Study on potential environmental impact evaluation in the process of methanol synthesis by GTM technology
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[bookmark: _GoBack]Table S1. Composition of the fresh feed and fuel NG (Union Gas Limited, 2014)
	Component
	mol %

	CH4
	95.2

	C2H6
	2.5

	C3H8
	0.2

	C4H10
	0.1

	CO2
	0.7

	N2
	1.3







Table S2. Process conditions of simulation cases at different recycle ratios (S/NG = 1.5)
	Option
	Case
	Fresh Feed
	Reformer 
	Syngas
	Methanol Reactor
	Recycle 

	
	
	CO2
kmol/h
	H2O
kmol/h
	NG
kmol/h
	T
℃
	P
barg
	H2/(2CO+3CO2)
	T
℃
	P
barg
	Recycle  
Ratio
	Split Ratio

	1
	1
	37.0
	150 
	100
	900
	5
	1.002
	250
	80
	0.9
	0.1

	1
	2
	35.6
	150 
	100
	
	
	1.001
	
	
	0.8
	

	1
	3
	34.5
	150 
	100
	
	
	1.001
	
	
	0.7
	

	1
	4
	33.7
	150 
	100
	
	
	1.000
	
	
	0.6
	

	1
	5
	33.0
	150 
	100
	
	
	1.000
	
	
	0.5
	

	1
	6
	32.4
	150 
	100
	
	
	1.001
	
	
	0.4
	

	1
	7
	32.0
	150 
	100
	
	
	1.000
	
	
	0.3
	

	1
	8
	31.6
	150
	100
	
	
	1.000
	
	
	0.2
	

	1
	9
	31.3
	150
	100
	
	
	1.000
	
	
	0.1
	

	1
	10
	31.0
	150
	100
	
	
	1.000
	
	
	0
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Table S3. Process conditions of simulation cases at different recycle ratios (S/NG = 1.5) 
	Option
	Case
	Fresh Feed
	Reformer 
	Syngas
	Methanol Reactor
	Recycle 

	
	
	CO2
kmol/h
	H2O
kmol/h
	NG
kmol/h
	T
℃
	P
barg
	H2/(2CO+3CO2)
	T
℃
	P
barg
	Recycle  
Ratio
	Split Ratio

	2
	1
	37.6
	150 
	100
	900
	5
	1.002
	250
	80
	0.9
	0.1

	2
	2
	36.1
	150 
	100
	
	
	1.000
	
	
	0.8
	

	2
	3
	34.9
	150 
	100
	
	
	1.000
	
	
	0.7
	

	2
	4
	33.9
	150 
	100
	
	
	1.000
	
	
	0.6
	

	2
	5
	33.1
	150 
	100
	
	
	1.000
	
	
	0.5
	

	2
	6
	32.4
	150 
	100
	
	
	1.000
	
	
	0.4
	

	2
	7
	31.8
	150 
	100
	
	
	1.000
	
	
	0.3
	

	2
	8
	31.3
	150
	100
	
	
	1.000
	
	
	0.2
	

	2
	9
	30.9
	150
	100
	
	
	1.000
	
	
	0.1
	

	2
	10
	30.5
	150
	100
	
	
	1.000
	
	
	0
	


Table S4. Process conditions of simulation cases at different recycle ratios (S/NG = 2.5) 
	Option
	Case
	Fresh Feed
	Reformer 
	Syngas
	Methanol Reactor
	Recycle 

	
	
	CO2
kmol/h
	H2O
kmol/h
	NG
kmol/h
	T
℃
	P
barg
	H2/(2CO+3CO2)
	T
℃
	P
barg
	Recycle  
Ratio
	Split Ratio

	1
	1
	38.6
	250 
	100
	900
	5
	1.002
	250
	80
	0.9
	0.1

	1
	2
	37.2
	250 
	100
	
	
	1.001
	
	
	0.8
	

	1
	3
	36.1
	250 
	100
	
	
	1.000
	
	
	0.7
	

	1
	4
	35.1
	250 
	100
	
	
	1.000
	
	
	0.6
	

	1
	5
	34.3
	250 
	100
	
	
	1.000
	
	
	0.5
	

	1
	6
	33.6
	250 
	100
	
	
	1.000
	
	
	0.4
	

	1
	7
	33.0
	250 
	100
	
	
	1.000
	
	
	0.3
	

	1
	8
	32.5
	250
	100
	
	
	1.000
	
	
	0.2
	

	1
	9
	32.1
	250
	100
	
	
	1.000
	
	
	0.1
	

	1
	10
	31.7
	250
	100
	
	
	1.000
	
	
	0
	


Table S5. Process conditions of simulation cases at different recycle ratios (S/NG = 2.5) 
	Option
	Case
	Fresh Feed
	Reformer 
	Syngas
	Methanol Reactor
	Recycle 

	
	
	CO2
kmol/h
	H2O
kmol/h
	NG
kmol/h
	T
℃
	P
barg
	H2/(2CO+3CO2)
	T
℃
	P
barg
	Recycle  
Ratio
	Split Ratio

	2
	1
	38.6
	250 
	100
	900
	5
	1.001
	250
	80
	0.9
	0.1

	2
	2
	37.2
	250 
	100
	
	
	1.000
	
	
	0.8
	

	2
	3
	36.0
	250 
	100
	
	
	1.001
	
	
	0.7
	

	2
	4
	35.1
	250 
	100
	
	
	1.000
	
	
	0.6
	

	2
	5
	34.3
	250 
	100
	
	
	1.000
	
	
	0.5
	

	2
	6
	33.6
	250 
	100
	
	
	1.000
	
	
	0.4
	

	2
	7
	33.0
	250 
	100
	
	
	1.000
	
	
	0.3
	

	2
	8
	32.5
	250
	100
	
	
	1.000
	
	
	0.2
	

	2
	9
	32.0
	250
	100
	
	
	1.000
	
	
	0.1
	

	2
	10
	31.6
	250
	100
	
	
	1.000
	
	
	0
	


Table S6. Potential Environmental Impact Indices of Option1(S/NG = 1.5) at different recycle ratios 
	Indices
	Option1(S/NG=1.5)

	
	0
	10
	20
	30
	40
	50
	60
	70
	80
	90

	
	25.9598
	25.9634
	25.9669
	25.9717
	25.9765
	25.9836
	25.9919
	26.0014
	26.015
	26.0311

	
	25.02017
	23.39858
	21.65086
	19.79488
	17.78663
	15.6658
	13.3833
	10.91704
	8.27091
	5.35728

	
	93.50334
	90.92125
	88.12728
	85.08266
	81.759
	78.06902
	73.94554
	69.25943
	63.73256
	56.88934

	
	118.52351
	114.31983
	109.77814
	104.87754
	99.54563
	93.73482
	87.32884
	80.17647
	72.00347
	62.24662

	
	92.56367
	88.35643
	83.8112
	78.90582
	73.56916
	67.75122
	61.33692
	54.17505
	45.98897
	36.21549

	Product
	2468.808
	2562.983
	2664.994
	2776.555
	2898.754
	3035.198
	3188.813
	3365.42
	3577.964
	3852.242

	
	0.04801
	0.0446
	0.04119
	0.03777
	0.03434
	0.03088
	0.02739
	0.02382
	0.02012
	0.01616

	
	0.03749
	0.03447
	0.03145
	0.02842
	0.02538
	0.02232
	0.01924
	0.0161
	0.01285
	0.0094


The units of , , ,  and  is PEI/h, and the units of ,  is PEI/kg, and the unit of product is kg.
Table S7. Potential Environmental Impact Indices of Option2(S/NG = 1.5) at different recycle ratios
	Indices
	Option2(S/NG=1.5)

	
	0
	10
	20
	30
	40
	50
	60
	70
	80
	90

	
	25.9539
	25.9587
	25.9634
	25.9693
	25.9765
	25.9848
	25.9943
	26.0062
	26.0204
	26.0383

	
	20.33067
	19.12857
	17.85031
	16.49916
	15.06269
	13.52223
	11.84758
	9.99695
	7.86825
	5.25829

	
	100.7175
	98.48172
	96.02191
	93.28713
	90.19704
	86.62555
	82.39532
	77.19785
	70.52619
	61.48286

	
	121.04817
	117.61029
	113.87222
	109.78629
	105.25973
	100.14778
	94.2429
	87.1948
	78.39444
	66.74115

	
	95.09428
	91.65164
	87.90882
	83.81695
	79.28326
	74.16299
	68.24861
	61.18862
	52.374
	40.70289

	Product
	2136.023
	2217.954
	2308.494
	2409.664
	2524.675
	2658.412
	2818.523
	3018.007
	3279.887
	3651.274

	
	0.05667
	0.05303
	0.04933
	0.04556
	0.04169
	0.03767
	0.03344
	0.02889
	0.0239
	0.01828

	
	0.04452
	0.04132
	0.03808
	0.03478
	0.0314
	0.0279
	0.02421
	0.02027
	0.01597
	0.01115



Table S8. Potential Environmental Impact Indices of Option2(S/NG = 1.5) at different recycle ratios
	Indices
	Option1(S/NG=1.5)

	
	0
	10
	20
	30
	40
	50
	60
	70
	80
	90

	
	25.9682
	25.9729
	25.9777
	25.9836
	25.9907
	25.9991
	26.0086
	26.0204
	26.0335
	26.0501

	
	21.06967
	19.84295
	18.53216
	17.1509
	15.68764
	14.12779
	12.45047
	10.6354
	8.60794
	6.27525

	
	100.5707
	98.08097
	95.36932
	92.35974
	88.98499
	85.14274
	80.6755
	75.29931
	68.59818
	59.70323

	
	121.64037
	117.92392
	113.90148
	109.51064
	104.67263
	99.27053
	93.12597
	85.93471
	77.20612
	65.97848

	
	95.67222
	91.95101
	87.92382
	83.52704
	78.6819
	73.27148
	67.11742
	59.91427
	51.17261
	39.92834

	Product
	2310.219
	2399.162
	2496.323
	2604.036
	2724.863
	2862.567
	3022.972
	3216.548
	3459.345
	3785.553

	
	0.05265
	0.04915
	0.04563
	0.04205
	0.03841
	0.03468
	0.03081
	0.02672
	0.02232
	0.01743

	
	0.04141
	0.03833
	0.03522
	0.03208
	0.02888
	0.0256
	0.0222
	0.01863
	0.01479
	0.01055



Table S9. Potential Environmental Impact Indices of Option2(S/NG = 2.5) at different recycle ratios
	Indices
	Option2(S/NG=2.5)

	
	0
	10
	20
	30
	40
	50
	60
	70
	80
	90

	
	25.9670
	25.9717
	25.9777
	25.9836
	25.9907
	25.9991
	26.0086
	26.0192
	26.0335
	26.0501

	
	18.19566
	17.31166
	16.37785
	15.3739
	14.29384
	13.11487
	11.80056
	10.29359
	8.51031
	6.26071

	
	109.2138
	106.908
	104.3206
	101.3729
	97.95464
	93.89267
	88.99122
	82.83096
	73.78824
	63.79133

	
	127.40946
	124.21966
	120.69845
	116.7468
	112.24848
	107.00754
	100.79178
	93.12455
	82.29855
	70.05204

	
	101.4425
	98.24794
	94.72079
	90.7632
	86.25775
	81.00849
	74.78323
	67.1053
	56.26504
	44.0019

	Product
	2012.505
	2094.859
	2187.344
	2292.835
	2415.202
	2560.365
	2737.103
	2959.36
	3251.202
	3655.492

	
	0.06331
	0.0593
	0.05518
	0.05092
	0.04648
	0.04179
	0.03682
	0.03147
	0.02531
	0.01916

	
	0.05041
	0.0469
	0.0433
	0.03959
	0.03571
	0.03164
	0.0273
	0.02268
	0.01731
	0.01204
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