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THE CHALLENGE
Iron and Steel industry is responsible for 7% of world CO2 emissions, a major component
(20-25%) of the gas emitted from primary energy consumers. Carbon and Storage (CCS) can
achieve significant CO2 reduction in emissions from steel production plants but its cost may
have an impact on the competitiveness of European producers.

AIM
FReSMe wants to demonstrate feasibility of valorising CO2 and H2 capture from Blast Furnace
Gases by turning into a versatile platform chemical and renewable fuel such as methanol
(MeOH)

THE CONCEPT
FReSMe purpose is to demonstrate the feasibility of methanol fuel synthetized from captured
CO2 and H2 from BFG plus H2 produced using surplus renewable energy.
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Polimi DICA: Life Cycle Assessment of FReSMe:
The life-cycle assessment (LCA) is used to quantify the benefits of the
proposed process for a carbon emission reduction
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LCA structure
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LCA: goal & scope definition
Definition of the goal
What is the aim of FReSMe?
Four options were analyzed:
n°

Aim of FReSMe

Aim of LCA

Functional unit

System boundaries

1

to find an alternative way
of methanol production

compare different technologies to
produce methanol and verify if the
one proposed in FReSMe is the
less impacting one

production of a certain
amount of methanol

they may include the blast
furnace (if residual steel
gases are considered a
product)

2

to find a way to reduce
the impacts associated
with the production of
steel

compare different technologies to
produce steel and verify if the one
proposed in FReSMe is the less
impacting one

production of a certain
amount of steel

they include the blast
furnace

3

to demonstrate a new
technology of capture
and utilisation of CO2

compare different technologies of
carbon capture and utilisation
and verify if the one proposed in
FReSMe is the less impacting one

treatment of a certain
amount of process
gases

they start with the process
gas (i.e. the processes that
generate the gas (i.e. the
blast furnace) are not
included)

4

to demonstrate a new
technology for the
integrated production of
steel and methanol

compared different technologies to
produce together steel and
methanol and verify if the one
proposed in FReSMe is the less
impacting one

production of a certain
amount of steel and of
a certain amount of
methanol

they include the blast
furnace
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LCA: goal & scope definition
Definition of the goal

OPTION 3 was chosen
n°

Aim of FReSMe

Aim of LCA

Functional unit

System boundaries

1

to find an alternative way
of methanol production

compare different technologies to
produce methanol and verify if the
one proposed in FReSMe is the
less impacting one

2

to find a way to reduce
the impacts associated
with the production of
steel

compare different technologies to
produce steel and verify if the one
proposed in FReSMe is the less
impacting one

3

to demonstrate a new
technology of capture
and utilisation of CO2

compare different technologies of
carbon capture and utilisation and
verify if the one proposed in
FReSMe is the less impacting one

treatment of a certain
amount of process
gases

they start with the process
gas (i.e. the processes that
generate the gas (i.e. the
blast furnace) are not
included)

4

to demonstrate a new
technology for the
integrated production of
steel and methanol

compared different technologies to
produce together steel and
methanol and verify if the one
proposed in FReSMe is the less
impacting one

production of a certain
amount of steel and of
a certain amount of
methanol

they include the blast
furnace

production of a certain
amount of methanol

they may include the blast
furnace (if residual steel
gases are considered a
product)

production of a certain
amount of steel

they include the blast
furnace

LCA: goal & scope definition
Definition of the scope
Aim of FReSMe: to demonstrate a new technology of capture and
utilisation of CO2

Functional unit: treatment of 1 kg of process gases (BOFG, BFG and COG)
characterised by a given molar composition
System boundaries: they begin with the flue gases treatment, so they do not include
the steelmaking
Multifunctionality: cases of multifunctionality (e.g. when the system treats the gas and
at the same produces methanol or energy) will be solved by applying the "system
expansion with substitution" approach (also known as "avoided burden method"). This
means that the inventories of mono-functional processes external to the system under
study, which yield products or functions that are equivalent to those of the co-products of
the considered multi-functional process, will be subtracted from the inventory of the
original multi-functional process in order to estimate the inventory associated with the
co-function of interest (i.e. the treatment of the process gases).
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LCA: goal & scope definition
Definition of the scope: the scenarios to be analysed
Scenario 1:
FReSMe 1 is compared to Reference case 1. In FReSMe 1 only a certain % of the process gases is sent
to the SEWGS, whereas all the captured CO2 is used to produce methanol.
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LCA: goal & scope definition
Scenario 1: FReSMe 1
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LCA: goal & scope definition
Definition of the scope: the scenarios to be analysed
Scenario 2:
FReSMe 2 is compared to Reference case 2. In FReSMe 2 all the process gases are sent to the SEWGS,
whereas not all the captured CO2 is used to produce methanol as part of it is compressed and stored.
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LCA: goal & scope definition
Scenario 2: FReSMe 2

In case of FReSMe 2, the methanol production is fixed by the amount of hydrogen recovered from the
membranes, therefore the electrolyser is not necessary. The amount of CO2 that is not used in the
methanol production is compressed and stored.
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LCA: goal & scope definition
Definition of the scope
Impact categories, category indicators and characterisation models
Those suggested by the Product Environmental Footprint (PEF) guide prepared by
European Commission
According to the PEF Guide, 15 environmental and human health impact categories, evaluated at the
midpoint level, shall be considered:
1.
2.
3.
4.
5.
6.
7.

climate change
ozone depletion
ecotoxicity for aquatic fresh water
human toxicity (cancer effects)
human toxicity (non-cancer effects)
particulate matter/respiratory inorganics
ionising radiation (human health effects)

8.
9.
10.
11.
12.
13.
14.
15.

photochemical ozone formation
acidification
terrestrial eutrophication
fresh water eutrophication
marine eutrophication
water resource depletion
mineral and fossil resource depletion
land transformation

+ indicator of net water consumption
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Inventory

-

Data collection:
SEWGS unit
Membranes unit
Electrolyser
Methanol production
Power plant
Conventional methanol production
Air separation unit (O2 production)
Carbon capture technology (MEA)

Deadlines:
February 2019: deliverable about the preliminary inventory
February 2010: deliverable about the complete LCA

Dissemination
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• Abstract for LCM2019 conference (1st-4th September 2019,
Poznan):
Topic
T2: sustainable technologies
Sub-topic
T2-4: LCA and LCM on carbon utilization
processes

• Borghi G., Rigamonti L. (2018). “Produzione di metanolo dai gas
di acciaieria: il progetto europeo FReSMe”. Ingegneria
dell'Ambiente, Vol. 5 n. 2/2018, 123-126.

