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Table S1. Environmental impact category values of the different cement types
	Impact category
	Unit
	CEM I
	CEM II A-S 
	CEM II/A-V
	CEM II/B-S 
	CEM II/B-L 
	CEM II/B-V
	CEM III/A 

	Global warming
	kg CO2 eq
	9,94E-01
	8,24E-01
	8,06E-01
	7,49E-01
	8,57E-01
	7,06E-01
	5,73E-01

	Stratospheric ozone depletion
	kg CFC11 eq
	1,96E-07
	1,71E-07
	1,71E-07
	1,69E-07
	1,82E-07
	1,54E-07
	1,43E-07

	Ionizing radiation
	kBq Co-60 eq
	1,02E-02
	9,37E-03
	9,10E-03
	9,44E-03
	9,55E-03
	8,24E-03
	8,40E-03

	Ozone formation, Human health
	kg NOx eq
	2,10E-03
	1,78E-03
	1,75E-03
	1,67E-03
	1,86E-03
	1,55E-03
	1,33E-03

	Fine particulate matter formation
	kg PM2.5 eq
	7,93E-04
	7,17E-04
	6,90E-04
	7,09E-04
	7,29E-04
	6,20E-04
	6,21E-04

	Ozone formation, Terrestrial ecosystems
	kg NOx eq
	2,12E-03
	1,80E-03
	1,77E-03
	1,69E-03
	1,88E-03
	1,56E-03
	1,35E-03

	Terrestrial acidification
	kg SO2 eq
	2,44E-03
	2,14E-03
	2,14E-03
	2,10E-03
	2,25E-03
	1,93E-03
	1,77E-03

	Freshwater eutrophication
	kg P eq
	3,16E-04
	2,73E-04
	2,66E-04
	2,59E-04
	2,81E-04
	2,36E-04
	2,12E-04

	Marine eutrophication
	kg N eq
	1,95E-05
	1,79E-05
	1,64E-05
	1,75E-05
	1,74E-05
	1,46E-05
	1,55E-05

	Terrestrial ecotoxicity
	kg 1,4-DCB
	1,04E+00
	1,18E+00
	8,78E-01
	1,23E+00
	9,22E-01
	7,92E-01
	1,31E+00

	Freshwater ecotoxicity
	kg 1,4-DCB
	1,56E-02
	2,04E-02
	1,36E-02
	2,24E-02
	1,42E-02
	1,25E-02
	2,58E-02

	Marine ecotoxicity
	kg 1,4-DCB
	2,12E-02
	2,73E-02
	1,84E-02
	2,99E-02
	1,93E-02
	1,68E-02
	3,42E-02

	Human carcinogenic toxicity
	kg 1,4-DCB
	2,44E-02
	2,56E-02
	2,09E-02
	2,65E-02
	2,20E-02
	1,86E-02
	2,65E-02

	Human non-carcinogenic toxicity
	kg 1,4-DCB
	4,96E-01
	5,61E-01
	4,26E-01
	5,94E-01
	4,47E-01
	3,83E-01
	6,29E-01

	Land use
	m2a crop eq
	1,42E-01
	1,23E-01
	1,18E-01
	1,17E-01
	1,29E-01
	1,05E-01
	9,71E-02

	[bookmark: _Hlk152930044]Mineral resource scarcity
	kg Cu eq
	2,17E-03
	7,87E-03
	1,76E-03
	1,01E-02
	1,86E-03
	1,54E-03
	1,45E-02

	Fossil resource scarcity
	kg oil eq
	1,39E-01
	1,18E-01
	1,16E-01
	1,11E-01
	1,23E-01
	1,03E-01
	8,96E-02

	Water consumption
	m3
	1,38E-03
	1,54E-03
	1,16E-03
	1,62E-03
	1,25E-03
	1,04E-03
	1,70E-03







Table S2. Decision matrix
	
	C1
	C 2
	C 3
	C 4
	C 5
	C 6
	C 7
	C 8
	C 9
	C 10
	C 11
	C 12
	C 13
	C 14
	C 15
	C 16
	C 17
	C 18

	[bookmark: _Hlk154083952]CEM I
	9,94E-01
	1,96E-07
	1,02E-02
	2,10E-03
	7,93E-04
	2,12E-03
	2,44E-03
	3,16E-04
	1,95E-05
	1,04E+00
	1,56E-02
	2,12E-02
	2,44E-02
	4,96E-01
	1,42E-01
	2,17E-03
	1,39E-01
	1,38E-03

	CEM II A-S
	8,24E-01
	1,71E-07
	9,37E-03
	1,78E-03
	7,17E-04
	1,80E-03
	2,14E-03
	2,73E-04
	1,79E-05
	1,18E+00
	2,04E-02
	2,73E-02
	2,56E-02
	5,61E-01
	1,23E-01
	7,87E-03
	1,18E-01
	1,54E-03

	CEM II/A-V
	8,06E-01
	1,71E-07
	9,10E-03
	1,75E-03
	6,90E-04
	1,77E-03
	2,14E-03
	2,66E-04
	1,64E-05
	8,78E-01
	1,36E-02
	1,84E-02
	2,09E-02
	4,26E-01
	1,18E-01
	1,76E-03
	1,16E-01
	1,16E-03

	CEM II/B-S
	7,49E-01
	1,69E-07
	9,44E-03
	1,67E-03
	7,09E-04
	1,69E-03
	2,10E-03
	2,59E-04
	1,75E-05
	1,23E+00
	2,24E-02
	2,99E-02
	2,65E-02
	5,94E-01
	1,17E-01
	1,01E-02
	1,11E-01
	1,62E-03

	CEM II/B-L
	8,57E-01
	1,82E-07
	9,55E-03
	1,86E-03
	7,29E-04
	1,88E-03
	2,25E-03
	2,81E-04
	1,74E-05
	9,22E-01
	1,42E-02
	1,93E-02
	2,20E-02
	4,47E-01
	1,29E-01
	1,86E-03
	1,23E-01
	1,25E-03

	CEM II/B-V
	7,06E-01
	1,54E-07
	8,24E-03
	1,55E-03
	6,20E-04
	1,56E-03
	1,93E-03
	2,36E-04
	1,46E-05
	7,92E-01
	1,25E-02
	1,68E-02
	1,86E-02
	3,83E-01
	1,05E-01
	1,54E-03
	1,03E-01
	1,04E-03

	CEM III/A
	5,73E-01
	1,43E-07
	8,40E-03
	1,33E-03
	6,21E-04
	1,35E-03
	1,77E-03
	2,12E-04
	1,55E-05
	1,31E+00
	2,58E-02
	3,42E-02
	2,65E-02
	6,29E-01
	9,71E-02
	1,45E-02
	8,96E-02
	1,70E-03

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Wj
	1,05E-03
	5,70E-04
	2,02E-03
	7,85E-04
	1,98E-03
	1,09E-03
	1,61E-03
	9,48E-04
	3,47E-03
	8,02E-03
	4,29E-01
	1,74E-03
	3,37E-03
	1,60E-03
	8,07E-02
	1,88E-03
	3,27E-03
	4,57E-01



· CEM I (A1), CEM II A-S (A2), CEM II/A-V (A3), CEM II/B-S (A4), CEM II/B-L (A5), CEM II/B-V (A6), CEM III/A (A7).

· Global warming (C1),Stratospheric ozone depletion (C2), Ionizing radiation (C3), Ozone formation Human health (C4), Fine particulate matter formation (C5), Ozone formation Terrestrial ecosystems (C6), Terrestrial acidification (C7), Freshwater eutrophication (C8), Marine eutrophication (C9), Terrestrial ecotoxicity (C10), Freshwater ecotoxicity (C11), Marine ecotoxicity (C12), Human carcinogenic toxicity (C13), Human non-carcinogenic toxicity (C14), Land use (C15), Mineral resource scarcity (C16), Fossil resource scarcity (C17), Water consumption (C18)

· Wj-Weight from the entropy method






Table S3. Normalized Decision Matrix (COPRAS) of alternatives with respect to impact category 
	A1
	1,80E-01
	1,65E-01
	1,59E-01
	1,74E-01
	1,63E-01
	1,74E-01
	1,66E-01
	1,72E-01
	1,64E-01
	1,41E-01
	1,25E-01
	2,60E-03
	1,48E-01
	1,40E-01
	1,71E-01
	5,46E-02
	1,74E-01
	1,43E-01

	A2
	1,50E-01
	1,45E-01
	1,46E-01
	1,48E-01
	1,47E-01
	1,48E-01
	1,45E-01
	1,48E-01
	1,51E-01
	1,60E-01
	1,64E-01
	9,83E-01
	1,55E-01
	1,59E-01
	1,49E-01
	1,98E-01
	1,48E-01
	1,59E-01

	A3
	1,46E-01
	1,45E-01
	1,41E-01
	1,45E-01
	1,41E-01
	1,45E-01
	1,45E-01
	1,44E-01
	1,38E-01
	1,20E-01
	1,09E-01
	2,27E-03
	1,27E-01
	1,20E-01
	1,42E-01
	4,41E-02
	1,45E-01
	1,20E-01

	A4
	1,36E-01
	1,42E-01
	1,47E-01
	1,38E-01
	1,45E-01
	1,39E-01
	1,42E-01
	1,40E-01
	1,47E-01
	1,67E-01
	1,80E-01
	3,68E-03
	1,61E-01
	1,68E-01
	1,41E-01
	2,53E-01
	1,39E-01
	1,67E-01

	A5
	1,56E-01
	1,53E-01
	1,48E-01
	1,55E-01
	1,49E-01
	1,54E-01
	1,53E-01
	1,53E-01
	1,46E-01
	1,26E-01
	1,14E-01
	2,37E-03
	1,34E-01
	1,27E-01
	1,55E-01
	4,68E-02
	1,54E-01
	1,29E-01

	A6
	1,28E-01
	1,30E-01
	1,28E-01
	1,29E-01
	1,27E-01
	1,29E-01
	1,30E-01
	1,28E-01
	1,23E-01
	1,08E-01
	1,00E-01
	2,06E-03
	1,13E-01
	1,08E-01
	1,26E-01
	3,88E-02
	1,28E-01
	1,07E-01

	A7
	1,04E-01
	1,20E-01
	1,31E-01
	1,11E-01
	1,27E-01
	1,11E-01
	1,20E-01
	1,15E-01
	1,30E-01
	1,78E-01
	2,07E-01
	4,20E-03
	1,61E-01
	1,78E-01
	1,17E-01
	3,65E-01
	1,12E-01
	1,75E-01



Table S4. Weighted Normarlized Decision Matrix (COPRAS) of alternatives with respect to impact category
	
	C1
	C2
	C3
	C4
	C5
	C6
	C7
	C8
	C9
	C10
	C11
	C12
	C13
	C14
	C15
	C16
	C17
	C18

	A1
	1,89E-04
	9,41E-05
	3,21E-04
	1,37E-04
	3,21E-04
	1,90E-04
	2,67E-04
	1,63E-04
	5,71E-04
	1,13E-03
	5,38E-02
	4,54E-06
	5,00E-04
	2,25E-04
	1,38E-02
	1,03E-04
	5,68E-04
	6,52E-02

	A2
	1,57E-04
	8,24E-05
	2,94E-04
	1,16E-04
	2,91E-04
	1,61E-04
	2,34E-04
	1,40E-04
	5,24E-04
	1,29E-03
	7,02E-02
	1,71E-03
	5,24E-04
	2,54E-04
	1,20E-02
	3,71E-04
	4,84E-04
	7,26E-02

	A3
	1,54E-04
	8,24E-05
	2,85E-04
	1,14E-04
	2,79E-04
	1,58E-04
	2,34E-04
	1,37E-04
	4,80E-04
	9,59E-04
	4,70E-02
	3,95E-06
	4,27E-04
	1,93E-04
	1,15E-02
	8,29E-05
	4,74E-04
	5,49E-02

	A4
	1,43E-04
	8,10E-05
	2,96E-04
	1,09E-04
	2,87E-04
	1,51E-04
	2,29E-04
	1,33E-04
	5,12E-04
	1,34E-03
	7,73E-02
	6,41E-06
	5,43E-04
	2,69E-04
	1,13E-02
	4,75E-04
	4,55E-04
	7,64E-02

	A5
	1,63E-04
	8,72E-05
	2,99E-04
	1,21E-04
	2,95E-04
	1,68E-04
	2,46E-04
	1,45E-04
	5,07E-04
	1,01E-03
	4,91E-02
	4,13E-06
	4,51E-04
	2,03E-04
	1,25E-02
	8,79E-05
	5,02E-04
	5,87E-02

	A6
	1,35E-04
	7,42E-05
	2,58E-04
	1,01E-04
	2,51E-04
	1,40E-04
	2,11E-04
	1,22E-04
	4,26E-04
	8,65E-04
	4,29E-02
	3,60E-06
	3,82E-04
	1,73E-04
	1,02E-02
	7,29E-05
	4,20E-04
	4,88E-02

	A7
	1,09E-04
	6,86E-05
	2,63E-04
	8,67E-05
	2,51E-04
	1,21E-04
	1,93E-04
	1,09E-04
	4,53E-04
	1,43E-03
	8,88E-02
	7,31E-06
	5,44E-04
	2,85E-04
	9,44E-03
	6,85E-04
	3,66E-04
	8,01E-02



Table S5. Result (COPRAS method)
	S -i
	 
 
 
 
 
 
 
 
 
	S -min
	 
 
 
 
 
 
 
 
 
	S -min/S -i
	 
 
 
 
 
 
 
 
 
	Qi
	Ui
	Rank
	Alternatives

	0,14
	
	0,11
	
	0,77
	
	0,14
	76,72
	4
	CEM I

	0,16
	
	
	
	0,65
	
	0,12
	65,37
	5
	CEM II A-S

	0,12
	
	
	
	0,90
	
	0,17
	89,93
	2
	CEM II/A-L

	0,17
	
	
	
	0,62
	
	0,12
	62,04
	6
	CEM II/B-S

	0,12
	
	
	
	0,85
	
	0,16
	84,75
	3
	CEM II/B-L

	0,11
	
	
	
	1,00
	
	0,19
	100,00
	1
	CEM II/B-V

	0,18
	
	
	
	0,58
	
	0,11
	57,56
	7
	CEM III/A


Table S6. Normalized decision matrix (ARAS) of alternatives with respect to impact category
	
	C1
	C 2
	C 3
	C 4
	C 5
	C 6
	C 7
	C 8
	C 9
	C 10
	C 11
	C 12
	C 13
	C 14
	C 15
	C 16
	C 17
	C 18

	V
	0,1605
	0,1439
	0,1368
	0,1536
	0,1376
	0,1530
	0,1446
	0,1490
	0,1417
	0,1551
	0,1604
	0,1776
	0,1506
	0,1548
	0,1469
	0,2051
	0,1520
	0,1564

	A1
	0,0926
	0,1049
	0,1101
	0,0973
	0,1075
	0,0975
	0,1044
	0,0997
	0,1056
	0,1184
	0,1279
	0,1408
	0,1150
	0,1193
	0,1003
	0,1458
	0,0980
	0,1173

	A2
	0,1117
	0,1198
	0,1204
	0,1149
	0,1189
	0,1149
	0,1194
	0,1157
	0,1150
	0,1043
	0,0980
	0,0004
	0,1098
	0,1055
	0,1155
	0,0403
	0,1150
	0,1052

	A3
	0,1141
	0,1197
	0,1239
	0,1166
	0,1237
	0,1169
	0,1193
	0,1186
	0,1258
	0,1399
	0,1465
	0,1618
	0,1346
	0,1392
	0,1210
	0,1804
	0,1173
	0,1392

	A4
	0,1229
	0,1218
	0,1195
	0,1226
	0,1202
	0,1225
	0,1218
	0,1220
	0,1179
	0,0999
	0,0890
	0,0997
	0,1060
	0,0997
	0,1221
	0,0315
	0,1223
	0,1000

	A5
	0,1074
	0,1131
	0,1181
	0,1097
	0,1171
	0,1100
	0,1133
	0,1123
	0,1190
	0,1332
	0,1403
	0,1548
	0,1277
	0,1324
	0,1109
	0,1700
	0,1108
	0,1302

	A6
	0,1303
	0,1329
	0,1368
	0,1318
	0,1376
	0,1321
	0,1325
	0,1335
	0,1417
	0,1551
	0,1604
	0,1776
	0,1506
	0,1548
	0,1364
	0,2051
	0,1325
	0,1564

	A7
	0,1605
	0,1439
	0,1343
	0,1536
	0,1374
	0,1530
	0,1446
	0,1490
	0,1332
	0,0940
	0,0775
	0,0873
	0,1058
	0,0942
	0,1469
	0,0218
	0,1520
	0,0953





Table S7. Weighted normalized decision matrix (ARAS) of alternatives with respect to impact category
	
	C1
	C 2
	C 3
	C 4
	C 5
	C 6
	C 7
	C 8
	C 9
	C 10
	C 11
	C 12
	C 13
	C 14
	C 15
	C 16
	C 17
	C 18

	V
	0,0002
	0,0001
	0,0003
	0,0001
	0,0003
	0,0002
	0,0002
	0,0001
	0,0005
	0,0012
	0,0689
	0,0003
	0,0005
	0,0002
	0,0119
	0,0004
	0,0005
	0,0714

	A1
	0,0001
	0,0001
	0,0002
	0,0001
	0,0002
	0,0001
	0,0002
	0,0001
	0,0004
	0,0009
	0,0549
	0,0002
	0,0004
	0,0002
	0,0081
	0,0003
	0,0003
	0,0535

	A2
	0,0001
	0,0001
	0,0002
	0,0001
	0,0002
	0,0001
	0,0002
	0,0001
	0,0004
	0,0008
	0,0421
	0,0000
	0,0004
	0,0002
	0,0093
	0,0001
	0,0004
	0,0481

	A3
	0,0001
	0,0001
	0,0002
	0,0001
	0,0002
	0,0001
	0,0002
	0,0001
	0,0004
	0,0011
	0,0629
	0,0003
	0,0005
	0,0002
	0,0098
	0,0003
	0,0004
	0,0636

	A4
	0,0001
	0,0001
	0,0002
	0,0001
	0,0002
	0,0001
	0,0002
	0,0001
	0,0004
	0,0008
	0,0382
	0,0002
	0,0004
	0,0002
	0,0099
	0,0001
	0,0004
	0,0457

	A5
	0,0001
	0,0001
	0,0002
	0,0001
	0,0002
	0,0001
	0,0002
	0,0001
	0,0004
	0,0011
	0,0602
	0,0003
	0,0004
	0,0002
	0,0089
	0,0003
	0,0004
	0,0594

	A6
	0,0001
	0,0001
	0,0003
	0,0001
	0,0003
	0,0001
	0,0002
	0,0001
	0,0005
	0,0012
	0,0689
	0,0003
	0,0005
	0,0002
	0,0110
	0,0004
	0,0004
	0,0714

	A7
	0,0002
	0,0001
	0,0003
	0,0001
	0,0003
	0,0002
	0,0002
	0,0001
	0,0005
	0,0008
	0,0333
	0,0002
	0,0004
	0,0002
	0,0119
	0,0000
	0,0005
	0,0435





Table S8. Result (ARAS Method)
	 
	Si
	
	Ki
	
	
	Rank

	OV
	0,1573
	
	1
	
	
	

	A1
	0,1203
	
	0,7649
	
	A1
	4

	A2
	0,1029
	
	0,6540
	
	A2
	5

	A3
	0,1407
	
	0,8944
	
	A3
	2

	A4
	0,0973
	
	0,6187
	
	A4
	6

	A5
	0,1328
	
	0,8445
	
	A5
	3

	A6
	0,1563
	
	0,9935
	
	A6
	1

	A7
	0,0925
	
	0,5883
	
	A7
	7

	
	
	
	
	
	
	

	So
	0,1573
	
	
	
	
	














Table S3. Inventory Dataset
	Reference product
	CEM I
	CEM II A-S
	CEM II/A-V
	CEM II/B-S
	CEM II/B-L
	CEM II B-V
	CEM III/A

	Inputs from Technosphere

	GGBFS (kg)
	
	0.25
	
	0.35
	
	
	0.55

	Hard coal ash (kg)
	
	
	0.25
	
	
	0.3
	

	Clinker (kg)
	0.902
	0.713
	0.713
	0.618
	0.76
	0.618
	0.427

	Ethylene glycol
	0.00019
	0.00019
	0.00019
	0.00019
	0.00019
	0.00019
	0.00019

	Gypsum (kg)
	0.0475
	0.0475
	0.0375
	0.0325
	0.04
	0.0325
	0.0225

	Limestone (kg)
	0.05
	
	
	
	0.2
	
	

	Electricity (kWh)
	0.0376
	0.0375
	0.0497
	0.0497
	0.0497
	0.0497
	0.0497

	Steel (kg)
	5.25E-05
	5.25E-05
	5.25E-05
	5.25E-05
	5.25E-05
	5.25E-05
	5.25E-05

	Emissions to air

	Heat, waste (MJ)
	0.135
	
	0.135
	0.179
	0.179
	0.179
	0.179
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