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Circular construction through reuse 
of steel structures and components

Petr Hradil, VTT

Picture credits: Purkupiha

Brussels, 17th of June 2025
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Reuse of steel buildings

Source: https://www.beca.com/what-we-do/projects/buildings/the-cab-former-civic-
administration-building

•

The CAB luxury apartments – Former Civic Administration 
Building

6,150
TONNES CARBON SAVED

98%
DEMOLITION WASTE REPURPOSED
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END-OF-LIFE STAGE: MODULE D (CEN/TC350)

LCA and Module D

A1 A2 A3 A4 A5

B

Use stage

D
Impacts beyond the 

system boundary
A1-3

Product stage

A4-5

Construction 

R
a

w
 m

a
te

ri
a

l 

s
u

p
p

ly

T
ra

n
s
p

o
rt

M
a

n
u

fa
c
tu

ri
n

g

T
ra

n
s
p

o
rt

In
s
ta

lla
ti
o

n

B1 B2 B4 B5 B6 B7

U
s
e

M
a

in
te

n
a

n
c
e

R
e

p
a

ir

R
e

p
la

c
e

m
e

n
t

E
n

e
rg

y
 u

s
e

W
a

te
r 

u
s
e

C

End-of-life stage

C1 C2 C3 C4 D1 D2 D3 D4

Lifecycle information

D
e

c
o

n
s
tr

u
c
ti
o

n

T
ra

n
s
p

o
rt

W
a

s
te

 p
ro

c
e

s
s
in

g

D
is

p
o

s
a

l

E
x
p

o
rt

e
d

 m
a

te
ri
a

ls

E
x
p

o
rt

e
d

 f
u

e
ls

E
n

e
rg

y
 f
ro

m
 i
n

c
in

e
ra

ti
o

n

E
n

e
rg

y
 f
ro

m
 l
a

n
d

fi
lli

n
g

Mandatory 

information

Mandatory 

information

Mandatory 

information
Optional information

https://www.linkedin.com/in/newskinoitb/
https://platform.newskin-oitb.eu/


Funded by the European Union. Views and opinions expressed are however those of the 
author(s) only and do not necessarily reflect those of the European Union. Neither the 
European Union nor the granting authority can be held responsible for them.

ADVANCE [101112269 — RFCS-2022]

ADVANCE [101112269 — RFCS-2022]
https://www.steelconstruct.com/eu-projects/advance/

https://www.steelconstruct.com/eu-projects/advance/

End of waste status for scrap

END-OF-LIFE STAGE: MODULE D (CEN/TC350)

LCA and Module D
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MODULE D (EN 15804:2012 + A2:2019)

loads and benefits related to 
the export of secondary 

materials 

loads and benefits 
related to the export 

of secondary fuels 

loads and benefits related to 
the export of energy as a 

result of waste incineration 

loads and benefits related 
to the export of energy as 

a result of landfilling 
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Project Value: $39.1 million

Contractor: Kane Constructions

Steel fabricator: Apex Welding & Steel Fabrication

Galvanizer: GB Galvanizing

Completion date: 22 July 2024

Size: 4 decks, 428 car parking spaces for train

          commuters and 265 for other users

Sustainability: 8 EV chargers

LCA and Module D – Case study
MULTIDECK CAR PARK
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MULTIDECK CAR PARK

BoM 

✓ Columns (UC profiles) and crash barriers (SHS profiles) – 247 tonnes;

✓ Floor beams (UB profiles) – 432 tonnes

                                          TOTAL – 679 tonnes of galvanized steel

EoL scenarios

✓ 1st scenario: 100% recycling of the structure after 120 years;

✓ 2nd scenario: 100% reuse of the structure after 120 years, with regalvanization;

✓ 3
rd

 scenario: 100% reuse of the structure after 60 years, without regalvanization + 100% reuse 

after 120 years, with regalvanization. 
Life span: 120 years

Functional unit

✓ A galvanized steel structure for a car park with a service life of 120 years.

LCA and Module D – Case study
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General case of steel production including recycling and reuse:

R1 (% scrap)

Iron ore (kg)
R2 (% recycling)

LCI for 1 kg of steel (*) = X – [(R2 – R1).(Xpr – Xre) Y + (Ru2 – Ru1).(Xm – Xrefurb) Z] 

Net benefit of EoL Recycling

STEEL RECYCLING & REUSING

Ru1 (% reuse)
Ru2 (% reusing)

Net benefit of EoL reuse

(*) assuming the quality factor as 1

Steel production

(X)

LCA and Module D – Case study

https://www.linkedin.com/in/newskinoitb/
https://platform.newskin-oitb.eu/


Funded by the European Union. Views and opinions expressed are however those of the 
author(s) only and do not necessarily reflect those of the European Union. Neither the 
European Union nor the granting authority can be held responsible for them.

ADVANCE [101112269 — RFCS-2022]

ADVANCE [101112269 — RFCS-2022]
https://www.steelconstruct.com/eu-projects/advance/

https://www.steelconstruct.com/eu-projects/advance/

1st scenario : 100% recycling of the structure after 120 years

XA1-A3 = 1833 t CO2 eq.

XD1 = - 1023 + 0 = - 1023 t CO2 eq.

R1 = 7%

Ru1 = 0%

R2 = 100%

Ru2 = 0%

Structure

(679 tonnes)

Xm = 2.7 t CO2 eq./t

LCA Period – 120 years

Xm = 2.7 t CO2 eq./t (1)

XSC = 1.62 t CO2 eq./t (1)

Xrefurb = XHDG = 50 kg CO2 eq./t (2)

XTOTAL = 810 t CO2 eq./t  

Credit recycling (R2 > R1)

No credit for reuse

Production stage (A1-A3):

Benefits/burdens recycling & reuse (D):

(1) Worldsteel (https://worldsteel.org/wp-content/uploads/Guidance-on-methodologies-for-modelling-reuse-and-remanufacture-in-
LCA-Studies.pdf)
(2) Arguillarena et al.. Carbon footprint of the hot-dip galvanisation process using a life cycle assessment approach, Cleaner Engineering 
and Technology 2 (2021) 100041

LCA and Module D – Case study
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XA1-A3 = 1833 t CO2 eq.

XD1 = 77 - 1799 = - 1722 t CO2 eq.

R1 = 7%

Ru1 = 0%

R2 = 0%

Ru2 = 100%

Structure

(679 tonnes)

Xm = 2.7 t CO2 eq./t

XTOTAL = 111 t CO2 eq./t  

Load for recycling (R2 < R1)

Production stage (A1-A3):

Benefits/burdens recycling & reuse (D):

2nd scenario: 100% reuse of the structure after 120 years (with regalvanization) 

Credit for reuse (Ru2 > Ru1)
LCA Period – 120 years

Xm = 2.7 t CO2 eq./t (1)

XSC = 1.62 t CO2 eq./t (1)

Xrefurb = XHDG = 50 kg CO2 eq./t (2)

(1) Worldsteel (https://worldsteel.org/wp-content/uploads/Guidance-on-methodologies-for-modelling-reuse-and-remanufacture-in-
LCA-Studies.pdf)
(2) Arguillarena et al.. Carbon footprint of the hot-dip galvanisation process using a life cycle assessment approach, Cleaner Engineering 
and Technology 2 (2021) 100041

LCA and Module D – Case study
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Structure
(1 tonne)

Xm = 2.7 t CO2 

eq./t

R1 = 7%

Ru1 = 0%

R2 = 0%

Ru2 = 100%

3rd scenario: 100% reuse of the structure after 60 years (without regalvanization) + 100% reuse after 120 years

X1
A1-A3 = 1833 t CO2 eq.

X1
D = 77 – 1833 = – 1756 t CO2 eq. 

XTOTAL) = 145 t CO2 eq./t  

X2
A1-A3 = 0

X2
D = 0 + 34 = = 34 t CO2 eq. 

Structure
(1 tonne)

Xm = 2.7 t CO2 

eq./t

R1 = 0%

Ru1 = 100%

R2 = 0%

Ru2 = 100%

Xtransp = 34 t CO2 eq.

(98 g CO2 eq./t.km)

(~500 km)

LCA Period – 120 years

Xm = 2.7 t CO2 eq./t (1)

XSC = 1.62 t CO2 eq./t (1)

Xrefurb = XHDG = 50 kg CO2 eq./t (2)

LCA and Module D – Case study
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- 86% - 82%

TOTAL LIFE CYCLE VALUES (A1-A3 + D)

LCA and Module D – Case study
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OTHER ALLOCATION APPROACHES (MODULE D)

XD1 = – [(R2 – R1).(Xpr – Xre) + (Ru2 – Ru1).(Xpr – Xrefurb)] 

APPROACH IN SOME EPDS FOR STEEL:

XD1 = – {[(R2 + Ru2 x R1) – R1].(Xpr – Xre) + (Ru2 – Ru1).(Xm – Xrefurb)} 

R1 (% scrap)

Iron ore (kg)
R2 (% recycling)

Ru1 (% reuse)
Ru2 (% reusing)

RESEARCH PROJECT PROGRESS/ADVANCE:

Steel production

(X)
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TOTAL LIFE CYCLE VALUES

OTHER ALLOCATION APPROACHES (MODULE D)
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PRELIMINARY NOTES
 
✓ Circular Economy can cut CO2 emissions from heavy industry by 56% by 2050 – Opportunities for steel!

✓ The reuse of steel can offer substantial environmental benefits on the life cycle performance of buildings 
(potential reductions in carbon emissions from 70% to 95%);

✓ There is a need for transparent communication of sustainability credits (avoiding greenwash) – Use of Module D;

✓ Module D allows to reduce the embodied carbon of an existing project but also reduces the embodied carbon of 

future projects (Module A);

✓ Module D is crucial for the construction sector to deliver on global net zero targets and create a future-proof 
circular economy.
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BUILDINGS LCA
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BUILDINGS LCA
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Other relevant standards (CEN TC350): prEN15643 –

Sustainability of construction works
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Impact category Unit Total MC_1 MC_2 MC_3 MC_4 MC_5

Abiotic depletion kg Sb eq 2,08E+02 3,80E+01 9,57E+00 4,06E+01 9,40E+01 2,57E+01

Acidification kg SO2 eq 1,02E+02 1,81E+01 4,56E+00 2,05E+01 4,59E+01 1,31E+01

Eutrophication kg PO4--- eq 1,03E+01 1,78E+00 4,53E-01 2,20E+00 4,65E+00 1,24E+00

Global warming (GWP100) kg CO2 eq 2,64E+04 4,46E+03 8,42E+02 6,01E+03 1,07E+04 4,37E+03

Ozone layer depletion (ODP) kg CFC-11 eq 1,45E-02 8,32E-05 1,73E-05 1,41E-02 2,84E-04 6,74E-05

Photochemical oxidation kg C2H4 1,39E+01 2,46E+00 7,06E-01 2,29E+00 6,80E+00 1,62E+00
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CONTACT US:

Thank you for the attention!

https://www.steelconstruct.com/eu-projects/advance/

Helena Gervasio - hger@dec.uc.pt

Petr Hradil - petr.hradil@vtt.fi
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