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Industry energy consuming
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Industry How the carbon c.onstraint
Jransports influence the choice of energy by
28% 0 S . !
the re-optimisation of industrial
processes ?

Agrlculture
2%
Tertlary Fossil fuels, electricity ??
(o)
12% Résidential Energy Water
27%
Energy consumption in Europe (2005) Products
Source: IEA Material
CO2 Emissions for France:
Industry : 21 % of France total CO2 emissions
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v'analysis of a set of criteria
covering energy, environment
and economy

v Optimization, under constraints,
of a technological representation
of a reference energy system on a
time horizon

Environment Economy

v'bottom-up model advantages(TIMES)

The model chooses the best economical production technologies (energy efficiency, investment cost,..)

= Energy mix ?
= Associated CO2 emissions ?
= technological changes ?

=[nvestments chronology ? ... & -
N

€DF

3 R@©D



.....
onSseitt,

Industry
l
I
Energy intensive Others
I
l l | | | Fe====== =
Steel Pulp & Paper Glass 222:?af§nstruction Cement | Refinery H

Industrial perimeter related to the CO2 emission trading scheme

Red Moge!

1.22_Others Cons. Ma Ll
Glass

cement

France CO2 emissions (Mt) Paper

2005 2688 Steel

27.29

2005 2005
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Scenarios

sdorad

70D pue A3xug

TIMES (steel industry)

Reference Energetical System

| Hont Fomrwons

Compras sad air
LP nlmam kg
- Electricky 43 kWh
- ' Light o Al
BF pm £
Coks Oven Gm " MM

M -

BF Injection ool
Homa soke

————

I Coks oven ges Hare 557 M
108 kg Coke ovan g BOES MJ  —
JENg Dry wharf coke 1000 kg

=

Coke oven g (stoves) 260 M

Scenarios

BOP pas (dicws) dmww .
Nedural pee (vimadimiac) 15 M)
umuuuonTmJ 1086 MJ )‘:3
BF ]
~|F‘m-tmnl W0k 'E' a
LP wiemm mcovecy 1.7kg —| .: Z ‘ -.\\
hd < ) 4
172}
H aapen 228 = S
Ntrogwn 5.7 N3 T @
Compaessd s 5.0 N = =)
LP stnan 17.0 kg e &
Fem s
. .
T — G
Ui BOF ntnal =g

Tud SM ateml | 1000 bg |
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System (RES)

K
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v'The model manages the decommissioning of production units

TE End

8 - =
Es‘ﬁ of Illfe ?’é %
5 | > £ E
8 & A &

Existing } g
o————» >
. 'E NGW :
Need of data

Industrial stock (plants age, production capacity, process)

""""" . Times : The Reference Energy

FI' echnological Options

~

________

New Processes (energy efficiency, production cost, investment)
Sources : CEREN,ULCOS, EDF R&D, Centre Technique Papier, BREF (IPPC), etc...
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e @ six routes (two classics, two news and two futures) with several technologies for each one
Natural gaz -
hvdr ﬁ ’ Coal Electricity
Coal Electricity ~ 1Y4Ioge
! . Direct Reduction Route' Smelting Reduction '  A-Electrolysis | P-Electrolysis
Blast Furnace | Electrical Arc | ! Route ! !
Route | Furnace Route ! [ [ [
| | | | |
5 - i i i i i
e D Ccoal > Clime D | . o [N S R \
y i i ‘Jron Ore g | e D | S eelo
| Sinter{PeIIet || Coke oven | | | 2 p | B ! ‘/ | ‘
; _Pellet 2 | P
! S W b o ! - b | S
L I Gerap) | T Direct | | DOSHEGRGNSE | T TAkaine |} | T TPyo |
| Blast Furnace I ! | ' Reduction | | {_Reduction ! | !_Electrolysis I 1 _electrolysis _|
! ! v ! l ! . ! :
v | | ~ | i | ! | :
! /\ DRI \ 1 ! | 1
Pig Iron | » Electric _!—---"“-"/ [ i [ ',—--!--\‘ [ i
L/! Furnace ¥ =~ """""" 7Tt T T P | .
! ! I @ sR ! ' :
o Ooygen | | | e | :
Furnace Converter Plrennmmemm g R e | | !
| | | | | :
! i i i I,
—— R —— e I d---C_PLYSIS 2
[ [ | [ [ -
[ Continuous Casting ]
v
Hot Rolling
Cold Rolling | l
v ¢
( Finition ] L SN )
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. Factor 4 case study (France)

Energy and CO,

Factor 4 for industry

Energy price (Factor 4 scenario) CO,PRICE  between 2000 and 2050
60 -
501 W s
< | T [« Electricity 60_ IR C02 (Mt)
E 0 50 itigation
Z 3. —+—OlL 40
8 20 | — Natural Gas Factor 4 |
o M —a—Hard Coal 30
101 A__‘/‘__.__._.___.——A——A———k“—‘H / 20 |
31 [
S & P PP AU
NG S S . I S (19@ (190‘0 q,Q\r'iQ S @,50 ,195‘0 q,Q%Q
External energy prices
hypothesis (POLES Model) @ o r=n
q
o 5
\ Reference 6 g
Energy price (Reference scenario) Scenal‘io Inﬁtrial Growth
601 /
507
40 ~« |~ Electricity
] ——Qil
28 Natural Gas
| —*— Coal
101 H_—-‘——H——*—"""—‘/‘—H_‘ ~‘~
e ggesegrgeeeg e
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storical

Source: EDF R&D (made before 2008 financial crisis)

Industrial Growth @

Growth scenario

Glass fiber

Recycled paper

Special glass

Flat glass

Hollow glass

Steel

Paper

Chemical paper Pulp

Cement

Gypsum plaster

Mecanical paper Pulp

0
2000

2010 2020 2030 2040 2050
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F4 results : Influence on energies

...+ (total energy consumption and energy mix) Electreityis
300, Twh  Energy consumption (energy intensive Industry) TWh
France 300 F4 Gas is replacing
20 Reference 250 coal
No change before 2030
200+ =

150

100+

50

0 : T T T T T T T T T
2000 2003 2005 2008 2012 2015 2020 2025 2030 2035 2040 2045 2 2000 2003 2005 2008 2012 2015 2020 2025 2030 2035 2040 2045 2050
N
[OBlast furnace gas O Oxygen furnace gas @O Coke oven gas @ Coal
m Oil coke m Fuel oil O Natural gas mLPG
g Waste m Biomass m Electricity

0%

100% -
90% A
80% -
70% A
60% -
50% A
40% +
30% A
20% A
10%

Energy mix in 2050

18%
[

41%

36%

10

Reference F4

N

Note : around 2030-35, we supposed a strong
growth of french steel industry, supported by a
strong world demand ( may be too optimistic ?)

& ™
9N

€DF

R@©D



F4 results : re-optimisation of industrial
processes (steel industry example)

.......

F4 (France)

45

40- Steel production ..
351 e

Steel demand

—| esescccsccscesacecncs

2015
2025
2030
2035
2040
2050 |

Mt
couondN>3
2000 [ [ ]
| |
2005 1
2020 %:I:I
2045 {10

2003
2008
2012 1

[] Improved Blast furnace ( Direct Coal Injection)
L] Direct reduction (natural gas) (HYL )
[ Electrolysis

(1 Blast furnace

[] Electric arc furnace [ Contiarc arc furnace (preheated scrap) eDF
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F4 results . Factor 4 imposed to the whole

iIndustry ou distributed by sector

Factor 4 distributed by industrial sector

12

60 4 CO2 (Mt)
St le e CO, Constraint
Mmoo | /
wfd [T H 0 F 8 B~
= mr- Paper
30 41 L N8 B Other
20 4 BN T construction
5 materials o
10 - F
O T T T T T T T T T T
o o Lo (o @) o Lo [a=) Lo (=) Lo o Lo (=)
O O O O - - a4 A 6O OO0 I =S o
& K R K & R & «k & & & &
Factor 4 for the whole industry
Q2. (M)
H ] - — — — ‘-\\ '
40 - — = B Paper
30 H L L o Other
50 - Ml 1 construction
! ! d materials S
10 -
O T T T T T T T T T T T 1 Q;
o o Lo [e0} N Lo o Lo (=) Lo o Lo [a=)
o o o o ~ ~ (N N (s8] o = = Lo [
[a=) o [a=) [a=) [a=) [a=) o o (e} [a=) [a=) o [a=)
N N N N N N (Q\] (9] N N N N N

New technologies can
reach the objective of

factor 4 (mainly with CCS
and electricity uses)

CO, effort is more
easy for some
sectors
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F4 results : Marginal cost of CO, emissions

mitigation
(€/t) Marginal CO2cost ré duction bysector
500~
Paper
400 P
200 A
Glass
2007 - = Steel
—  Other construct
100~ —
—~—— — Cement
\/
0**! I I I I I
2025 2030 2035 2040 2045 2050

Marginal cost of CO2 lower for cement industry

13

Factor 4
distributed by
industrial
sector

ion materials
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F4 results : Marginal cost of CO, emissions

mitigation for the whole industry

Factor 4 for the
whole industry

80 -
70 -
60 -
50 -
40 1
30 -
20 -
10 4

Mt

0

CO2 emissions by scenario -79%

14

€t

Marginal cost of CO2 reduction

350
300
250
200
150 1
100 -+

5 H @) 0 O OB LS % &

Q Q° N N O O 9 KW &0

R D S D S G U S S SR I VN
Reference F 4
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Interest of TIMES model for industry

» Full description of the technological choices of the reference energy
system of industry. It allows the calculation of the resulting energy mix
and the carbon cost for each industrial subsector.

 Limitations :

« Importance of database

* Energy Price scenarios and demand scenarios are exogenous. Consistency has to be
ensured. No return effects on price nor demand

F4 case study : 1st exercise with TIMES-industry. Primarily intented to
validate the consistency of the tool.

Some restrictions (only industry, no electricity production sector, France 1s insulated,
CCS is accepted). However it shows that there are still technological solutions 4 %
(electrical processes are revisited) to reduce CO2 emissions in industry. e

€DF
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" Datas on plants (age, production
Y capacity)

® Steel industry (France)

Fos, JArcelor (2), 2,3 Mt

Fos | Arcalor (1), 2,3 Mt

Dunkergfie, Arcelor (4), 345 Mt

| Dunkelque,lArceIor (3), 1,65 Mt
aint Gobain
| Dunkerque,lAmelor (2), 1,5 Mt |

| Pont a Mosson, Joaint Gobain (3), 0.45 Mt |

[ Pont a Mosson [saint Gobain (1. 0.25 T ]

| Florange JArcelor (6), 1,23 Mt |
| Florange, [Arcalor (3), 1,35 Mt |
L Il 1 L1 L Ll 1 1 1 Ll 11 1 Ll L 1 Ll L 1 Ll .
1 | I 1 LI I LI | B ) LI | LA 1 | L I I LI I 1 L il
T w M D g M -t O-—ON M ©@ b —o M O~ 0O st_ag :: =] ™
28§ 28388 3838325 858 5588 =33 s & §%

Figure 23 : Structure de la capacité résiduelle pour la sidérurgie en France "2 =
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Sidérurgie

Code Description Cooventioanelle | MDE | Innovante
ISHRNCPRO1 11S. Hot Rolling Now Conv. Process .01, X
ISHRGNCPROO] 11S. Hot Rolling Gas New Conv. Process .01, X
ISSTLCCPROOI 1S, New Continuous Casting Proces= 01, X
ISSCMETPROO]L 1S New Sccondary Motalluney Proces=01, X
ISBOXFLURPROD] 1S, New Blest Oxywen Fumusce BOF. Process.O1. X
ISEARCFURPROOL | IS .New Electric Arc Furnace EAF. Process.O1. X
ISBLAFURPROO] 1S Iroa Blast Fumoce Process.0 1. N
ISSNTRPROO1 1S Sinter Producticn Process. 01, X
ISCOKOVPROO] 1HS.Coke Oven Proces=01 . X
ISHRANCPROO] 1S, Hot Rolling Improved New Conv. Process .01 X
ISHRANCPROO2 11S. Hot Rolling Impro New Conv. Process .02, X
ISHRAGNCPRO] 1S, Hot Roll i"h‘ Limpro Curs New Coonv. Process 01, X
ISHRAGNCPROG2 11S. Hot Rolling Impro Gars New Coov. Process 02, X
ISSTILACCPRON] 11S. New hmpro Continuous Casting Process.0 1. X
ISSTIACCPROO2 1S, New Impro Continuous Casting Process (12, X
SCMETAPROOI 1S, New Scecondary Motallurey Imipeo Process 01, X
ISSCMETAPROO2 1S, New Sccondary Metalluney Impeo Process.02. X
ISBOXFURAPROGL | IS, Now Blest Oxyeen Fumnoe BOF Impeo Process. 01 . X
ISBOXFURAPROG2 | 1IS. Now Blyst Oxveen Fumnoe BOF . Imipeo Procoss. 012, X
ISBOXFLUIRSCRIMI IS, Now UL‘E-I Oxyeen Fumies Scmp Process Ol X
ISCOCSBFPROOI 1S.Iron Blast Fumusce Process with © . X
ISIXCIBFPROD ] 1S Iroa Blast Fumosce Direct Coal Injection Process. 01 X
ISSNTRAPRON miter Production impro Process.O1. X
ISSNTRAPROO2 sinter Production mpro Process. 0 X
ISCOKOVAPROOI 1S.Coke Oven Amel Proces=01. X
ISCOKOVAPROO2 1S.Coke Oven Impeo Process. 02, X

ISTSCSTLPROO]

1S, Thin Slib Casting Process .0

ISSCSTLPROOL

1S, Stnp Coasting Process 01

ISHSMLTPROD]

HS.Iroa Hlsmelt Process.0 1.

ISCOREXFPROOD]

1S Iron COREX Proces=01.

ISCCFURPROO]

1S Iroa Cyelone Convertor Furnace Process .01,

ISCLUPOLAPRCN]

1S . Corst Iron Cupola Process 01,

ISELTHYDPROO1

HS.DRI Electrolytic Hydrogen Proces=01.

ISDRIEHPROO 1

11S. Electrolytic Hydromen for DRI Process. 01

ISSTRFHY DPRCX

11S.DRI Stean Re formimeg Hydrosen Proces=01.

ISDRISRHPROX L

1IS. Stcam Relfoan qu Hydrogen For DRI Process. 011

HWAA A A AN A A2 1A

ISMDRXPROOI 1S, MIDREX DRI Process .02, X
ISALKELYSPROOL | IS, Alkaline Electrolysis Process .01, X
ISPYRELYSPROOL | IS, I‘\'nvcl\:\‘lrulvs_is Process.01. X
ISHYLPROO] HS. HYL I DRI Process .02, X
ISEQSSNTRPROG2 | IS, EOS Smter Producton Proces=01. X
ISCOKINPRO] 1S Coke Dy Quenchimg Productnon Proces=01. X

Tableau 5 : Technologies modélisées pour la sidérurgie

Data on technical options (energy
efficiency performances

For steel
production:

O standard
processes

17 Energy
efficient
processes

19 breakthrough
processes
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Datas on production cost

® Example : Midrex (direct reduction by natural gaz via H2,CO)

Nom de la Technologie Midrex Sources Commentaires
e Broceat Gas it b Code TIMES ISMDRXPRO
1 o - Opérationnz] 2005
Paanss G Aot —_
¢ i @ Entrées
Bt
= Minerai de fer 1450 kgt ITM Sa
-
&
- ] Gaz Naturel 3030 kWht EIFER I'TM Sa estime 2907 kWh't
il =
-y = - Electricité 105 kWha BOC GASES | ITM Sa estime 120 kWh't
@ - -Annd ln S jos
Heat Recovery ' [|] Sorlies -
':,:I DRI 1000 kg
: Schéma descriptif d’un procédé de réduction directe Midrex Coits d'investissament 140 €1 EIFER
Coits Fixes TEA
Coilts variables 3€N
Durée de vie 25

Tableau 17 : Description d’un procédé Midrex (données techniques et économiques)
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F4 results : re-optimisation of industrial processes
(Cement and paper examples)

Profil de production papier (Mt)/SCBND

O IPPADRPRO10
@ IPPPDPROO05
O IPPRPROO00

2003
2005

O N 1O O IO O 1V O W O
O ww mw N N O O I < WO
O O O O O O O O O o
N N AN AN N N N N N N

/

Efficient drying system (drying with vapor compression system)
(Electricity (+15 a +20%), steam (-70 a -90%))

Cement (Clinker) production
F4 F4
20 - _
18 - 0 Combustion System 16.00
Improvement i
16-....ll-—————— P _ 14.00
14 - | | o Dry process with CCS 12.001
12 44 U T H M| iBE i 10.001
= O Preheater multi-stages
S 10 H 8.00
2 1 B m Wet process 6.00
y i 4.00
5 | o Semi-dry process 2.00-
O T T T T T T T T T T T T 1 000 o
O MWUWoOoNLWLOLWOLWOLWwOoO o Dry process =3
000N OMOMOMST I W I
OO0 0000000000 o0 N
AN AN AN AN AN AN AN NN ANNNNA
Source : ICARUS-4,
20
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Reésultats : Reoptimisation du parc de production par
secteurs (sidérurgie,ciment)

.......

Profil de production acier (Mt)/SCTend 45.00 - Profil de production acier (Mt)/SCBND
4500 40.00 -
‘ 35.00 A
40.00 + 1
Tendanciel “Nouvelles 30.00 - Facteur 4
m Filiere électrique 25.00 A
o Filiere fonte 20.00 4
o HYLII 15.00 A
@ Hismelt 10.00 4
m Four a arc Contiarc ‘
5.00 A
o Four Arc Standard
O Haut Fourneau DCI 0.00 ! J ! ! J ' J ' J T J '
o o w O N LU o v o nw o w o
O Haut Fourneau = S s = = 5 9 9 a2 9 S S 8
N N N N 8 N N & N N 8 N
0.00 I B e e
O MW O AN WO WO WO W o O Haut Fourneau O Haut Fourneau DCI @ Four Arc Standard
o o o O = — NN O o = = W N .
S R EIILIIKKIK R @Four a arc Contiarc @ HYLII m Pyroelectrolyse

profil de production clinker (M)/SCBNDT

La sidérurgie s’oriente vers des techniques électriques

Profil de production du Clinker Facteur 4 sans CCS en Mt
20

20.00 - Facteur 4 S— Facteur 4
O Four (VS) amélioration
18.00 - i
0 m de la combustion 15
16.00 {m m S I - : -
14.00 4 | O Four (VS) avec
1 HH SH= 10
14 L =]
1588 o Four (VS) a préhcauffeu
el N multi stages 5
8.00 1 m Four voie Humide
6.00 - o
4.00 4 | o Four voie semi-séche ° ' ' ' ' '
200 A L L 2000 2003 2005 2008 2012 2015 2020 2025 2030 2035 2040 2045 2050
000 T T T T T T T T T T T T 1 N p
OCmwomawLowowouwo |DFourviesshe(Vs) OClinker Total @ Clinker Voie Séche
E888550008338 O Clinker Voie Semi-séche O Clinker Voie Humide
AN AN AN AN AN AN AN AN AN N DC“nker Impone
21

Le ciment s’oriente vers le CCS

Sans CCS, le systéme ne peut satisfaire la demande sans importer du clinker
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