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Abstract

Background and Purpose: The aim of this study is analyze the effectiveness of different
measures for mitigation of greenhouse gas emissions in the steel industry and prioritizing
strategies and management packages on greenhouse gas emissions in the countries’ steel
industry. Steel industry after the power plants, is the second most energy intensive industry.
Analysis method: In this investigation at first steel industry development policies and their
consequence on energy demand and greenhouse gas emissions in the baseline scenario. Then the
policies due to the potential emission reduction were prioritized and the management package
was suggested. Four scenarios was defined: Baseline Scenarios, optimization, renovation and
replacement fuel in power generation scenarios in the steel industry

Findings: In case of running the three optimization scenarios, BOF scenario takes priority. If
running modernization scenarios MIDREX takes priority. Since most of the country's electricity
is generated by burning fossil fuels, in case of usage liquid fuels in power plants, replacing
natural gas would show a significant decrease in carbon emissions, however considering that
most of the country's power plants use natural gas fuel this scenario will be deleted

Conclusion: The results demonstrate that the greatest impact on reducing carbon dioxide
equivalent emissions in 2030 is MIDREX scenario in the sub- renovation scenarios.

Keywords: Climate Change, Greenhouse Gases, Energy Consumption, Modeling LEAP, Steel
Industry.

! Master of Environment Engineering-Air pollution, College of Natural Resources and Environment,
SR.C., Islamic Azad University, Tehran, Iran

2 Assistant Professor of the Environmental Planning, Management and Education, Faculty of the Graduate
School of Natural Resources and Environment, SR.C., Islamic Azad University, Tehran, Iran.
*(Corresponding Author)

® Associate Professor of the Environmental Engineering, Faculty of the Graduate School of Natural
Resources and Environment, SR.C.,Islamic Azad University, Tehran, Iran.



[ "Wy .. LEAP Jow 3l colaiwl b 0¥ ed cxius 5o slailals ool jLics] pals by o5 il oy 9o ]

B TN | PP RCOVOG P P EA L g P L - R UUNt. W
Olse b Y Jlo o (uiliSen 5750,y ¥sSs anllae
2 oS aeaSTss Hlazil 5 655 sy50 00 50 ST slogs L
Jlo 55 GElSan 5 5255 anllla M Lg | 9Y5h conio g 0l
S SeSlgs el 5 653 Brae (alS Glgie L YANY
Sloptucs ik 5l plie 55 Sad o 5l AU
25" oY mlio o oo plS Jle S plsiear Sl
" olse LT Jlo o ol )en 5 sy aalllas y5uS Sl
Sl Gials gly @550 0,38 5 b3l 60 )8 sla s,
aallas M3V 5 al ady plSia o) 0 SanSlss
Wb b s LA L s olalg csuls
2 S Glajls Lazl gy ey " b)) eli)lS

"LEAP Jow 5l esliiwl b o1 LzelS 5 cloow Cako
Gy wlg go Gaios oyl @l YU oladgos b awlis o
Caio (o GlalS boylE Lasl rals § SU dswss Claal
Sl 4t by o ) S 5 ool 5,50 ol SV
Gyl o jlasil Gals glagy, F1 aslllas ol o
b ol OVsh mlio S 5 Wlo 10 81 Sy o cilise
o) s 5o e & wlgi oo b wle cm) (63,90 5k
55 ool o )50 oo il 5 Sl 5 Sb dnmags slao
3 O Gl 22l sloacly (lpie 4 Mg oo 4L 05
Dgd 4SS 4

S g1yl g, Y
Ml (5y5laer Jolis aslllas ) ;o 3o slzl g,
S gl g ,eiS S5 50 8¥58 wdg anl B (KeSe 4 by
sy Ll 351 S0 mlio o alie liiow adlas «giS
Slejle gyanesl World Steel cole ol ,oee wlio
lallan ol oYU bl 55 g Cgus b pno (6 jlvdings
S8 adgi ol (liee e Bl oo 585 958 malr )b
a5 o¥gd lleii wiw Bun 38,5 i o b g ouwl Casa
wilie (T-Y0) VE-F Lo o o¥sd o oaekeo 00 ass
O 5l om0 0810 puets Yo¥ e B YV la o o Ll
b b5 o Jod les L BAU 6o L

el oal a8 3 by o VeV Jlo 4l Jle v

i s el Yere Jlo b Y e Jlo 5l il s v

R AWV S
i 0,55 (sl g 0nel sbiwl Bl (6551 Brae als vV

S g8 0,55 Gl g

® Nicolas Pardo

doudio —)

sl el mels ol ooyl al | Guiss ool 5l Gas
Soled ,0 g LS lalE jLasil o (s5lug g (55le e
Ved Caio jo laldS slajl5 Lacsl o e aius 4l
et

LS e wled s el addllae ol a5 (6 s Claal
WYgd Lo o Slals Lgl.m}lf adgi o Jge L;L{o),l,ol)l.z
3yg0 3Vgd Caio o lalS slajl5 Lacsl e o415
syl ST Wy, G i LEAP Jows 5l eolasul b ks
30 dswgd Glaciwlow a5 azgi b 5 050 Caio [0 slaillS
Slalls sl Ll malS gl law glgil (1905 «)9aS
Sl 58b oy p g JLal Wy, Jodod Gl 5590 o)
slalls Lgl.a:)‘lf )Li'..‘l.‘a‘ Q‘}.:.c oS iz vl
Al oo 9Ye8 Cio (o

oS slos SRl al; 4 ) Wiy 5 S GleS s @
i (S (B w5, SIS glajls jLazl Sl e
gas byspiS (oled hwg Wl Jod Cen 4 ol
55 OlntlE &5 (nl 4 az g Lo 09, o0 bl st genndlysS
) .. - s a |.& b » -
a b S 0550 (e slo S Lae (5155 B s Slages
S bl 5l eolaul b bgie e aged doye ¥ Ojg0
5 9 (b LSS 4 byyie s woyn A g euS
052 5 St el 5 31y el sl (55 S,
odili, Cud Y10 Jlo 10 19a g ol jsd ygumdl S cliae!
Slaal rels g 65, Brae jals glp W (V) cul
039 sl mlio g5 a5 OVYed Caio (o SlallS slalE
5 ol IO syl Ll yo (VL e shilo &l
Dl e bypiS (SKibharws sloasls I (S Grizee
slagby, NS A @i cnl jo W wleoe by el
ol 0dls )2 s

Sl g d5le jo esas cnl 5o ol ldlas § olabss
salos )1 Sl 00 ﬁlqu'l JyYAy

o Al lgze LYY Jle o TS oL asllas
lasls Lasil 2815 5 765l ()00 4 Shms slats,
adlle Meply g Loyl o¥sd g ol Cais o S
"l LYVE L s olSes 5 Siguiile i il
5 Wbl oVs Caio )l cnSeeSles 5 Tl cas

! Intended National Determined Contributions (INDCy)
? Kanako Tanaka

® Energy Efficiency

* Sirintip Juntueng

® Energy Intensity



[ Ol Ko 9 (g0 guado Liluike

VF+F olo 815 30 NOF 0 Lot camnr ) baumo (5591950 g pole

A ]

wor 4l sl @l il jo (Jy 058 o0 )l Jelos
D s

ab 6925l 0 Gilwde g ls V-

ol 0] j0 ad mdg aslsl saims wlSasl BAU (g4 )L
e ollasl (g ady 5l ol jLasil 4 geo50 lusl o
Lid zuls (F) 0gd o0 bl Y98 § ol Coio i
=60 Jobs oy auks ¥V Sgus 5l jLacil e oS aes o
o 5 T8I0 Jolee s, olpen b YoV o Lo 0p2,S eS|
VoYl o GnpSaenSTles Jolee 5 geles VYo 350
el J5 51 paiins e il ppes Lios (B) o)y 0
Db os a3 Vo fF 9o VoY Lo yo )i oYed Cato
30 S aenSlgs Jole el goae polae (V) Jguz o
LooYsd 5 ool cato sloanlp caxp BAU (g)lin
0 03,51 9Vsh mame 10 5y B pae §l U LAz o]
Ll

ol ganlp el ¥ cano b jLasl 5l g ke
5 i sbal Al ye o bl wnld 5l 8L 5 oS
ALl 50 5 g clal )58 )0 e pé ol 5 (LS o055
)il o Sal oy

L ot (6 jlwddonts 43 b gy jo (Gl g1 lw - Y=Y
5 S Sl g8 058 el 0,55 (552 ke 4 ol i ()

160
140
120

100

Million Metri Tonnes C02 [gqubvalent

4

EEE] J'DIS

I Pelleaizing
W Ereciricity Generation
-]
(-]
40
[—

4 BOF 5 EAF xy Y38 wg laghs, e ¥
Glodse ST Lo BT 5 TAY Cond @
ol ool aid I lai s cB YV e
Ooekes 00 ((VFF) YYD Jlo ,o oYg8 adgs ol ¥
KD JOW PRECE R SREERNR
Awd A 0 GlallS slajlE Lacsl alS glog luw (s
2 by (Bras Gp (RN Giley sl
oolaxwl LEAP 1581 o 5 51 p3Y o plodil g1y ¢ aiizs (]
655 5 lsn (sloa¥T Laxsl wlgi oo 530 5 gl Cansl o0
b S 0 pmy slagisu Gl S el (LU sl
5 &g Sl @Al | Gl glajls Lazl rals
lios oules dplina |y Cdgus i b oslinul 1 o 3l
3yke Gygo 4 ) Cewbow SO Ll gals 31 LEAP Jos
g sLolE | ol Laml zals 55 Lol sy s>
b E2 B @Sz JSew o 1) clew o0l ) (80
Olye aiile 9¥58 ad e @y bgyje slaodls 5255 b suledoe
4 oYgh oy sz Glime laan] Ll ol 5wy
oo b3l GBS Gl Ll pliee Gl (o0 138l 05
() 0505 zl Sl LEAP 511, T &5y,

Ladly Julow g & joxi - Y
b Laools 65l Joe ool 45 s (slactil, ido cpl 5o

B i Masking
W Coke ruking
B Het maling

I Steel Produceian
W eas

W Direct Reducsion
[ Sintering

B Biast Furnace

b 9¥5h 5 oo o 6T e 52 BAU (531, 35 (5255 S50 Jleo s e 3 o 5L51 ¢ gazza — (1) S5

SY g8 godzxo j0 § 9 B pan | LU L] Clucs
Figure 1- Total direct emissions and indirect carbon dioxide equivalent in the BAU scenario based on iron and steel
industrial processes including the emissions from electricity consumption in steel plant.
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Table 1- The numerical values of equivalent carbon dioxide emissions in the BAU scenario based on iron and steel
industrial processes including the emissions from electricity consumption in the period 2010 to 2030
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Figure 2- Emissions (process and combustion) of carbon dioxide in the steel industry in the BF scenario
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Table 2- Numerical quantities of carbon dioxide equivalent Emissions in the period 2010 to 2030 in the BF scenario
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Table 3- Numerical guantities of carbon dioxide equivalent Emissions in the EAF scenario in the period 2010 to 2030

Figure 3- Emissions (processes and combustion) of carbon dioxide in the EAF scenario steel industry
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Figure 4- Emissions (processes and combustion) of carbon dioxide from steel industry in the DR scenario
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Table 4- The numerical values of emissions carbon dioxide equivalent (processes and combustion from steel industry
in DR scenario in the period 2010 to 2030
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scenario
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Table 5- emission numeric values (process and combustion) of carbon dioxide in the BOF to EAF scenario from steel
industry in the period 2010 to 2030

Year AR Yy YOF | VN2 | YeNA ARAK Y-VY Y-vf AR 4 Y-YA Yoy,

BOF to EAF Ye/A YOI KIS ARYA YYIY Ad/¥ V-o/f \WWYV/F Y& VFa/0 VEYIA

5. s LMIDREX

(FEly= s @anl,8) Jlesl i goae polie (B) Jgoz o
MIDREX (55 b ;o o¥gd Co 1 ,SacnSlgo Joleo - i
ol oss ol 15 on Lol ol 0g e YU Losls az 0 b ons el o]
gy el o o0l sl Y5 g 5 alsd aulio
sl pol> Jo)o 5 0siiee 12l 58 Olnl )3 S 50e
Vg el Slpl Sn eV pair el L
ool wdg ly Goa,0nl 3l Oledel a5l SYs8 5 (o>
PE ST T BV IR WS VAR PR ERUEL R Fo v e ST
axly T oga> a0 oo wdgi WSiaee Ry b LSs o
oled &5 s IS 4 Jorde L3s ;505 VP 50 S o
«Hp» 4 «CO» & a5 Lo (olp oS5 51 Loy
5 Ved Caio jlal e (F) IS (1) L0isS oo oolaul

A2 o lzd MIDREX (g4 5l jo |, g8

Slgi )d CE g (I 4 by (591 yLw —F-Y

oY gd o L 3590 G 2

Vo Xe¥e Jlo b aS el o 435,55 0 g liw cpl o
Gk 5l VP lageize G 5l 950 3l 5 weye
Jal e () U2 09d el pdyanans slacssyl
Sy ¥ oeve Jlo b oV cain 3l o SaSles Jolro
G g 0 piyaaas Glagsl sl eslaul cunlew 2!
D3 oo lis oY ed mslis L 040




[ Ol 9 (g0 guado Liluike

YF+F olo 815 30 IOF 0 Lo o ) drmo (55919050 g pole

'Yy ]

MIDREX (59U 55 8 g8 carius 31 ¢52 55 dumnS g3 Jolno (G815l 5 i 19) 5Ll o o — (8) JSCit

e B8atde P ae FAN s s

Million Metric Tonnes CO2 fquivalent

Millon Metric Tonees CO2 Lauivalent
g

20

2010

2018

2020

2025

2030

Lime Making

B Coke Making
Mot Rolling

B steed Production

oo

Direct Reduction

B sintering

Blast Furnace

Pelletizing

B tlecrricity Generation |

Figure 6 —carbon dioxide equivalent emissions (processes and combustion) of the steel industry in the scenario
MIDREX

o) 03 30 MIDREX (599 yLw 55 5Y 98 crius (59 55 bS53 Jolro (Sl yizr 9 (g0 1) jLiiil ol sm0 (g30s y30lito — (F) Jgu>
Yo¥e G Y
Table 6 - Numerical values of carbon dioxide emissions (processes and combustion) in the scenario MIDREX from

steel industry in the period 2010 to 2030
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Figure 7- carbon dioxide equivalent emissions (processes and combustion) of the Low Carbon Electricity scenario
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Table 7 -The numerical values of carbon dioxide emissions (processes and combustion) in the Low Carbon Electricity
scenario from steel industry in the period 2010 to 2030
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Table 8 -The results obtained from emission reduction scenarios considered in the modeling LEAP
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Figure 8 -Comparison of the effectiveness of the mitigation scenarios defined in the modeling LEAP
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Table 9 -The expected emission reduction in the Optimization scenarios
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Table 10 -Comparison of the two scenarios of emission reduction defined corresponding modernization
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Table (11) - Diffusion axis balance of the equivalent of the resulting carbon dioxide, if its scenarios were carried out in
a pixel arrangement with two meters of effect on the diffusion axis
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