1594 HANITANWIAIATRTIANITLEWAIUUTEDEU (SEGBenchmarking)

AMTULSURAFINNTTULALDIANETIND

1ASINSIATENAINNTOUATUNALNAA
WeatuayunisanfinwEounszan (PMR)
CS-8 : N5UsHIUTEUUNITIANITNAIIIUYDILTIU/1ATTAIUAN
wazdsuusenan SEC dwsu 11 nau

lng

U TUSY htuLiuy Aaudang 3100
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. NANI5IAAIIZIRANVUNIT LINGR99TU (Specific Energy
Consumption, SEC)

e NANISUSERIANAINUDINNSUSI UL UAYUNT LYW

(Specific Energy Consumption Benchmarking)
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o a €1 v oA Y o . = ¢
NNYUAYBULYANITILATILIAIAVUNTIUNA91UFIY (SEC Baseline) Ya9@nsdmnssuauud (Cement

Industry)

N32UIUNANL DY A1 SEC
Tngiiu ag(_ i
z &
I~
 E—— UANYIU B 3%‘
vl —> uanenuingAu (Crusher) (Crushing Plant) w2
—
——\
Tvin B wi3BLIngAuAIMIUnTIHEY Uﬂamﬁaﬂﬁ's\qﬁu
— )
(Raw Mill Plant)
. o = Bannr MY a }74
okt 3 unazgmmgAy (Raw Mill) Nﬁﬂlﬁ/\lﬁ'ﬂ?jtm
— i .
e | Fusauis
mn:}:au é a‘mmqmu (Preheater) ; ) [ wﬁ:amﬁﬁlwﬁ' ] ﬁ v
— 2 5
Tith+rrudoy  fp———>> wmfu (Kiln) § ﬂg
< c -
LY LA = -
s
— ;
: angamail . < (Kiln Plant) v =
it — p —>|  Juin ED
({Cooler) ()]
— |
(Va]
——\
v — Lalatjuidin (Clinker Silo)
—
) uaYUGLUIUA
1okt NN unazdemuiisn (Cement Mil) - :
i (Cement Mill Plant)
—
r i
lvith — 3T —_— EREREEE Uiiﬁg%tuuﬁ
—
(Packing)
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N159LASIZIRAINTUNITIYNS 99U (Specific Energy Consumption)

°  wAnYuda
*  iindnyuda

* Yuidl
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N15ATIZRANNVUNIT LINWA 9L TULAAZNSZUIUNISHER

Argriinsldwasaulnia (SEC)

mslandinuldihaell ( kKW h/a)
Yunawandaaeil(ton/a)

SEC =

1Y

A5 tanasaulntdet = Wl N + W NNanLe9

ARYUNIS lUWasUANLTaU (SEC,)

M3 lEmdsnuanudouvesnszuIuMsHanael (MJ/a)
YSuawananaoll (ton/a)

SEC =

ARYLNI5 Ll IWa991UTU (SEC,)

mslFndanusvuesnszuumswanasil ( MJ /a)

SEC =
inawanaaaell (ton/a)




HAN133AT1ZNAG NS IINA9IUFIU (SEC Baseline) v29anamnIsudiaun (Cement Industry)

HaN13AN®IAN SEC lagdan1smiAefedaya Wi, NUFNNASNE eIl

USuun1suan () YSuraunslawaesn A1 SEC n3ae

Yudla | Yudwud
nsldnwaseu [GANYT YT Filiifa, (kWh) A5RU (MJ) M/t | (kWh/t-

Waaenaul | U

clinker) | cement)
Aadeann 2555- 38 22,492,986.66 24,390,743.33 2,508,217,223.27  77,552,174,641.88 3,447.84 104.24
gudoya wn. U 2558

ﬁﬂtﬂgﬂf\‘lﬁﬂﬁuﬂﬂi 2558 2 3,952,811.90 4,521,665.52 379,822,784.36 12,934,021,967.80 = 3,002.93 87.00
wagsu 22
EQUINE)

1) foyamananyuduudangiudaua ww. Anu 68.7% (24 d1usi/35 ausi) TCMA (2555 (31.76), 2556 (35.85), 2557 (36.15), 2558 (36.22) nusi)
2) TeyanskAnyuBuudainuuuasuaIu Andu 11.4% (4 a1usiu/35 a1us)
3) @UANTNANY

Yuidie: ndsemamdou (M) = (13.498 x Usinaimsuasyuiiln (fu) x Capacity Factor (%)) + (1,079,810.888 x Kiln (fusietlas)

Yudiaug: wasnulni (kwh) = (0.030 x Usinansuandaiauaun x muasdeanisua Portland (Blaine)) + (0.009 x USuaunsuanyunas (i) x
ANNAELBEANTUAYUTLIULAAY (Blaine))

o/

Uatang: ANAAYAINGIUTYA WI. > ANRAIIINAUNITNAIIY
A19NU 12.9% dmsuyuiin, 14.0% dausuyudiuud
BRIGHT U U



a 1 v A 4 4 . I ¢
HAN13LATIEHAIATENTIUNAI9IUFIU (SEC Baseline) Ya9@asIvnIsuTLaIue

(Cement Industry)

= 1 ad 1 dl L4
NaN13AN®IAT SEC Iﬂ‘c’]’)ﬁﬂ’]‘i‘lﬂ’]ﬂ’]LQ’s‘lEJ‘U@Ha NN.

1 v £74 o/
a o y . ARBUNITTINAI91U (SEC)
Usueunsuan (Au) USueunaslanasenu

128

Yuidin YT

ad1dsou (M) i (ki) (MJ/Fuyu | (kwh/siu

ig) YuTus)

9,580,616.85 8,591,579.85  31,650,300,710.81 869,396,024.61 3,303.58 101.19

18,104,688.15 18,467,024.65  61,713,245,263.23  1,687,341,332.93 3,408.69 108.10

30,390,176.10 37,855,444.17 105,996,394,553.23 4,113,054,170.28 3,487.85 108.65

31,896,465.54 32,648924.65 110,848,758,040.25 3,202,273,638.76 3,475.27 98.08

U 89,971,946.64 97,562,973.32 310,208,698,567.52 9,872,065,166.57 -_
\de 22,492,986.66 24,390,743.33  77,552,174,641.88 2,468,016,291.64 3,447.84 104.24

NUNELN):

1) Fulsunmanidnuau 13 15eu
2) MsnwAndenamzlnuniduteyanihiuuazinisndamiioudu wazilulssuvalig 8 wie nasiIun1sanvaelssnuNINNg
60% YBINTHANTINVDIUTUNANEN989970 TCMA 2559
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a 1 v A 4 4 . I ¢
HAN13LATIEHAIATENTIUNAI9IUFIU (SEC Baseline) Ya9@asIvnIsuTLaIue

(Cement Industry)

= 1 ad 1 tdl
Ardviinisldnasauaanuiou (MI/duyuda) pan13AnEIA1 SEC 1aadsn1sniAIeay

3,550.00 Yadle WN.
3.500.00 — . 3,487.85 ¢
R AR VBINGY 3,447.84 * * 347527
3,450.00 Y - <

ALR2a8518UUIUULUN
3,400.00 ¢ 340869 Y

2555 3,303.5 8 MJ/ton Clinker
3,350.00 —
3.300.00 * 330358 2556 3,408.69 MJ/ton Clinker
3.250.00 2557 3,487.85 MJ/ton Clinker
3,200.00 2558 3,475.27 MJ/ton Clinker

U 2555 U 2556 U 2557 U 2558 Aady  3,447.84 MJ/ton Clinker
Ardviin1sldwassulnnn (kwh/aududisug)
110.00 — P = & ¢
. . ronne o B ALRAY I8 UV IYUBLUUA
106.00 2555 101.19 kWh/ton Cement
104.00 2556 108.10 kWh/ton Cement
102.00
100.00 ¢ 10119 B 2557 108.65 kWh/ton Cement
98.00 g ¢-98:08 2558 98.08 kWh/ton Cement
96.00 v o
94.0 ALRAY 104.24 kWh/ton Cement
4@
s 1) 2555 U 2556 Y 2557 Y 2558




HaN13ILATILNAIABUNTTIINAUFIU (SEC Baseline) Ua@nsaIvNIsuTLUUA

(Cement Industry)

ﬁqﬁwﬁmﬂﬁwﬁamugmﬁﬂ (MJ/ton clinker) ﬂ'r] SEC Lagssqsisqqquaqﬂsﬁaua NN
Y
5,000

’g |

é 4,500 N

< 4,000 n ¢ n Yuidia

a% 3500 " /N 4 ® ¢singn Yo _

7 A 3,447.84 , ANRIER = 2,977.94 MJ/ton Clinker

e 3,000 . W dnguae :

5 2’500 A fuody Agadn = 4,730.54 MJ/ton Clinker

LI y 1 dl .

., Angy ALRaY = 3,447.84 MJ/ton Clinker

0 1 2 3 a 5 6 7 8 9
159971
Arvviin1sldnasududiuus (kWh/ton cement)

_160.00 —— - .

§ o o Yugtuun

< 140.00 a s

E AR = 91.30 kWh/ton Cement

212000 " .

% T = * 0 $amE 1 Ageedn = 148.55 kWh/ton Cement

£ 10000 = A A , 104.24 W egegn .

e ¢ w o ARAaY = 104.24 kWh/ton Cement

= 8000 A fady

= ’

< ANg

60.00
0 1 2 3 i 5 6 7 8 9
@ Tse9u
DG




a ¢ 1 v o Y W . a '3
HAN133AIIENANYUNTIINWAI9IUFIU (SEC Baseline) Ua9@nsIvnssuTLaue

(Cement Industry)

ardriimslividsnulih (SEQ) Yuduudselsanu A7 SEC 123851915997

5500
% o n YU
a Y '
e Aian = 35.00 kWh/ton Cement
3 * ANGeEn = 60.00 kWh/ton Cement
=5 m — B sivhan .
E AR = 43.53 kWh/ton Cement
= % sman
g | ) 43.3 Aady l
E 4 H L ATN&N
g 3500 =

301 _—

1 2 3 5 5
Tsta
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ANENIWUN1TUTENIANAIUVDRAFINNTTY

NaUSENIANAIITY

TBnunslduasinen sl seafanasnuauioy (M) BuumsiuasdnoamnaUssndandsnuledih  (kwh)

7,227 a1 MJ R

Yanuertlindiaueaioy R e LR e R URnaumslindaamlith Fruammsedrendrnduliifi

. A1 SEC 1@
YSUMUNISHNAMREAY

Usznneanneue . . Existing, PMR
(@unu)

A191N BAT

(FRagangudaya wi.)

T y— 320000 Mg

Yudiuud 34.99 104.24 90.00 kWh/fuyudiuus
NuEwn: Wausenda = Production x (SEC, stingpmr — SECaar)
SECistingPvA A1 SEC LaagaINg1uuaya wi.

SECyur A1 SEC 1aaea1n BAT



ANEAINNITANNIYLIDUNTLANVBIYAFINNTTY

YUANAITUN]
Usenon

2,413,273.37

AngnmnIsannisudesinvisaunszan (tCOY

4,701,100.87

ANSUARENLSBUNSEAN

% WAUSLNEn

| 1yisin

B uSau

268,114.67 338,009.15
Eavassess T 0°

A15Ua08N 19 UNTTANTIANAY

N15Ua8n19t5aUNSZan nsUaasngsaunseanfianay

1461
71

1%
9%

2,413,273.37 268,114.67
4,701,100.87 338,009.15
7,114,374.24 606,123.82



UI9INTUTLNTANSIUVRIRAEMNTTUTLUUA (Cement Industry)

A10U ToUATNS wialulagiy wialulagln NaUSZAEo. (%) NUAINY
1

Kiln Shell Heat Loss - 0.35-0.54 $0.23/annual ton clinker

Reduction MBtu/ton clinker  capacity
Vertical raw mill Tube mill Vertical roller mill 20% $5.6/ton raw material
replacement

- Adjustable Speed Drive  Fixed speed Fan VSD 5 kWhton clinker > 300 kW $75 /kW
for Kiln Fan
Heat Recovery for Power No heat recovery Waste heat boiler for  30% electrical $9 - 16/ton clinker
Generation steam and power savings

generation

Increase the Number of 4 or 5 stages 6 stages cyclone 0.12 MBtu/ton $2 - 5/annual ton clinker
Preheater Stages (5to 6 cyclone preheater clinker
stages) preheater

n Replace Ball Mills with ~ Tube mill Vertical roller cement  40% electrical $6.6 - $39/ton cement
Vertical Roller Mills mill savings

- Modification of High Conventional High efficiency 8% electrical $2.0/annual ton raw material
efficiency classifiers classifiers classifiers savings production

- High efficiency motor Standard motors ~ High efficiency motors 3 - 5%
replacement

- Adjustable Speed Drive  Fixed speed Fan  VSD 30 - 300 kW $120-140 /kW >
for Fan 300 kW $75 kW
Compressed air system - - 3-5%
imnrnvamaent

wuewin: walulaglutaguuduuuuwis (Dry Process) strIwuuvyu (Rotary Kiln)

campany limited



Q.

W193N15UTENIANAIUINUIMIUJURNR (Best Practices)

1. Best Available Techniques (BAT) Reference Document for the ~ 2- Improving Thermal and Electric Energy Efficiency At Cement

Production of Cement, Lime and Magnesium Oxide, 2013 Plants: International Best Practice

Specific thermal Specific{Thermal,Energy Consumption by Rotary Kiln Type

energy demand Kiln Type Heat Input (MJ/ton

(MJ/tonne clinker) of clinker)

3,000 - < 4,000 For the dry process, multistage (three to six Wet 5,860—6,280
Sta?eS) heaters and precalcining ki ong Dry 1o
cyclone preheaters and precalcining kilns :

3,100 - 4,200 For the dry process rotary kilns equipped with ;)—riaegae;e(r)yclone @rension 4180
s 2-Stage Cyclone Suspension 3,770
ICIEAEI : : Preheater

3,300 - 5,400 Eifr:)the semi-dry/semi-wet processes (Lepol T e By e 3550

: Preheater

up to 5,000 For the dry process long kl!ns 4-Stage Cyclone Suspension 3140

5,000 - 6,400 For the wet process long kilns Preheater plus Calciner

3,00-6,500 For shaft kilns and for the production of 5-Stage Cyclone Suspension Preheater 3,010

and higher special cements plus Calciner plus High- Efficiency Cooler

Source: [75, Estonia, 2006] [76, Germany, 2006] [84, CEMBUREAU, 2006], [92, :

Austria, 2006], [120, Spain, 2007], [168, TWG CLM, 2007] 6-Stage Cyclone Suspension Preheater <2,930

plus Calciner plus High- Efficiency Cooler

Source: Based on N. A. Madlool et al., “A Critical Review on
Energy Use and Savings in the Cement Industries,” Renewable
and Sustainable Energy Reviews 15, no. 4 (2011): 2,042-60.\

campany limited



Q.

W193N15UTENIANAIUINUIMIUJURNR (Best Practices)

.. Specific Fuel Savings Specific Electricity Estimated Payback
E Eff M
norgy Eficiency WMeasure (Motuon coment)

Raw Materials Preparation

Mechanical Transport Systems - 1.0-3.0 >3
mproved Pneumatic Systems - 1.6 N/A ()
mproved Raw Mill Blending 0.00-0.02 0.7-23 >10
Use of Vertical Roller Mills - 9.2-10.9 >10
Use of High-Pressure Roller Presses - 16.9-17.5 7-8 "
High Efficiency Classifiers - 39-5.3 >10 (!

eparate Raw Material Grinding - 0.8-1.2 >10
Raw Meal Process Control - 1.2-1.6 1
Fuel Preparation - 06-1.9 N/A D

7 __
)

3

0]

Thn

i

cccccccccccccc



UINSNISUTLUIANAIITUINN LU

Hu

Q.

7917 (Best Practices)

Energy Efficiency Measure

nergy Management and Control Systems
iln Combustion System Improvements
ineralized Clinker

ndirect Firing

xygen Enrichment

ixing Air Technology (PH kilns)
eal Replacement
iln Shell Heat Loss Reduction
reheater Shell Heat Loss Reduction
efractories
onversion to Grate Cooler
ptimize Grate Cooler

Low-Pressure Drop Suspension\Preheaters
eat Recovery for Power Generation
onversion of Long Dry to Preheater
ncrease Preheater Stages (from 5 to6Y)
ddition of Precalciner or Upgrade
onversion of Long Dry Kiln to Preheater Precaleiner
fficient Mill Drives

@)

Low-Pressure Drop SuspengiofiPreneaters |
=

0.08-0.16
0.06 - 0.32
0.14
0.12-0.18
0.16
0.16
0.01
0.09-0.50
0.02
0.05
0.25
0.04-0.13

0.60-1.30
0.1

0.12-0.54

0.84-1.11

0-3.9
0--0.8
0--0.5
23
0.02

Specific Fuel Savings Specific Electricity Estimated Payback
(Mbtu/ton cement) Period (1) (2)

Clinker Making

<2
<1
N/A
>10 @
N/A )
2 1)
<1
<1
6
4
>18
2-7
>10 (1)
2-14 O
>10
>7 ™
>10 (1)
>10 (1)



W193N15UTENIANAIUINUIMIUJURNR (Best Practices)

.. Specific Fuel Savings Specific Electricity Estimated Payback
Energy Efficiency Measure (Mbtufton cement) Period (1) (2

Plant Wide Measures

0.04 0.0-50 <
: 0.0-50 <
: 55-9.0 1-3
- 0.0-20 <3
: 0.9 N/A
\ 0.0-05 N/A
0.10-0.33 N/A Immediate
0.9 15 1-3
0.17 3 <t
: 0.0-140 Immediate
@

cccccccccccccc
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W193N15UTENIANAIUINUIMIUJURNR (Best Practices)

Energy Efficiency Measure Specific Fuel Savings Specific Electricity Estimated Payback

(Mbtu/ton cement) Period (1) (2)
Alternative Fuels

Fuel Switching 0.16--0.28 0.0--2.5 N/A
Biomass and Waste 0.00--0.43 0.0--2.5 <4
Tire Derived Fuel - -1.5 N/A

(1) Payback periods are calculated on the basis of energy savings alone. In reality this investment may be driven by other considerations than energy
efficiency (e.g. productivity, product quality), and will happen as part of the normal business cycle or expansion project. Under these conditions the measure
will have a lower payback period depending on plant-specific conditions.

(2) Fuel and electricity costs used in the calculation of the payback periods are based on the U.S. cement industry’s energy expenditures as reported by the
U.S. Energy Information Administration in the 2006 Manufacturers Energy Consumption Survey. The cost of electricity is $0.058/kWh and the cost of fuel is
$2.61/MBtu.

Source: Energy Efficiency Improvement and Cost Saving Opportunities for Cement Making An ENERGY STAR® Guide for Energy and Plant Managers

https://lwww.energystar.gov/sites/default/files/buildings/tools/ ENERGY %20STAR %20Guide %20for%20the %20Cement%20Industry%2028_08_2013%20Final.
pdf

campany limited



UIANTITVBIYAANUNTTUNAAYURLUUA

uaAnEey UAALLIEAINOAY VSD ID Fan

lallaingdv

J:.. '||, .':..--..,:. | y L VSD ID Fan

! UAY LR
= ey

Replacement with

@ Vertical Roller Mill

BRIGHT Pre-grinding with
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Roller press



UIANTITVBIYAANUNTTUNAAYURLUUA

T roe
grinding

lurtine

Gaparatar
— - 9

Copfing Tower

6 Stages
P/H

Canditionang

Die-duster :

AFR

Cooler
Ratary Kiln Clnker Coaler Vent Filker

ALY

VSD Cooler Fan
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N159LASITRANN BTN IYNE 99U (Specific Energy Consumption)

N13ATIZNAABTNITITNA 997U TUNSZUUNITNAR

ArainIsiawasnulna (SEC)

SEC nslindsaulwineell ( KW h/a)
~ Bwnwadiansetl(tonne/a)

AevnIslgwasIuauiau (SEC.,,)

N5 MnA UANMIEaUTRINITUIUNTNARRARL ( M) /a)
Bunnunanansell (tonne/a)

SEC =

a (Y4 4
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a g1 v A v % .
HAN13ALATIZNANNBUNTIYNAI9IUFIY (SEC Baseline) Y09@nsaImnIsy

anamnIsuAIsHAANsEIUasYNuLazIHULYSEN (TSIC 23922)

A5ATITAIA Y U | YSuaunisuan USurauns s ueagnay ANRYTUNIT LINAI9IUTIN (MI/AL)
nsldwdseu waedal () | i (kwh) | aaueu (M) 594 (MJ) AEA GAGL BEL

AnadEaN 2555 - 2558 5 239,005.39 35,951,894.71 966,346,048.97  1,095,772,869.92  2,832.87 8,385.49 4,584.72

Uty W

Aadean 2555-2558 5 1,549,100,156.86  5954.67 6,785.70 6,481.44
ANNTITNAIY
ANNTTNANU: WX (MJ) = 67.857 x Usunaumsudn (fu) x Capacity Factor (%)

QAEMNITUNTHAALATDI VA 9IFIAN (TSIC 23923)

A5As1TIAIA L 97U | YSUaun1sHan YSRaaunslinaseueagnay ANNYUNITITNAI9IUTIN (MI/AL)

A5 LINAIU 4 wagdal @u) | MR (kwh) | anudeu (M) 593 (MJ)

Aadeann 2555 - 2558 9 16,178.24 12,941,106.67 247,546,053.76 294,134,037.77 10,447.95 24,116.86 18,180.85

Futaya Wi

AdBaN 2555 - 2558 9 386,402,621.75 18,841.00 25623.20 23,884.10
AUNITNENY
ANNTITNAIU: WAWUANNTIN (MJ) = 256.232 x YTunadnanas (Au) x Capacity Factor (%)

N

company limited



a g1 v A v % .
HAN13ALATIZNANNBUNTIYNAI9IUFIY (SEC Baseline) Y09@nsaImnIsy

ARENUNIIUNTSHAANAAT TLATE I FULLRZa M IIINRINLIYIT3in (TSIC@3931)

U | YSuaunisuan USuraunshunassupagfoU ANRUTINTITNAI9IUTIN (MI/A)
nsldwdseu waedal (Au) | T (kwh) | a2nuseu (M) 593 (MJ) Agn GG \aaY

AnaBEaN 2555 - 2558 7 6,026.34  6,634,540.27 145,160,107.88 169,044,452.87 11,943.98 65,641.29 28,050.93

FuTaYa W

Aadan 2555 - 2558 7 148,847,435.42 15531.79 28,193.10 24,699.48
AUNITNAINY
AUNITNAIU: WAIUAMUTI (MJ) = 281.931 x Usunaunanan (A1) x Capacity Factor (%)

gaanunssun1suanauuiniwagaunsalfing s luiduauauiinainwsidin (TSIC 23922)

A5As1TIAIA L 97U | YSUaun1sHan USahaunislanasauaagnat ANNYUNIT IYWA9IUIIN (MI/AL)

A5 LINAIU 4 waegdal @u) | MR (kwh) | anudeu (M) 591 (MJ)

Aadeann 2555 - 2558 2 2,188.93  2,055,622.00  46,764,701.31 54,164,940.51 14,552.86 27,586.37 24,744.94

Futaya Wi

AdaN 2555 - 2558 2 65,969,486.64 27,829.23 31,166.80 30,137.78
AUNITNANUY
ANNTITNAIU: WAIUANUTI (MJ) = 311.668 x USuaumandn (Au) x Capacity Factor (%)

=
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ANBNINTUNITUTENIANAIUVDIRAFINNTTY

NEINNTTULYIIEN HaN5ANYIAT SEC 2INFIUVLA WN.

ARYTINSIENa991Y, SEC (MJ/fundnsine)
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mswamﬂsxLﬁaqgﬁw,l,axl,l,ﬁiuwmﬁﬂ nswAALAT Ui aeiesEin nmsnanaiedlduulfivemis msmﬁmmulﬂﬂwLLaqunsdaméga
NHMNITUYIIEN

N5INLEAIAIATUNIT ITIWAIIIULR AU SI1UNARNN N
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1 v

HAN133LAT18AAYUNTTUNAIIUgIU (SEC Baseline) ¥89ansmnssyl

anaMnIsuAIsHAAnsEIUasYNuLazIHUYSEN (TSIC 23922) HaN5ANYIAT SEC 2INFIUVLA WN.

Ardwiinisldwdsnu mandansadosyunasusiuenin ARUENTTITWa99U, SEC
5 9000 R (MJ/A)
& 8,000
7,000 -
= 6,000 * N6
36 S Adgn  2,832.87
= 5,000 — . .
R T ¥ e Anan AENEn  8,385.49
g 4,000 ° a Y] q
= 3,000 + . ® AEEn
& 2,000 + dady A
& ol D U ALDdY  4,584.72
T 0

0 i 2 3 4 5 o y
Y 51597 (11 Yaya)
T5e97y

NINUERASAIE 350 — AgA - ARRY SEC 51815997



v

HAN133LAT18AAYUNTTUNAIIUgIU (SEC Baseline) ¥89ansmnssyl

QNENNNTIUNTHANLATIEGUAUINYT N (TSIC 23923) HaN5ANYIAT SEC 2INFIUVLA WN.

Anduinsldwde inTesguineiiesin ANRULNNTLUINAI91U, SEC
- 30,000 (MJ/6u)
=
2 25,000 . . . 3
8 -+ _‘_ I o
% 20,000 ; LA ARNER  10,346.66
= SEC avg = 18,180.85 . .
2 12000 . ¢ ® Aegn ANdNgn 24,523.38
= _’_ _._ | Y 9q
o= 10,000 - * ® FNEsEn
g + dade o
£ 500 ALaAY  18,180.85
-
0
o 1 2 3 4 5 6 7 8 9 o y
Y 9 151U (24 Uaya)
T5991u

N31LENIATEIEN - ANEA - ALRAY SEC 51815991



v

HAN133LAT18AAYUNTTUNAIIUgIU (SEC Baseline) ¥89ansmnssyl

ANENNNTINNTSHANNARS AT IdULlREIMsIVIANLE 313N HaN5ANYIAT SEC 2INFIUVLA WN.
(TSIC 23931)

Ardafinislindseu wisdlduulizenms ANRBLUNIS Y NA991U, SEC

;é 80,000 ® 7617656 (M.J/G]U)
€ 70,000
s +
o 60,000 * 58387.29 — N
% 50,000 ARNgn  10,248.53
=
=z 40,000 s o dwhan | AENER  76,176.56
G SEC avg = 28,050.93 * 1 cH?
5 30,000 — .
rou‘; [ ] b ﬂq@qqﬂ
20,000 s ¢+ ey |
= 1 a
e 10,000 * o ALRaYy  28,050.93
& 0 10,248.53

0 1 2 3 i 5 6 7 o >

U 7 15900 (19 Taya)
T5997U

NIINLENIAENER — ATEA - ARGl SEC 518159971
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HAN133LAT18AAYUNTTUNAIIUgIU (SEC Baseline) ¥89ansmnssyl

anaMnIsuAIsHAAnsEIUasYNuLazIHUYSEN (TSIC 23922) HaN5ANYIAT SEC 2INFIUVLA WN.

ARvinsldnaseu andreauulniuazaunsal ANRULNNTLUINAI91U, SEC
~ 40000 (MJ/811)
€ 33,520.85
€ 35,000 .
=
g 2000 27,586.37 + 744 K
il 25,000 , . _ SEC avg = 24,744.94 ﬂ,.]m,.]aiﬂ 14,55286
2 20,000 25,689:97 1255288 fvhan | ANENEM 33,520.85
»5 15,000 T 55286 % e ghag
g 10000 ’ 52.83— ALaReY A
2 5000 ALRay  24,744.94
-& .
0 1 2 [ v
L 2 151974 (4 Toya)
[EARLY
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ANBNINTUNITUTENIANAIUVDIRAFINNTTY

1 (-] = v -]
ANRYTNIS LINAIU

5 Usunauniswan | ASHnanislamassu
(MJ/a)

aaefal (Fu) asfiay (M)

LRI TINIEEINNCP e 4 584.72  3,100.00 © 239,005.39 1,095,772,869.92

\A3RsRU e TIEIN 18,180.85 12,200.00 V 16,178.24 294,134,037.77

LRI GEC TR ael 28,050.93 24.280.00 2 6,026.34 169,044,452.87

TP HEERMRER P COll 24,744.94 1501000 * 2,188.93 54,164,940.51

iy

EXEY 1,613,116,301.07

1) Best Practices and Case Studies for Industrial Energy Efficiency Improvement, February 2016

NaUsLuen

MJ

354,856,082.64
96,759,626.70
22,7124,906.30
21,309,102.21
495,649,717.86

%

32.38
32.90
13.44
39.34
30.73

2) Energy Consumption and Greenhouse Gas Emission from Ceramic Tableware Production: A Case Study in Lampang, Thailand, November 2015

3) Redefining the present innovating for a sustainable, Sustainability Report, 2016



ANBNINTUNITUTENIANAIUVDIRAFINNTTY

NEINNTTULYIIEN

AnenIwn1sUsEndanassnu (Potential Energy Saving)
1,200,000,000
1,095,772,869.92 o
nauseuen 30.73%
1,000,000,000
800,000,000
600,000,000
400,000,000 354,856,082.64
' 294,134,037.77
200,000,000 169,044,452.87
96,759,626.70
54,164,940.51
22,724,906.30 21,309,102.21
0
nszidosyfunasusuiesiin \30sausTous i wanAnusieTedlduulfivemns aunliiiuazgunsalfings
ANAMNITULTIEN
Usinaunslindanuadened (W) B wadsewda
[ (% a [ (3
BRIGHT NFINLENINAUTEHIANAITUIIYHANN DN
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= 1 v
Wan13ANw1A1 SEC MNJIUYUE WN.




ANBNINTUNITUTENIANAIUVDIRAFINNTTY

AnennNaUsEnEANas91UsIN (Potential Energy Saving)

1,200,000,000

1,095,772,869.92

1,000,000,000
800,000,000

600,000,000

354,856,082.64
400,000,000

200,000,000

0 -

& & ' a
ﬂiZLUE]\‘li‘JJW‘IJLLaﬁLLNULQﬁ’INﬂ

B Suanslindnuadenst (W) B nausevda

AnenINaUsEnIANas91UsIN (Potential Energy Saving)

350,000,000

294,134,037.77

300,000,000 -
250,000,000 -
200,000,000 -

150,000,000 -
96,759,626.70

100,000,000 A
50,000,000 1

0 -

CELNGLRGILE L)

B JSnamslindnuadensy (W) B pausevda

AnenwNaUsEnEaNas91UsIU (Potential Energy Saving)

200,000,000
169,044,452.87

150,000,000 -

100,000,000

50,000,000 - 22,724,906.30

a o ¢ 1) &
nanAugiasasldunlizanns

B JSunaunislondanuadenest (M) B wadsznda

AnBNINNAUITNEANEIIUIIU (Potential Energy Saving)
60,000,000 - 50,164,940.51
50,000,000 -

40,000,000

30,000,000 -+
21,309,102.21

20,000,000

10,000,000

0 -

auulniuazgunsalfans

B JSunaunislondanuadenest (M) B pauseuda

campany limited

N5INULENINAUTEHIANAIUTIONAAN N




JSurain15anuasenngisaunszanva@naIunssy

ANEMNTIULYIIAN HaN5ANYIAT SEC 2INFIUVLA WN.

wnadszuen | Usurunisuassniwisaunszan@adsaidl hUsuianisannisuasenigisaunssantaagsol

(%) (Tonne CO2-eq) (Tonhe CO2-eq)

66,974,7132.07

nsmﬁaagﬁuuammummﬁn 206,839,814.92
\n3RsRUA MeLIAIN 32.90 128,803,139.34 42,376,232.84
wanAuaazaslduulfzomns 13.44 61,735,544.04 8,297,257.12
aurulwiuazgunsaiAnns 39.34 4,072,968.93 1,956,365.98

394 29.73 402,351,467.23 119,604,588.01
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J331un15aan15Ua08N 19150 UN SEANVBIQAEINTTH

Jsunrunisuaaeaznisannisuasefnalsaunsean

250,000,000 77T oS oooooooooooooo oo NG SRR L L EEEEEEEE
nausEndn 29.73%
R . e
R
128,803,139.34
N R R
61,735,544.04
50,000,000 - - - [N - - 5 gl - - - N - - A2,376,232.84 - - - - S - - - - - oo oo oooooooooooooooooo-
8,297,257.12
miwacﬂnizLﬁmQﬁuLLasLmumiwﬁﬂ nsuAnATosEAasiesiin nsuameFadduulfivansivhainiesiin msmﬁmuaulw%LLazquﬂimiamé?q
ANEMNITULYIIEN
B Uinansudesinedeunszaniadasal (Tonne CO2-eq) B Uinanisannisugesfedeunsyaniaiessd (Tonne CO2-eq)
2 1 24 = o a v ¢
N3INLEAIUINIUNITAANITURDYNYLIDUNITSINTIYHNANN N
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J331un15aan15Ua08N 19150 UN SEANVBIQAEINTTH

dnanimnisannisuaseingisaunszan

dnanimnisannisuasenigisaunssan

B _ 128,803,139.34
2 14 ,0U3,
50,000,000 206,839,814.92 0,000,000
200,000,000 - 120,000,000
100,000,000
150,000,000 - 80,000,000
40,000,000
50,000,000 20,000,000
0 - 0
nsuaANsziUasYNuLAZIHULYSEN NsHANLATDIG YA MIILTEIN
B SSinansddesiaiSeunszanadesel (Tonne CO2-eq) B JSnansudesfaiSeunszanadesel (Tonne CO2-eq)
B Jhunumsannisudesfedeunsyaniadesiol (Tonne CO2-eq) B JSuiansannmsudesfedeunsyaniadesiol (Tonne CO2-eq)
fdnanmnisannisuassingisaunsean dnanmnisannisuassingisaunszan
70,000,000 = 61,735,544.04 6,000,000 4,972,968.93
60,000,000 5,000,000 -
50,000,000 - 4,000,000 -
40,000,000 2 000,000 -
30,000,000 - y 1,956,365.98
| 2,000,000 -
20,000,000 8,297,257.12
10,000,000 - 1,000,000 -
0 - — 0 -

a = % o = o a
ﬂ’]iwaﬁLﬂiaﬂ’lﬁluiﬁza’l‘miwwﬁl'mL‘Ui'l&lﬂ

B JSununsdaesfigiieunszanaasnst (Tonne CO2-eq)

B Jlinanmsannisuassineiseunssanadenat (Tonne CO2-eq)

nsuanaululniwazaunsalfnn

B JSununsaesigiieunszanadenst (Tonne CO2-eq)

B JSunansannisuassineiseunszaniadunal (Tonne CO2-eq)

BRIGHT nsuansUsunaNITann1sUaas AN UNTZANSIBNENA U
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BRIGHT
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NSNS
nswauINseenuuUlRATY
DA N LAZLAS DID UL B9
anunsal e UM TNARSeq
DULAILUULEALRNIEVI DLUY
DU

S18aLI8A

N15AIUANSRLULAYDII9ATLATDIBULNY

NsAUANAINTULAEaUVANSRLWTRA 18 luATR UL

a I o A £%4 S & a Y [ 2, !
nsAndsinauninissrureaufeunludaseeaiiu (Usunulauld) nszanglumulausiieg
neluiesauuis wielildgamgindnlu

4
o o

NSUARNTNLALEIAEINATU WU Uaanlany waun1sUaNEnmens 18950 UIa S ULALNLUY
alusAnazekuuldsiailios wieviliAnnisandenuseutoeas

nsmunauIuiuAuSouve e LI lRTL Wy Mmslgauauiivhainiagmulvniedulewsn
iin (awiuleiiv) WevhliAnnsgaldeiusouiosas

nsUSuU s IUl LAz duew) eannsrgarinauvesssuuyauduivinlissuy
Lﬁmmﬁgiylﬁﬂmmgau (Exit Losses)

msldmnanuisaaietisiulszansamniswiinivasnsaemanuiou

NSUABUAIALIIEA N ITE v AL T UL Z LA I V08 LA MSaHAURN
A @ ndululalunszuiunswdn) @y wWIIWAlAEL WY weLuulsalaesensv Jeay
ANL50a0NT WA Nz le (Specific Energy Consumption)

NNSATUANITINAIETEUUABNTIMEIVRRAKT Winaansldndenuuaznsaseuaiuns
DN

ann1sidanstelunismnas/vsenisldansirglunisuniiann Sic/auesdansys Nvili
Ueundanuilddmiumshanudeuluszuumenladosas uenani SiC asnsaldiv
WRRUUENNEMUURIALSLABn e

NsuElsZanEnIm (a0) sreen1eseninunIeeULiILazInET Wagldlyuguiauvaanien
A4 9y 2 A & DS a P a A < Ao
Weliiasadutuneunseuwis (@ilululalunssuiunisudn) ievanidesaruduinlyl

A UUNEI91NNTOULIINBUNITLAN

nsaAUsHINNTSIaRE LTI INAR T IILUUTYY (rotary kiln) Tun1sudsdafud
QENUFILAD AzANUTavnlrannIslanaaula
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INYASLAYM
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fisn: Reference Document on Best Available Techniques in the Ceramic Manufacturing Industry, August 2007
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wlgurgdadsunaz

GINTGINT

UELIAR

2.1 mﬁmémﬂimﬁaqgﬁu nsziUasyiuuazaida [ Roller kiln, | lsenuiifneningdlunis | malulagveslszmalnetioi Rl NG RHITRE
WAZUNULEIEN Tunnel Kiln, [USuiasumamalulad | umaluladis Tussd atuayuluguiuy
(TSIC 23922) Shuttle kiln | AfUszanEamae QUEAIMNTIN WAdanellAnenIn | ved Heat incentive
22 | msuBnieesgusiae | quiasi louA Hloasausagalals
\w31EN - msldmurnUszAnSamgs Wu | fuseneunisamu
(TSIC 23923) Roller kiln Feazdszndandaanu |idesanuasmssios
23 | msudnndnsioue wedodlduulizems 161 20% - 30% Wowiouiuen | 4iEuanugs
wndadliuulfivermsi alua
NN - mahARSuisne N
(TSIC 23931) Tlunsavemenludidu
2.4 | msudnaudlniuey [ gndigauiulnii snsisnsriannslindaamiléann
gUnsnifinds Adl4idu - IA0sdnoMAUsEANS WG
atauvianisiin wiauSusauld
(TSIC 23933) - 3nashly 1w vewmed/
\3esdnsiily
BRIGHT
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o a d 1 v A v % . <
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1 v

N159LASITRANN BTN IYNE 99U (Specific Energy Consumption)

N15ATIZINAINVUNIT LIWA U TUNTZUUNITHAR

Argriinsldwasaulnia (SEC)

SEC mslandinuldihaell ( kKW h/a)
T Bwnamaraedeil(ton/a)

Advinslgndsiualuiau (SEC,,)

NARAUN
SEC = N3 lenaanuanudouvesnszuiumsnanaetl (MJ/a)

(= L
* winuwisen (Billet) Psmnawananaeil (ton/a)

* wanwislug (Bloom)

o Aain1slgwaI9usIU (SEC,)
* wiandu

* %ANaIn

o wEnwinEatou mslFwasuswvesnszuumseanaoll ( MJ /a)
c n o a SEC = -

* wmanuHuTALEY Finawawanasll (ton/a)

* ANWNULARDU
< 174 = v
* widnlaseadnegunsininiou

® AABUNIT TN = SEC,_ * 3.6 + SEC_,



v

a ¢ 1 v o/ o
HAN13ALATIZNANNBUNTIYNAI9IUFIY (SEC Baseline) Y09@nsaImnIsy

wianidu (wanneads, wandedon) Han13ANEIA1 SEC TnedspsnAaiedaua wi.

lisimvasy

I7UIU USu1aun1sHan USuraunslonasanu RaAUUNITITNAI9U (SEC)
15997u (A1) T (kwh) ausau (MJ) 91 (MJ) A (kwWh/6iu) Ausau (MJ/au) 593 (MJ/91u)

2555 1,233,714.87  533,743,069.43  1,239,909,541.63  3,161,384,591.58 432.63 1,005.02 2,562.49
2556 13 1,869,966.80  875,464,987.00  1,741,980,350.83  4,893,654,304.03 468.17 931.56 2,616.97
2557 15 2,281,448.61 981,647,441.00  1,475,990,405.98  5,009,921,193.58 430.27 646.95 2,195.94
2558 1,426,624.71  469,869,220.00  1,502,670,880.70  3,194,200,072.70 329.36 1,053.30 2,238.99

_ 6,811,754.99| 2,860,724,717.43| 5,960,551,179.14] 16,259,1604161.89 419.97 875.04 2,386.93
1,702,938.75|  715,181,179.36| 1,490,1374#94.79| 8,064,790,040.47 419.97 875.04 2,386.93

RGO

. . _ _ A Yueuns [vlas mmﬁuumﬂﬂjwamu (SEQC)
4 Ul US LN suaaiEn)
Il (kwh) AhSau (M) sl (kwh/éi) 598 (MJ/6)

2555 3 1,073,145.52  844,404,050.00  2,138,721,404.93  5,178,575,984.93 786.85 1,992.95 4,825.6C
2556 4 628,687.72  511,242,199.00 893,827,307.13  2,734,299,223.53 813.19 1,421.73 4,349.22
2557 4 777,508.88  483,735,020.00  1,363,740,157.92  3,105,186,229.92 622.16 1,753.99 3,993.7¢
2558 3 559,428.55  273,320,674.00  1,297,967,826.76  2,281,922,253.16 488.57 2,320.17 4,079.0z

3,038,770.67| 2,112)701,943.00|45,694,256,696.74| 13,299,983,691.54 695.25 1,873.87 4,376.76

759,692.67|  528,1154854(5| '1,423,564,174.19| 3,324,995,922.89 695.25 1,873.87 4,376.76

BRIGHT

campany limited



a g1 v A v % .
HAN13ALATIZNANNBUNTIYNAI9IUFIY (SEC Baseline) Y09@nsaImnIsy

< Y & v R v v = I ac ' a v
LanLteu (L‘Viﬁﬂﬂ@ﬁ'ﬁ']\i, ANV DY) Nan1sAnYIA1 SEC ﬂEJ'Jﬁﬂ']‘iM']ﬂ"lLQﬂEl‘Uaﬁqua NN.
MAvimMTLanaau SEC (MJ/6)
9,000.00 =
£,000.00 +
7,000.00
6,000.00 a G
" 9 ® 255
= 500000
€ " 5 % W 255
Z 400000 =
2557
= A
3,000.00 » 2558
2,000.00 - P =. 4,376.76 MJ/Au
1,000.00 >
0 1 2 3 a 5 6 7 8 9
Ts9971
FARTMILEmaTY SEC (MI/F)
450000 —
100000 ———
3,500.00 ©
||
3,000.00
: : rY
b4 E & 2555
= 250000 : .
= 21000.00
N ™ 2557
S 2558
1,000.00 e oy
g = 2,386.93 MJ/OiY
0 1 2 3 a 3 6 7 g 9
BBIGHT
oo g T3397u




a g1 v A v % .
HAN13ALATIZNANNBUNTIYNAI9IUFIY (SEC Baseline) Y09@nsaImnIsy

< v a v = 1 ad ] a v
LﬁaﬂiﬂﬁﬁﬁﬁqQEUW'iﬁmﬁﬂﬁau Nan19Any1A1 SEC Iﬂ&l')ﬁn'ﬁmﬂ']ma&maa&a NN.

. . _ - . Usuaunslanaseny ARENISIINaL9U (SEC)
4 AUl599U Jauraunsuan (au) = ” > > »
WA (kwh) ANSaU (MJ) LMY i (kwh/aw) [aaudau (MJ/aw) |98 (MJ/6)

2555 2 187,443.73 76,920,000.00 348,899,664.72 625,811,664.72 410.36 1,861.36 3,338.66
2556 3 319,281.54 84,204,878.00 490,094,896.87 793,232,457.67 263.73 1,534.99 2,484.43
2557 4 270,463.38 82,097,117.00 331,175,408.59 626,725,029.79 303.54 1,224.47 2,317.23
2558 2 37,156.26 3,752,720.00 75,805,064.64 89,314,856.64 101.00 2,040.17 2,403.76

814,344.91)  246,974,715.00|  1,245{075,034.82] 2)1:35,084,008.82 303.28 1,530.03|  2,621.84
203,586.23|  61,743,678.75 311,493,758.74 \533)71,002.21 303.28 1,530.03  2,621.84

AeAETMSLEWaa41 SEC (MJ/6R)
4,500.00 -
1,000 00
_ 300000 ———
: & 2555
Bg 2500.00 = "
= 2536
= 2,000.00 &
EET
i * 255
1 500.00 % 2558
1,000.00 —=tve = 2,621.84 MJ/AU
500.00 -
0 1 2 3 q
Tsag7u
BBIGHT

campany limited



a g1 v A v % .
HAN13ALATIZNANNBUNTIYNAI9IUFIY (SEC Baseline) Y09@nsaImnIsy

[ v = < = 1 as 1 = 174
maﬂiﬂsﬂaswgﬂwssmsmsu NaN13ANE®IAT SEC Iﬂmsn'ﬁmmmaﬂﬁuaga NN.

JSuraun1stenaseu Anainstgwaseu (SEC)
5| USHanIsHEn (fw) ~ 5 » — —
Wi (kwh) Ausau (MJ) S99 (M) A (RWh/AW) | adnuSau (MJ/aw) |59u (MJ/A)

2557 2,373.00 613,290.00 7,547,948.30 9,755,792.30 258.45 3,180.76 4,111.16

2558 16,771.93 6,232,036.00 28,723,166.35 51,159,095.95 371.58 1,712.61 3,050.28

_ 16,771.93 6,232,036.00 28,123,766.35 || 51)159,095.95 371.58 1,712.61|  3,050.28

16,771.93 6,232,036.00 28,123,766.3541) 54,1591095.95 371.58 1,712.61 |  3,050.28



HAN13ALATIZNANNBUNTIYNAI9IUFIY (SEC Baseline) Y09@nsaImnIsy

wianueiudiauaiou Han1sAne1A1 SEC lag3an1sviaaiaiedaya win.

lifimviaay

- . - - . U'ﬁmmmﬂ‘uwmmu mmumﬂmwmmu (SEC)
4 Fuauls9u UYSUUNITHAR (A1)
IO Wil

2555 4 747,078.07 268,350,269.00 1,322,186,444.69 2,288,247,413.09 359.20 1,769.81 3,062.93
2556 5 4,744,430.25 718,512,877.00 5,028,458,684.08 7,615,105,041.28 151.44 1,059.87 1,605.06
2557 5 2,523,453.23 748,203,580.00 4,007,241,151.21 6,700,774,039.21 296.50 1,588.00 2,655.40
2558 4 2,951,449.99 683,026,487.00 2,863,813,672.43 5,322,709,025.63 231.42 970.31 1,803.42

10,966,411.54 2,418,093,213.00 13,221,699)952.41 211926,885,519.21 220.50 1,205.65 1,999.45
2,741,602.89 604,523,303.25 3,305,426,938.10 5,481,08,818,30 220.50 1,205.65 1,999.45

fAmviaay
YSauraunsldnasanu ANRYUNIT YN (SEC)
U9 — " " " ”
WA (kWik) ARINSau (M) s (MJ) WA (kWh/ew) [audau (MI/aw) | s9u (MJ/6u)

2555 81,152.81 15,624,000.00 280,823,171.61 337,069,571.61 192.53 3,460.42 4,153.52
2556 1 117,521.80 18,709,000.00 528,359,652.19 595,712,052.19 159.20 4,495.84 5,068.95
2557 191,555.11 26,180,000.00 569,381,846.53 663,629,846.53 136.67 297242 3,464.43

_ 890,029.72]  60,513,000000 1,378,564,670.33 1,596,411,470.33 155.07 3,532.70 4,090.95

180,006,571  20,171,00000]  459,521,556.78 532,137,156.78 155.07 3,532.70 4,090.9

BRIGHT

campany limited
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HAN133LAT18AAYUNTTUNAIIUgIU (SEC Baseline) ¥89ansmnssyl

o I Y Ay = 1 ad i a v
LAANLLNUNIUINIDU Nan13ANYIA1 SEC Iﬂ&nsn'ﬁmmtaamaga NN.

AMeuTiMILlewadau SEC (MU/F)
4,500.00 g
4,000.00 B o
B
3,000.00 — e I
& 2555
= 2.500.00
] : ,
< B 255
= 200000
uuuuu 4 | e
2557
1,500.00 w2558
M ulnl . L%
Lo —f=pve . 1,999.45 MJ/@u
0 2 3 4 5
153971

campany limited



1 v

a e v e .
HAN13ALATIZNANNBUNTIYNAI9IUFIY (SEC Baseline) Y09@nsaImnIsy

< 1 I = 1 ad 1 a v
LMANLLNUINLYY NanN13ANE1IA1 SEC Iﬂ&l’)ﬁﬂﬂi%ﬂﬂ%ﬂﬂ&l‘d@%ﬂ NN.

- . ~ - . Ysuaunsldndanu Arnviinsliwdesu (SEQ)
U 37MU9UL5991U dsnnaunisnan (Au) > » > » »
Wi (kwh) A1NTaU (MJ) 528 (MJ) Ly (kwh/giv) ANNsaY (MJ/AY) | s (MJ/aw)
2555 3 1,317,299.00 230,458,348.00 1,535,014,589.91 2,364,664,642.71 174.95 1,165.27 1,795.09
2556 1 461,414.00 73,134,000.00 605,349,484.14 868,631,884.14 158.50 1,311.94 1,882.54
2557 5 1,168,591.36 260,235,700.00 1,416,462,250.02 2,353,310,770.02 222.69 1,212.11 2,013.80
2558 5 1,428,620.06 241,980,309.70 1,773,680,192.21 2,644,809,307.13 169.38 1,241.53 1,851.30

4,375,924.42 805,808,357.70 5,330,506,516.28 8,231,416,604.00 184.15 1,218.14 1,881.07
1,093,981.11 201,452,089.43 1,332,626,629.07 2,057,854,151.00 184.15 1,218.14 1,881.07

fauiimslanad9u SEC (MJ/8)

3,500.00 -

3,000.00
= 2,000.00 : & 5 ez
L aifnd
= »* r B 255
B

500.00 5 -

1,000.00 < ¥ 2558

—#—=Ave |- 1.881.07 MJ/FU

SRR

0 1 2 3 2 5 6
T2
BBIGF4T




a g1 v A v % .
HAN13ALATIZNANNBUNTIYNAI9IUFIY (SEC Baseline) Y09@nsaImnIsy

< 1 = I
tRantNdtAsauaun

unlseu|  YSuunisuan (au)

203,653.98
303,964.94
523,470.98
436,535.27

2555
2556
2557
2558

1
2
3
3

JSuraun1stenaseu

53,215,841.15
79,351,820.54
91,554,798.11
71,541,477.23

140,584,241.15
249,695,619.74
372,154,029.71
317,795,499.23

= 1 ad 1 d' v
Nan13ANw1A1 SEC IﬂEJ’Jﬁﬂ’]i‘Vﬂﬂ"lLQﬂEl‘Uaga NN.

ANNYUNIT WA (SEC)

Il (kW) il (kWi

24,269,000.00
47,317,722.00
77,944,231.00
68,403,895.00

119.17 261.31 690.31
155.67 261.06 821.46
148.90 174.90 710.94
156.70 163.88 728.00

1,467,625.17|  217,934,848.00)  295,6631937.08|  1,080,229,389.83 148.49 201.46 736.04
366,906.29]  54,483,712.00 73(915,984.26 210,057,347.46 148.49 201.46 736.04

wianuruyudinza-lasdiey

U599 JSunalnasean (Aw)
1

2556 78,252.00
2557 3 500,450.00
2558 2 530,934.00

= 1 ad 1 = 14
NANIANEIAN SEC Iﬂmsm‘smmmawaga NN.

JeaaainiasTdnaseu

Anvinisidwassnu (SEC)

i (WD It (&t

24,385,329.00
80,538,264.00
89,051,760.00

127,283,414.76
623,281,304.07
795,863,423.67

215,070,599.16
913,219,054.47
1,116,449,759.67

311.63 1,626.58 2,748.44
160.93 1,245.44 1,824.80
167.73 1,498.99 2,102.80

1,109,636.00 193,975,353.00 1,546,428,142.50 2,244,739,413.30 174.81 1,393.64 2,022.95

369,878,671 64,658§451.00 515,476,047.50 748,246,471.10 174.81 1,393.64 2,022.95



HAN133LAT18AAYUNTTUNAIIUgIU (SEC Baseline) ¥89ansmnssyl

< 1 %4 =l I = 1 ad 1 o v [ [
LﬂﬂﬂLLNUﬁUﬁﬁﬂ%ﬁ—IﬂiLNﬂ&l NanN13AN®YIA1 SEC Iﬂmﬁmsmml,aamaga NN. NUENNTITINANNTUY

AMAYTIMILYWad9Tw SEC (MJ/e)
3,000.00
=
2.500.00
L i
2,000.0:0 & =
& 2535
T s
= 1.500.00 —————— B 2556
=
2557
1,000.00
' - 2558
ﬁﬁﬁﬁﬁ —=2ve = 2,022.95 MJ/FU
0 1 2 3 a4
T997u

campany limited



a g1 v A v % .
HAN13ALATIZNANNBUNTIYNAI9IUFIY (SEC Baseline) Y09@nsaImnIsy

A1 SEC WanfINNANA N
MJ/siu

5,000.00

4,500.00

2 AA-AA
;200700

4,000.00 [

3,500.00 [

3,000.00 [ 2621.84
2,386.93 2,359.66

2,500.00 [—

1,999.45 1881.07

1,800.00 =
2,000.00 [ 1,600.00 1.500.00

1,500.00 [ L 15239:50

1,000.00 [

50000 .—

N S N N PR 20
S S S S S N
& o RO RO 2 :b@ Sy
2 o o s %@’ 5 g@@
O NP N N N N Q\ﬁ‘\ o
$ S P - & & N
Q & W > N 5
oS N S RG
& A ) ) o ~
5'@3\ > Q) Q) ‘,:%\
o & < & o
\&C‘:} & & ¥ o
9,00 “@ N & S
& S e N\ . Q&
#’C‘(\ P (Qg:\ Q\Q S
N & ~ 5y
N <&
1 % = % U U 1 % = % 2 o
ARULNIS N 9919 (MJ/fu) PMR B Araatinastlandsau (MJ/s) BPT

BRIGHT

campany limited



HANI3ILATISNAUTEREAVDIQAFINNTTY

ANATENITITNE 19U R _ Al 5
. Usueunts J0Ssnanastaietany . NaUsEunen
(MJ/61U) - . Nauseven (MJ)
NA® (AW) (Y5)) (%)
PMR BPT

< 1% 1 < a
Lﬁﬁﬂ%ﬂé&ﬂ?ﬁ&ﬁaﬂalﬂ)HUUNWH

4,376.76 4,200.00  759,692.67 3,320,995 922,89 134.286,719.39 4.04%
i
widniau (ldsaumanana) wuulud

2,386.93 1,800.00 1,702,938.75 4,064,790,040.47 999,500,294.97 24.59%
LN DU
WaNsUNIsasasou wuuladen
v 2,621.84 2,359.66 1,305,086.08 3,421,730,021.81 342,173,002.18 10.00%
Nad
WwANESaSau wuvlitimivasy 1,999.45 1,600.00 2,741,602.89 5,481,708,879.80 1,095,144,263.80 19.98%
WANTIUS AL 1,881.07 1,500.00 1,093,981.11 2,057,854,151.00 416,882,493.50 20.26%
AAAWHUUNAIN LD /AAN LN
N : 2,022.95 123950  369,878.67 748,206,471.10 289,781,863.77 38.73%
AUl
WANUNULAGBUAYN 736.04 685.00  366,906.29 270,057,347.46  18,726,537.10 6.93%

19,369,382,834.535.296.495,174.10L___17.02%



HANI3ILATISNAUTEREAVDIQAFINNTTY

AnsnTWNaUsERIANAaI9IIUAUSDUY (Potential Energy Saving)

B JSu1umslanasauainugsay ANUNTWNAUSEVTANE 197U

19,369,382,834.53

3,296,49541¢4.70

Anan nHaUsEngaNa 19 UANToU (Potential Energy Saving)

An1sUaeN1wIsauUNsZaN AnN1sUaaeN1ULsU

BUANAIUNY NP % HaUsEndn y y
Lag (tCO,e) nszannanas (tCO.e)

wasusn (IWnuazaaaisown) 17.02% 3,913,689.12 498,603.99

campany limited



n1siUSauaun1s lanasen (Energy Benchmarking) annanuussinelyng

Benchmarking of SEC for World Best Practice

Source: Energy Efficiency in the Thai Steel Sector : ISIT’S Efficiency Action Plan

campany limited

—
(@)

O© 00O NO O VWD~

Electric Arc Furnace
Continuous casting
Hot rolling — strip
Hot rolling — Bars
Hot rolling — Wire
Hot rolling — Section
Cold rolling

Coated sheet
Galvanized pipe
Pipe & Cold form

SEC, Final Energy (GJ/t-product)

24 3.3

0.1

1.6 1.97

1.8 237

2.1

15 1.96
1,01
218
0.06

62
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Source: Energy Efficiency in the Thai Steel Sector : iSIT’S Efficiency Action Plan

ANAYUNISLIWAI9IUD 19D 9V IUSLINALNg

SEC (MJIt) of each interval and percentage decrease

Re bar with EAF

Re bar without EAF

Wire-rod with EAF

Wire-rod without EAF

Section with EAF

Section without EAF hot formed
Hot-Rolled Coil with EAF
Hot-Rolled Coil without EAF
Cold-Rolled Coil

Hot-Dip Galvanized steel sheet
Electro-Galvanized steel sheet
Tin-Plate, Tin-Free
Cold-formed section

ERW Pipe

Galvanized Pipe

BRIGHT
company limited

5,059.00
2,075.00
6,442.00
3,212.00
6,051.00
2,886.00
4,710.00
2,246.00
1,787.00
1,439.00
1,300.00
876.00
21.00
235.00
1,670.00

SEC (MJI)

5,019.00
1,736.00
4,791.00
2,303.00
4,771.00
NA
4,857.00
2,438.00
1,968.00
1,262.00
1,217.00
685.00
NA
240.00
2,182.00

Avg. for 1999-2004 | Avg. for'2005-2010

-339

-1651

-909

-1280

+147
+192
+181
177
-83
-191
+5
+512

% Decrease



UINTNITIYINENAIY

NITUIUNIITNAR dAIAINT NILUIUNITHEAR 4ININTT

I[ron making — ¢
blast furnace ¢

Steelmaking —
Basic oxide
furnace

Cco

Injection of pulverised coal
Recovery of blast furnace gas
Injection of natural gas

Top gas recycling

o : Steelmaking —
Injection of oil EAF
Improved blast furnace control
Injection of plastic waste
Slag heat recovery
Injection of coke oven gas and basic oxygen
Pre-heating of fuel for hot stove furnace gas .

o Casting and

Improvement of combustion in hot stove oty

Charging carbon composite aggiomerates
Improved hot stove control

Top pressure recovery turbines

Recovery of BOF gas and sensible heat
Improvement of process monitoring and
ntrol

Variable speed drive on ventilation fans

Metal shaping

+ Ladle pre-heating

Efficient ladle heating programme

Shortlist of sector specific energy efficiency opportunities — iron and steel
So&;e: Adapted from Worrell et al., 2010

BRIGHT
company limitec

Variable speed drives

Scrap pre-heating

Oxy-fuel burners / lancing

Waste injection

Post combustion of flue gasses

Air tight operation

\mproving process control

Botiom stirring / gas injection
Direct current are furnace
Integration of casting and rolling
Lade pre-heating

Tundish heating

Use efficient drive units

Gate communicated turn off inverters
Installation of automated lubrication

system

64
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NISUIUNTITNER dININIT

* Recuperative or regenerative burners

* Integration of casting and rolling

* Flameless burners

* Proper reheating temperature

* Controlling oxygen levels

* Process control in hot strip mill

» Variable speed drives on combustion air fans
* Heat recovery to the product

* Hot charging

+ Waste heat recovery from cooling water

« Continuous annealing

* Reduced steam use in the acid pickiing line
 Reducing losses on annealing line

* Inter-electrode insulation in electrolytic pickling line

Hot rolling

Cold rolling

Shortlist of sector specific energy efficiency opportunities — iron and steel
Source: Adapted from Worrell et al., 2010
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aneu YaUINTNT walulaghy walulag pail 52 %RERN () HUaINY

Heat Recovery  No heat Waste heat 30% electrical US $3,220,000/MW
for Power recovery boiler for steam savings
Generation with and power
ORC technology generation
High efficiency =~ Standard High efficiency 3-5%
motor motors motors
replacement
Adjustable Fixed speed VSD 30-300 kW $120-140
Speed Drive for Fan KW
Fan > 300 kW $75 /kW
Compressed air - - 3-5%
system
improvement
Regenerative Conventional - 30-40% US $100,000-3,000,000
Burner Recuperator / Set
Capacity : 300,000-
15,000,000kcal/hr
Recuperative Conventional - 30-40% US $200-6,000 / Set
Burner Burner Capacity 13,000-

140,000 kCal/hr
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