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Appendix 1 Entropy method for the objective weights of each attribute
	
	Attribute
	GHG
	AP
	LCC
	NPV
	POCP
	HTP

	SOFC
	CH4
	0.1228
	0.0158
	0.1003
	0.1682
	0.0102
	0.0911

	
	H2
	0.1917
	0.0658
	0.1156
	0.1371
	0.1400
	0.1001

	
	NH3
	0.0479
	0.0188
	0.1025
	0.1642
	0.2932
	0.1120

	
	MeOH
	0.2127
	0.0413
	0.1172
	0.1359
	0.0747
	0.1541

	ICE
	CH4
	0.0863
	0.0455
	0.1207
	0.1355
	0.0337
	0.0264

	
	H2
	0.0047
	0.0817
	0.1511
	0.0798
	0.0116
	0.0522

	
	NH3
	0.1513
	0.4981
	0.1394
	0.1010
	0.3221
	0.3158

	
	MeOH
	0.1826
	0.2329
	0.1532
	0.0780
	0.1141
	0.1478

	
	Attribute
	GHG
	AP
	LCC
	NPV
	POCP
	HTP

	SOFC
	CH4
	−0.257
	−0.065
	−0.231
	−0.299
	−0.046
	−0.218

	
	H2
	−0.316
	−0.179
	−0.249
	−0.272
	−0.275
	−0.230

	
	NH3
	−0.145
	−0.074
	−0.233
	−0.296
	−0.359
	−0.245

	
	MeOH
	−0.329
	−0.131
	−0.251
	−0.271
	−0.193
	−0.288

	ICE
	CH4
	−0.211
	−0.141
	−0.255
	−0.270
	−0.114
	−0.096

	
	H2
	−0.025
	−0.204
	−0.285
	−0.202
	−0.052
	−0.154

	
	NH3
	−0.285
	−0.347
	−0.274
	−0.232
	−0.365
	−0.364

	
	MeOH
	−0.310
	−0.339
	−0.287
	−0.199
	−0.247
	−0.282

	
	Attribute
	GHG
	AP
	LCC
	NPV
	POCP
	HTP

	
	
	−1.881
	−1.483
	−2.067
	−2.043
	−1.654
	−1.879

	k = 0.7213
	GHG
	AP
	LCC
	NPV
	POCP
	HTP

	ej
	0.905
	0.713
	0.994
	0.982
	0.795
	0.903

	dj
	0.095
	0.286
	0.005
	0.017
	0.204
	0.096

	wj (%)
	13.47
	40.67
	0.80
	2.44
	28.96
	13.65

	Attribute
	Environment
	Economic
	Social

	Total (%)
	54.15
	3.25
	42.61
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Appendix 2 TOPSIS analysis for ranking alternative fuels in terms of sustainability
	SOFC
	CH4
	H2
	NH3
	MeOH

	GHG
	0.41
	0.64 
	0.16 
	0.71

	AP
	0.00036
	0.00151
	0.00043 
	0.00095 

	LCC
	$877,148,674
	$1,010,366,609 
	$896,129,000
	$1,024,431,791

	NPV
	$463,899,002
	$378,160,162
	$452,875,106
	$375,006,976

	POCP
	0.0000279
	0.000382
	0.0008
	0.000204

	HTP
	0.00559
	0.00614
	0.00687
	0.00945

	ICE
	CH4
	H2
	NH3
	MeOH

	GHG
	0.28804
	0.01570
	0.50518 
	0.60969 

	AP
	0.00104
	0.00187
	0.01141 
	0.00533

	LCC
	$1,055,463,207
	$1,320,739,919
	$1,218,998,097
	$1,339,619,327

	NPV
	$373,531,927
	$220,270,073
	$278,588,969
	$215,221,990

	POCP
	0.000092
	0.000032
	0.000878
	0.000311

	HTP
	0.00162
	0.00320
	0.01936
	0.00906

	Attribute Weights
	Environment: 54.15%, Economic: 3.25%, Social: 42.61%

	Cost (1)
	GHG, LCC, AP, POCP, and HTP

	Benefit (0)
	NPV

	
	CH4

	LCSA
	Normalized decision
	Weighted normalized matrix

	GHG
	0.3041 (SOFC)
0.2136 (ICE)
	0.0409 (SOFC)
0.0287 (ICE)

	AP
	0.0281 (SOFC)
0.0807 (ICE)
	0.0114 (SOFC)
0.0328 (ICE)

	LCC
	0.2804 (SOFC)
0.3374 (ICE)
	0.0022 (SOFC)
0.0027 (ICE)

	NPV
	0.4602 (SOFC)
0.3705 (ICE)
	0.0112 (SOFC)
0.0090 (ICE)

	POCP
	0.0213 (SOFC)
0.0704 (ICE)
	0.0061 (SOFC)
0.0204 (ICE)

	HTP
	0.2151 (SOFC)
0.0623 (ICE)
	0.0293 (SOFC)
0.0085 (ICE)

	
	H2

	LCSA
	Normalized decision
	Weighted normalized matrix

	GHG
	0.4747 (SOFC)
0.0116 (ICE)
	0.0639 (SOFC)
0.0015 (ICE)

	AP
	0.1169 (SOFC)
0.1448 (ICE)
	0.0475 (SOFC)
0.0589 (ICE)

	LCC
	0.3230 (SOFC)
0.4222 (ICE)
	0.0025 (SOFC)
0.0033 (ICE)

	NPV
	0.3751 (SOFC)
0.2185 (ICE)
	0.0091 (SOFC)
0.0053 (ICE)

	POCP
	0.2923 (SOFC)
0.0243 (ICE)
	0.0846 (SOFC)
0.0070 (ICE)

	HTP
	0.2362 (SOFC)
0.1232 (ICE)
	0.0322 (SOFC)
0.0168 (ICE)

	
	NH3

	LCSA
	Normalized decision
	Weighted normalized matrix

	GHG
	0.1186 (SOFC)
0.3747 (ICE)
	0.0159 (SOFC)
0.0504 (ICE)

	AP
	0.0333 (SOFC)
0.8836 (ICE)
	0.0135 (SOFC)
0.3594 (ICE)

	LCC
	0.2865 (SOFC)
0.3897 (ICE)
	0.0023 (SOFC)
0.0031 (ICE)

	NPV
	0.4493 (SOFC)
0.2763 (ICE)
	0.0109 (SOFC)
0.0067 (ICE)

	POCP
	0.6123 (SOFC)
0.6726 (ICE)
	0.1773 (SOFC)
0.1948 (ICE)

	HTP
	0.2643 (SOFC)
0.7450 (ICE)
	0.0360 (SOFC)
0.1016 (ICE)

	
	MeOH

	LCSA
	Normalized decision
	Weighted normalized matrix

	GHG
	0.5266 (SOFC)
0.4522 (ICE)
	0.0709 (SOFC)
0.0609 (ICE)

	AP
	0.0732 (SOFC)
0.4132 (ICE)
	0.0297 (SOFC)
0.1680 (ICE)

	LCC
	0.3275 (SOFC)
0.4283 (ICE)
	0.0026 (SOFC)
0.0034 (ICE)

	NPV
	0.3720 (SOFC)
0.2135 (ICE)
	0.0090 (SOFC)
0.0052 (ICE)

	POCP
	0.1561 (SOFC)
0.2381 (ICE)
	0.0452 (SOFC)
0.0689 (ICE)

	HTP
	0.3636 (SOFC)
0.3487 (ICE)
	0.0496 (SOFC)
0.0475 (ICE)

	Option
	GHG
	AP
	LCC
	NPV
	POCP
	HTP

	Positive ideas
	0.00156
	0.01143
	0.00225
	0.01123
	0.00618
	0.00851

	Negative ideas
	0.07095
	0.35940
	0.00344
	0.00521
	0.19480
	0.10167

	Option
	CH4
	H2
	NH3
	MeOH

	Separation from Positive ideas
	0.0445 (SOFC)
0.0375 (ICE)
	0.1092 (SOFC)
0.0486 (ICE)
	0.1739 (SOFC)
0.4095 (ICE)
	0.0914 (SOFC)
0.1832 (ICE)

	Separation from Negative ideas
	0.4035 (SOFC)
0.3840 (ICE)
	0.3380 (SOFC)
0.3708 (ICE)
	0.3567 (SOFC)
0.0205 (ICE)
	0.3657 (SOFC)
0.2354 (ICE)

	Pi
	0.90051 (SOFC)
0.91103 (ICE)
	0.75581 (SOFC)
0.88412 (ICE)
	0.67218 (SOFC)
0.04772 (ICE)
	0.79988 (SOFC)
0.56242 (ICE)

	Rank
	2 (SOFC)
1 (ICE)
	5 (SOFC)
3 (ICE)
	6 (SOFC)
8 (ICE)
	4 (SOFC)
7 (ICE)
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