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An important task in the structure of the ULCOS program has been to provide a fair and homogeneous 
comparison among the elements of the initial and the short lists of processes, which are candidates to become 
the ultimate ULCOS, carbon-lean breathrough steel production processes of the future.  Eventually, that 
information is being used to provide the rationale for moving forward in the selection of the future best 
technologies.  The CO2 tool, developed within SP9, the subproject devoted to measuring the sustainability of 
the proposed ULCOS processes, is one of the key tools worked out but also used to carry out this essential part 
of the ULCOS program. 

The CO2 tool is a mass and energy balance model of a complete steel mill, i.e. a steel mill simulator, which 
focuses on estimating energy consumption and GHG emissions of a hot mill site.  It applies a standard analysis 
to all the process routes proposed in the course of the ULCOS program, by normalizing the size of the site (4 
Mt/y), the nature of the raw materials it uses, the scrap input in the steel shop and a number of other 
parameters.  The tool is fed by process data of the various plants lined up in the steel mil, whihc have been  
generated by more detailed models and also arise from experimental data, when they are available.  The tool is 
meant to feed a further tool that compares the production and investment costs in various scenarios extending 
until 2050, with a series of mild to strong carbon constraints.  

The structure of the tool as well as the results it brought about are presented here.  The major conclusion is 
that several solutions offer the possibility to cut steel mill emission by more than 50% compared to the baseline 
“best technology” steel mill, provided that breakthrough solutions are taken into account, based on the 
uncoupling of energy savings and CO2 mitigation targets.  

 

Introduction 

The work presented here is part of the ULCOS 
program [ 1 , 2 ] and more specifically of SP9, the 
subprogram that has been in charge of comparing 
the process routes under investigation during the 
course of the program and helping to select them 
according to criteria defined by the program Steering 
Committee and its Sherpa Group. Indeed, one key 
element in the comparison is related to the CO2 
emissions of the route.  This paper gives a 
description of the tool that was developed in order to 
carry out this task and shows some of the main 
results that it delivered.  
The tool is a steel mill simulator, which calculates the 
energy and CO2 balances of a complete steel mill.  
The tool includes a flowsheet description of the mill.  

Process simulations can be carried out at different 
levels, depending on the extension of the system 
modeled (a single process, such as blast furnace, or 
a whole integrated steel mill, or a larger system) and 
on the complexity of the modeling of the process en-
gineering and the physical chemistry involved (e.g. 
fully physical models of the a process reactor, where 
physics is described from first principles by solving 
the partial differential equations of mass and energy 
transfer that pertain to the particular physics of the 
reactor, chemical engineering-level models, where 
physics is simplified into reactor types with parame-
ters fitted to match physical or numerical experi-
ments are introduced in the model to compensate for 

the simpler approach, mass and energy balance 
models describing the reactor as black box described 
by its relationship with the outside world (inputs and 
outputs) and by an even greater number of parame-
ters than the previous one, etc.).   

In the ULCOS program, simulation models have been 
used or specifically developed at all of these levels, 
in order to fit the needs of the various subprograms 
at a particular time [3,4,5,6,7,8,9,10, 11, 12,13, 14]. 

The CO2 Tool has been designed to answer some 
very specific needs:  

• describe all the production routes 
investigated in the ULCOS program, including 
unusual and non-mainstream routes such as 
hydrogen steelmaking, electrolysis of iron ore 
routes, ironmaking routes based on biomass; 

• describe existing routes, where relevant 
data can be collected in steel mills, as well as 
new breakthrough routes, where data could not 
be measured but would have to be produced by 
another modeling tool [e.g. 13]; 

• in order to compare the routes among each 
other, the description had to be carried out with 
the same yardstick; 

• the tool should be simple enough to de-
scribe the flurry of routes investigated by the 
various SPs of the ULCOS program, and to be 











 

JP. Birat, JP. Lorrain and Y. de Lassat 6  SP9 – ULCOS-4, October 2008 

 

 

Figure 6. energy consumption of the ULCOS routes studied in phase I 
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Figure 7. Energy consumption of the ULCOS  routes – Y4 estimates 
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Figure 8. CO2 emissions in kg par ton of steel (HRC), 370 g CO2/kWh (grid value in Europe, 2000)  

– scope I + scope II (end of phase I results) 

 

 

 

 

 

 
Figure 9. CO2 emissions in kg par ton of steel (HRC), 5 g CO2/kWh (dedicated nuclear power plant, 2000)  

– scope I + scope II, end of phase I results 
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Figure 10. CO2 emissions in kg par ton of steel (HRC), 166 g CO2/kWh (electricity mix calculated by POLES 

 in the Factor 3 scenario in 2050, 2000) – scope I + scope II, end of phase I results 

 

 

 

 

 

Figure 11. Comparison of the electricity scenarios with “high quality”, carbon-lean electricity 
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Emissions with mean european electricity mix
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scope II emissions with 370g/kWh
scope I with CCS

 
Figure 12. CO2 emissions per ton of hot roll coil with the mean European electricity mix 

 (scope I + II – Y4 results).  Scope II from electricity is shown in green.  

 

Emissions with C-Lean electricity

0

200

400

600

800

1 000

1 200

1 400

1 600

1 800

2 000

Si
m

ul
at

io
n 

01
B

as
el

in
e 

BF
 (S

P9
)

Si
m

ul
at

io
n 

02
Ba

se
lin

e 
B

F 
+ 

C
C

S
at

 B
F

Si
m

ul
at

io
n 

03
Ba

se
lin

e 
B

F 
+ 

C
C

S
at

 P
P

Si
m

ul
at

io
n 

21
TG

R
BF

 V
1

Si
m

ul
at

io
n 

22
TG

R
BF

 V
3.

2

Si
m

ul
at

io
n 

23
TG

R
BF

 V
4

S
im

ul
at

io
n 

41
H

is
ar

na
 W

ith
ou

t
TS

R

S
im

ul
at

io
n 

42
H

is
ar

na
 W

ith
 T

SR

Si
m

ul
at

io
n 

71
U

LC
O

R
ED

 +
C

O
M

E
LT

S
im

ul
at

io
n 

72
U

LC
O

R
ED

 +
 E

AF

Si
m

ul
at

io
n 

91
M

id
re

xo
xy

 +

Si
m

ul
at

io
n 

10
1

Al
ka

lin
e 

E
le

ct
ro

ly
si

s

Si
m

ul
at

io
n 

10
2

Py
ro

el
ec

tro
ly

si
s

scope II emissions with 5g/kWh
scope I with CCS

 
Figure 13. - CO2 emissions per ton of HRC with full access to carbon-lean electricity similar to nuclear power (Y4 results) 

  

energy graphs. Green shows the scope II CO2 that is 
brought about by electricity.  

The solutions investigated in phase I all exhibit “by 
construction” lower emissions than the baseline BF 

(1,848 kg of CO2/tHRC), except for the electricity-
intensive ones that are above or borderline.  They 
would be much above with a more carbon-loaded 
kWh.  The lower values are obtained when using 
biomass and they even become negative if CCS is 
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used at the same time. CCS also has a strong effect 
on emissions. 

The influence of electricity "quality" can be inferred 
by comparing the 370 and the 5 g/kWh cases.  The 
latter value assumes a direct feed with a nuclear 
power plant and can be considered as a limiting 
case.  Under such circumstances, the electricity-
intensive routes meet easily more than a factor 4 
(F4) reduction target.  Figure 11 shows an interme-
diary case, which is the grid value in 2050-F4: the 
grid value is low enough in CO2/kWh for the electric-
ity intensive route to cut emissions by more than a 
factor 2 compared to the baseline route.  A dedi-
cated source of carbon-lean electricity is therefore 
not strictly needed in this case.  

If one compares the families of processes against 
each other, one can conclude that: 

• the TGRBF (BF1-coal) and the SR solutions 
(IRANA, RHF) save about 25% of the carbon in-
put in the Steel Mill; CCS brings these down to 
2/3 of the baseline for the BF case and more for 
SR, because CCS can be carried out more easily 
on more flue gas; 

• applying CCS to the conventional BF (UL-
COS reference + CCS) only cuts emissions by 
1/3; this justifies the effort put in integrating the 
CCS in the core of the BF process by carrying 
out the recycling of the top gas; 

• direct reduction is close to the 50% reduc-
tion level, depending on the quality of electricity 

• adding DRI in the BF and the converter also 
cuts emissions, although the level reached is 
less than 50% as the addition level is too low.  
LRI [16] behaves similarly for BF addition; 

• hydrogen prereduction in the optimized ver-
sion developed by SP4 is very close to natural 
gas prereduction; 

• the plasma BF does not outperform the 
conventional BF; 

• electrolysis looks quite promising, especially 
pyroelectrolysis. H2 produced with electricity is 
less competitive in terms of emissions, when the 
kWh becomes CO2-lean (Figure 11). However, 
given the long term, very prospective nature of 
both process routes, this conclusion is fragile as 
many technology changes can be expected until 
they both come of age.  

This discussion has been conducted on scope I and 
II CO2.  Introducing scope III would make matters 
more complex, but does not change the order of 
merit of the various processes, as the amount of CO2 
that it adds up to the scope I + II estimates is more 
or less uniformly the same.  

These simulations have been carried out over again 
in Y4, on a “better” set of data obtained thanks to 
two more years of R&D within the ULCOS program.  
They are shown in figures 12 and 13.   

The conclusions are again quite similar to the 
ones drawn at the end of phase I, which come 
out as fairly robust.  CO2 emissions in figures 12 
and 13 exhibit significantly lower figures in the UL-
COS routes than the baseline BF or even the BF with 
end-of-pipe CCS.  The 50% reduction target is met 
by the TGR-BF, HISarna  and by the ULCORED vari-
ants.  Electrolysis, with the electricity mix of 2007 
does not. However, if the electricity mix is more car-
bon-lean, the ultimate case of which is shown for 
100% nuclear power in Figure 13, then electrolysis 
does indeed come close to zero emissions.  The DR 
route (ULCORED) becomes also very lean in this 
case.  

The difference between the various avatars of the 
baseline Blast Furnace (10 to 20 kg of CO2) gives an 
estimate of the best absolute accuracy that can be 
expected in such an exercise.  

Conclusions 

The CO2 tool is part of a series of coordinated mod-
els, which actually constitutes a distributed meta-
model of a steel mill, in its present and potential fu-
ture avatars.   

The CO2 tool has been a management tool built to 
provide decision makers in the ULCOS program a so-
phisticated picture of the options open to them in 
selecting the ultimate set of ULCOS technologies – 
those which will eventually lead it close to its goal of 
binging about breakthrough processes that can help 
cut the greenhouse gas emissions of the Steel Indus-
try to less than 50% of the those of the best per-
formers of today.  

It connects with more specific tools, describing the 
physics of the steel mill processes, at various levels 
of complexity [e.g. 4,5,13], and with broader, more 
global and holistic models that use the concepts and 
words of the economic world in which decisions are 
made [17], with a long term, scenario-based vision 
of where the world may be heading into because of 
the Climate Change threat [Erreur ! Signet non 
défini.].   

The model has been designed to strike a balance be-
tween the complexity of the choices that need to be 
made and the necessary simplicity of a strategy to 
move forward.   

In a practical way, the simulations, which were run 
on more than 100 cases, have been at the basis of 
the future study analysis that helped move further in 
the choice of phase II process routes [17].  

They have shown that there are indeed concepts 
that can achieve the large level of GHG mitigation 
level that is the goal of the ULCOS program.  Even 
though the Steel Industry has been able in the past 
to cut its specific GHG emissions by 50 to 60%, de-
pending of the reference system (country, company, 
world) [ 18 ], the conclusions of the model show 
clearly that this can be achieved in a number of 
ways, which can be broadly summarized by three 
main conclusions: 


