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(Energy Performance Indicators, EnPI)
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ABUBIAUTLANSNINNT LYNA I

(Energy Performance Indicators, EnPI)

Total
Top Down ?:y
(Energy Balances) Saztoe
TONP Down A Sectoral
(National Accounts, Intensities
Census, etc.)
4
Aggregate
Approach Structure:

Subsectoral Intensities

/ \

Attributes:
Utilisation, Quality, etc.

(1) Historical trend analysis;
(2) Benchmarking (i.e. cross-country comparisons or
comparison with best practice)
(3) As input to economic and tgchnological models.
(4) To design policy and monitqr progress overtime;

Bottom-Up
Approach

A

(Subsectoral Surveys
ol energy, use,
structure)

(Surveys of users
and equipment,
estimates)

Process Efficiencies

/

(Measurements
of processes,

equipment)

policy making

Source: Energy Efficiency Indicators - Best practice and potential use in developing country
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Conduct an energy review

— Analyze energy use and consumption

— ldentify areas of significant use

— ldentify and prioritize opportunities for improvement

Establish an energy baseline year

—  Period for which reliable data is available

— ldentification of a period prior to beginning energy improvements
—  Determination of when active energy management began

—  Satisfaction of stakeholder and/or certification body mandates

Identify EnPls for monitoring performance

Establish objectives, targets and action plans




ANNAIUFIULATAMNAIUUTBUgY

1. AMWAWIUgIY (Baselining) ilualdlunisidseuiisuyszansninnis
Tdwaaulutauy (over time) nulmaanilulgiuialdlunisfinaiu
an1siaguuUaINslenasnuiieiinnsusudse

2. AmdsnuSeudisu (Benchmarking ) WudndildlunisiSeudisu
Uszansamnislindsauiuaade (average) visaailadign (best
practice) Wiawfiguiulsesudue ﬁagﬂun@:mﬁmﬁ’u wslulszmeuaz
A19UssINA

Baseline vs. Benchmark
The terms baseline and benchmark are often used interchangeably; however,
subtle but important distinctions exist between the two terms.
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* Energy Performance Indicators (EnPls) are used to quantify the
energy performance of the whole organization or its various

parts.

* Energy Baselines (EnBs) are quantitative references used to
compare EnPl values over time and to quantify changes in
energy performance.

Relationship between EnPls, EnBs and Energy Targets

A
‘ g =
EnB (Adjusted) , < ~
Reference EnPl value = i, P
(Baseline period energy) e P P Improvement . --
@ (EnPI change)
- Current EnPI value

(Assessment period ene

Implemgntation? Reporting period
(Pre-implementation?) (Post-implementation?)

Energy Performance Indicator

Time
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1. AIAUVUVDINITLIINEI9Y (Energy Intensity) AD 9RS18IUVIUTUIUNA 991U
#dronavasianssy (Output) Aldnwaseutue uazlnesialuinSanavasianssy
nsldndsarududuyadimiaasegatand deazmunzanfunisusaidu
UszAnsamwdseluszaunguiiiidedafailiaunsaivinuunsuldlnense
fAragnaty nslduarnanineiniasau (Gross Domestic Product, GDP) 1Uu
ATANAVDININTIUNITIYNAINIUY BAZWAAIAT ATULTNVDINITIYWAI9Y
(Energy Intensity) ﬁgﬁmw'%aﬁuaamﬂqmamnisﬂuuﬁiazﬂajmqmamniimjaa

El = 2E Judvlinuesdludaasugaans
2 Lilduadludanaiia
El = ANAUVNVBINTTIWAY . oy
o e . WuI8: ktoe/NUATUUIN
2E = NaTINVBINAIUN T ImuaTunga
2 = NA3IUVBY Outputs NIV luNgy
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Useansnnnasany (Efficiency) nanene Usuiapananiilase
RUIVUYVDING 991U [

Efficiency = Output/unit of energy

Y] @ . = a Y =g v
AMUVUNF9IU (Energy Intensity) 1809 USUIUNFI91UN LY
AN UINUIYVDINANAAN LA

Energy Intensity = Energy use/unit of output
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ANANULVUYDINTS LINA99U (Energy Intensity) vaeUsenedlne

am Energy Intensity av 30% a1aluil 2579 uiawiauduil 2553

gr (2553) 3% gJ (2556) 339 I (2573) anansal g1 (2579) aranmisal
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(o ktoe
S 140,000
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o000 e eee=mTT
. QR X -f; wasnisluilagiiu
g 100000 1 e weee nsﬁmu““"‘“’m (EI 15.28 > 14.93)
S 80000 1 _giee=—"" 51,700
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Figure 1. Total economy energy intensity for G7 and select European nations (primary energy consumption/GDP)
'Ictoe-'hlluaﬂ |
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Sources: IEA, IHS, Eurostat; end-use sector demand
@ #111: Comparison of International Energy Intensities across the G7 and other parts of
L Europe, including Ukraine
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Figure 6. Industrial sector energy intensity for G7 and select European nations (primary energy
consumption/GDP)
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Figure 7. Iron and steel industry energy intensity for G7 and select European nations (primary energy
consumption/industry output)
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Sources: IEA, IHS, Eurostat

fiyn: Comparison of International Energy Intensities across the G7 and other parts of

Europe, including Ukraine




ATAIULANVDINSIIWA9IU (Energy Intensity) vasusewndlng

YDIPAANANTTUUANUASUANNA
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2. AIANEANEUNISIYNA9U (Energy elasticity) USUNUnA Uil
WEUAULAATHANAININIATIN Tuwivassnsinisasunlawse
USanaunislindsnudiintudlesasvinla Tnefisusudnsnis
WulnvasyaAmaAsegnalugiaagaiy

Ee = %/\E
% AGDP
Ee = AIAINUBANEUNTIYWAIY
%/A\E = FNTINTSLNNVDINTTITNAIU
%/AGDP = 9MINTSLAULAVDINANAUNNIATIU Yi58 GDP
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3. ARTUNITIINE99IURNIE (Specific Energy Consumption) A A1
ABUNS WA ITUADWUILNITNES

Raulylunisilseuneu

Amatin1slewasaulnia (SEC))

m3ldnasaliih (Aladed — 32Tu)

SEC; =

Usimnamanda (du)
ANRBLINTT ldWaUAUTaU (SEC,,)

M3 IFUEINUANN OUVDINTZVIUNITHAN (IUNZYA)

SEC,; =

YSuaumanan (AUNIonUIgDN)

® AN UWA91UIIW = SEC, * 3.6 + SEC.,,




A29819AIATUNIT LTNA99TY (SEC)

Specific Energy Consumption
(SEC) is the slope of the graph
- (GJ/ton)
= S
S Q9
3G B
5 2 Variable Load (GJ)
-
S £
S u _
& £ USUAUNANUIUANADS
2 =

Machines Base Load (GJ) 14 faudidnazlufinisnan

USu1aun1swan Production Level (ton)

v

Tneanuduvasdunsuiine Ardainsldndsausiniz (SEC) Feiininedu GJ
fanU

* 2135237 (Base load) Fadunisanndsnudumiilifinisuan

*  AIRYUNISLINAIIIUIIINTE (Specific Energy Consumption: SEC)
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U2aNUNanaf1nuunIs liwas91y (SEC)

1W99NNAIUN T lun1sHanT 2 d7u Ao

e AUNUUSAUATNUSUIUNISHEAR
e dounasluduniunanadn Wy dauvaeditineu Wudu

Jasevaniidinasiann SEC Ao
- Ysuunanan
Tnesialy WeuSunamanandfiniiy nsldnasnudenuisludiutiazan 59
I SEC souanas dufelulsseuiendu Swdauin nsldndssuaziiuszaniam
1NNTU
e VUWIUNANNNN
. Jasedue
wiluurhouNandnlnatAeeny n151EWa991U %5a SEC  NIA1NLANAISNY
¥ne ediiiiosandnsnavestladedu q wu Arnuendrevestuulundasiiou
fanuuandeiu Sagaviivudiunauaiwdreiu Wewdedldanutiudiaiu w3
fveudelufoutiuun vie Down time w10 wiaswauTungaIN 187 d57
B@HT aansanuauiedomanild A1 SEC Aazroudreasinaus uazogluriidesnis




SULUUYBINIFINNAINBUNTIYNA9U (SEC)

1. SEC ¥aingquans1unssy (Sectoral Level)
o adenanetiadeiinliendenisiavidrduiinisldndae
SEC Tugnamnssuaeaiu laganizivannvaienanna
waluladnisudaiiuanenaiy

2. SEC ¥a4l5eugnsamnssy (Plant Level)
°  LYNAUIUANAANUN 1YL MI/ton Cement, kWh/ton pulp
*  LYNMIUNTSUIUNITNEAR LU kWh/ton raw meal, MJ/ton
clinker
° unaugunsal 1y nslletin MJ/ton, nrsldanniasa

Nm?>/ton




Y 1 1 v 74 % o
maenwaamwumﬂﬁuwaamumL‘Wﬂ:: (SEC) w9991A13

91A13811UN9U (Office Buildings)

YUIA 974U SEC TnA
(kWh/m?)
<10,000 m39.4. 41 900.77
10,000-50,000 ®3.4. 137 315.65
50,000-100,000 n3.4. 32 319.00
>100,000 »13.4. 9 285.46
593/1a88 219 424.44
fu: wo

SEC A1y
Sau (MJ/m?)

227.24
443.83
529.18

1.03
396.30

GG

12,760.30
2,511.26
1,378.58

845.18
12,760.3
0

SEC total (MJ/m?)

1
o

AER

222.08
87.85
184.20

106.30
87.85

ANLRAY

3,128.74
727.15
691.63

574.19
1,165.29

daudaauu
UINTFIY
3,312.62
404.16
289.46

243.70
1,738.54
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A22819UDIAINIS LENAIITULALAINYRNT LYW ITUINNIE (SEC)

UBIINA11%NIIU

Table 2 : Approximate Energy Consumption by DCs in different sectors (2007 data).

SL SECTOR ENERGY CONSUMPTION (mMTOE®)
1 Power (Thermal) 160.3
2 Iron & Steel 36.1
3 Cement 14.5
4 Fertilizers 12.0
5 Textile 45
6 Aluminium 24
7 Pulp & Paper 14
8 Chlor-Alkali 043
TOTAL 2316

*Million Metric Tons of O1l Equivalent

Table 3: SEC bandwidth in different sectors.

Sector Range of SEC
a)  Power plant 2300 — 3400 kcal/kwh
b) Fertilizer 5.86 —-9.11 Gcal/T of Urea
c)  Cement 665 — 900 Kcal/Kg of Clinker (Thermal) 66 — 127 KWH/ T (Elect)
d)  Integrated Steel 6.15 - 8.18 Geal / tcs
e)  Sponge Iron 4476 Geal/ T (Thermal) 72 — 135 KWHIT (Elect)
W eYCE—— e 15875 — 17083 KWH/T 3.28 — 4.12 MKcal / T of Alumina
Aluminium (Refinery)
g) __Pulp & Paper 253121 GJIT
h) Textile 3000 - 16100 Kcal/kg (Thermal) 0.25 — 10 KWH/Kg (Elect)
@ ) Chior-Alkali 2300 — 2600 kwh/ T of caustic soda

Source: PAT Scheme
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A22819UBIAINIS LENAIITULALAINYRNT LYW ITUINNIE (SEC)

AZUIUNISNAR ANLRAYNIT LIWAIY

nau 1. nguwidniduivnvasu (MJ/ton) 5,095

NISRABULMANNAN (EAF)

- i lunswesnanawwianduinndnly EAF (kWh/ton) 547

n1saulaLan (Reheating Furnace)

- wasswlunisaudadn (MJ/ton) 1,538

N3350 (Hot rolling)

- T lunnssawmannau wandedas (kWh/ton) 103

nau 2. ngumianidulaifivinvasu (MJ/ton) 6,442

n1saulalan (Reheating Furnace)

- wasswlunisaudadn (MJ/ton) 1,630

N153n38U (Hot rolling)

- T lunnssawmannau wandedas (kWh/ton) 96

fiun: svsuatuanysal lassmsdnwinasinsldndsnulugnamnssunazeinssneq(SEOIassnsanuwLnasingsly

@ wé’muiuqmammmmﬁﬂ), a0 WITENAIY, PAINTAUUNINGIRY, HAaIAN 2549
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A22819UBIAINIS LENAIITULALAINYRNT LYW IIUINNIE (SEC)

NSZUIUNITNAN ANLRAYNIS LTNA9U

nau 5. naumangunssazadauiivnmasy (MJ/ton) 2,075

nMsaRIMANNAN (EAF)

i lunnswasuannasuaniduinmanly EAF (kWh/ton) 409

n1saulalan (Reheating Furnace)

- wasulunisautaan (MJ/ton) 2,112

n153n3au (Hot rolling)

- I luns3awmangunssas (kWh/ton) 96

nau 6. nauwmangunssasadaulifiviiviaau (MJ/ton) 3,212

n1saulalan (Reheating Furnace)

- wassulunisaudadn (MJ/ton) 2,646

n153n3au (Hot rolling)

- I luns3awmangunssas (kWh/ton) 88

fiun: svsuatuanysal lassmsdnwinasinsldndsnulugnamnssunazeinssneq(SEOIassnsanuwLnasingsly

@ wé’muiuqmammmmﬁﬂ), a0 WITENAIY, PAINTAUUNINGIRY, HAaIAN 2549
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1. A5UALRAY LAYNSS
e jreligudau lnedndndiuusu1dutdn (Waay)
LaZU19an (NaNan)

Inlaluseaulseu

° Tafin1sUsunNAIRILUS c e e Y
8195USLAU Sector d1u150 LY

33N159ANLRE s UNRLATLUUE DS
WNIAUN
2. A5n15USUBUAIS NS UDN DA latdu
v = o/ Y o/ tﬂl o Y] 1 v o/
*  Apeln1sUTUKAA (AuUsnaAyman1slawagenu)
e WSsumesulanasusunnan




Asn1suauaalatyvy

nsusutisuataviintslawasuliduan SEC UYsuud (Normalized SEC) 14

AMUFUNUSAS
SEC, o matizeq= (SEC_ .. — Total Space Type Adjustment) * Nvacancy* Noccupant *
operating
lneii
vacancy = AausenaunNuNIenltlalgeu (Annual Vacancy factor)
occu = AAUITNBUAMUNUILUUYDINIBIATT (Occupancy
pant U
density Factor)
o Y, .
operating = F2lueN151%91u (Operating hour factor)




Asn1suauaalatyvy

Actual SEC vs normalized SEC

B Operating
Hour
Density

I Vacancy

W Space Type

W EUI

Actual Normalized




A12819N15LATISHALAZATUIUAIATUNIT LTINA 99U (SEC) USutnau

Uszn9191A15 : 81A15871UN9U

218921A15 : 5 U
fauus

WEUTLE
Nufiareviain
Samiuiianeililald
91U (Vacant rate)
AUNUIUNYDIR LY
91A19 (Occupant
Density)

F2 Ty
Hufivansa
HuilsivSuannie

USSLANNUN

Data Centre

Retail

Call Centre

Other

Enclosed Parking
Non-air conditioned

area

a1
5,500,000
20,000

5

5.35

2,850
1000
1000

NUN (R5.9.)

500
800
650

0
2,000

1,000

%28
kWh
f5.4.
%
AL/100 A5.4.
Falug
f5.3.
f5.4.
A9t ENAURDU
(kwh)
138,000
150,000
112,000
0
56,064
75,000

ATUUAT SEC 239

=

Ruildiaon (Gross Floor Area) = Rudirevian (Total Area) -
Nufiieansa (Parking Space) — wuitliusuanna (Non air
conditioned Space)

Nuifldaos  =20,000 - 1000 - 1000 = 18,000 A1F1LUAT

AUUA1 SEC

Annual Energy Consumption

>FCactual = Gross Floor Area
5,500,000
SECaCtual — 18 000

SECactual = 305.56 KWh/m?

ety SEC 939909911588 305.56 KWh/f3.4..




A12819N15LATISHALAZATUIUAIATUNIT LTINA 99U (SEC) USutnau

ATWUA1 SEC Usuwn (Normalized SEC)

o 1 [y} Y] & o < ¥ Y [y dl 1 =
N15ATUIUAINIUIZLNDUVDY SEC USULN UU mL‘Uum\‘igmwaamuﬂﬁi’ﬂmmaziz‘U‘Um
91292 19 laLAan 1UNAI9Y B lun1sATUIMIUTURDUAD LU AU §AdIUNISITNAI9IUVDY
81A15UaLA1 SEC 934 305.56 kWh/m? azgniudiusanlumuszuuniinislonaasuais

Base Electricity Consumption (ekWh/m?)
Office Building _
Type AIC Lighting | Bevator Pump |Computer qu?iglr:leent Total
Energy
Office 50.48%| 24.87% 1.50%| 0.45%| 9.36%| 13.34%| 100%
154.26 75.98 4.58 1.38 28.61 40.75| 305.56
Percentage of Energy Use Variation ekWh/m? %
Vacancy 70% 90% 50% 80% 100% 100%| 249.11| 81.53%
Occupant Density 15% 10% 30% 35% 100% 50% 81.58| 26.70%
Operating Hour 75% 90% 50% 80% 100% 100%| 256.83| 84.05%

@perating hours

BRIGHT
Company limitad

I h vosusinz UL

Vacancy 107.97 68.39 2.29 1.10 28.60 40.76 249.12 81.52%
Occupant density 23.14 7.60 1.38 0.48 28.60 20.38 81.57  26.70%
115.69 68.39 2.29 1.10 28.60 40.76 256.83  84.05%
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24

N15AUIAIRIUSENBUUSULANUT (Space Type Adjustment)

Tupauiazdunisusuwianislandsnungaiuanuluasduueiun welinsauiunig
[ GEIENTUVEES

Annual ISnpdeil\éLdual go_tlz'_
Space Type Area (m?) Consumpt Type Ag;us'?rgem

ion (kWh) CWh/m2  |(kwh/m?)
Data Centre 500 138000( 138,000/500 % 276 3.6
Retail 800 150000| 150,000/800 ¥ 187.5 1.9
Call Centre 650 112000] 112,000/6503 172.30769 0.97
Other 0 0 0 0.00
Enclosed Parking 2000 96064 | 56,064/2000 28.032 3.11
Unairconditioned space 1000 75000| 75,000/1000 } 75 417
Sum: GFA 18,000 Total Adjustment 9.59

ng = 3.6+1.9+0.97+3.11




(o] 1

A12819N15LATISHALAZATUIUAIATUNIT LTINA 99U (SEC) USutnau

N15A1UAUAIAIUSENAUUSULANUN (Space Type Adjustment)

d15U Data Center, Retail wag Call Center alumiunninislanasanugsasunumenisly
wasuluddnaunily Tunsaldl lawn nstandsuannuasainaazuan sadulvannisldy
NHIUINULAANEIUN AL LAR

14

#7198719099ANUSULNNUTIVDY Data Center @unsaauIndlanasaludl

Data Center Adjustment = (SEC,__ . - SEC .. o e ) Datacenter Area
Total Area
Data Center Adjustment = (276 - 145.34) * 500
18,000
| = 3.6 kWh /m?
[GEN
SEC = Funanndsnuitinandwestdes way 361 SEC winiu 276 kWh/ns.al.

datacenter

C“ghmg&plugloa g = AWINAINLULAaNEwU (lighting + computer + office equipment)

EHHT WINNU 145.34 kWh/615.4.




A22819N15LATIZHLLAZATUIUAINVUNIT TN 9L (SEC) USULieu

#298719099ANUSULNNUTVDT NUNIDATD d111saAuIlanasa ULl

Parking Space Adjustment = Parking Area Energy Consumption
Gross Floor Area
Parking Space Adjustment = 56,064
18,000
= 3.11 kwh/m?

14 1

|

#29879099ANUSULNANUN VaeiunldusuaIne aursarulnlanssaluil

Un-air conditioned space Adjustment = Un-air conditioned Area Energy Consumption

Gross Floor Area
Un-air conditioned space Adjustment = 75,0000
18,000
= 4.17 kWh/m?

A1915UN15ATRIUANUSULANUNVBINUNBASakazNuN LiusUaIn1Aaz lgSN159 U TUN193LAS1Z1AN

WASUTIAMANULIZgNNRENAINAINEIUTINTBIR A SRR Nl lAgnTdeunuuditineu

RIEE 1 5ATUIUUUAZHITATNAITUNINRUAAWNUN LU E D8 VDI91ATSIND LA LA AL &Y
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AgUATUTULNNUN

st space Type Adjustmen

Data Center

Retail 1.9
Call Center 0.97
Parking Space 3.11
Non-air conditioned Space 4.17
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n15AUUAIRIUSETABUNUNIN lla eI (Vacancy Factor)

A15AUIUAUSENBUNUN NN LA Id UL e satsenasIun tifa sty TunuNnI1e Fanwasarunuield
Wudadarulnensenudndiunundnsnulunanasenu

Vacancy Factor = 1
1-(%Vacancyx%Energy Effect(V))

Vacancy Factor = 1
1-(0.05%0.8153)

Tae
% Wunentadlaldaru (Vacancy) = dndUNUNIg (5%)
Yy
% Energy Effect = ANEIUNAIIIUAIUIUINNLULAANA U
3%
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N13AUIUAIAIUTENBUAUNUILULYBINTYB1AS (Occupancy density Factor)

Occupant Density Factor

Occupant Density Factor

Occupant Density Factor

Tne
AIUSZNBUANUNULUY

@ % Energy Effect

AausznauAavuIwiuYegltenas Tddmivanauldieu-desauvasdnuaugly
91NN liRansTdwasnugannuludae

1
1-%Energy Effect(0)*(1-Density Ratio)

1
1-0.26%(1-1.042)

0.989

ATUIIRIMNAMUVIUILUUVIR 1 HB1AN523 9V [ HB1ANS
(5.35 AU/AT.4.) HIBUNUAIAUNUILUUYDY

K lvamslunsaigiu (5 AW/MTa. ANUNIATFIUYEY ASHRAE)
= 5.35/5 = 1.042

ANFIUNAIUAIUININULABWANY




A12819N15LATISHALAZATUIUAIATUNIT LTINA 99U (SEC) USutnau

Y2la9n1514914 (Operating Hour Factor)

Faluanisideauasldlunisusuuilunsalngaluenasideaueiruiundngalaenisldaugiu
Faludadrulaenseszndng Falusnisldanuaiaiugiiuenisldaulunsaigiu laeisendn Avdadau
47lu9n151497% (Operating hour ratio)

Operating Hour Factor = 1
14+ (Operating Hour Ratio x%Energy Effect(H))

Operating Hour Factor = 1
14(0.218 x0.8405)

Operating Hour Factor = 0.845
Tngi
Ardndudaluemsineny . = Falanislduasanudalusnisidanulunsaigiu

= (2,850 - 2,340)/2,340 = 0.218
@ % Energy Effect = AAFIUNAIIUATUIUIINTULAAWAIUY
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AWUA1 SEC Usuwn (Normalized SEC)

SEC,0matized = (SEC__, , — Total Space Type Adjustment) * Ny acancy *
occupant * operating
= (305.56 - 9.59) x 1.042 x 0.982 x 0.845
= (305.56 - 9.59) x 1.042 x 0.982 x 0.845
= 255.99 kWh/m?
Tnail

= fausznaununIneilalalysusat (Annual Vacancy factor)

vacancy

= AUsENaUANLILLNYBNElY81A15 (Occupancy density factor)

occupant

= Faluamsldanu (Operating hour factor)

operating




N15IAANATUNIT LYNAIIUINNTE (SEC) (1D)

3. NNTE319EUNITNAU (Model derived - predictive)

Y
(%

Y=mX +mX, +mX, +b  YJusgiuduauauls
Y

*  ANUYNABIVBIFNNTVURLAUTIUIULALAMNINVIYA
1 1 A Y a v 1 14

*  lilyAruniaze uagldnsuszanurnandauya
- Y Ao v do ' Yy

* waldlunismdandsndragyniduasianslanasanu

e Talunisvinurenislanasanunaulunasuluangs

(% 4 o Y A 14 a
* wadgwso1vlitian1sUnlaiia




N1383198UNI5FIUATUNANU (Energy Baseline Equation)

mia%"maumsé’mwé’amuv‘ﬂun'ﬁmﬂfamé’i’uﬁuéizmwmwé’qmu
[V Y aa 1 14 o/
ﬂ‘UWJLLUTVI%JNEIGIE]ﬂ']'iOI?IWEN\‘i'm

1.  nIsas19aunN1sNARILUsLAeA
*  AMUFUNUSHUULTILEU

Simple Regression Model

y=mx+b R2 = correlation coefficient
‘ m = energy per variable unit ¢4

b=baseload 4

* Variable Load

Energy
Use

l FETNIGED |

Energy Driver
(e.g. production volume)

[-%4 -%4 -1 1 a 174
@ * anudunusuuuliBaduy




N1383198UNI5FIUATUNANU (Energy Baseline Equation)

2. N1585198UN1SNAIUNLRa 18R WUS

2.1 aun1sndviansnusidady (Multivariate linear regression)

Y=mX +mX, +mX, +Db
2.2 dun1snuvanenudsennias (Polynomial linear regression)

_ 2 3
Y=mX, + mz(Xz) + m3(><3) +b

2.3 aun1sliigadu (Non linear regression) msidenldanns

Ussinnlndueg
NUA1 R




A12819AATUNIS LYNAI9TUE (SEC)

wuINsluMsAAsIERdayan1emnanifInNgsy lnen1siinuadudsinaanisidwaeanuly
WANIUIIYITUU LINDATNANNITWANIUAY atdTeuiiaunislindsanunvunlungy
21A5LALINY

ADE19ENNITNAIUVBILTINYIUIA

gUNIINANIU Y = m1X1 + m2X2 + m3X3 -+ m4X4 + ..+ C

ALUTNADININUA LUFAUNTS (ATNBUUEI52)

X, : vuafiudi X ,: IUIUNLN Y

X, IuudgeEUaely X,: IuugUguan

m, : AUTIAUSTINAMEUY kKWh/m?  m : Aasluindesdane kwh/m?
m,: MaelWidld kwh/m? m,: Maalniild kwh/m?




A29819U9AUNITNIT AIWAIIUINNENNITVIDIAITAIUNIU - NIALBNYU

YSuraunasaulnia (kwh)

= 0.037  x [Mufidrineunaly (< 12 d2lusdas) x $2Tusnslda x sasinnsldnudil
+0.014  x [ufidinauialy (12 - 18 H2lusdadu) x Faluanslden x snsinislanui]
+0.024  x [Wufiginauialy & 18 H2Tusdady) x Faluanslden x snsinslanui]
£0.122  x Nufi¥udn x $aluanslden x sasinslanui

+0.004  x ufigaunans x daluennsldeu x sasansld

+66.608 x WufiliuSusinie

+1,192.47 x IMUIUNUNIIUY

+69.981 X NUNIDATOLIUDIANS

BRIGHT




AQDENNVBINARNSAINITIYWAIIUIINANNITAIUNU NGY 1 - AALNYY

Max average Min
AnvsafisuAade 1.88 1.00 0.42
AW ABUATENNIS 2.14 1.12 0.60
A3 afisuangsgaousuld 1.53 0.89 0.51
2.50 - ° v & ,
IMUIUYDYANIVIUA 37 A
ASUIgUALRAY NIU 62%
200 | ASANBUANENNIS NIY 49%
nsaNEgUAT Upper B 68%

— g =
T inguaitaad

1.50 -+ /
\ |
‘/
I
RgUAEUATS

o | \\ ) ; I , I
w/ /\\\’J/ \\f \/\/\ / / \ —— fluucrqoan fuausila

0.50




AQDENNVBINARNSAINITIYWAIIUIINANNITAIUNU NGY 1 - AALNYY

Max (kWh/m2) Average (kWh/m2) Min (kWh/m2)
AR34
o 350.71 182.16 89.00
(AR8aY =182.16 kWh/m2)
ANENNS 348.22 168.09 99.94
ﬁngqmﬁaau%’ulﬁ 459.17 209.68 139.69
500.00 1%
o £ v [
MUIUTBYANIVUA 37 Wi
450,08 ASULIgUALREAY N1U 62%
200,00 | NSAUNYUAIEUNTT NI 49%
nsadiisuAn Upper N1 68%

350.00

300.00

250.00

200.00

150.00 +

100.00

50.00

0.00 +

\— 71\

—at2dasy
A1ANARNANIS
——@1 Upper

/f \'\

651100004
65120-1001

65200-0005
68102-0003
68102-0010
68102-0014
68102-0019
68102-0035
68102-0045
68102-0053
68102-0062
68102-0063
68102-0084

681020094

/
f/ \\ / ) \\ /\
Zz /\\/\/<\ ,r/ \ \\\./! [ \\‘\Q e

681020103

68102-0114
681020128
68103-1038
68104-0026
68104-0030
68104-0055

68104-0057

68104-1003

68104-1007

O

\V/ 7\f 'u\/ \U/ \ ——AnRay

\\/

A9l laA1deD an TN LIWAI9IUDSS

Arauni1siunisinvadendnansnislonasesIuuisau




LUINNNTNUTIVTITBYAdMSUTATIERAG YUY IANTS
Tanae9u (SEC) dmsun1AaIA1sgsNalasnIngnsIMng s
vaanguilnung




VUNBUNITWAIUIAINAIIUFIY (Energy Baseline)

1nelyeaunis (Regression-based approach)

NMNUAYIULYA LALINYINGNBIATHATNENNEIUNTSU (Define the
boundary/ grouping)

17enUg1u (Choose a baseline year)
AUARILUSTIEFYAIUNEY (Determine relevant variables
for each facility)

swsw%’ay’a (Gather data on energy consumption and
relevant variables for each facility)
AATIZALATNAILIENNITNEU (Use regression analysis to

normalize each facility’s data)




NNUAYIULYALALAANINANDINITHALNANDAFHINNTTY

o L% a [ '3 o
GHIZAY INEAINNITIU HafneN 1uUT599UMN TSIC

#1  QRANMNTINTUUA (Cement HARA Y LTI TSIC 23941 (21 wwia)
Industry) HARA BT ADUNIANEANLEST
HARAUNABUNINA NS UNDAS TSIC 23953 (4 Wtg)
nansSoeineunindug Jelilddaussnnlilufidy  TSIC 23951 (25 una)

(
(
TSIC 23954 (15 1ut9)
(
(
(

#2  gnaunIIuwsla (Ceramic wanfasinssideuarurugsia TSIC 23922 (21 W)
Industry) HARANTIATU ¥ L318A TSIC 23931 (11 Wik)
HARSIgUT A TSIC 23923 (10 i)

ARSIl gia TSIC 23933 (2 una)

(% 6

#3  QRAVNTIUWIANKAZWANNAT (ron  WARSmanuausazvEnioy TSIC 24102 (64 W9

(% 6

and Steel Industry) AR UTMANTULAFIULATTUNAN TSIC 24101 (40 Wuts

o

[ [=3

a )
a )
a o ¢ @ & g av M Yo Y ,

NARNEUNUANNULATIULASTUNAN V]bLiJVLﬂﬁ]']LLUﬂlL’J TSIC 24109 (72 13A9)
a )
a

NANAUNUANNAD TSIC 24311 (50 k¥
HAR AT AN AR UTEN
#4  @AAIMNIIUNTEANY (Paper NAnATEensany TSIC 17011 (7 wni9)
Industry) HARAUTNNTEABUTELANAIL) TSIC 17012 (24 wi9)
TSIC 17020 (55 ut4)
TSIC 17099 (22 ua)
#5 gaaminssullasial wAnAeiInnsnauTlngides TSIC 19201 (16 i)
(Petrochemical Industry) HARATINaNaRnLaENAARNYag Y TSIC 20131 (83 wut4)
nAnfaaiaug annsndudlasiden Alaildsuunly




NYUATBULYA %138 NHNDIATTUASNANDAEINNTTH

a19u JAEINNIIU NANAUN 1UULIIIUAIY TSIC

#6 amamﬂimmmmavmsawm WERIA wma‘usam TSIC 10722 (49 W)
(Food and Beverage Industry) wﬁmﬁm%ﬂwmammmaaa TSIC 10721 (8 wd)
AR A FRERAIRN TSIC 10221 (19 Wi
#7 Lsablindaninuseu (Thermal Power Plant) TSIC 35101 (142 witg)
#8 1339u3u (Hotel Building) TSIC 55101 (375 W)
#9 13awe1u1a (Hospital Building) TSIC 86101 (222 W)
#10 9@3INEUAT (Department Store Building) TSIC 47190 (559 W4)
#11 @1vineu (Office Building) TSIC 84220 (617 W)




n15taanUg1u (Base Year)

Less than One Year: An Energy Baseline duration of less than one year can be
appropriate in operations where energy consumption is steady throughout the year.
Short baseline durations may also be necessary for situations with insufficient reliable or
available historical data, or when changes occur to the company’s culture, policies, or
processes.

One Year: The most common Energy Baseline duration is one year, because it often
aligns with energy management business objectives such as reducing energy
consumption from a previous year. The one-year period could be a calendar year or a
fiscal year depending on the organization’s budgeting or other needs. A one-year duration
may be appropriate for seasonal operations, such as for food processors that produce
based on a growing season or for textile manufacturers that produce prior to a school year.

More than One Year: Seasonality and business trends can combine to make a multi-year
EnB optimal. Specifically, custom multi-year Enerqy Baseline periods are useful for
extremely short annual production cycles where a business manufactures for a few
months each year and then is relatively dormant for the remainder of the year. For
example, a winery might want to track energy performance

o
BRIGHT
Company limitad




n15taanUg1u (Base Year)

Immediately Preceding: This is the typical time frame used in most instances. Facilities
already making changes that will improve energy performance should choose an Energy
Baseline time frame immediately preceding the reporting period; this will ease identification
and quantification of improvements. If the immediately-preceding period does not have
reliable data, facility staff should choose the most recent period with reliable data.

Prior Event: Tying an Energy Baseline time frame to a prior event is appropriate for
organizations undergoing a recent significant change such as a major acquisition or facility
enlargement.

Fixed Time Frame: Using a fixed reference year for the EnB time frame is common
when demonstrating improvements across a group, such as for multi-site corporations,
government programs, or industry organizations.




n15.aanUgu (Base Year)

#1%5UnN1599NWUU EPC scheme Ugnunlalunisauanlaun

Ug1u (Base Year) : 2557 (2014)

Ufindn (Base year for Production) . 1aA1nY 2555-2557
(2012-2014)

YfiRuaauAn SEC (Base year for SEC)  : w@gand 2555-2557

(2012-2014)

VYiirurAUSunanisudn (Base year for CU)
. 12889107 2555-2557

(2012-2014)
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NMUUAAILUINEIAYATUNAITUVBINFUIAFINNTTY

H1 qmm‘wmm
Fuius (Cement

Industry)

#2 9REMNTIN
W513A (Ceramic
Industry)

H3  QRAIANTIUMAN
LazLRannNan
(Iron and Steel

Industry)

BRIGHT

a9  anEuNIIY HANAIN Aauusnan AUU5509

WA UTAUA USunaunsnanvesisasnand e Fluansuan
HARUNABUNTANALLES] dnduUSs U UTDILsIaY dndun1nan (Capacity Factor)
HANAUTABUNINFINTUNDATI NARA U wialuladn1suae

NARSUIADUNINEUS FITlAIA

UszunnlSlufiou

AR IINSTLD B IwaT LAY USUNaIn1SHART IRz NEN ST 92119 WER

1@314A dndulIsunsuTeLAaY dndquni1Inan (Capacity Factor)
NANAMIMIIU VI LYIIHA WAR AU wialulagnisudn

a U 6

NARN U AV UMY

o

Wan A auIulNi e dA

NAR A UTIS AL LLEZIEN AU USUNINSNARN VD IR A ARSI TN SHAR
WAnSuTivantuyagiuuaziy dnduisuiieueausas dnaaunnswan (Capacity Factor)
naNg BRI wAlulagnIsnan
mﬁmﬁm%mé‘nﬁuuﬂagmuaz%

nans Alulasuunly

NANAUIENED
NARNAUIAENNEOLATEN
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NMUUAAILUINEIAYATUNAITUVBINFUIAFINNTTY

a9 ANEINNTTH HANAI Audsuan AUU5509

#4 gAAVNIIUNTIANY  WAAAILEENIzATY USHNUNSHARYRIUARE  F1N9NTTHER
(Paper Industry) NANAMINTZAHUIZAN  HARAN dadaun1Inan (Capacity
$1499) dndauSsuisuvasusas Factor)
HANAI wialulagn1suan
#5 gaawvinsaudlasell  wAadwsiannnisnau USHNMUNSHARYRIUARE  FA1N9NTTHER
(Petrochemical Ulnsiaeu NANAN dndaun1snan (Capacity
Industry) NARAIINANERNLAZ dndruUIsuLguvasusas Factor)
nanaRnyagIY ARG walulagnisuin

NANAMGIDUS 3INNITNAU
Ulnsiaeu aldlaanuunld
#6 YNFMNIINDNAITUES  WAA “msnmmama‘wﬁ USUIUNISHARYRUARE  B2LUNTSHEAR

%4

\A399f (Food and  HARAMITANaRUINEDY HARANIT dndaun1snan (Capacity
annaeionsnseldes dadduUSeuiisuvesusas Factor)

Beverage Industry) W
NANAUN walulagnisuan
#7 159l rwasaa1usou (Thermal Power Plant) Yunauniswdnvadlnin  9lusnnsudn
wazAINSoU dndaun1suan (Capacity
Factor)

walulagniswan
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ANNUAAUINAIAYATUNAINIUYDIDIAT

Usenvnennns  STUU %90 fauUsnan fauUseon
gunsal
Tssweauna  USuenmAwaz  nufiudusnid RuiuSuameauenidu
S2UNYDINA waztaluenIsldauy 1. Huiigaeuen

De
e

2. Hudiddaely

De
€ e

3. NuRZudn

De

4. NuNHa9lAUINITNINNE LU HIHIAA

WE9EIg Nuitldaes uaziiuflaense Wuiiusuennia + Wuiiliviueinia + Auflsaasanieluenans
waz Faluannslden

gunsalliiuinis  duaugiae FuruaTasiienianisuwnd 1wy MR, Autoclave, CT Scan

NNINITUNNEY

U 1 U Furugunsafluauuinisiily

WAL YARAINTNINTITHANE 1. e uaz Uuladau
2. 1A39nduasIAln




ANAUANLUSNEN TIUNAIUVDIDIATG

Ussnnanis STUU %159 AauUsvan AauUseae
gunsal
159Lk53 JsuannmiAawas  WuNUsuanIe NuNUSuanAwenidy
STU18DINA LAZYILUINIT LYU 1. WUNADINA
2. NUNINLALY
3. NUNFIUNIIU 109ADUSULAZNI9LAY
4. WUN31U1M1S5
5. WUNAUNUINIS
GRGRRY NuNldane taz NuNIansa NuNUsUaINA + Wunliusuainid + wunvansanieluains
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gunsaidwg  udugliuinig uIugunIalluauuInig
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JIUTINVDYA

AuUIAY AanUsuanwazAILUssag

sL 1% v o
1 y %g ’]usu a 3‘1‘! a ﬂ ’] iq ﬂ Fesorulsyroums Uhnmmtldndiny | Uhnuens | Faduny | dudui | dudlns | dudifees | dufserso | Sluarntlfeu | dueu
(Y] Sum s SUM ;mme e Tueens (&t winay
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ayUuuannanislyvayaiveniviun SEC dusulssanunluny

1.dnngalseerumiu TSIC-ID 5 digit wsn lu 11 Sector ¥adlATINIS
(Sub-Sub Sector)

2.57u57udaya Plant level data : WA9UTW, HAKAANAN, HaNGAAEDY

%4

dnaIU %Electrical Energy (GJ) vs % Thermal Energy (GJ)

19 SEC1
v 1
Ténsdewuugauniy 3. s3usaudaya Product level data : Purchase/Consumed Energy,
Iis‘lx‘]’]‘i.&ﬂ"JUﬂﬁJ XXX WY Finished Product, Main Process Equipment (Energy Intensive) etc.
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4. 35129 Plant level SEC1, Product level SEC2,3,...

Actual Data TngvnauduRudiisududLUIAUAI9

1 SEC2, ... ai9U SEC final 19150419 NAN R2
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USunaumasnulnii (kwh)

- 0.037 x [fufidninnusily (< 12 dalusetu) x $2lusnnsld
ausad (12 x 250) x Sas1nsl4nui]

+0.014 x [Ruftddnauiiall (12 - 18 Flussatu) x Faluns
el (18 x 250) x Smsan1slEnud]

M | +0.024 x [ufidinanuiall G 18 falusetu) x Falusnsly

dinau 1 . . X o
WYY | uRal (24 x 365) x BRSNS LIWUN]

+ 0.122 X NUNTUAT X TALINSTIHIU X DRTINTLGNUN
+ 0.004 x WUNEIUNAN X TALUINIT LTI X DRTINTT LY
+ 66.608 x NuNlLUSUDINA

+1,192.47 x MUIUNUNIY

+ 69.981 x WUNIDATOLUDIANT
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AUTTAULAIUNEIU (ENPI)
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g 1 75174,72000|  1,966,347,140.77 439,792.00 658,837.00 4,471 114.10
b—’lr? 2 68,300,860.00 1,922,869,147.31 399.462.00 420,224.00 197,783.00 4814 110.52
EQ 3 30,905,110.00 5,076,325.76 92,202.16 547,547.14 48.31
o - 239,492.450.91 6,330,300,535.90 2,034 22545 1,515,847 86 792,226.65 3,112 103.76
g; 5 236,296,053.00|  8932,146,967.82 2,873,276.77 2,781,800.72 3,109 84.22
ag 6 952,346,202.27|  30,413,297,062.01 8,005,006.00 8,677,733.00 3,799 109.75
7 330,306,464.62| 13,509,525,424.17 3,861,873.00 7,014,884.24 3,498 47.09
8 106,868,400.00 2,886,010,215.70 822,048.88 694,761.02 216,034.54 3511 117.34

'5";1.‘/&1150 2,037,690,260.80| 65,965,570,819.44 18,435,684.10 21,856,290.00 1,753,591.34 3,578 86.31

AUNISNANY (A29819MIUN)

1. Ysuaunsldlnin = a * Yudla + b * Yududvasauaud + ¢ * Yuduuduwuunay

R Square = xx %, Adjusted R Square = xx %

2. Usunaunistdanudou (MJ) = d * Juidia

R Square = xx %, Adjusted R Square = xx %




n1siUFBUNgUABUNIT lINas9IUTNNIE (SEC Benchmarking)
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Target Period

Confidential

NaUseudn (Energy Saving) = USuiaun1suanueaslgiu * (SEC base year — SEC target

year)
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asaUieuiisunisldwasulunmmasuawudn-Uadn szudtsdusznaunsineuazdedsana

ng AuE5 etiilu LeIassiu
(Chaparral steel) (Tokyo steel) (BSW)

mevaaMmEARE (EAF) T ]

- WU WA N e aaTun1sKaauaINLAKEN

wfluinudnlu EAF (kWh/ton) 547 450 460 363
- Oxygen Tunisuaauduianiu EAF (Nm3/ton) 44 46 34 40

- Electrode Tlun1suaamamudniu EAF (kg/ton) 3.6 2.3 2.1 2.0
- Yield ansuaauauan (%) 88.5 93.5 92.7 89.0

asaUseuiisunisldnasanulunmsuasuawman-ladn ssuindusznaumsineuassnsseme

na U554

(Nucor-Yamato)

PrsvRBNMANNA (EAF) ]

- WEIUINHN AT e daTuni1suaauan ALAEKEA

wluiuidnlu EAF (kWhiton) 419 316
- Oxygen Tunlsuviaautatianiu EAF (Nm3/ton) 35 44.6
- Electrode Tunatsuaaueisudniu EAF (kg/ton) 25 1.55

@- Yield nisuaaudmudn (%) 90.7 92.0
BRI
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" Aadelagnss (Mean)

" Tauni1snneans (Regression method)
nsidenldisnisladesdriiafdeyaiitioguasisnsdaiuves
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