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Supplementary Materials
S1: Data collection for the reference building

Table S1.1: Raw material consumption per m? floor area considering loss rates for the reference building

Work type Material type =~ Raw material Consumption Reference
Precast Cement 20.75 kg/m2 ,
,2
concrete Sand 132.8 kg/m? 1.2
Precast concrete
(loss rate: 4%)  Gravel 74.71 kg/m?
work
Reinforcement
Recycled steel 6.083 kg/m? [3]
bars
Ready-mixed Cement 63.99 kg/mz
concrete Sand 409.5 kg/m? [1, 3]
Conventional
(loss rate: 10%)  Gravel 230.3 kg/m2
concrete work
Reinforcement
Recycled steel 17.58 kg/m?
bars
Steel, virgin 1.510 kg/m?
Stainless steel 0.582 kg/m?
Metal
Aluminium, virgin 0.549 kg/m?
Aluminium, recycled 0.549 kg/m?
Planed timber 9.780 kg/m?
Plywood 0.698 kg/m?
Plasterboard
Wood 4.646 kg/m?
. (loss rate: 4%) (3]
Other material
Glued-laminated timber  11.83 kg/m?
work
Particle board 0.880 kg/m?
Stone wool
Mineral wool 6.796 kg/m?
(loss rate: 7%)
Polypropylene
YPTopy 2.118 kg/m?
Plastics (loss rate: 7%)
Polystyrene 7.022 kg/m?
Glass 4.118 kg/m?
Glass
Insulated glass unit 4.340 kg/m?
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Table S1.2: Total material and energy consumption per m? floor area for the reference building during in-plant

processing

Work type Material/ energy The reference building Reference

Conventional concrete Electricity 1.728 kwh/m? [4]

work Water 39.35 kg/m? [5]
Electricity for concrete 0.561 kwh/m? [4]
Electricity for steel 0.270 kwh/m?2 [6]

Precast concrete work Water 12.76 kg/m? [5]
Diesel 1.113 kwh/m? [7]
Steam 2.167 kwh/m? [8]

Table S1.3: Transport information for sand and gravel of the reference building, from raw material suppliers to

concrete plants

. Geographic Average Transport
Work types Concrete plants ~ Suppliers . i . Reference
al distance  distance distance
Téby 16.6 km
Conventional - Sand & Grus
Virtan 10.5 km 13.68 8753 kg X
concrete AB Jehander
Hammarby 10.2 km km km
work - Ulvsunda
Sollentuna 17.4 km [3, 9]
Precast Kvicksund Abetong AB 0.8 km
8.867 1840 kg x
concrete Hallstahammar 11.8 km
Swerock AB km km
work Nykvarn 14 km
Table S1.4: Transport information for reinforcement bars of the reference building
Recycled steel ~ Construction site
) o Average i
Work types ~ processing / Prefabrication _ Transport distance Reference
distance
plant plant
Conventiona Stockholm Royal
Factory in 500 km by ship 8790 kg X km by ship
1 concrete Seaport
Latvia 8 km by truck  140.6 kg X km by truck
work
(3]
Precast . Kvicksund 500 km by ship .
Factory in 3041.293 kg x km by ship
concrete ) Hallstahammar 104.8 km by
Latvia 637.656 kg x km by truck
work Nykvarn truck
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Table S1.5: Transport information for ready-mixed concrete and precast concrete components of the reference

building, from concrete plants to construction site

Construction  Average Transport
Work types Concrete plants , ) , Reference
site distance  distance
Taby
Conventional =~ Vartan 8478 kg X
Stockholm 11 km
concrete work ~ Hammarby km
Royal
Sollentuna [3]
Seaport
Kvicksund
Precast 23050 kg x
Hallstahammar 90 km
concrete work km
Nykvarn

Table S1.6: Transport distance

between material processing factories to construction site for other building

Geographical
Materials Location i Transport distance Reference
distance
Factory in Nora 230 kmonroad  Truck: 307.6 kg X km
Steel, virgin
Factory in Bastad 540 km onroad  Truck: 96.69 kg X km
500 km on sea Truck: 4.658 kg x km
Stainless steel Factory in Latvia
8 km on road Ship: 291.1 kg X km
Aluminium, virgin Truck: 109.8 kg x km
Aluminium, Factory in Finstang 200 km on road
Truck: 109.8 kg X km
recycled
Planed timer Truck: 4890 kg x km
Factories in
Plywood Truck: 349.0 kg x km
Toreboda and 500 km on road
Particle board o Truck: 440.0 kg X km
Bygdsiljum
Glulam Truck: 5916 kg x km
Plasterboard Factory in Balsta 560 km onroad  Truck:232.3 kg X km [3]
Factories in
Stone wool Hallekis and 340 kmonroad  Truck: 2310 kg x km
Skovde
PP/PE Factory in Spanga 15 km on road Truck: 31.78 kg X km
Factory in
PS L. 430 kmonroad  Truck: 3020 kg x km
Vargérda
Glass Factories in Truck: 1297 kg x km
Jonkoping and 315 km on road
IGU Truck: 1367 kg x km
Edsbyn

Coating cement
board

Factory in Muijala,
Finland

300 km on sea
124 km on road

Truck: 87.35 kg X km
Ship: 211.33 kg X km
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Table $1.7: Total material and energy consumption per m? floor area for the reference building during on-site

work
Work type Material/ energy The reference building  Reference
Conventional concrete Electricity 0.831 kwh/m? 4]
work Diesel 7.122 kg/m?
[4,10, 11]

Precast concrete work Diesel 0.3489 kwh/m?2
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S2: Data for the scenarios with increasing prefabricated rates

Table S2.1: Total raw material consumption per m? floor area considering loss rates for the scenarios (kg/m?)

Work type Materials Sl S2 S3 54 S5 S6 57 S8 S9 Reference
Cement 80.95 7234 55.12 4650 37.89 29.28 20.67 12.05 3.445
Conventional Sand 518.1 463.0 3528 297.6 2425 1874 1323 7715 22.05 [1]
concrete Gravel 2914 2604 1984 1674 1364 1054 7442 4340 1240
work Recycled
stecl 2224 19.88 1515 1278 10.41 8.046 5679 3.313 0.947 [3]
Cement 4.844 1292 29.07 3714 4521 5328 6136 6944 775
Precast Sand 31.00 82.69 186.0 237.7 2894 341.0 392.7 4444 496.0 [1]
concrete Gravel 17.44 4651 1046 1337 1628 191.8 2209 250.0 279.0
work Recycled
steel 1420 3.786 6.084 8519 10.89 1325 15.62 17.98 20.35 [3]

Table S2.2: Total material and energy consumption per m? floor area for the scenarios during in-plant processing

Material/

Work type S1 52 S3 S4 S5 S6 S7 S8 59 Reference
energy
Electricity

Conventiona 2186 1953 1488 1.256 1.023  0.7906 0.5582 0.3255 0.093 (4]
(kwh/m2)

1 concrete
Water

work 49.78 4449 3390 28.60 23.30 18.01 12.71 7414 2118 [5]
(kg/m?)
Electricity  0.193

05171 1163 1.487 1810 2133 2456 2779  3.103 [6]

(kwh/m?) 9
Water

Precast 2979 7946 17.88 22.84 27.81 32.77 37.74 42.70 47.67 [5]
(kg/m?)

concrete -
Diesel 0.259

work 0.6926 1.558 1.991 2423 2.856 3.289 3.722 4.154 [7]
(kWh/m2) 6
Steam 0.505

1.349  3.036 3.878 4.722 5565 6408 7252  8.095 [8]

(kWh/m2) 9

Table S2.3: Transport distance between sand and gravel processing plants and concrete plants for the scenarios

(kg x km/m?)

Work types S1 52 S3 54 S5 56 S7 S8 S9 Reference
Conventional
11070 9896 7540 6361 5184 4006 2828 1649 471.2
concrete work
[9]
Precast
4295 1146 2577 3293 4009 4724 5441 6157 6872

concrete work
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Table S2.4: Transport distance between concrete plants to construction site for the scenarios (kg x km/m?)
Work types S1 52 S3 54 S5 S6 S7 S8 59 Reference

Ready-mixed concrete in

10730 9584 8478 7303 6161 5020 3880 2739 1597
conventional concrete work

3
Precast components in 3]

5379 14350 23050 32280 41240 50210 59170 68130 77100
precast concrete work

Table S2.5: Transport distance for recycled steels of the scenarios (kg x km/m?)

Transport

Work types ) S1 52 S3 54 S5 S6 S7 S8 59 Reference
section
Supplier to

Convention 11120 9940 7575 6390 5205 4023 2840 1657 4733 [3]
Stockholm port

al concrete
Stockholm port

work ) 1779 159.0 121.2 1022 83.28 64.37 4543 2650 7573 [9]
to site
Supplier to

Precast 710.0 1893 3042 4260 5445 6625 7810 8990 10180 [3]
Stockholm port

concrete
Stockholm port

work 148.8 396.8 637.6 8928 1141 1389 1637 1884 2133 [9]
to factory

Table S2.6: Total energy consumption of conventional and precast concrete work for the scenarios during on-site
work (kWh/m?)

Work types  Energy S1 52 S3 S4 S5 S6 S7 S8 59 Reference
Convention Diesel 9.009 8.051 6.135 5176 4217 3.259 2301 1.342 0.3834

al concrete [4]
work Electricity 1.023 0915 0.697 0.588 0479 0370 0.261 0.152 0.0435

Precast

concrete Diesel 0.081 0.217 0.4886 0.6242 0.7599 0.8956 1.031 1.167 1.303 [10, 11]

work
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Table S2.7: Datasets chosen for the LCA model in SimaPro

Materials/Energy/Process Datasets

Gravel Gravel, round {RoW} | Cut-off, U
Sand Sand {GLO} | market for | Cut-off, U

Cement, alternative constituents 6-20% {Europe without Switzerland} |
Cement

production | Cut-off, U
Recycled steel Steel, unalloyed {RoW}| recycled content | Cut-off, U
Electricity Electricity, medium voltage {SE} | market for | Cut-off, U
Water Tap water {Europe without Switzerland}| market for | Cut-off, U
Diesel Diesel, burned in building machine {GLO} | processing | Cut-off, U
Steam Steam, in chemical industry {RER} | production | Cut-off, U

Light-duty truck

Heavy-duty truck

Ship
Steel, virgin

Stainless steel
Aluminium, virgin
Aluminium, recycled
Planed timer

Plywood
Plasterboard
Glulam
Particle board
Stone wool
Polypropylene
Polystyrene
Glass

IGU

Transport, freight, lorry 3.5-7.5 metric ton, EURO6 {RER} | transport,
freight, lorry 7.5-16 metric ton, EURO6 | Cut-off, U

Transport, freight, lorry 7.5-16 metric ton, EURO6 {RER} | transport,
freight, lorry 3.5-7.5 metric ton, EURO6 | Cut-off, U

Transport, freight, sea, transoceanic ship {GLO} | processing | Cut-off, U
Steel, unalloyed {RoW} | steel production, converter, unalloyed | Cut-off, U
Reinforcing steel {RER}| production | Cut-off, U

Aluminjum, primary, cast alloy slab from continuous casting {RoW} |
production | Cut-off, U

Aluminium scrap, new {GLO} | recycled content | cut-off, U

Laminated timber element, transversally prestressed, for outdoor use
{RER}!| laminated timber element production, for outdoor use | Cut-off, U
Plywood, for outdoor use {RER}| production | Cut-off, U

Gypsum plasterboard {RoW} | production | Cut-off, U

Glued laminated timber, for outdoor use {RER} | production | Cut-off, U
Particle board, for outdoor use {RER}| production | Cut-off, U

Stone wool {RoW}!| stone wool production | Cut-off, U

Polypropylene, granulate {RER} | production | Cut-off, U

Polystyrene foam slab {RER} | production | Cut-off, U

Flat glass, uncoated {RER}| production | Cut-off, U

Foam glass {GLO} | production, without cullet | Cut-off, U
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$3: Data for sensitivity analysis

New supplier information and new geographical transport distance for raw materials, recycled steels and precast
components:

(1) New raw material supplier: Sand & Grus AB Jehander — Ulvsunda. Distance between raw material supplier and
prefabrication factory WAMA AB: 2.3 km

(2) Distance between recycled steel supplier and prefabrication factory: 500 km on sea and 10.6 km on road.

(3) Distance between prefabrication factory and construction site: 10.6 km (SeaRates, 2020).

Table S3.1: Transport distances for the reference building and scenarios (kg X km/m?) [9]
Suppliers  Transport types Sl 52 RB S3 54 S5 S6 57 S8 59

Raw material
4295 1146 1840 2577 3293 4009 4724 5441 6157 6872
transport

o Steel transport
Original (truck) 148.8 396.8 637.6 892.8 1141 1389 1637 1884 2133 2381
ruc

suppliers
PP Precast

component 5379 14350 23050 32280 41240 50210 59170 68130 77100 86060

transport

Raw material
1114 2972 4774 6685 854.1 1040 1225 1411 1597 1783

transport
Steel transport
New 15.05 40.13 6449 903 1154 1405 165.6 190.6 2157 2408
¥ (truck)
supplier
PP Precast
component 633.5 1690 2714 3801 4857 5913 6968 8025 9081 10140

transport
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S4: Data for uncertainty analysis
Table S4.1: Environmental impact results with the minimum value of uncertain on-site material loss rate for

precast concrete (Results from SimaPro version 9)

S1 S2 RB S3 54 S5 S6 S7 S8 S9
Energy footprint
648.6 6746 6998 7265 7523 7783  804.1 830.1 856.1 882
(MJ/m?)
Energy footprint
. -0.09% -021% -0.33% -0.44% -0.54% -0.64% -0.73% -0.81% -0.88% -0.94%
changing

Carbon footprint
(kg CO2 eq/m?)

Carbon footprint

87.87 89.15 90.4 91.71 92.96 94.25 95.52 96.8 98.07 99.35

. -0.07% -018% -029% -039% -051% -0.60% -0.70% -0.80% -0.89% -0.95%
changing

Water footprint
(m*/m?)

Water footprint

1.502 1.496 1.491 1.485 1.479 1.473 1.467 1.461 1.455 1.449

] -0.07% -0.20% -0.20% -0.34% -0.47% -0.54% -0.68% -0.81% -0.89% -1.02%
changing

Terrestrial

ecotoxicity 175.7 192.9 209.7 227.5 244.7 262 279.3 296.6 313.9 331.1
(kg 1,4-DCB/m?)

Terrestrial

ecotoxicity -0.11% -031% -043% -0.52% -0.65% -0.72% -0.78% -0.84% -0.92% -0.96%
changing




Buildings 2021, 11, 552 11 of 14

Table $4.2: Environmental impact results with the maximum value of uncertain on-site material loss rate for

precast concrete (Results from SimaPro version 9)

S1 S2 RB S3 S4 S5 S6 S7 S8 S9
Energy footprint

649.7 677.5 704.4 732.9 760.6 788.3 816 843.7 871.5 899.2
(MJ/m?2)
Energy footprint

+0.08% +0.22% +0.33% +0.44% +0.56% +0.64% +0.74% +0.81% +0.90% +0.99%
changing

Carbon footprint
(kg CO2 eq/m?)

Carbon footprint

87.99 89.48 90.92 92.44 93.92 95.4 96.88 98.36 99.85 101.3

] +0.07% +0.19% +0.29% +0.40% +0.51% +0.61% +0.72% +0.80% +0.91% +1.00%
changing

Water footprint
(m*/m?)

Water footprint

1.504 1.501 1.498 1.496 1.493 1.49 1.487 1.484 1.481 1.479

) +0.07% +0.13% +0.27% +0.40% +0.47% +0.61% +0.68% +0.75% +0.89% +1.02%
changing

Terrestrial

ecotoxicity 176.1 194 211.4 229.9 247.9 265.8 283.8 301.7 319.7 337.7
(kg 1,4-DCB/m?)

Terrestrial

ecotoxicity +0.11% +0.26% +0.38% +0.52% +0.65% +0.72% +0.82% +0.87% +0.92% +1.02%
changing
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Table S4.3: Environmental impact results with the minimum value of uncertain on-site energy consumption for

precast concrete (Results from SimaPro version 9)

S1 S2 RB S3 S4 S5 S6 57 S8 S9
Energy footprint

649.1 675.7 7015  728.8 7553 7819 8085  835.1 861.7 8882
(MJ/m?)
Energy footprint

-0.02% -0.04% -0.09% -0.12% -0.15% -0.18% -0.19% -0.22% -0.23% -0.25%
changing
Carbon footprint

8793 8929  90.62  92.02 9337 9473  96.09 9746  98.82 100.2
(kg CO2 eq/m?)
Carbon footprint

0.00%  -0.02% -0.04% -0.05% -0.07% -0.09% -0.10% -0.12% -0.13% -0.10%
changing
Water footprint

1.503 1.499 1494 149 1.485 1.481 1477 1472 1.468 1.463
(m*/m?)
Water footprint

0.00%  0.00%  0.00% 0.00% -0.07% 0.00% 0.00% -0.07% 0.00% -0.07%
changing
Terrestrial
ecotoxicity 175.9 1935 2105 2287 2462 2639 2814 299 316.6 3342
(kg 1,4-DCB/m?)
Terrestrial
ecotoxicity 0.00%  0.00%  -0.05% 0.00% -0.04% 0.00% -0.04% -0.03% -0.06% -0.03%

changing
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Table S4.4: Environmental impact results with the maximum value of uncertain on-site energy consumption for

precast concrete (Results from SimaPro version 9)

S1 S2 RB S3 S4 S5 S6 S7 S8 S9
Energy footprint

649.4 676.4 702.7 730.5 757.5 784.6 811.6 838.6 865.7 892.7
(MJ/m?)
Energy footprint

+0.03% +0.06% +0.09% +0.11% +0.15% +0.17% +0.20% +0.20% +0.23% +0.26%
changing

Carbon footprint
(kg CO2 eq/m?)

Carbon footprint

87.94 89.34 90.7 92.13 93.51 94.9 96.29 97.69 99.08 100.5

] +0.01% +0.03% +0.04% +0.07% +0.07% +0.08% +0.10% +0.11% +0.13% +0.20%
changing

Water footprint
(m*/m?)

Water footprint

1.503 1.499 1.494 1.49 1.485 1.481 1.477 1.472 1.468 1.463

. 0.00%  0.00%  +0.07% 0.00%  0.00%  0.00% 0.00% 0.00% 0.00%  0.00%
changing

Terrestrial

ecotoxicity 1.503 1.499 1.495 1.49 1.486 1.481 1.477 1.473 1.468 1.464
(kg 1,4-DCB/m?)

Terrestrial

ecotoxicity 0.00%  0.00% 0.00%  +0.04% +0.04% +0.04% +0.04% +0.03% +0.03% +0.06%
changing
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