losses .
. 7 4 Maintenance @
lla: Unplanned Shutdown Ngryidgwanuiu

Energy Performance  uUs:guaussoussuwanuiu
Assessment yovs:uulla:guNsni

Personnel nnun Competency Based Training Plan

Training dnsuwtinuunbwareaussnuMULELIU

s:auauavuunaln Small Groups , Small Group
IuU Kaizen, QCC 10usu Activities

oooooooooo

New

] uninelulagadelnuids:anils
Technologies » ‘

mMsIUaguus:Innwavuu New
15U Us:gniSwaomuniuideu 4 m
(Renewable Energy) Ninunzay 10usiu Energy Types
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o
[
c
(g)
=

150 A2ed10 N1sWiosiuIAdUDIUUYEVNIS Operate Pump

) S:UU ChW Distribution gavlsvuurivndy Us:neunde Primary Pump (CHPP) ua:

Secondary Pump (CHSP)

", ]
- . CHSP-101
Joolu
AH, 1 porator 72.02 m
=H, - H, .
= 30.74 — 19.92 Joolu
LU
=H,-H, )
=74.09 - 12.89
Joolu Joodu =61.20 m
P, = 2.00 harg )
H = 3074 m P3 = 0.25 barg
4 ' H, = 12.89 m
'_x 4 ,

CHPP-101 nsringm Operate
Power = 22 kW Assume 80% Load (19.78 kW)
T501u 8,400 hrs/yr, A1lwi 3.80 uIN/kKWh
Saving = 166,152 kWh/yr = 631,680 Baht/yr
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) JUURAS Suction Head yaw CHSP-101 (H,) AOA = 19.92 m
) ouly mnAovmshen Operate CHPP-101

Pump CHSP-101 Mavansnasiv Head [AlmAnga
AHeyporaron + AHL gpps = 10-82 + 61.20 = 72.02 m
n3a Discharge Head U8V CHSP-101 (H,) favlusndn

1092 m. + 7202 m. =91.94 m

Head N Evaporator Inlet = 91.94 m. - 61.20 m. = 30.74 m.
Head N Evaporator Outlet n$e CHSP-101 Suction

=30.74 m. - 10.82 m. = 19.92 m.

gola Technical Data Sheet M0VS:y Pump Head yavu CHSP-101

Tusngn 72.02 m.
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o
(=
c
(g)
=

1’ am Friction Losses m1uU Suction ua: Discharge

Total Suction Head, hs

hs = hes+ hps = hys @)
NOTE: h_ = Static Suction Head 1

hps Suction Surface Pressure f
h

s Suction Friction Head (Function ¥8Vv Velocity lla: Pipe Configuration)

‘ Static Total Discharge Head, h,

| DI?:;JQG ha = hsa+ hpa+ hia @)
Static h
Suction sd NOTE: h,, = Static Discharge Head
Head h,, = Discharge Surface Pressure
hsS h, = Discharge Friction Head

(Function yav Velocity
lla: Pipe Configuration)

System Head = Total Discharge Head — Total Suction Head

H=hy—h @)
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o
[
c
(g)
=

18 n1sAudnuA Total Suction Head, h,

) Static Suction Head, hSS

------------- —ige  lmalT M
hi f Tl h,, “Fnau” I—.I._ " hy, AI I
el e Tl ta Lot i@ e

v S-1 lUU S-2 Iy S-3

} Suction Surface Pressure, hps
) ThlGAAoweAulu Vessel 15U Ao nSa Reactor 1Wusu
) nscuntlu Gauge Pressure [AUavilu Absolute Pressure
) AtuA1 Absolute Pressure AlARDEAT 10.2 1AD MSADEAN “A2UAVTIWN: (Specific Gravity)” YavUavINAd
)} Suction Friction Head, h
) 35MsmAN Friction Head Adudvadudugau na:AnlAuNo:DAMUNNIDaIRguUAUATIRAU ModU TND:auUR
FrAndasun [AtiadbAnU 0
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o
[
c
(g)
=

I8 n1sA1UdruAn Total Discharge Head, h,

) Static Discharge Head, h_,

1wy D-3

} Discharge Surface Pressure, hp ;
) [AlSAmoweUlu Vessel 16U o nSo Reactor 1dusu
) nstuntu Gauge Pressure THJaviu Absolute Pressure
) AtuA Absolute Pressure AlARDYAY 10.2 118D MSAIEAN “ADUADLTIWN: (Specific Gravity)” YavyavINad
) Discharge Friction Head, h,,
) 38mshAn Friction Head Aaudnuadudugau ta:Anladno:dAwmunidotigunuAdodu modu no:auufonAntos
un [AtedndArinu 0
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nHuaInNn1v

1tudN1vNISUSuUsL Motor & Pump

Load .
: Pattern y

Fixed Load ,1\ Variable Load
2

Can
Implement
VSD?

High
Efficiency
Motor

Appropriate Under/Over

1 Replace
Size /’\ Size
\J

with
Appropriate
Size

|

Consider HEM if Replace Motor Install VSD but Use as Fix Speed

1

(e)
—Q©

CAN Reduce

Losses

CANNOT
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nHuaInNn1v

& Improve Pump Efficiency

) [5lUsunsu Pump System
Assessment Tool (PSAT)
guwsuunlae USDOE
(oA Optimum Efficiency

anlddayas:uuloglu
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dnLaAVWANISIIAST:A

Field Head, m e]' 87.2

[[Head tool] Head, m 354,

~

- |

datag| Load estim. method Power W Load estim. method Qurrent!l
Motor kW 5“ 107.0 Motor amps 5| 264.0

Voltage 5| 380 Voltage 5| 380

Retrieve Set . Copy A Copy B Background
defaults | | defaults >foB=] [<toA< information

System curve tool: select below w|

slide no. 38
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ondition B Notes
Facilty | | system | Date |
]Evahator |

{ 1{}] Pumping System »-i:v':i,'“'::':':’ —
File Tools Help
iy - - - .-
. Condition A] | [Condition B| 1 (Condition Al | (Condition B
End suction ANSI/API VI I Specified optimal ff (below) W] : Existing Optimal Units sting Optimal
Il Achievable efficiency 4| 85.0 Pump efficiency | 78.4 %
F Motor rated power g
Pump rpm g 1480 Pump rpm 1480
P Drive p[:recn'gme v| : Dive p[;ed dnvel'—v Motor shaft power 882 | |fkw
. : : SR ; St Pump shaft power 882 ||fkw
fluid Units _mA3/hr, m. kKW wr|| (] Units _ s m kW ¥
= = Motor efficienc 952 | 1%
; o : & ) e g Y
Kinematic viscosity (cS) %l 1.00{|| ]| Kinematic viscosity (cS) [1.00 m 3
. . i . ]= otor power factor | 86.6 %o
Specific gravity "|1'°00 I Specific grawtyM Motor current I 1625 | lamps
e
# stages gh__ | #stages 4| 1 | Motor power [[925 ||fkw
Fixed specific speed? | Fixed specific speed? Annual energy [7778 ||MWh
Line freq. 50 Hz w]([ Line freq. 50 Hz W/ Annual cost [3111:3 ] |[s1000
3 ﬂl ; - .-
kw St b 145‘0| kwism Annupl savings potential, $1,000 | 483.9
I owsfl| T I
M‘_"“ 1 5" 1480 I Motor rpmv 3—1—@ Optimization rating, %
Eff. class Standard efficiency wj| ] | Eff. class Specified (below) ¥
Moto - T file controls: m Ci 5
. 1 FL efficiency, % g|T8 — Create new
Voltage ﬂl 380[ | Voltage 3| 380 M_wlog_ Elising sumiman fies summary file
1 Estimate FLA | m’“ | s CREATE NEW |
: q B A = . : -
FAE amps.ql 2455|(0 Full '°§d amps.gm Condition A Notes Documentation section
Size margm'%s”_o I Size margln!%%’_o Facility r—l System l—l Date I—
[:”ntl\{ Operating fraction 3| 0959 |||[| Operating fraction 3| 1.000|| | Application | | Evatuator [ ‘
ot $/kwhr £[4.0000 I S/kwhr %[ 0.0500 General comments
Flow rate, m*3/h £33 | Flow rate, L/s 5[ 126
|
|
|
|

Appiication |
General comments

| - |




o
[
c
()
)

1Al Us:annld High Efficiency Motor

} High Efficiency Motors (HEMS)
) waus:ngnonnisis HEMs

Saving (Baht) = @ X kW X %FL X Baht X < 1 — 1 > @
yr yr kKWh — \Nsta  Nhem
o  hrsiyr = GulbonisiGuusial
KW = motor rating NU2alu kW (shaft o output power)
%FL = dndounlGuulatfisunu full load
Baht/kWh =  dmsnAnlwih
Ny = Us:ansnwuaouainas ru load AlGu

Nrem = Us:Ansmuwuouiolnasus:ansmuwav tu load NG
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nHuaInNn1v

msUs:qnm”[G Variahle Speed Drive

} Fluid System (Variable Torque)
) wnAnssuasnaSualanog Affinity Law
) Affinity Law ADUAUNSHIVUYOY Fan L1a: Pump rinlA

2
. - S, s - . _ n
mslEuuluanunu:dilemano:us:ngnuavuiuuinign Hy = Hy X (n—i) (14
)} Flow o Speed n, 3
" 9 P, = P X (—) 15,
) Pressure nSo Torque oo Speed ny

) Power o Speed®
Note:

)} AduAuansIMsina (Flow) lnsannouiSaseu Q = Flows H = Head;

P = Power; n = Speed

(Speed) MlrannislBwavvuludnaounao
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o
[
c
()
)

n1sus:annld Variable Speed Drive
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EnergyLosses :IIIIIIIIIIIIIIIIIII. /61\
. 19 .
- A .
13 . e
1 : L
I N n N
K - : >
. Throttle Valve .
Transformer Motor Pump E (partially closed, assume = >
:I n Ial1lgl elnle:glyluln:tll(:SIS)l n I: ﬁ
100 99 93 80 61 34
Begin with 100 Energy Units Remaining Energy Units End with 34 Energy Units
27
Energyl_osses .IIIIIIIIIIIIIIII. /\
. 0 .
10 . " —
1 : : Lot
: : i { : >
Transformer = VFD — Motor Pump E (Flﬂr;c;)télne Z:Isn%e i E—
:I aEn .I:O.lf)fs.e.S). aEn IE
80 79 77 71 61 61 34
Begin with 80 Energy Units Remaining Energy Units End with 34 Energy Units
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o
[
c
()
)

14| doya Load-Time Profile dsunisus:ancils VSD

) SJUsoUUBans operate MU

Motor Operating Profile

Weekdays Wknd/Holiday
Days/Year___ Days/Year____
Hours 1st Shift
Per 2nd Shift
Day 3rd Shift
Annual Operating Time hours/year

Type of load (Place an “X” by the most
appropriate type)
____1. Load is quite steady, motor “On” during shift

2. Load starts, stops, but is constant when “On”

I 3. Load starts, stops, and fluctuates when “On” H

Answer the following only if #2 or #3 above
was selected:

% of time load is “on” %

Answer the following only if #3 was selected:
Estimate average load as a % of motor size %

. . . © 2022 uee technology (thailand) all rights reserved

% of Operating Hours

45

40

35

30

25

20
15
10
5

MI9810

gayavov Pump 91n Technical Data Sheet:

Motor yunm 132 kW Speed 1,450 rpm Head 75 m
Flowrate 390 m*/hr

dayannn1s Operate:

5oluomsiBoiu 8.760 Goluvriol

% Flowrate compared to Specification 1a: % of Operating
Hours 10umMUNSWIRLAUBETEY
waus:ngnvNUINSNISANAD VSD

ARMIU %Load na:oluvnisiBnumunuaaviunsiwiny

hrs/yr kWh/yr
-

925.1
0 40 156 8.4 3,504 29,601.8
% Flowrate compared to SpeC|f|cat|on
. . . 60 234 28.5 1,752 49,953.0
Uoa % Flowrate compared to Specification
. ; +o 80 312 67.6 1,752 118,407.2
lla: % of Operating Hours goslrruoruwa
. _ = r e L. 100 390 132.0 876 115,632.0
UsS:ngnonuInsMsanmA VSD TAwugungodu
Total 314,519.0
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129810 LUINTVNISUSUUSLANSSNU:AIUWAVVVIUYDY Pumping System

Performance
Improvement

Opportunity
Roadmap
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Assessing Pumping System Needs

Common Pumping System Problems

Consider BEP when operate/select pumps

Analyzing System Regquirements

Proper Initial Pump Selection

Consider VSD when add new pump

System Capacity Increases

Multiple Pump Arrangement

Lekage

System Problems Valve Problems

\ Pipe Supports and Equipment Foundations

Centrifugal Pump Problems Canitation and Internal Recirculation
Packing
Seal and Packing Problems Mechanical Seals

\ Shaft Deflection

Excessive Flow Noise

High Throttled Flow Control Valve

Heawy Use of Bypass Lines

Indications of Oversized Pumps

Frequent Replacement of Bearing and Seals

Intermittent Pump Operation

GOOD: Straight run of pipe leads into the pump inlet

Piping Configurations to Improve Pumping System Efficiency < GOOD: Transition pieces and joints between pipes or fittings are kept as smooth as

possible. No burrs or misaligned pipes. ( \

[ ~ugl
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NEXT WEBINAR ...
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(Energy Performance Assessment - Compressed Air System)
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Flue Gas Analyzer

Handheld Thermal Camera
for Surface Temperature
Measurement

Ultrasonic Leak Detector
for CDA and Steam Traps

Ultrasonic Flow Meter
for Liquid Flow

Power Meter
with Data Logger
and Various CT sizes

Flue Gas Temperature
and Compositions
Measurement

Thermal Image of Boiler
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. mmcﬂumu Suction LLa“'mu Dlscharge °LIE]\‘J Pumps

ﬂ’]Luuﬂ’ﬁWiaMﬂuﬂﬂiﬁUﬂﬂi am\mau 1% LWﬂﬂ']u’Jﬂ,Lﬂ’] kW/TR Profile 183320UU

o A28 EI’]G"IJ E]{IﬂﬂSJEJ’] aInTUTEn U(ﬂWﬂx‘i\‘i’]uﬂvL(ﬂfﬂﬁﬂﬂ’ﬁﬂiwL&lued

«  Sequence mﬂmﬂsmaﬂnwamauIamUmu@uﬂmm Utilities LLaz Reliability madaﬂﬂim
- uaww Chiller tiatinyszannw mmﬂaﬂmﬂmmuwu Variable Frequency Drive
- @aq9 Digital Information System (g C-MAPs Brochure) L8 l#&141300UANITZULLLIL Real

CALE ' ¥
Time LAXRIANTNANANIIHATIALLTRIIAUT (Machine Learning)

Chilled Water System)

FIDED

gunsni

dnsu
N1SMSI9IN
wavviu

Power Meter
with Data Logger
and Various CT sizes

Ultrasonic Flow Meter
for Liquid Flow

Handheld Thermal Camera
for Surface Temperature
Measurement

Air Flow Meter and
Various Smart Meters

@

‘W
300 psig

Pressure Transducer
with Data Logger

Heavy-Duty Magnetic
Mount Thermocouples
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N1SWURAJUIS:UUNISYANISWavLIUMUNONUIY
na:uamsgu IS0 50001:2018

o o o A § A d Y @ % a YL ' a >
TIIANTINEL (Energy Management) LﬁumimLuummaaaaﬂﬂiwmmmaanuwmmmwalmu’lm’mmﬂ%
ﬂ niwennsasafidsziniam miamenﬁmuwadmmaoaaﬂm SIUTLULNNTIANTINAING (Energy Management
System) Lﬂuﬂawaanaﬂimmmmmmmaamaawwuﬁmﬂmm fAu ok muaulotnandanu mnﬂiwmﬂmuwaamu
NTLUIUMS WAZTUAEUM G LAY Lwaslmmmmmm’mn1J3~mﬂwm%u@"h FULMITaMINAINUTiasan TN
‘]Ji:?.lqﬂ(ﬂsl,‘li mwaaﬂﬁi:nauwaa@ﬂaaaﬂummgmmﬂumamu mssaianfidinenfiianunsey Suszaunmsnt § flanug
anuanlafganuszuumssamsnasnwiIaduiendaaiduasnis
P Ao a o o A s a =2 [ o @ !
uTn 988 wnalulad (Uszinalng) $1ia Suszsumamnadunttnslssnulunsiainszuunsansngans W
m33u383lag Certification Body #131nna1 20 1599w lunang o gaAIMNTIY Lk il Jlasadl 013 wan wWuau

@ ]
=

«dugremnaspumtanwasnuuedszndlng wazéa 8 TUAOUM TRAWTZULMITANTINAINUAINRANe Tt
vLﬂEjﬂﬂiﬁJi:ﬂ’]ﬂLﬂuﬂgﬂi:ﬂi’NLLawﬂi:ﬂﬁﬂﬂiZ‘Y]‘i’N‘Y]Lﬂﬁiﬂﬂﬂﬂiﬁ]ﬂﬂ’]iwadd’m

. lovaiwn 20 Tuasumsduinnwialnlaszuunssamaninuisiiu AOAARDIALVDTIIMUANAN] RANELA
AIFIUEINA 1SO 50001:2018 mugﬂ@?’mé’m

firnunlasvagiona:AouSUTnGaU ® rnun Energy Baseline dnsu SEUs ™
e mlamalunsusuusy (Opportunities for
fnuAvaUIYANa:uauU1Y Improvement, OFls) Act

o mlomalunisus:ndawavviu ( Energy

fAnuAs:uUIdNdIs Saving Opportunities, ESOs)

uejd

fnum EnPl dnsu SEUs

Y o |
]
&
& o |
@ AIUdNIWanaULINUNIVNISIDU
—-m darulgurgwaoviu @ a1 Energy Saving Action Plan 5
i
H S A - £1] . 66 ” =2
ﬂ iAo [pINganuUSUNYBVaVANS n inuna “dnnus:aA” ua: “10nug g
= =
51AS1:HADLAGVNTSIIA:AIWANANIVYEY Interested Us:gne Action Plan, — § 3
Parties danin:10sungrivigua:deninuaningadon Operation & Maintenance Controls Sde
na:us:1jundudennaen - = =
n finum Competencies la:nwuidnausy % g
Us:1iunonssula:ns:uouns 2 3
= - n MAUALUINIVESIVAWAS:ALN e |3
c m damsnauidsona:lena S o
[} ° g = 35
= — n Anuanuanomsdearsmeluna:nmeuen 2 =
nNuUNJULA:HWUAIUWADYIU s 2
® mnun Base Year n fIMMUALIUONVNISBONIIUY §°
® MNUAMIGIRATUWADYU (Energy E
Performance Indicator, EnPl) dnsuavrns n ﬁqﬁuﬂuuanq\)nqsé’ﬂf‘i—a | §
® rinuanudNYMSIUSeUIigy o
¢ f!‘lP'lUﬂUs:lnnwa\)muua:ﬁndou AInuALLINVNISIENS:SD N1SIA UA:NISIIASTEH -l =
® nnum Driver(s) o
® fiun Energy Baseline uovovFins n msooUs:1iumselu, NC, CAR & PAR g
@ rinum Significant Energy Uses (SEUs) =
- ¥

Us:5U Management Review

RIZUZLK N n13a Lﬁ%\‘i’]%rﬂ 8 UEET

- o o i > o g o

WULNBTNEWITUNINUNIUNGING (Energy Review) lugtluuy Microsoft Excel finunslanuuazliudysunauanis
UszmeunaIgh 1ISO 50001 Version 2011

- szoznadiiuns dszanm 8 - 10 Wan laaddiwaninaasnisiwalsess nedulanin 18 Tu aniuflnausn 6 Tu

- HAnauw 3 nangas laun NANFEAT “NITNHWITZULNITIANTINGITHANN)ANLUALAIATZIH ISO 50001”
nangns “N130329U T AN S IRIZUUNITIANITNAIW” UaL nangns “m‘sﬂswﬁmwé'amusl%qmammm”
losidunangaias 1 i;u. 9 Az 2 7% lugUuuy In-house Training $wanawzTawlafiv 30 ﬂu@imiu

. *ﬁﬁi:m(ﬂq@ﬁwﬂmmé’a"l,@;%'ums%'mmi:uumsa‘i’@mswﬁamuicﬂmm,hmm‘tﬁmﬁ'maammgm (Certification Body)

- 9. sute daduiivinsmasdives dunssumsle “ﬂmzﬁwmuﬁmimﬁ'ﬂLﬁaﬂqmmﬂniiu&éu Uszinnnsaans
WANW VBINTZNTNPAMNANTIN Uazlu “ﬂm:ﬂ‘i‘i&lﬂ’]iéﬂiﬁqm’g@ mﬂ’l@ﬁmqmiﬁ'@nmLﬂ'%laqﬁaua:gﬂl,munﬁmn
FUTDINIAIZIH ISO 50001 L{W;js:uumﬁ@miwé’amummg%msl” maaﬂiuﬁ'@nmwﬁumumLmuLLa:mﬁnﬁwﬁwm
nIznTanasns v lnianuan s tusnsas Aavesszuunmssamnasnwduassd
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nasuUs:ldu Life Cycle na:n1sA1udrufn Material Circularity

Indicator yavwannturi (Product LCA and MCI Calculation)
wsﬁ'@ummammgﬁamui@?ﬂiau Bioeconomy, Circular

Economy Wa2 Green Economy %38 BCG Economy UEET T3n13vh1 LCA uazmisdnuwaman MCI lasiunmg il

Model tuwalaasulyuiy Thailand 4.0 ﬁa:ﬁqvl,ﬂgjl,m Uszaumsmsln1snin LCA waznsdwinan MCI Usznaununis
. Ce > _ 4 dah ¥ 4

WM IN@W8819838% (Sustainable Development Goals, I%IﬂiLmisJ GaBi 910 Sphera Faiduldsunsunfylznunilan

spas) lag 47NN21 10,000 T8 UAE Lwalmamsﬂswmunﬂ@laa iniwansy

. v Y 2 = UEET Laaﬂl“ﬁ GaBi LCA Database Gﬁdmauaamam Life Cycle
Bioeconomy LUHUAIINRANIN mmmammwwgumu

. . o Inventory §1M3LEARNANITNAN 9 LT% INBATNITY 105 BLiANTE
(Renewable biological resources) UazNIUUMINTWYINT Y 3 g

a_ % o { { a a ¥
o ! a o da ! £ HNT WRINH DIAIURZLATIDIAN WANRAN UazRINe Duan vy
mﬂa’nLﬂuwa@mmsmummawu o v 4 %
Ut Database Lﬂ%Nﬂ'ﬂ'\ﬂﬂ'\‘iW@Nu’IIﬂHHLTU’J"D“IQ.‘I"IIQG Sphera N1
200 Ak LLazLﬂuvl,ﬂmummgma’ma ISO 14044, 1SO 14064 uaz

ISO 14025

«  Circular Economy muﬂﬂﬂ‘*ﬁﬂm‘[n’ﬁuﬂﬁﬂ’m%u
ARAAIINTTIN LLamﬁunmmaammumam

\undasimnan 9 Immwmwa@mmw&amgamd
9AFIANIIY myaamslaninenIsIimTa a(ﬂ“ﬂEl‘”LLE\]“‘NaﬂizYI‘U@iaédLLﬁﬂgaNIﬂﬂiﬁu
. Green economy Lﬂunﬁiﬂmamaima’mLﬂimm FIAN uazRILINROA
mmuaaﬂﬂiﬁinfﬂ “Sustainability” SIKaARAY 9 o TNimaaa i modangle usr Tosanlrag doin lu
ﬂafauuaaﬂmma 9 vl,mwmmmmmiﬂgumrmng%mf;lm'mu wasasmualnmssamsiiaanudatiu (Sustainability
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Management) Lﬂumﬁmamwmﬂm wmimwu@LLammwmmumuvl,ﬂawnimumﬂiuaaﬂﬂs fhotnspadatiafisanlu

mﬁwumwmmmm aamsmamswwmama fafiu laun

. Nammumaammaamaammmmm (Life Cycle) Voanaai N

- Material Circularity Indicator (MCI)' va9naasmmasdndizianaznemw (1) i‘:ﬁ‘.l_lﬂ’lﬂ“l?ﬁ'@qa‘i_l‘ﬁvl@?mﬁ]”mﬁﬁu“ﬁ’laLLaf:
21NN1T Reuse/Recycle (Virgin, Reused ez Recycled Feedstock) lunszuIumInga uas (2) i‘:ilma’]ﬁl“gwaﬂﬁ'm‘i/ir

MU iuiganstia (Life Cycle Assessment, LCA) WRENIIAIWITAT MCI °naawﬁmﬁmsﬁlgﬂizummmaz{agaﬁmﬁau

A uailyunasiianaiu lag LCA Tnanuidyiunansznuewiwasey luamed MCl Rnnsan “M3Wa89789 (Flow

of Material)” @maﬂmﬂ% Waste from recycling process

N gﬂ@iy'mmwﬁd WEAINTY

Inavasiaglunizuiuns

a b a Qo ¢
NRAWRZNNT RIS INE AN TN

o A o ¢4
fniuNRanmwnna 1 MC Recydled Vatorial . V2S1e o
8 ' = i feedstock . ) collected for recyciing
UANTLHRINNT 0 D9 1 2N Lifetime and functional recycling process
- Yo oA units compared to
ﬂizmumma@lmm@u industry average (utility)
" o o considered during use
a1l Sy Virgin
NLANIIMNDITNTIANIRUA
\ feedstock
LaZTBILRIUAZTINALAAIN ﬁ L 4

Material going to
landfill/energy
recovery

b & Manufacture
milznugndinaunInag

A1 MCI 920U 0 Twnne

Reused Components

AJWNRIIN AINNITUINNIT Components collected for reuse

Naml‘%’s’@qauﬁvlﬁmmﬂﬂﬁ

Reuse LLa¢ Recycle ﬁv'mm

wazpa9FuazaNnLAa

ﬁnﬂﬂ'ﬁsl,{mugnﬁﬂné'um

lionae lufinadsnay an MCl azmiy 1 Tun1sd 176 asansezlansrin LCA waznisdiwam MCl agnals asans
§3130 (1) 711 LCA uazénwiosen MCI PoInTEU MM INEATA9TU (2) AN Scenario a4 9 UM Iliudsanszuauns

a [ { [ a iq ¥ o [ ! . ° ° ! a ¢ .
Na@lLLazﬂsuLﬂﬁyuﬂszmmmq@uﬁh (3) SWILUAAE Scenario YN LCA waza1wIma1 MCI (4) ALa31zh Cost/Benefits
o ' N ] : . PR o
fMTUULARE Scenario LABRINTUNAINNNNIYN LCA uazan MCI iunitsludszlooudila uas (5) 1dan Scenario AANZFY

1 “Circularity Indicators: An Approach to Measuring Circularity - Methodology” lae Ellen MacArthur Foundation Laz Granta Design
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n1swmiun Cloud-based Monitoring, Analyzing,
and Predicting System (C-MAPs)

Liayzaaa

ﬁ]ﬂ?illﬂ']Uluiiﬁﬂquﬂ@a’]%ﬂiillaiqﬂmE]?Jﬂ C-S
ﬂ . ° ¢ - VA — Management Level:
IRINNIN lﬂﬁqﬂﬂqiwﬂ(ﬂ qﬂﬂimm’aﬁ]’mua: - ERP

Planning Level:
MES

ALANANY 9 (3aLilu Field Level) AT791003a1N
\NE2T89 LTU QUAADE ANWGH 320U LTuA UAIR

: Supervisory Level:

aalg9rruuyszanauazauan (3audu Control Lev-
: ¥ SCADA/HMI

el) L1171 PLC uaz PID 1duah nawazad Response

' e e ' - Control Level:
ARNIZFUNAUNEI Control Instrument 131 Control onro meve

- PLC/PID
Valve Lﬁjmu SCADA (3011w Supervisory Level) " Flld Levet
i’JﬁJi’JlﬁlaﬂﬂLLﬂ:ﬂ’liﬂ’mQNﬁ]’lﬂﬁ‘]ﬁ]@]’N 9 1%13\‘1\‘]’]% Instrument

m"lr?ﬁq@tﬁmﬁ'u LLa:LLamwaquﬂﬁLﬂunﬁwﬂﬂ Automation Pyramid
ﬁﬂﬁmminmqum’%lao%'mﬁnﬂﬁuﬁﬁvlﬂaaaﬂvlﬂ
=% Control Room uawu SCADA Lﬂuﬁanans:wﬁaqﬂﬂstﬂu Field Level NUA mwsamaﬂﬁmuﬁ’iﬁLmli’@lqamuﬁawﬁm
ﬁ'msm%aaﬁfumgumsﬁ@%ulwaoéu’%msmaﬂnmugm’mﬂuI@m Manufacturing Execution System %38 MES (3aitdu Plan-
ning Level) luumzi@iann tJ"]Uu'%mil,l,a:é’mmuﬁLﬁm{aaﬁ'unmwLqumﬁ]ﬂT\ﬁaéﬁéﬁﬁfﬂmulmijlnaaanvlﬂ ﬁ{a;&a@ha 9
Lﬁmﬁ'ueTuVJu MY YAIINT Wazau 9 ﬁaﬁuagumsmumu {agaL%éwﬁﬁﬂa:Lﬁuagj}uuszuu ERP (a1 Management
Level) MITHUHBNN 9 @Tm"l,&i’a"m:Lﬁuﬁﬁﬁ'\immﬁmﬁ%aLmumw'lU@Taasl,%{agaﬁy’amnkamu (MES) uaza1n ERP dsznay
masasule agelsfiay T,iamumm@nmaLLa:mmﬂLﬁﬂéa‘i,ﬂ,mgﬁ'ﬂa:amuizuu{a%1a/muqum:mumw'ﬁmuﬁas:é’u
Supervisory Level #38fa9355U1 SCADA L1111 mm%amfa{agmmiﬂﬂiamuﬁuéauﬂmaﬁn%:mé’ﬁmmaﬂLﬂ’éﬂmim
Spreadsheet vinlndvas1iaunang 1w @Taaagjmsamuﬁaéﬂﬁfmmlﬁmﬁwﬁagaga uau e}walﬁn'ﬁéfﬂ’ﬁulwméﬁmi
a1 lunausuasamaiinwuys

ﬂ’IEII@TLLu’JaWDa\‘J Digital Transformation E%’M%"quma'mﬂﬁ&l Wae Industry 4.0 UEET "L@Tﬁ'@ums:uuﬁmmn Level @iﬂd
9 ﬁnénﬁoﬂwgﬂﬁaéuu Platform 1#87138n21 “Cloud-based Monitoring, Analyzing, and Predicting System #38
c-MAPs” Tagsan Function MLABIRUMNINLIK NMIIATIZN W8ZMIAIANTOE (mugﬂ@%ué’m) lnanuss U@ et
AosUANIERy189 C-MAPs laun
1. ﬂ’;’lua’lu’ﬁﬂluﬂ’ﬁﬁm’m‘ﬂa;&aﬁt\‘]l,m' Field Level, Control Level, Supervisory Level, Planning Level LLaz Management

Level LLUU Real Time

2. m’mmmsnﬁamﬁﬁa{aﬁamﬂnﬂﬁ Tumazdufigninmu fivw vusasznnaduns anulafisunsnnde intemet
3. amuEanInlunIANanIo. Parameter ﬁﬁwﬁryvlﬂéamﬁwﬂizmm 60 wift laagouang
4. anuaN1InluT Integrate °1Ta%1aﬁamnm:mumw'&muﬁa{aQamoﬁ%ﬁ iausaadu KPIs ﬁaﬁum&uéﬂ%mﬂu

o A 1
NMINARWLY
Dashboard LL&@4 Operating Conditions Dashboard ULRQIRNIIDNWE
a a P
YBINTZLIBNINGG LN MONITOR PRINTTLIUMIHAAN AT ANALYZE
ANNILVDINIZUIUNNITNAN vayafinTiausziudin

C-MAPs Concept

Dashboard U&ad AAILUTVBINTZUIUMINAN
. L v e e .

gunIasaanInLTauaany Cloud 60 wfrennflaanmsmeniIns (PREDICT)
2838910 SCADA %3a DCS

VaYRIN Data Historian

Taglouuudnass (Models) SWILNTZLIRANT
Hiafiiawnvayaluado Munuvaysd
Vayafl Import AINUARRIBH #37970 uazANuEINIn USRI TaAT0d

vayantlawan (Machine Learning)
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uSnasAnuinazilas1:nUINSNIsSUS:NEAWAavvIU
(Feasibility Study of Energy Saving Measures)

- R -
L AUNUIZAUNTMUDURKID 18?

0 FuwnInstserdanasinu wa lunnunasdsmdunadszndanainuuscnanouunu g o

o~

NI LS /
0 W@IMIUITRIANRIIUN Implement H1TwT LB UIIAWINAIN Pump naaLdne
WaIINGEAAY Variable Speed Drive (VSD)

A aA = o (% a v d' 2 v > % s
u3En 88 nalulad azindlng) $100 WiEnndinmaunsdannasnuuazmtiznde
Q ] =Y =Y ¢ Q Q H Q
wasnulugamnnTan varuanauINMIdnEIUALIaMzRRNAINIUSEREANRI LD STYNALTEHER

Y a { % v s ° a
WA IBUAZHAGDUULNHNI9NT0% lapfiuaunfiinege annug uazdszaunism lunsdnufiunululssnu

q&ﬂﬁ’]‘lﬁﬂii&l Ly Software ﬁ’?ﬂ%lﬂﬂ’ﬁﬁ’l%ﬁMﬂﬂdaﬁ’ﬁﬂii&lﬁgﬂﬁﬂd LaUBEN

ADYWNIATNT

) [ & A .
O N1AINIIUIAINNLEWIINNTT Vaporize Liquid Nitrogen Nﬂi“ﬁaﬂqmﬂg&mad Chilled Water Return

ENERGY, SAFETY, AND SUSTAINABILITY

c N5 (vap)
Liquid NitrogenTank Vaporizer >
30 tons/day Process
New Heat
> Chiller —l
Exchanger 15.24 °C ChwWs
15.8°C I

ChWR, 200 m3/hr
PaINIRdunTinanuEwn laannszuawntudad lslastaumad mdunie lulasian T lsae

goanniinas Chilled Water Return (ChWR) nauas1uiis Chiller tlena Chilled Water Supply (ChWS)
nsmw’h?tu‘[mwummLaamuaw 30 du sas M3 wavesindu 200 mew. amvmmm ChWR 15.8 °C
\{larinu Heat Exchanger fiaaadln mmsna@amﬁnuaﬂ@ﬂiwmm 0.56 °C 1886 Load 109 Chiller la
Uazanm 16.9% Huaanulszanm 3 AULIN Imamium Internal Rate of Return (IRR) 1011y 22.7%
Tsunsuiilogmsunseanuuy laun
o lisunsu Aspen Plus éh%%'uﬁﬁmmqmﬁgﬁ“nm ChWR LLaz Nitrogen @Tﬁu"maaﬂ"uad Heat Exchanger
o lisunsu Aspen Exchanger Design and Rating (EDR) f1TUaaNUUY Heat Exchanger
o Tisunsw FluidFlow §w3UsanuuuszuLna Chilled Water

O 11@3117 Heat Integration 2aInszuIwn1sHaa Inlsseudlasiad
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Cooler ‘Yll‘?j Cooling Water %38 Air-Cooled Heat Exchanger Lwaa@am%nu ﬁﬂﬂi“}jwadaﬁuLLaw Utilities ‘Yl‘m
1919 NwaN Boundary 1WA 2 Lﬂuﬂimm‘wmmu‘nmmﬂ 9954 MIUMANNNTVe4 Pinch Technology
andnsanudnlulazasms Integrate Heat melu Process 3aiduumamemidssndanssnufigndy
dmsulsonaninduuazlsseudlanad nslaldsunsu@nen Pinch Analysis Telunsny Energy Target
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dmsulssrudlsnununna 10 § msnslaguuams Composite Curves

AINA1T FINITDRANITLTWRIIH LANINAI 20%
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Temperature (C)
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+ ISO 50001:2018 Energy management systems —
Requirements with guidance for use

+ ISO 50004:2020 Energy management systems —
Guidance for the implementation, maintenance and
improvement of an ISO 50001 energy management

system
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Parties LazN139aN17 Risks & Opportunities
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Baseline)

e MU AN ST US NI

«  PEEMMM Process Elements LLa:mﬁLﬂi’lz‘Vi( Opera-
tional Control Procedures/Work Instruction
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(source: 1ISO 50006:2014)
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aa&1%NIIN (Energy Saving Concept for Industry)

. "f?umaumiﬁwm Opportunities for Improvement (OFI)
N13M%UA Energy Saving Opportunities (ESO) Lag
Energy Saving Action Plan

U5ELANGIT I AANTIOULATWNATIW (EnPI)

«  EnPI U321aM Consumption, U3ztnn Intensity Laz
1321nn Efficiency

NNl uiay EnPl szm"mflg'm (Base Year)

nu dlSauiiay (Reporting Period)

- madSsufisulasase (Direct Comparison)

- mewSsuiisuleslowusdnaesmedainssy (Engi-
neering Model)

. madSeuflsuruwiuusasesi auuuaul e
LaZUUURANEAILLS (Statistical Model)

»  Static Factors LLa Interactive Effects

F20E1968 I A AN S YNNI MUARATTAREAUNE I

maaqﬂnsnf@i‘m 9

*  Chilled Water & Compressed Air Systems

+  Steam System

N 5 .

MIATWUALNATIVVDYAZIWATWNAIIW (Energy

Baseline)

- menznantwavasdaudsaemslowasi

- msEns Energy Baseline 32101 1 @uds uaznang
dutls lae Regression Analysis

«  wmemsunlonsd leaun a1 RZ dnaunoe, an
Coefficient iaau w38 a1 y-intercept AAaL

- msly Energy Baseline lumsuszifiunatszniaan
wasem Tasloinafia CUSUM
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*  Motor & Pump Systems
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*  Compressed Air System

*  Cooling Water System
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*  Heat Exchanger
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