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Section 1: Process data used for simulation
Table S1 presents process parameters such as temperature, pressure and conversion used in the simulations. The table also presents the results 
for heat of reaction, reaction heat duty and preheating requirement for each of the process model. 

Table S1: Reaction section process model inputs and energy results

Sr.
No. Product

Stoich. 
coeff. Reactants

Stoich. 
Coeff.

Con-
ver-
sion

Temp 
(deg C)

Pres-
sure 
(bar)

Output 
(kg/h)

Heat of 
reaction 
(kJ/kg)

Heat 
Duty,    
kJ/kg 
prod

Preheat,        
kJ/kg 
product Process Reference

1 1,3 Butadiene 1 Ethanol 2 0.7 425 1 35.53 1039 2121 4519 Dehydrogena-
tion

Water 2

 Hydrogen 1           

Dahlmann et al. 
(2011)1

 

2 Acetaldehyde (From 
ethanol)

2 Ethanol 2 0.7 310 2 57.65 -3862 -4051 2337 Oxidation Eckert et al. 
(2006)2

 Water 2 Oxygen 1          

3 Acetaldehyde (From 
ethylene)

2 Ethylene 2 0.7 130 4 61.36 -7973 -5113 447 Oxidation Eckert et al. 
2003)2

   Oxygen 1          

4 Acetic acid 1 Methanol 1 0.7 180 40 53.96 -3787 -2559 950 Carboxylation Cheung et al.  
(2005)3

   Carbon 
dioxide

1          

5 Acetone 1 Isopropanol 1 0.7 350 3 21.44 939 1283 3557 Dehydrogena-
tion

Wells et al. 
(1999)4

 Hydrogen 1            

6 Acrylic acid 1 Propylene 1 0.7 310 2 49.85 -14237 -8394 2042 Oxidation Gunther et al. 
(2003)5

 Water 1 Oxygen 1.5          

7 Allyl chloride 1 Propylene 2 0.7 400 2 48.7 -1290 -531 204 Chlorination

Dichloropropene 1 Chlorine 2 22.05

 Hydrogen chloride 1      30.12     

Krähling et al. 
(2000)6

 

8 Dichloropropene 1 Propylene 2 0.7 400 2 22.05 -956 -243 93 Chlorination

Allyl chloride 1 Chlorine 2 48.7

Krähling et al. 
(2000)6



S4

Sr.
No. Product

Stoich. 
coeff. Reactants

Stoich. 
Coeff.

Con-
ver-
sion

Temp 
(deg C)

Pres-
sure 
(bar)

Output 
(kg/h)

Heat of 
reaction 
(kJ/kg)

Heat 
Duty,    
kJ/kg 
prod

Preheat,        
kJ/kg 
product Process Reference

 HCl 1      30.12      

9 Benzaldehyde 1 Toluene 2 0.7 200 2 70.5 -1234 -2077 1899 Oxidation

Benzyl alcohol 1 Oxygen 1

 Hydrogen 1           

Brühne and 
Wright (2011)7

 

10 Benzene 1 Toluene 1 0.7 580 40 47.02 -454 -730 3491 Alkylation Fruscella (2002)8

 Methane 1 Hydrogen 1          

11 Benzoic acid 1 Toluene 1 0.7 150 4.5 84.63 -3740 -3402 732 Oxidation

 Hydrogen 1 Oxygen 1         

Maki and Takeda 
(2000)9

 
12 Chloromethyl methyl 

ether
1 Methanol 1 0.7 45 1 55.74 -1372 -1208 258 Ens (1974)10

Water 1 Formaldehyde 1

   Hydrogen 
chloride

1          

13 Cumene 1 Propylene 1 0.7 200 20 83.18 -2355 -1161 797 Alkylation Griesbaum et al. 
(2013)11

   Benzene 1          

14 Cyclohexanol 
(Benzene hydrogena-
tion)

1 Benzene 1 0.7 175 50 70.01 -1635 -1705 1480 Hydrogenation Musser (2011)12

Hydrogen 2

   Water 1          

15 Cyclohexanone 1 Phenol 1 0.7 150 2 65.11 -1389 -1491 1049 Hydrogenation Musser (2011)12

   Hydrogen 2          

16 Dimethyl ether 1 Methanol 2 0.7 325 12 32.24 -377 -459 3358 Dehydration Müller et al. 
(2000)13 , Bai et al. 
(2013)14

 Water 1            

17 Dimethyl sulfate 1 Dimethyl 
ether

1 0.7 70 1 88.20 -2326 -1266 552 Weisenberger et 
al. (2000)15



S5

Sr.
No. Product

Stoich. 
coeff. Reactants

Stoich. 
Coeff.

Con-
ver-
sion

Temp 
(deg C)

Pres-
sure 
(bar)

Output 
(kg/h)

Heat of 
reaction 
(kJ/kg)

Heat 
Duty,    
kJ/kg 
prod

Preheat,        
kJ/kg 
product Process Reference

   Sulfur trioxide 1          

18 Ethanol 1 Ethylene 1 0.7 300 50 31.08 -1631 -1137 2296 Hydration

  Water 1         

Matar and Hatch 
200116

 

19 Ethyl acrylate 1 Acetylene 1 0.7 270 70 66.91 -8602 -2482 1268 Ohara et al. 
(2003)17

Ethanol 1

   Carbon 
monoxide

1          

20 Ethyl vinyl ether 1 Acetylene 1 0.7 170 18 50.32 -5175 -1908 1164

   Ethanol 1         

Pässler et al. 
201118

 
21 Ethylene dichloride 1 Ethylene 1 0.7 70 40 69.2 -6499 -2255 280 Chlorination ICIS 201019

   Chlorine 1          

22 Ethylene oxide 1 Ethylene 2 0.7 275 20 29.86 -25472 -33471 1614 Oxidation

Carbon dioxide 2 Oxygen 3.5

 Water 2           

 Wells 19994

23 Ethylenediamine 1 Ethylene 
dichloride

1 0.7 90 1 40.59 199 341 1212

 Hydrogen chloride 2 Ammonia 2         

Sridhar and Carter 
(2001)20

 

24 Formaldehyde 2 Methanol 2 0.7 675 10 41.34 -4666 -4420 4068 Oxidation Reuss (2000)21

 Water 2 Oxygen 1          

25 Formic acid 1 Methyl 
formate

1 0.7 120 9 31.89 241 -738 1675 Hydration Hietala et al. 
(2016)22

 Methanol 1 Water 1          

26 Butyraldehyde (from 
butanol)

1 Butanol 1 0.9 325 2 54.49 1637 1213 1809 Dehydrogena-
tion

Jyothi et al. 
(2014)23

Hydrogen 1

              

https://www.icis.com/explore/resources/news/2007/11/02/9075707/ethylene-dichloride-edc-production-and-manufacturing-process/
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Sr.
No. Product

Stoich. 
coeff. Reactants

Stoich. 
Coeff.

Con-
ver-
sion

Temp 
(deg C)

Pres-
sure 
(bar)

Output 
(kg/h)

Heat of 
reaction 
(kJ/kg)

Heat 
Duty,    
kJ/kg 
prod

Preheat,        
kJ/kg 
product Process Reference

27 Maleic anhydride 1 Benzene 1 0.7 400 2 67.95 -22428 -17916 2352 Oxidation Lohbeck et al. 
(2000)24, ICIS 
(2010)25

Carbon dioxide 2 Oxygen 4.5

 Water 2            

28 Maleic anhydride 
(from butane)

2 Butane 2 0.7 400 3 137.12 -21331 -12518 1622 Oxidation

 Water 8 Oxygen 7         

Lohbeck et al. 
(2000)24, ICIS 
(2010)25

 
29 Methanol 1 Carbon 

monoxide
1 0.7 250 80 22.42 -4041 -3154 1377 Sheldon (2017)26

   Hydrogen 2          

30 Methyl chloride (From 
methanol)

1 Methanol 1 0.95 375 1 47.72 -1069 -642 1390 Hydrochlorina-
tion

Rossberg et al. 
(2011)27

 Water  Hydrogen 
chloride

1          

31 Methyl ethyl ketone 1 2-Butanol 1 0.7 400 3 47.35 727 850 2339 Dehydrogena-
tion

 Hydrogen 1           

 Neier et al. 
(2000)28

32 Monochlorosulfuric 
acid

1 Hydrogen 
chloride

1 0.7 65 1 80.65 -3157 -1435 457

   Sulfur trioxide 1          

33 Nitrobenzene 1 Benzene 1 0.7 60 1 86.09 -1572 -2225 379 Nitration Booth (2000)29, 
Wells (1999)4

 Water  Nitric acid 1          

34 Phenol 1 Cumene 1 0.7 120 7 64.56 -1870 -2801 347 Oxidation

 Allyl alcohol 1 Oxygen 1         

Fortuin and 
Waterman 
(1953)30

 
35 Phosgene 1 Chlorine 1 0.7 200 2 69.17 -1529 -1100 163

   Carbon 
monoxide

1         

Schneider and 
Diller (2000)31

 

36 Propylene glycol 1 Propylene 
oxide

1 0.7 125 2 53.21 -1479 -2049 1568 Hydrolysis Sullivan et al. 
(2018)32

   Water 1          
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Sr.
No. Product

Stoich. 
coeff. Reactants

Stoich. 
Coeff.

Con-
ver-
sion

Temp 
(deg C)

Pres-
sure 
(bar)

Output 
(kg/h)

Heat of 
reaction 
(kJ/kg)

Heat 
Duty,    
kJ/kg 
prod

Preheat,        
kJ/kg 
product Process Reference

37 Propylene oxide 1 Propylene 1 0.7 100 30 40.41 -5434 -4045 285

 Water 1 Hydrogen 
peroxide

1         

Nijhuis et al. 
(2006)33, Trent 
(2001)34

 
38 Vinyl chloride 1 Ethylene 

dichloride
1 0.7 500 20 38.23 666 1197 2239 Dreher et al. 

(2014)35

 Hydrogen chloride 1            

39 Cinnamic acid 1 Benzaldehyde 1 0.7 185 1 103.6 -486 -905 1333

 Acetic acid 1 Acetic 
anhydride

1         

Chiriac et al. 
(2005)36

 

40 Acrylonitrile 1 Propylene 1 0.7 400 3 36.92 -12360 -9783 2109 Ammoxidation Brazdil (2012)37

Water 3 Ammonia 1

   Oxygen 1.5          

41 1,2-Butadiene 1 Butane 1 0.7 650 0.12 37.86 4957 5534 3308 Dehydrogena-
tion

 Hydrogen 2           

Dahlmann et al. 
(2011)1

 

42 Diethyl ether 1 Ethanol 2 0.7 300 2 24.64 -260 -288 2691 Dehydration

 Water 1           

Ciftci et al. 
(2012)38, Sakuth et 
al. (2011)39

 
43 Styrene 1 Ethylbenzene 1 0.7 145 0.1 72.39 1106 1159 2830

 Hydrogen 1          

Dehydrogena-
tion
 

Chen (2006)40, 
James and 
Castor(2011)41

44 Tetrahydrofuran 1 1,4 Butanediol 1 0.7 80 1 49.97 7.8 745 249 Dehydration Müller (2011)42

 Water 1            

45 Phthalic anhydride 
(from Naphthalene)

1 Naphthalene 1 0.7 600 2 103.67 -13986 -12204 2859 Oxidation

Water 2 Oxygen 4.5

 Carbon dioxide 2           

Lorz et al. 
(2007)43, ICIS 
(2010)44

 

46 Phthalic anhydride 
(from o-xylene)

1 o-xylene 1 0.7 385 2 103.67 -10511 -7585 1577 Oxidation

 Water 3 Oxygen 3         

Lorz et al. 
(2007)43, ICIS 
(2010)44 
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Sr.
No. Product

Stoich. 
coeff. Reactants

Stoich. 
Coeff.

Con-
ver-
sion

Temp 
(deg C)

Pres-
sure 
(bar)

Output 
(kg/h)

Heat of 
reaction 
(kJ/kg)

Heat 
Duty,    
kJ/kg 
prod

Preheat,        
kJ/kg 
product Process Reference

47 Acetic anhydride 1 Methyl 
acetate

1 0.7 180 40 70.58 -716 -606 385 Carbonylation

   Carbon 
monoxide

1         

Wagner (2002)45, 
Gauthier-Lafaye 
(1982)46

 
48 Isopropanol (direct 

hydration)
1 Propene 1 0.7 220 45 41.55 -1191 196 408 Hydration Papa (2011)47

   Water 1          

49 1,4 Dioxane 1 Diethylene 
glycol

1 0.7 160 0.7 60.34 -106 735 671 Dehydration

 Water 1           

Surprenant 
(2000)48

 

50 Benzyl chloride 1 Toluene 1 0.7 180 2 87.59 -1343 -932 667 Chlorination

 Hydrogen chloride 1 Chlorine 1         

Rossberg et al. 
(2006)49

 
51 Chlorobenzene 1 Benzene 1 0.7 190 2 76.79 -1589 -1026 671 Chlorination

 Hydrogen chloride 1 Chlorine 1         

Rossberg et al. 
(2006)49

 
52 Benzyl alcohol 

(Hydrolysis)
1 Benzyl 

chloride
1 0.7 120 86 74.82 320 647 299 Hydrolysis

 Hydrogen chloride 1 Water 1         

Brühne and 
Wright(2000)50

 

53 Benzyl alcohol 
(Hydrogenation)

1 Benzaldehyde 1 0.7 200 10 74.94 -504 -967 999 Hydrogenation

   Hydrogen 1         

Brühne and 
Wright(2000)50

54 1,4 Butanediol (from 
Hydrogenation)

1 2-butyne-1,4-
diol

1 0.7 100 300 62.13 -3586 -4524 387 Hydrogenation

   Hydrogen 2         

Gräfje et al. 
(2000)51

 

55 Butyrolactone 1 1,4 Butanediol 1 0.7 180 1 59.91 668 1675 599

 Hydrogen 2          

Dehydrogena-
tion
 

Schwarz et al. 
(2019)52

56 2-Butanol 1 1 Butene 1 0.7 200 100 51.36 -902 -1264 1810 Hydration

   Water 1         

Hahn et al. 
(2010)53

 
57 1 Butenes 1 0.7 100 100 112.1 -998 -923 0

Carbon 
monoxide

1

 

2-Methylbutyral-
dehyde
 

 Hydrogen 1        

Hydroformyla-
tion
 

Lappe and 
Hofmann (2011)54
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Sr.
No. Product

Stoich. 
coeff. Reactants

Stoich. 
Coeff.

Con-
ver-
sion

Temp 
(deg C)

Pres-
sure 
(bar)

Output 
(kg/h)

Heat of 
reaction 
(kJ/kg)

Heat 
Duty,    
kJ/kg 
prod

Preheat,        
kJ/kg 
product Process Reference

58 1 Butenes 1 0.7 100 100 110.9 -998 -886 0

Carbon 
monoxide

1

 

Valeraldehyde (1-
Pentanal)
 

 Hydrogen 1        

Hydroformyla-
tion
 

Lappe and 
Hofmann (2011)54

59 2-Methyl-1-butanol 0.3 2-Methyl-
butyraldehyde

0.5 0.7 150 100 17.17 -445 -317 #REF! Hydrogenation Lappe and 
Hofmann (2011)54

Valeraldehyde 
(1-Pentanal)

0.5

   Hydrogen 1          

60 1-Pentanol 0.7 2-Methyl-
butyraldehyde

0.5 0.7 150 100 42.3 -1039 -362 #REF! Hydrogenation Lappe and 
Hofmann (2011)54

Valeraldehyde 
(1-Pentanal)

0.5

   Hydrogen 1          

61 Butyl acetate 1 Methyl 
acetate

1 0.7 77 5 79.1 6 18 215 Esterification Luyben (2011)55

 Methanol 1 Butanol 1          

62 Cyclohexane 1 Benzene 1 0.7 300 200 50 -2648 -3844 1345 Hydrogenation Campbell (2011)56

   Hydrogen 3          

63 Dimethyl sulfoxide 1 Dimethyl 
sulfide

1 0.7 105 72 54.68 -1823 -1855 200 Oxidation Roy (2000)57

   Oxygen 0.5          

64 Dimethylamine 1 Methanol 2 0.7 390 5 31.4 -847 -818 3733 Roose (2015)58

 Water 2 Ammonia 1          

65 Methyl formate 1 Methanol 1 0.7 80 45 41.82 -1277 -866 956.1 Carbonylation

   Carbon 
monoxide

1         

Hietala et al. 
(2016)22

 

66 N,N Dimethylforma-
mide

1 Dimethyla-
mine

1 0.7 125 50 51.03 -1391 -1454 156 Carbonylation Bipp and Kieczka 
(2011)59

   Carbon 
monoxide

1          

67 Propionaldehyde 1 Ethylene 1 0.7 130 28 40.65 -4523 -1922 244 Hydroformyla-  Papa (2011)47
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Sr.
No. Product

Stoich. 
coeff. Reactants

Stoich. 
Coeff.

Con-
ver-
sion

Temp 
(deg C)

Pres-
sure 
(bar)

Output 
(kg/h)

Heat of 
reaction 
(kJ/kg)

Heat 
Duty,    
kJ/kg 
prod

Preheat,        
kJ/kg 
product Process Reference

Carbon 
monoxide

1

   Hydrogen 1        

tion
 

68 1-Propanol 
(Hydrogenation)

1 Propionalde-
hyde

1 0.7 150 10 41.65 -1200 -1212 6295 Hydrogenation Papa (2011)47

   Hydrogen 1          

69 Methyl isobutyl 
ketone (4-Methyl-2-
pentanone)

1 Acetone 2 0.7 130 5 68.88 -703 -1100 1160 Hydrogenation

 Water 1 Hydrogen 1         

Siegel and 
Eggersdorfer 
(2000)60

 

70 2-Methyl-2-butanol 1 2-Methyl-1-
butene

1 0.7 60 1.5 61.08 -673 -685 548 Hydration Lappe and 
Hofmann (2011)54

   Water 1          

71 Isopentyl acetate (3-
Methyl-1-butyl ace-
tate)

1 3-Methyl-1-
butanol

1 0.7 70 1.5 90.21 -203 -196 163 Esterification

 Water 1 Acetic acid 1         

Riemenschneider 
et al. (2005)61

72 Methylcyclohexane 1 Toluene 1 0.7 300 68 64.31 -2225 -1615 1232 Hydrogenation

   Hydrogen 3         

Siegel and 
Eggersdorfer 
(2000)60

 
73 Ethyl acetate 1 Acetic acid 1 0.7 70 1.5 58.21 -309 -299 163 Esterification

 Water 1 Ethanol 1         

Riemenschneider 
et al. (2005)61

 
74 Ethylene glycol diethyl 

ether
1 Ethylene 

glycol 
monoethyl 
ether

1 0.7 100 1.5 80.21 133 329 365

 HCl 1 Monochloro-
ethane

1         

Rebsdat and 
Mayer (2000)62

75 Ethylene glycol 
dimethyl ether

1 Ethylene 
oxide

1 0.7 100 1.5 62.45 -2481 -1216 149 Rebsdat and 
Mayer (2000)62

   Dimethyl 
ether

1          

76 Monoethylene glycol 1 Ethylene 
oxide

1 0.7 200 2 25.5 -1005 -800 2394 Hydration Rebsdat and 
Mayer (2000)62
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Sr.
No. Product

Stoich. 
coeff. Reactants

Stoich. 
Coeff.

Con-
ver-
sion

Temp 
(deg C)

Pres-
sure 
(bar)

Output 
(kg/h)

Heat of 
reaction 
(kJ/kg)

Heat 
Duty,    
kJ/kg 
prod

Preheat,        
kJ/kg 
product Process Reference

   Water 1          

77 Diethylene glycol 1 Ethylene 
oxide

2 0.7 200 2 22.1 -868 -691 2068 Hydration Rebsdat and 
Mayer (2000)62

   Water 1          

78 Triethylene glycol 1 Ethylene 
oxide

3 0.7 200 2 10.4 -411 -327 980 Hydration Rebsdat and 
Mayer (2000)62

   Water 1          

79 Ethylene glycol 
monoethyl ether

1 Ethylene 
oxide

1 0.7 160 2 62.45 -2552 -1247 971 Alcoholosys

   Ethanol 1         

Baldwin et al. 
(2002)63, Rebsdat 
and Mayer 
(2000)62

80 Isobutyl acetate 1 Acetic acid 1 0.7 70 1.5 81.23 -342 -242 177 Esterification

 Water 1 Isobutanol 1         

Riemenschneider 
et al. (2005)61

 
81 N-methyl-2-pyrroli-

done
1 Butyrolactone 1 0.7 350 100 68.69 -734 -1198 1469 Harreus et al. 

(2011)64

 Water 1 Methylamine 1          

82 1 Isobutene 1 0.7 90 20 61.7 -1158 -1243 792

 

Methyl tert-butyl 
ether
  Methanol 1         

Peters et al. 
(2003)65

 
83 N-butyraldehyde 1 Propylene 2 0.7 180 20 43.64 -1377 -920 219

Hydrogen 2

Hahn et al. 
(2010)53

Carbon 
monoxide

2       

Hydroformyla-
tion
 

 

84 Isobutyraldehyde 1 Propylene 2 0.7 180 20 46.41 -1492 -996 237

Hydrogen 2

   Carbon 
monoxide

2        

Hydroformyla-
tion
 

Hahn et al. 
(2010)53

85 1-Butanol 1 N-butyralde-
hyde

1 0.7 140 20 51.21 -956 -1638 1121 Hydrogenation

   Hydrogen 1         

Hahn et al. 
(2010)53, Unruh et 
al. (1998)66

86 Isobutanol (2-Methyl-
1-Propanol)

1 Isobutyralde-
hyde

1 0.7 140 20 51.12 -935 -1554 1126 Hydrogenation Hahn et al. 
(2010)53, Unruh et 
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Sr.
No. Product

Stoich. 
coeff. Reactants

Stoich. 
Coeff.

Con-
ver-
sion

Temp 
(deg C)

Pres-
sure 
(bar)

Output 
(kg/h)

Heat of 
reaction 
(kJ/kg)

Heat 
Duty,    
kJ/kg 
prod

Preheat,        
kJ/kg 
product Process Reference

   Hydrogen 1         al. (1998)66

 
87 Aniline 1 Nitrobenzene 1 0.7 300 10 64.82 -3769 -5098 2276 Hydrogenation Kahl et al. (2011)67

 Water 2 Hydrogen 3          

88 Methyl chloride 1 Methane 1 0.98 525 1 150.13 -6452 -1575 900 Chlorination Rossberg et al. 
(2011)27

 HCl 1 Chlorine 1          

89 Dichloromethane 1 Methyl 
chloride

1 0.23 525 1 71.94 -2023 -503 287 Chlorination Rossberg et al. 
(2011)27

 HCl 1 Chlorine 1          

90 Chloroform 1 Dichloro-
methane

1 0.05 525 1 5.3 -1174 -87 12 Chlorination Rossberg et al. 
(2011)27

 HCl 1 Chlorine 1          

91 Trichloroethylene 1 Ethylene 1 0.95 400 2 123.17 -2740 -1179 252 Oxychlorination

Tetrachloroethylene 1 Ethylene 
dichloride

1

Dreher et al. 
(2014)35

Water 3.5 Chlorine 2.5

   Oxygen 1.75          

92 Trichloroethylene 1 Ethylene 1 0.95 400 2 154.08 -3487 -1500 320 Oxychlorination

Tetrachloroethylene 1 Ethylene 
dichloride

1

Dreher et al. 
(2014)35

Water 3.5 Chlorine 2.5

   Oxygen 1.75          

93 Tetrachloromethane 2 Tetrachloro-
ethylene

1 0.7 500 2 214.2 -1082 -573 779 Chlorination Rossberg et al. 
(2011)27

   Chlorine 2          

94 Ethylene dichloride 
(Oxychlorination)

1 Ethylene 1 0.7 250 4 68.5 -8538 -2368 440 Oxychlorination Dreher et al. 
(2014)35

Water 1 Oxygen 0.5

   Hydrogen 
chloride

2          

95 Aniline (from phenol) 1 Phenol 1 0.9 370 17 73.73 -132 -131 3710 Amination Kahl et al. (2011)68
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Sr.
No. Product

Stoich. 
coeff. Reactants

Stoich. 
Coeff.

Con-
ver-
sion

Temp 
(deg C)

Pres-
sure 
(bar)

Output 
(kg/h)

Heat of 
reaction 
(kJ/kg)

Heat 
Duty,    
kJ/kg 
prod

Preheat,        
kJ/kg 
product Process Reference

 Water 1 Ammonia 1          

96 N,N-Dimethylaniline 1 Dimethyl 
ether

1 0.7 260 2 75.83 -958 -413 1452 Kahl et al. (2011)68

 Water 1 Aniline 1          

97 Monoethanolamine 1 Ethylene 
oxide

1 150 17 36.42 -2452 -886 3704

   Ammonia 1         

Frauenkron et al. 
(2001)69

 

98 Diethanolamine 1 Monoethano-
lamine

1 150 17 36.24 -2442 -865 3615 Frauenkron et al. 
(2001)69

   Ethylene 
oxide

1          

99 Triethanolamine 1 Diethanola-
mine

1 150 17 14.76 -955 -359 1499 Frauenkron et al. 
(2001)69

   Ethylene 
oxide

1          

100 Ketene (Intermediate) 1 Acetic acid 1 0.9 700 3 35.04 2389 3665 2752 Dehydration Held et al. (2000)70

 Water 1            

101 Acetic anhydride 
(Ketene process)

1 Ketene 1 0.7 55 0.2 58.9 -2265 1054 1718 Held et al. (2000)70

   Acetic acid 1          

102 Acetic anhydride 
(Acetaldehyde 
oxidation)

1 Acetaldehyde 2 0.7 60 2 70.64 -5395 -5686 145 Oxidation Held et al. (2000)70

 Water 1 Oxygen 1          

103 Chlorodifluoro-
methane

1 Chloroform 1 0.7 12 1 59.6 -140 -255 -1.83 Siegmund et al. 
(2016)71

 Hydrogen chloride 2 Hydrogen 
fluoride

2          

104 Cyclohexanone (From 
cyclohexanol)

1 Cyclohexanol 1 0.7 400 3 68.09 600 655 2041 Dehydrogena-
tion

Musser (2011)12

 Hydrogen 1            

105 Ethyl benzene 1 Ethylene 1 0.9 270 20 94.49 -3760 -1198 685.6 Alkylation

   Benzene 1         

Welch et al. 
(2005)72

 



S14

Sr.
No. Product

Stoich. 
coeff. Reactants

Stoich. 
Coeff.

Con-
ver-
sion

Temp 
(deg C)

Pres-
sure 
(bar)

Output 
(kg/h)

Heat of 
reaction 
(kJ/kg)

Heat 
Duty,    
kJ/kg 
prod

Preheat,        
kJ/kg 
product Process Reference

106 Ethylene carbonate 2 Ethylene 
oxide

2 0.99 120 16 173.46 -1379 -1342 16.04 Buysch (2000)73

   Carbon 
dioxide

2          

107 Methyl propionate 1 Ethylene 1 0.7 100 10 55.26 -6009 -2548 889 Carboalkoxyla-
tion

Carbon 
monoxide

1

Samel et al. 
(2018)74, ICIS 
(2010)75

   Methanol 1          

108 Methyl methacrylate 
(MMA)

1 Methyl 
propionate

1 0.7 141 3 69.38 -746 700 678

 Water 1 Formaldehyde 1         

Samel et al. 
(2018)74, ICIS 
(2010)75

 
109 Methyl 3-Methoxypro-

pionate
1 Methanol 1 0.7 58 1 81.86 -768 -29.07 92.06

   Methyl 
acrylate

1         

Bing-Chang 
(2007)76

110 Methylamine 1 Methanol 1 0.82 410 20 5.2 -560 -136.0 392.9

 Water 1 Ammonia 1         

 Corbin et al. 
(1997)77, Roose 
(2015)58

111 Dimethylamine 1 Methanol 1 0.82 410 20 9.87 -1135 -258.3 746.5

 Water 1 Methylamine 1         

Corbin et al. 
(1997)77, Roose 
(2015)58

112 Trimethylamine 1 Methanol 1 0.82 410 20 35.86 -1458 -965.3 2790

 Water 1 Dimethyla-
mine

1         

Corbin et al. 
(1997)77, Roose 
(2015)58

113 Trichloropropane 1 Allyl chloride 1 0.7 50 1.5 102.17 -1504 -682.6 64.9

 SO2 1 Sulfuryl 
chloride

1         

Rossberg et al. 
(2006)49, Muller 
(1985)78

 
114 Trifluoromethane 1 Chloroform 1 0.7 300 3 48.3 -428.8 -790.7 1315

 Hydrogen chloride 3 Hydrogen 
fluoride

3         

Siegemund et al. 
(2016)71, Jerzy 
(1960)79

115 N,N-Dimethylacetam-
ide

1 Dimethyla-
mine

1 0.8 150 17 69 -347.8 -808.1 117.9

 Water 1 Acetic acid 1         

Cheung et 
al.(2005)3,Yoshida 
et al. (1999)80 
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Sr.
No. Product

Stoich. 
coeff. Reactants

Stoich. 
Coeff.

Con-
ver-
sion

Temp 
(deg C)

Pres-
sure 
(bar)

Output 
(kg/h)

Heat of 
reaction 
(kJ/kg)

Heat 
Duty,    
kJ/kg 
prod

Preheat,        
kJ/kg 
product Process Reference

116 Dipropylene glycol 
monomethyl ether

1 Propylene 
oxide

2 0.7 140 3 102.7 -1884 -1822 517.6

   Methanol 1         

Zeng et al. 
(2010)81

 

117 Chloroacetyl chloride 1 Ketene 1 0.8 150 2 89.45 -4713 -1774 96.02

   Chlorine 1         

Koenig et al. 
(2012)82

 
118 2-Aminophenol 1 2-Nitrophenol 1 0.7 100 2 75.62 -3149 -5191 1623

 Water 2 Hydrogen 3         

Mitchell and 
Waring (2000)83

 
119 4-tert-butyltoluene 1 Tert-butyl 

alcohol
1 0.85 175 2 124.75 -498 -399.1 998.0 Selvaraj et al. 

(2005)84

 Water 1 Toluene 1          

120 Acetyl chloride 1 Acetic 
anhydride

1 0.85 85 1.5 64.47 -83.26 -87.03 264.59

 Acetic acid 1 Hydrogen 
chloride

1         

Waites et al. 
(1997)85, Cheung 
et al.(2005)3 

121 1-Bromopropane 1 Propylene 1 0.7 80 3.5 86 -1726 -720 69.65

  1 Hydrogen 
bromide

1         

Beaver et al. 
(2000)86, 
 

122 Chloronitrobenzene 1 Chloroben-
zene

1 0.7 45 1.5 110.15 -1079 -945 58.24 Booth (2000)29

 Water 1 Nitric acid 1         

123 2-Nitrotoluene 1 Toluene 1 0.9 30 1.2 76.11 -670 -721 0 Booth (2000)29

 Water 1 Nitric acid 1          

124 4-Nitrotoluene 1 Toluene 1 0.9 30 1.2 41.3 -362 -388 0 Booth (2000)29

 Water 1 Nitric acid 1          

125 Methyl acrylate 1 Acrylonitrile 1 0.7 100 1.5 53.15 -6817 -3530 1661 Alcoholysis

Ammonium bisulfite 1 Sulfuric acid 1

Riemenschneider 
et al. (2005)61

Water 1

   Methanol 1          

126 2-Nitroaniline 1 2-Chloronitro-
benzene

1 0.9 180 40 124.3 -126 -538 279 Booth (2000)29
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Sr.
No. Product

Stoich. 
coeff. Reactants

Stoich. 
Coeff.

Con-
ver-
sion

Temp 
(deg C)

Pres-
sure 
(bar)

Output 
(kg/h)

Heat of 
reaction 
(kJ/kg)

Heat 
Duty,    
kJ/kg 
prod

Preheat,        
kJ/kg 
product Process Reference

 Hydrogen chloride 1 Ammonia 1          

127 1,3-Dinitrobenzene 1 Nitrobenzene 1 0.7 75 1.5 116.5 -985 -941 235 Booth (2000)29

 Water 1 Nitric acid 1          

128 Vinyl acetate 1 Acetic acid 1 0.8 200 10 56.3 -2938 -2483 976 Acylation

Water 1 Ethylene 1

   Oxygen 0.5         

Bienewald et al. 
(2019)87, ICIS 
(2010)87

 

129 Ethyl propionate 1 Propylene 1 0.85 100 200 84.76 -4102 -1760 233 Carbonylation

Carbon 
monoxide

1

   Methanol 1         

Samel et al. 
(2018)74

 

130 Monochloropentafluo-
roethane

1 Ethylene 2 0.7 72.5 5 108.02 -12466 -2353 0 Chlorofluorina-
tion

Hexafluoroethane 1 Chlorine 10

 Hydrogen chloride 19 Hydrogen 
fluoride

11         

Siegemund et al. 
(2016)71, 
Hamersma and 
Caserio (1973)88

 
 

131 Hexafluoroethane 1 Ethylene 2 0.7 72.5 5 96.02 -11055 -2087 0 Chlorofluorina-
tion

Monochloropentafluo-
roethane

1 Chlorine 10

 Hydrogen chloride 19 Hydrogen 
fluoride

11         

Siegemund et al. 
(2016)71, 
Hamersma and 
Caserio (1973)88

 

132 1,1-Difluoroethane 1 Acetylene 1 0.7 300 3 45.95 -6861 -2812 524.0

   Hydrogen 
fluoride

1         

Siegemund et al. 
(2016)71

 

133 Tetrafluoroethylene 1 Chlorodifluo-
romethane

2 0.7 700 2 69.66 694 1249 1648

 Hydrogen chloride 2           

Siegemund et al. 
(2016)71

 

134 Benzotrifluoride 1 Benzotrichlo-
ride

1 0.7 110 40 98.22 -132 -837 74.1

 Hydrogen chloride 3 Hydrogen 
fluoride

3         

Siegemund et al. 
(2016)71

135 Chloroacetic acid 1 Acetic acid 1 0.7 100 2 65.99 -1577 -1442 255.7 Chlorination Koenig et al. 
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Sr.
No. Product

Stoich. 
coeff. Reactants

Stoich. 
Coeff.

Con-
ver-
sion

Temp 
(deg C)

Pres-
sure 
(bar)

Output 
(kg/h)

Heat of 
reaction 
(kJ/kg)

Heat 
Duty,    
kJ/kg 
prod

Preheat,        
kJ/kg 
product Process Reference

 Hydrogen chloride 1 Chlorine 1         (2012)82, ECB/ESIS 
(2005)89

 
136 Chloroacetic acid 

(Hydrolysis)
1 Trichloro-

ethylene
1 0.7 135 2 66.12 -963 -1856 2105 Hydrolysis

 Hydrogen chloride 2 Water 2         

Koenig et al. 
(2012)82, ECB/ESIS 
(2005)89

 
137 Benzotrichloride 1 Toluene 1 0.7 140 2 133.2 -3684 -1858 572 Chlorination

 Hydrogen chloride 3 Chlorine 3         

Seper (2001)90, 
Rossberg et al. 
(2006)49

 
138 Benzal chloride (Di-

chloromethyl 
benzene)

1 Toluene 1 0.7 100 2 111.72 -2407 -1712 465 Chlorination

 Hydrogen chloride 2 Chlorine 2         

Seper (2001)90, 
Rossberg et al. 
(2006)49

 

139 Diisopropyl ether 1 Propylene 2 0.7 170 70 61.21 -1400 -2326 1743 Hydration Sakuth et al. 
(2010)39

   Water 1          

140 Dimethyl malonate 1 Methyl 
chloroacetate

1 0.7 100 18 90.7 -538 -890 1558

Hydrogen chloride 1 Methanol 1

   Carbon 
monoxide

1         

Riemenschneider 
et al. (2005)61

 

141 N,N-dimethylethyla-
mine (DMEA)

1 Ethylamine 1 0.9 210 10 65.16 1897 -1124 1690 Alcoholysis Pouilloux et al. 
(1997)91

 Water 2 Methanol 1          

142 Furfuryl alcohol 1 Furfural 1 0.99 120 1 88.07 -633 -1094 1026 Hydrogenation Hoydonckx et al. 
(2007)92

   Hydrogen 1          

143 Furan 1 Furfural 1 0.9 300 3 60.96 369 -525 10170 Decarbonyla-
tion

Carbon dioxide 1 Water 1

 Hydrogen 1           

Hoydonckx et al. 
(2007)92

 

144 4-Toluidine 1 4-Nitrotolu-
ene

1 0.8 250 7 84.44 -3349 -4257 1723 Hydrogenation Bowers (2000)93
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Sr.
No. Product

Stoich. 
coeff. Reactants

Stoich. 
Coeff.

Con-
ver-
sion

Temp 
(deg C)

Pres-
sure 
(bar)

Output 
(kg/h)

Heat of 
reaction 
(kJ/kg)

Heat 
Duty,    
kJ/kg 
prod

Preheat,        
kJ/kg 
product Process Reference

 Water 2 Hydrogen 3          

145 Peracetic acid 1 Acetaldehyde 1 0.7 55 1.5 56.29 -3814 #REF! 146 Oxidation Zhang et al. 
(2007)94

   Oxygen 1          

146 Catechol (1,2-Dihy-
droxybenzene)

1 Phenol 1 0.7 70 1.1 229.85 -2989 -1564 413 Hydroxylation Fiege et al. 
(2000)95

 Water 1 Hydrogen 
peroxide

1          

147 Hydroquinone (1,4-Di-
hydroxybenzene)

1 Phenol 1 0.7 70 1.1 154 -2957 -1043 275 Hydroxylation Fiege et al. 
(2000)95

 Water 1 Hydrogen 
peroxide

1          

148 Bisphenol A 1 Phenol 2 0.9 70 1.2 205.25 -133 -218 38.1 Condensation

 Water 1 Acetone 1         

Fiege et al. 
(2000)95

 
149 o-Chloroaniline 1 o-Chloronitro-

benzene
1 0.7 75 0.7 88.5 -2942 -3800 421 Hydrogenation Kahl et al. (2011)67

 Water 2 Hydrogen 3          

150 Acetic acid (from 
Butane)

2 Butane 1 0.83 180 53 214.88 -16891 -6887 288 Oxidation Cheung et al. 
(2005)3

 MEK 1 Oxygen 3.5          

151 Methyl ethyl ketone 
(from Butane)

1 Butane 1 0.83 180 53 47.13 -6109 -1512 63 Oxidation Cheung et al. 
(2005)3

 Acetic acid 2 Oxygen 3.5          
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Section 2: Utilities

Comparison of cradle-to-gate life-cycle impact assessment results for hot and 

cold utilities
Two hot utilities, steam and fired heat and two cold utilities cooling water and refrigeration were 
chosen to compare cradle-to-gate life cycle impact assessment results using ReCiPe impact 
assessment method. Life cycle inventory dataset from Ecoinvent 3.1 and from Jimenez-Gonzalez 
were used for different utilities and the details are given in Table S2. Life cycle impacts were 
calculated for 1 MJ of heat supplied or removed by the utility. The steam dataset is converted 
from 1 kg steam to 1 MJ heat based on the energy content of steam.  Energy in steam is equivalent 
to 2.75 MJ per kg steam accounting for an efficiency of 75%.96,97 Fired heat is generated in a 
furnace with an efficiency of 85%. The loss of heat due to efficiency is accounted for in the dataset 
used for fired heat. 

Table S2: Life-cycle inventory data used for hot and cold utilities

Utility LCI dataset Source
Steam Steam, in chemical industry {RER}| production | Alloc 

Def, U
Ecoinvent v3.1

Fired Heat Heat, district or industrial, natural gas {Europe without 
Switzerland}| heat production, natural gas, at industrial 
furnace >100kW | Alloc Def, U

Ecoinvent v3.1

Cooling water Water makeup, energy use and emissions Jiménez-González98

Refrigeration Refrigerant makeup, energy use and
emissions

Jiménez-González98

Utility selection in Energy Analysis
Pinch analysis facilitates maximizing of energy recovery within the process resulting in minimum 
hot and cold utility targets. The optimum selection of hot and cold utilities can be achieved using 
a grand composite curve.99 A grand composite curve, plotted as heat flow in the process against 
temperature and helps in identifying the levels of temperature required across the process. A 
grand composite curve with the utilities placed, for the aniline process model is shown in Figure 
S1. The triangular areas under the curve of the “pockets” represents the process-to-process heat 
transfer. Whereas rest of the area above and below the pinch is the minimum heating and cooling 
requirements respectively.99 Utilities are selected based on the target temperature of hot and 
cold streams. The hot utilities used include fired heat, hot oil and high pressure (HP) steam. The 
cold utilities required based on the target temperature are air and refrigerant 1. The details of 
inlet and outlet temperature for all the utilities used in the Energy Analysis for the simulations is 
shown in Table S3. 

In some processes, there may be an opportunity to utilize the access heat for steam generation 
when the process streams are available at a suitable temperature, or refrigerant generation in 
case of process heating required at very low temperature. These are considered in the overall 
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heating or cooling utility requirements for the process in Energy Analysis as shown in Section 3: 
Hot and cold utilities used for each process

Table S4 and Table S5. However, in life-cycle inventory analysis, the energy used from the process 
to generate a utility should be considered as a credit to the activity. 

Pockets of heat recovery

Pinch

Figure S1: Grand composite curve with utility placement for aniline process

Table S3: Different utilities used in Energy Analysis and their inlet and outlet temperatures

Hot  
Utility

Temp 
In

Temp 
Out

Cold       
Utility

Temp 
In

Temp 
Out

Utility    
credits

Temp 
In

Temp 
Out

Fired heat 1000 400 Air 30 35 Refrigerant 
generation

-39 -40

Hot oil 280 250 Cooling water 20 25 LP steam 
generation

124 125

HP steam 250 249 Refrigerant 1 -25 -24 MP steam 
generation

174 175

MP steam 175 174 Refrigerant 2 -40 -39 HP steam 
generation

249 250

LP steam 125 124 Refrigerant 3 -65 -64

Refrigerant 4 -103 -102
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Section 3: Hot and cold utilities used for each process
Table S4: Distribution of process heating energy requirements across different hot utilities

Heating energy in MJ per kg chemical product
Sr. No. Product Fired heat Hot oil HP steam MP steam LP steam Refrigerant 

generation
Total 
heating

1 1,3-Butadiene 2.31 0.04 0.04 2.11 0.00 0.00 4.42

2 Acetaldehyde (from ethanol) 0.04 0.04 0.04 0.04 0.00 0.00 0.04

3 Acetaldehyde 0.00 0.04 0.04 0.67 0.00 0.00 0.67

4 Acetic acid 0.00 0.04 0.69 0.04 0.00 0.00 0.69

5 Acetone 4.84 0.04 0.04 2.75 0.00 0.00 7.59

6 Acrylic acid 0.04 0.04 0.00 0.04 0.00 0.00 0.04

7 Allyl chloride 0.00 0.04 0.04 0.04 0.00 0.00 0.00

8 Dichloropropene 0.00 0.04 0.04 0.04 0.00 0.00 0.00

9 Benzaldehyde 0.00 0.04 1.92 0.04 0.00 0.00 1.92

10 Benzene 0.00 0.04 0.04 0.68 0.00 0.00 0.68

11 Benzoic acid 0.64 0.04 0.04 0.07 0.00 0.00 0.71

12 Chloromethyl methyl ether 0.00 0.04 0.04 0.00 0.50 0.00 0.50

13 Cumene 0.00 0.04 0.03 0.00 0.00 0.00 0.03

14 Cyclohexanol (Benzene hydrogenation) 0.00 0.04 0.90 0.00 0.00 0.00 0.90

15 Cyclohexanone 0.00 0.04 1.62 0.02 0.00 0.00 1.64

16 Dimethyl ether 0.04 0.04 0.04 0.22 1.51 0.00 1.77

17 Dimethyl sulfate 0.00 0.04 0.29 0.00 0.01 0.00 0.30

18 Ethanol 0.03 0.04 0.04 0.00 0.25 0.00 0.28

19 Ethyl acrylate 0.00 0.04 0.04 0.00 0.00 0.00 0.00

20 Ethyl vinyl ether 0.00 0.04 0.03 0.00 0.00 0.00 0.03

21 Ethylene dichloride 0.00 0.04 0.04 0.00 0.17 0.00 0.17

22 Ethylene oxide 0.00 0.04 0.04 0.00 0.00 0.00 0.00

23 Ethylenediamine 0.00 0.04 0.04 0.95 0.38 0.00 1.33
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Heating energy in MJ per kg chemical product
Sr. No. Product Fired heat Hot oil HP steam MP steam LP steam Refrigerant 

generation
Total 
heating

24 Formaldehyde 0.08 0.04 0.04 0.00 0.00 0.00 0.08

25 Formic acid 0.00 0.04 0.04 4.17 0.70 0.00 4.87

26 Butyraldehyde (from butanol) 1.24 0.04 0.04 1.18 0.00 0.00 2.43

27 Maleic anhydride 0.05 0.04 0.04 0.00 0.00 0.00 0.05

28 Maleic anhydride (from butane) 0.04 0.04 0.04 0.00 0.00 0.00 0.04

29 Methanol 0.00 0.04 0.04 0.00 0.00 0.00 0.04

30 Methyl chloride (From methanol) 0.00 0.04 0.04 1.24 0.00 0.00 1.24

31 Methyl ethyl ketone 0.90 0.04 0.04 1.82 0.00 0.00 2.72

32 Monochlorosulfuric acid 0.00 0.04 0.37 0.00 0.01 0.00 0.38

33 Nitrobenzene 0.00 0.04 0.90 0.96 0.00 0.00 1.86

34 Phenol 0.59 0.04 1.21 0.00 0.00 0.00 1.80

35 Phosgene 0.00 0.04 0.00 0.00 0.00 0.00 0.00

36 Propylene glycol 0.00 0.04 0.67 0.02 0.00 0.00 0.69

37 Propylene oxide 0.00 0.04 0.97 0.40 0.05 0.00 1.42

38 Vinyl chloride 3.11 0.04 0.04 0.04 0.42 0.00 3.52

39 Cinnamic acid 0.50 0.04 1.15 0.04 0.00 0.00 1.65

40 Acrylonitrile 0.04 0.04 0.04 0.04 0.00 0.00 0.04

41 1,2-Butadiene 9.99 0.04 0.04 0.04 0.05 0.00 10.04

42 Diethyl ether 0.04 0.04 0.04 1.23 2.29 0.00 3.56

43 Styrene 0.00 0.04 1.50 2.13 0.00 0.00 3.63

44 Tetrahydrofuran 0.00 0.04 0.65 0.00 0.86 0.00 1.52

45 Phthalic anhydride (from Naphthalene) 0.07 0.04 0.04 0.00 0.00 0.00 0.07

46 Phthalic anhydride (from o-xylene) 0.03 0.04 0.04 0.00 0.00 0.00 0.03

47 Acetic anhydride 0.00 0.04 0.68 0.00 0.00 0.00 0.68

48 Isopropanol (direct hydration) 0.00 0.04 0.41 0.00 1.29 0.00 1.70

49 1,4-Dioxane 1.72 0.04 0.04 2.04 0.00 0.00 3.76
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Heating energy in MJ per kg chemical product
Sr. No. Product Fired heat Hot oil HP steam MP steam LP steam Refrigerant 

generation
Total 
heating

50 Benzyl chloride 0.00 0.04 0.70 0.00 0.00 0.00 0.70

51 Chlorobenzene 0.00 0.04 0.02 0.00 0.00 0.00 0.02

52 Benzyl alcohol (Hydrolysis) 0.84 0.04 0.04 0.00 0.00 0.00 0.84

53 Benzyl alcohol (Hydrogenation) 1.18 0.04 0.02 0.00 0.00 0.00 1.20

54 1,4-Butanediol (from Hydrogenation) 2.44 0.04 0.04 0.00 0.64 0.00 3.08

55 Butyrolactone 1.86 0.04 1.71 0.00 0.00 0.00 3.57

56 2-Butanol 0.00 0.04 0.03 0.00 0.82 0.00 0.85

57 2-Methylbutyraldehyde 0.00 0.04 0.04 0.69 0.00 0.00 0.69

58 Valeraldehyde (1-Pentanal) 0.00 0.04 0.04 0.67 0.00 0.00 0.67

59 2-Methyl-1-butanol 0.00 0.04 0.03 0.53 0.00 0.00 0.55

60 1-Pentanol 0.00 0.04 0.06 1.23 0.00 0.00 1.29

61 Butyl acetate 0.00 0.04 2.14 1.33 0.00 0.00 3.47

62 Cyclohexane 0.05 0.04 0.04 0.00 0.00 0.00 0.05

63 Dimethyl sulfoxide 0.00 0.04 0.04 0.00 0.03 0.00 0.03

64 Dimethylamine 0.09 0.04 0.04 1.53 2.77 0.00 4.39

65 Methyl formate 0.00 0.04 0.04 0.00 0.85 0.00 0.85

66 Dimethylformamide 0.00 0.04 0.54 0.02 0.00 0.00 0.56

67 Propionaldehyde 0.00 0.04 0.04 0.01 0.00 0.00 0.01

68 Propanol (Hydrogenation) 0.00 0.04 0.04 3.24 0.00 0.00 3.24

69 Methyl isobutyl ketone (4-Methyl-2-pentanone) 0.00 0.04 2.07 0.03 0.00 0.00 2.10

70 2-Methyl-2-butanol 0.00 0.04 0.04 1.18 0.45 0.00 1.63

71 Isopentyl acetate (3-Methyl-1-butyl acetate) 0.00 0.04 3.93 0.00 0.00 0.00 3.93

72 Methylcyclohexane 0.03 0.04 0.04 0.68 0.00 0.00 0.71

73 Ethyl acetate 0.00 0.04 0.04 0.00 0.00 0.00 0.00

74 Ethylene glycol diethyl ether 0.00 0.04 0.04 2.10 0.00 0.00 2.10

75 Ethylene glycol dimethyl ether 0.00 0.04 0.04 0.00 0.10 0.00 0.10
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Heating energy in MJ per kg chemical product
Sr. No. Product Fired heat Hot oil HP steam MP steam LP steam Refrigerant 

generation
Total 
heating

76 Monoethylene glycol 0.61 0.04 1.23 0.00 0.00 0.00 1.84

77 Diethylene glycol 0.53 0.04 1.06 0.00 0.00 0.00 1.59

78 Triethylene glycol 0.25 0.04 0.50 0.00 0.00 0.00 0.75

79 Ethylene glycol monoethyl ether 0.00 0.04 0.38 0.02 0.00 0.00 0.41

80 Isobutyl acetate 0.00 0.04 0.04 0.00 0.00 0.00 0.00

81 N-methyl-2-pyrrolidone 1.96 0.04 0.04 0.00 0.00 0.00 1.96

82 Methyl ter-butyl ether 0.00 0.04 0.04 0.00 3.19 0.00 3.19

83 N-butyraldehyde 0.00 0.04 0.02 0.00 0.00 0.00 0.02

84 Isobutyraldehyde 0.00 0.04 0.02 0.00 0.00 0.00 0.02

85 1-Butanol 0.00 0.04 0.04 0.77 0.00 0.00 0.77

86 Isobutanol (2-Methyl-1-Propanol) 0.00 0.04 0.04 0.74 0.00 0.00 0.74

87 Aniline 0.04 0.04 0.04 0.00 0.00 0.00 0.04

88 Methyl chloride 0.02 0.04 0.04 0.00 1.86 0.00 1.88

89 Dichloromethane 0.01 0.04 0.04 0.00 0.59 0.00 0.60

90 Chloroform 0.00 0.04 0.04 0.00 0.10 0.00 0.10

91 Trichloroethylene 0.01 0.04 0.04 0.00 0.00 0.00 0.01

92 Tetrachloroethylene 0.01 0.04 0.04 0.00 0.00 0.00 0.01

93 Tetrachloromethane 0.02 0.04 0.04 0.00 0.17 0.00 0.18

94 Ethylene dichloride (Oxychlorination) 0.00 0.02 0.04 0.00 0.00 0.00 0.02

95 Aniline (from phenol) 0.13 0.04 0.41 0.00 0.00 0.00 0.54

96 N,N-Dimethylaniline 0.00 0.05 0.57 0.00 0.00 0.00 0.62

97 Monoethanolamine 0.36 0.04 0.09 2.75 0.00 0.00 3.20

98 Diethanolamine 0.35 0.04 0.09 2.69 0.00 0.00 3.12

99 Triethanolamine 0.14 0.04 0.04 1.11 0.00 0.00 1.29

100 Ketene (Intermediate) 7.50 0.04 0.04 0.00 0.00 0.00 7.50

101 Acetic anhydride (Ketene process) 4.26 0.04 0.04 0.00 0.00 0.00 4.26
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Heating energy in MJ per kg chemical product
Sr. No. Product Fired heat Hot oil HP steam MP steam LP steam Refrigerant 

generation
Total 
heating

102 Acetic anhydride (Acetaldehyde oxidation) 0.00 0.04 0.98 0.00 0.02 0.00 1.00

103 Chlorodifluoromethane 0.00 0.04 0.04 0.00 0.95 0.00 0.95

104 Cyclohexanone (From cyclohexanol) 0.70 0.04 3.96 0.00 0.00 0.00 4.66

105 Ethyl benzene 0.00 0.04 0.04 0.00 0.00 0.00 0.00

106 Ethylene carbonate 0.00 0.04 0.04 0.02 0.00 0.00 0.02

107 Methyl propionate 0.00 0.04 0.04 0.00 3.43 0.00 3.43

108 Methyl Methacrylate (MMA) 0.00 0.04 0.04 0.16 0.23 0.00 0.38

109 Methyl 3-Methoxypropionate 0.00 0.04 0.58 0.00 0.00 0.00 0.58

110 Methylamine 0.01 0.04 0.04 0.00 0.31 0.00 0.32

111 Dimethylamine 0.01 0.04 0.04 0.00 0.59 0.00 0.60

112 Trimethylamine 0.05 0.04 0.04 0.00 2.19 0.00 2.24

113 Trichloropropane 0.00 0.04 0.39 0.00 0.01 0.00 0.40

114 Trifluoromethane 0.02 0.04 0.00 0.00 0.69 7.05 7.76

115 N,N-Dimethylacetamide 0.00 0.04 0.75 1.22 0.00 0.00 1.97

116 Dipropylene glycol monomethyl ether 0.00 0.04 0.14 0.01 0.00 0.00 0.15

117 Chloroacetyl chloride 0.00 0.04 0.04 0.01 0.00 0.00 0.01

118 2-Aminophenol 0.00 0.04 0.04 0.00 0.20 0.00 0.20

119 4-tert-butyltoluene 0.00 0.04 0.10 0.91 0.00 0.00 1.01

120 Acetyl chloride 0.00 0.04 0.04 0.64 0.05 0.00 0.69

121 1-Bromopropane 0.00 0.04 0.04 0.00 0.07 0.00 0.07

122 Chloronitrobenzene 0.94 0.04 0.04 0.50 0.00 0.00 1.43

123 2-Nitrotoluene 1.66 0.04 0.04 0.00 0.00 0.00 1.66

124 4-Nitrotoluene 0.89 0.04 0.04 0.00 0.00 0.00 0.89

125 Methyl acrylate 1.81 0.04 0.04 3.01 0.21 0.00 5.04

126 2-Nitroaniline 0.00 0.04 0.19 0.01 0.00 0.00 0.20

127 1,3-Dinitrobenzene 0.00 0.04 0.04 0.00 0.00 0.00 0.00
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Heating energy in MJ per kg chemical product
Sr. No. Product Fired heat Hot oil HP steam MP steam LP steam Refrigerant 

generation
Total 
heating

128 Vinyl acetate 0.00 0.04 0.04 0.02 0.00 0.00 0.02

129 Ethyl propionate 0.00 0.04 0.04 0.36 0.03 0.00 0.39

130 Monochloropentafluoroethane 0.00 0.04 0.04 0.00 0.00 0.00 0.00

131 Hexafluoroethane 0.00 0.04 0.04 0.00 0.00 0.00 0.00

132 1,1-Difluoroethane 0.02 0.04 0.04 0.00 0.00 0.00 0.02

133 Tetrafluoroethylene 2.88 0.04 0.04 0.00 0.00 0.03 2.91

134 Benzotrifluoride 0.94 0.04 0.04 0.00 0.01 0.00 0.95

135 Chloroacetic acid 0.00 0.04 0.42 0.00 0.07 0.00 0.49

136 Chloroacetic acid (Hydrolysis) 0.00 0.04 0.90 0.02 0.00 0.00 0.92

137 Benzotrichloride 0.28 0.04 0.04 0.01 0.00 0.00 0.29

138 Benzal chloride (Dichloromethyl benzene) 0.33 0.04 0.04 0.00 0.11 0.00 0.45

139 Diisopropyl ether 0.00 0.04 0.04 0.00 0.00 0.00 0.04

140 Dimethyl malonate 0.00 0.04 0.04 0.00 0.14 0.00 0.14

141 N,N-dimethylethylamine (DMEA) 0.00 0.04 0.03 0.00 1.93 0.00 1.96

142 Furfuryl alcohol 0.00 0.04 0.04 0.13 0.00 0.00 0.13

143 Furan 0.57 0.04 0.04 20.42 0.00 0.00 20.99

144 4-Toluidine 0.00 0.07 0.04 0.00 0.00 0.00 0.07

145 Peracetic acid 0.00 0.04 0.04 0.36 0.00 0.00 0.36

146 Catechol (1,2-Dihydroxybenzene) 2.30 0.04 0.04 0.00 0.00 0.00 2.30

147 Hydroquinone (1,4-Dihydroxybenzene) 1.53 0.04 0.04 0.00 0.00 0.00 1.53

148 Bisphenol A 3.39 0.04 0.04 0.00 0.00 0.00 3.39

149 o-Chloroaniline 1.53 0.04 0.04 0.00 0.03 0.00 1.56

150 Acetic acid (from Butane) 0.00 0.04 0.02 0.00 0.00 0.00 0.02

151 Methyl ethyl ketone (from Butane) 0.00 0.04 0.00 0.00 0.00 0.00 0.00
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Table S5: Distribution of process cooling energy requirements across different cold utilities

Cooling energy in MJ per kg chemical product
Sr. 
No. Product Air Cooling 

water
Refriger-
ant 1

Refriger-
ant 2

Refriger-
ant 3

Refriger-
ant 4

HP steam 
genera-
tion

MP steam 
genera-
tion

LP steam 
genera-
tion

Total 
cooling 

1 1,3-Butadiene 2.22 0.00 0.68 0.00 0.14 0.00 0.00 0.00 0.00 3.04

2 Acetaldehyde (from ethanol) 1.41 0.00 0.39 0.00 1.85 0.00 1.19 0.00 0.00 4.84

3 Acetaldehyde 4.89 0.00 0.57 0.00 0.00 0.00 0.00 0.00 0.00 5.46

4 Acetic acid 0.00 0.00 0.69 0.00 0.00 0.00 0.00 0.00 1.89 2.58

5 Acetone 1.83 0.00 0.11 0.00 0.00 0.00 0.00 0.00 0.00 1.94

6 Acrylic acid 0.00 0.00 0.06 0.00 0.00 0.00 6.46 0.00 0.00 6.52

7 Allyl chloride 0.00 0.00 0.02 0.00 0.00 0.32 0.64 0.00 0.00 0.98

8 Dichloropropene 0.77 0.00 0.06 0.00 0.00 0.00 0.00 3.12 0.00 3.95

9 Benzaldehyde 0.45 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.45

10 Benzene 0.00 0.00 0.38 0.00 0.00 0.16 0.00 0.00 3.11 3.65

11 Benzoic acid 1.10 0.00 0.00 0.00 0.71 0.00 0.00 0.00 0.00 1.81

12 Chloromethyl methyl ether 0.00 0.00 0.26 0.00 0.00 0.00 0.00 0.41 0.00 0.67

13 Cumene 0.00 0.10 0.00 0.00 0.00 0.00 0.00 0.00 1.23 1.33

14 Cyclohexanol (Benzene 
hydrogenation)

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.84 1.84

15 Cyclohexanone 0.98 0.00 0.00 0.08 0.00 0.00 0.00 0.00 0.00 1.07

16 Dimethyl ether 0.94 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.94

17 Dimethyl sulfate 0.00 1.06 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.06

18 Ethanol 0.43 0.00 0.00 0.00 0.00 0.00 1.44 0.00 0.00 1.87

19 Ethyl acrylate 0.00 0.00 0.14 0.00 0.00 0.00 0.00 0.00 1.12 1.25

20 Ethyl vinyl ether 2.04 0.00 0.00 0.00 0.00 0.18 0.00 0.00 0.00 2.22

21 Ethylene dichloride 0.00 0.00 0.78 0.00 0.00 4.09 27.77 0.00 0.00 32.64

22 Ethylene oxide 0.00 0.00 0.68 0.00 0.00 0.00 0.00 0.00 0.00 0.68

23 Ethylenediamine 0.04 0.00 0.00 0.00 0.00 2.40 3.49 0.00 0.00 5.93
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Cooling energy in MJ per kg chemical product
Sr. 
No. Product Air Cooling 

water
Refriger-
ant 1

Refriger-
ant 2

Refriger-
ant 3

Refriger-
ant 4

HP steam 
genera-
tion

MP steam 
genera-
tion

LP steam 
genera-
tion

Total 
cooling 

24 Formaldehyde 4.20 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 4.20

25 Formic acid 0.65 0.00 0.05 0.00 0.00 0.00 0.00 0.00 0.00 0.71

26 Butyraldehyde (from butanol) 0.39 0.00 0.00 0.00 0.00 0.00 15.01 0.00 0.00 15.40

27 Maleic anhydride 1.58 0.00 0.00 0.00 0.00 0.00 8.80 0.00 0.00 10.38

28 Maleic anhydride (from butane) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.82 0.00 1.82

29 Methanol 0.00 0.00 0.00 0.75 0.00 0.00 0.00 0.00 0.00 0.75

30 Methyl chloride (From 
methanol)

0.81 0.00 0.11 0.00 0.00 0.00 0.00 0.00 0.00 0.93

31 Methyl ethyl ketone 1.26 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 1.28

32 Monochlorosulfuric acid 2.55 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 2.55

33 Nitrobenzene 3.04 0.00 0.76 0.00 0.00 0.00 0.00 0.00 0.48 4.29

34 Phenol 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.92 0.00 0.92

35 Phosgene 2.35 0.31 0.00 0.00 0.00 0.00 0.00 0.00 0.00 2.66

36 Propylene glycol 4.48 0.00 0.00 0.82 0.17 0.00 0.00 0.00 0.00 5.48

37 Propylene oxide 0.00 0.00 0.45 0.00 0.00 0.00 0.00 0.00 0.00 0.45

38 Vinyl chloride 0.85 0.00 0.00 0.00 0.00 0.00 0.00 0.02 0.44 1.30

39 Cinnamic acid 0.00 0.00 0.31 0.64 0.00 0.00 6.61 0.00 0.00 7.56

40 Acrylonitrile 0.00 0.00 1.88 0.00 0.00 0.00 0.00 0.00 0.00 1.88

41 1,2-Butadiene 0.00 3.41 0.02 0.00 0.00 0.00 0.00 0.00 0.00 3.43

42 Diethyl ether 0.00 0.00 1.00 1.17 0.00 0.00 0.00 0.00 0.00 2.17

43 Styrene 1.04 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.04

44 Tetrahydrofuran 0.00 0.00 0.14 0.00 0.00 0.00 12.66 0.00 0.00 12.80

45 Phthalic anhydride (from 
Naphthalene)

0.16 0.00 0.00 0.00 0.00 0.00 0.65 0.00 0.00 0.81

46 Phthalic anhydride (from o-
xylene)

0.00 0.00 0.10 0.00 0.00 0.41 0.00 0.00 0.60 1.12

47 Acetic anhydride 0.00 0.00 0.00 0.00 0.40 0.00 0.00 0.00 0.00 0.40
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Cooling energy in MJ per kg chemical product
Sr. 
No. Product Air Cooling 

water
Refriger-
ant 1

Refriger-
ant 2

Refriger-
ant 3

Refriger-
ant 4

HP steam 
genera-
tion

MP steam 
genera-
tion

LP steam 
genera-
tion

Total 
cooling 

48 Isopropanol (direct hydration) 0.28 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.28

49 1,4-Dioxane 0.00 0.00 0.77 0.00 0.00 0.00 0.00 0.00 0.74 1.51

50 Benzyl chloride 0.00 0.00 0.65 0.00 0.00 0.00 0.00 0.35 0.00 1.01

51 Chlorobenzene 0.00 0.00 0.05 0.00 0.00 0.00 0.00 0.00 0.20 0.24

52 Benzyl alcohol (Hydrolysis) 0.00 0.00 0.11 0.00 0.00 0.00 0.00 0.43 0.38 0.92

53 Benzyl alcohol (Hydrogenation) 6.43 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 6.43

54 1,4-Butanediol (from 
Hydrogenation)

2.01 0.00 0.10 0.00 0.00 0.00 0.00 0.00 0.00 2.11

55 Butyrolactone 0.00 0.00 0.38 0.00 0.00 0.00 0.00 0.00 0.00 0.38

56 2-Butanol 1.68 0.00 0.19 0.00 0.00 0.00 0.00 0.00 0.00 1.86

57 2-Methylbutyraldehyde 1.61 0.00 0.18 0.00 0.00 0.00 0.00 0.00 0.00 1.79

58 Valeraldehyde (1-Pentanal) 0.68 0.00 0.02 0.00 0.00 0.00 0.00 0.00 0.02 0.71

59 2-Methyl-1-butanol 1.59 0.00 0.04 0.00 0.00 0.00 0.00 0.00 0.04 1.67

60 1-Pentanol 3.05 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 3.05

61 Butyl acetate 0.00 0.00 0.11 0.00 0.00 0.00 3.49 0.00 0.00 3.60

62 Cyclohexane 1.85 0.00 0.03 0.00 0.41 0.00 0.00 0.00 0.00 2.28

63 Dimethyl sulfoxide 1.03 0.00 4.55 6.36 0.00 0.00 0.00 0.00 0.00 11.94

64 Dimethylamine 0.51 0.00 0.86 0.00 0.00 0.00 0.00 0.00 0.00 1.37

65 Methyl formate 1.56 0.00 0.03 0.00 0.30 0.00 0.00 0.00 0.00 1.89

66 Dimethylformamide 2.20 0.00 0.02 0.00 0.00 0.00 0.00 0.00 0.00 2.22

67 Propionaldehyde 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

68 Propanol (Hydrogenation) 2.62 0.00 0.15 0.00 0.00 0.00 0.00 0.00 0.00 2.77

69 Methyl isobutyl ketone (4-
Methyl-2-pentanone)

0.69 0.00 0.93 0.00 0.00 0.00 0.00 0.00 0.00 1.61

70 2-Methyl-2-butanol 3.81 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 3.81

71 Isopentyl acetate (3-Methyl-1-
butyl acetate)

1.88 0.00 0.07 0.00 0.00 0.00 0.00 0.00 0.00 1.94



S31

Cooling energy in MJ per kg chemical product
Sr. 
No. Product Air Cooling 

water
Refriger-
ant 1

Refriger-
ant 2

Refriger-
ant 3

Refriger-
ant 4

HP steam 
genera-
tion

MP steam 
genera-
tion

LP steam 
genera-
tion

Total 
cooling 

72 Methylcyclohexane 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

73 Ethyl acetate 1.44 0.00 0.10 0.00 0.09 0.00 0.00 0.00 0.00 1.63

74 Ethylene glycol diethyl ether 0.81 0.00 0.58 0.26 0.00 0.00 0.00 0.00 0.00 1.65

75 Ethylene glycol dimethyl ether 0.00 2.10 0.00 0.00 0.00 0.00 0.00 0.00 0.00 2.10

76 Monoethylene glycol 0.00 1.82 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.82

77 Diethylene glycol 0.00 0.86 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.86

78 Triethylene glycol 0.00 0.00 0.60 0.00 0.00 0.00 0.00 0.00 0.43 1.03

79 Ethylene glycol monoethyl ether 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

80 Isobutyl acetate 1.09 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.09

81 N-methyl-2-pyrrolidone 0.62 0.00 3.12 0.00 0.00 0.00 0.00 0.00 0.00 3.75

82 Methyl ter-butyl ether 0.00 0.00 0.15 0.00 0.68 0.00 0.00 0.00 0.97 1.81

83 N-butyraldehyde 0.00 0.00 0.17 0.00 0.74 0.00 0.00 0.00 1.06 1.96

84 Isobutyraldehyde 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.18 1.18

85 1-Butanol 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.14 1.14

86 Isobutanol (2-Methyl-1-
Propanol)

0.00 0.00 0.15 0.00 0.00 0.00 3.47 0.00 0.83 4.45

87 Aniline 0.00 0.00 0.01 0.00 0.00 0.15 0.29 0.00 0.00 0.45

88 Methyl chloride 0.00 0.00 0.00 0.00 3.70 0.00 0.00 0.00 0.00 3.70

89 Dichloromethane 0.00 0.00 0.00 0.00 1.18 0.00 0.00 0.00 0.00 1.18

90 Chloroform 0.00 0.00 0.00 0.00 0.21 0.00 0.00 0.00 0.00 0.21

91 Trichloroethylene 0.00 0.00 0.37 0.00 0.00 0.00 1.06 0.00 0.00 1.43

92 Tetrachloroethylene 0.00 0.00 0.48 0.00 0.00 0.00 1.35 0.00 0.00 1.82

93 Tetrachloromethane 0.00 0.00 0.85 0.00 0.00 0.00 0.00 0.00 0.00 0.85

94 Ethylene dichloride 
(Oxychlorination)

0.00 0.00 0.00 1.76 0.00 0.00 0.00 1.37 0.00 3.13

95 Aniline (from phenol) 1.54 0.00 1.07 0.00 0.00 0.00 0.00 0.00 0.00 2.61
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Cooling energy in MJ per kg chemical product
Sr. 
No. Product Air Cooling 

water
Refriger-
ant 1

Refriger-
ant 2

Refriger-
ant 3

Refriger-
ant 4

HP steam 
genera-
tion

MP steam 
genera-
tion

LP steam 
genera-
tion

Total 
cooling 

96 N,N-Dimethylaniline 0.34 0.00 0.57 0.00 0.00 0.00 0.00 0.00 0.00 0.91

97 Monoethanolamine 0.00 0.00 4.98 0.00 0.00 0.00 0.00 0.00 0.00 4.98

98 Diethanolamine 0.00 0.00 4.87 0.00 0.00 0.00 0.00 0.00 0.00 4.87

99 Triethanolamine 0.00 0.00 2.02 0.00 0.00 0.00 0.00 0.00 0.00 2.02

100 Ketene (Intermediate) 1.62 0.00 2.34 0.00 0.00 0.00 0.00 0.00 0.00 3.96

101 Acetic anhydride (Ketene 
process)

1.12 0.00 1.62 0.00 0.00 0.00 0.00 0.00 0.00 2.74

102 Acetic anhydride (Acetaldehyde 
oxidation)

5.76 0.00 0.75 0.00 0.00 0.00 0.00 0.00 0.00 6.51

103 Chlorodifluoromethane 0.00 0.00 0.18 0.00 0.00 1.93 0.00 0.00 0.00 2.11

104 Cyclohexanone (From 
cyclohexanol)

3.35 0.00 0.06 0.00 0.00 0.00 0.00 0.00 0.00 3.41

105 Ethyl benzene 0.00 0.00 0.00 0.00 0.00 0.00 0.92 0.00 0.00 0.92

106 Ethylene carbonate 2.66 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 2.66

107 Methyl propionate 2.13 0.00 0.00 0.00 3.13 0.00 0.00 0.00 0.00 5.25

108 Methyl Methacrylate (MMA) 22.6 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 22.59

109 Methyl 3-Methoxypropionate 0.21 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.21

110 Methylamine 0.00 0.00 0.30 0.43 0.00 0.00 0.00 0.00 0.00 0.73

111 Dimethylamine 0.00 0.00 0.57 0.82 0.00 0.00 0.00 0.00 0.00 1.39

112 Trimethylamine 0.00 0.00 2.13 3.08 0.00 0.00 0.00 0.00 0.00 5.21

113 Trichloropropane 0.83 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.83

114 Trifluoromethane 0.00 0.00 0.00 0.00 0.00 9.58 0.00 0.00 0.00 9.58

115 N,N-Dimethylacetamide 1.94 0.00 0.05 0.00 0.00 0.00 0.00 0.00 0.62 2.61

116 Dipropylene glycol monomethyl 
ether

0.00 0.14 0.00 0.00 0.00 0.00 0.00 0.00 1.48 1.62

117 Chloroacetyl chloride 0.00 0.00 0.00 0.00 0.31 0.00 0.00 0.00 1.55 1.86

118 2-Aminophenol 6.66 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 6.66
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Cooling energy in MJ per kg chemical product
Sr. 
No. Product Air Cooling 

water
Refriger-
ant 1

Refriger-
ant 2

Refriger-
ant 3

Refriger-
ant 4

HP steam 
genera-
tion

MP steam 
genera-
tion

LP steam 
genera-
tion

Total 
cooling 

119 4-tert-butyltoluene 0.69 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.69

120 Acetyl chloride 0.18 0.00 0.58 0.00 0.00 0.00 0.00 0.00 0.00 0.76

121 1-Bromopropane 0.66 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.66

122 Chloronitrobenzene 1.09 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.09

123 2-Nitrotoluene 0.00 1.44 0.00 0.00 0.00 0.00 0.00 0.64 0.00 2.09

124 4-Nitrotoluene 0.00 0.78 0.00 0.00 0.00 0.00 0.00 0.35 0.00 1.12

125 Methyl acrylate 7.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 7.00

126 2-Nitroaniline 0.00 0.00 0.30 0.00 0.00 0.00 0.00 0.00 0.21 0.52

127 1,3-Dinitrobenzene 1.13 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.13

128 Vinyl acetate 0.00 1.64 0.00 0.00 0.00 0.00 0.00 1.40 0.00 3.04

129 Ethyl propionate 1.75 0.00 0.00 0.00 0.00 0.16 0.00 0.00 0.00 1.91

130 Monochloropentafluoroethane 1.48 0.00 0.00 0.00 0.00 0.70 0.00 0.00 0.00 2.18

131 Hexafluoroethane 1.31 0.00 0.00 0.00 0.00 0.62 0.00 0.00 0.00 1.94

132 1,1-Difluoroethane 0.00 0.00 0.00 0.00 0.00 1.04 2.31 0.00 0.00 3.35

133 Tetrafluoroethylene 0.00 0.00 0.00 0.00 0.00 0.46 0.00 0.00 0.00 0.46

134 Benzotrifluoride 0.97 0.00 0.81 0.00 0.00 0.00 0.00 0.00 0.00 1.78

135 Chloroacetic acid 1.43 0.00 0.13 0.00 0.00 0.00 0.00 0.00 0.00 1.56

136 Chloroacetic acid (Hydrolysis) 0.00 0.81 0.02 0.00 0.00 0.00 0.00 0.00 0.38 1.22

137 Benzotrichloride 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.79 1.79

138 Benzal chloride (Dichloromethyl 
benzene)

1.49 0.00 0.10 0.00 0.00 0.00 0.00 0.00 0.00 1.59

139 Diisopropyl ether 0.67 0.00 0.09 0.00 0.00 0.00 0.00 0.00 0.59 1.35

140 Dimethyl malonate 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

141 N,N-dimethylethylamine (DMEA) 0.00 2.34 0.44 0.00 0.00 0.00 0.00 0.00 0.00 2.78

142 Furfuryl alcohol 0.80 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.80

143 Furan 10.8 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 10.83
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Cooling energy in MJ per kg chemical product
Sr. 
No. Product Air Cooling 

water
Refriger-
ant 1

Refriger-
ant 2

Refriger-
ant 3

Refriger-
ant 4

HP steam 
genera-
tion

MP steam 
genera-
tion

LP steam 
genera-
tion

Total 
cooling 

144 4-Toluidine 0.00 0.00 0.36 0.00 0.00 0.00 0.00 4.45 0.00 4.82

145 Peracetic acid 2.90 0.00 0.09 0.00 0.00 0.00 0.00 0.00 0.00 2.99

146 Catechol (1,2-
Dihydroxybenzene)

2.63 0.00 0.00 0.00 0.00 0.00 0.00 0.40 2.16 5.19

147 Hydroquinone (1,4-
Dihydroxybenzene)

1.75 0.00 0.00 0.00 0.00 0.00 0.00 0.27 1.44 3.46

148 Bisphenol A 0.50 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.35 1.85

149 o-Chloroaniline 3.91 0.00 0.00 0.00 0.00 1.15 0.00 0.00 0.00 5.06

150 Acetic acid (from Butane) 0.05 0.69 0.00 0.00 0.15 0.03 0.00 0.00 6.77 7.69

151 Methyl ethyl ketone (from 
Butane)

0.01 0.15 0.00 0.00 0.03 0.01 0.00 0.00 1.49 1.69
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Section 4: Ecoinvent data used for comparison
Table S6: Energy data from Ecoinvent and potential energy recovery cases for simulation energy data

Heating Energy in MJ per kg product

Sr. 
No. Product

Ecoinvent 
data

Minimum 
energy

80% of 
the 
potential 
recovery 
(Case 1)

60% of 
the 
potential 
recovery 
(Case 2)

40% of 
the 
potential 
recovery 
(Case 3)

20% of 
the 
potential 
recovery 
(Case 4)

Total 
energy Data source

in Ecoinvent
Source 
classification

1 1,1-Difluoroethane 0.93 0.05 0.23 0.42 0.61 0.80 0.99 Krieger et al. 2006 Literature

2 1,3-Butadiene 3.23 4.42 5.33 6.23 7.14 8.05 8.96 Not defined Unspecified

3 1,4-Butanediol (from 
Hydrogenation)

29.30 3.08 3.15 3.22 3.29 3.35 3.42 Chauvel 1989 Literature

4 1,4-Dioxane 17.91 5.28 5.36 5.44 5.52 5.60 5.68 Geisler 2004 Literature

5 1-Bromopropane 2.00 0.07 0.09 0.10 0.11 0.12 0.13 large plant (Gendorf 2000) Gendorf 2000

6 1-Butanol 10.82 0.77 0.99 1.20 1.42 1.64 1.86 Chauvel 1989 Literature

7 1-Pentanol 15.07 1.17 1.35 1.52 1.70 1.88 2.05 Estimation Estimation

8 1-Propanol (Hydrogenation) 0.47 3.35 4.11 4.87 5.62 6.38 7.14 Overcash 1998-2004 Literature

9 2-Aminophenol 2.00 0.62 1.49 2.36 3.23 4.10 4.97 large plant (Gendorf 2000) Gendorf 2000

10 2-Butanol 9.40 0.85 1.11 1.36 1.61 1.86 2.12 Chauvel 1989 Literature

11 2-Methyl-1-butanol 6.55 0.51 0.58 0.66 0.73 0.81 0.89 Estimation Estimation

12 2-Methyl-2-butanol 24.01 1.63 1.63 1.64 1.64 1.65 1.66 Estimation Estimation

13 2-Nitroaniline 9.70 0.93 0.93 0.93 0.93 0.93 0.93 Estimation Estimation

14 4-Nitrotoluene 6.43 1.70 1.70 1.70 1.70 1.70 1.70 Kim 2003 Literature

15 4-tert-butyltoluene 2.00 0.96 1.07 1.17 1.28 1.39 1.50 large plant (Gendorf 2000) Gendorf 2000

16 Acetaldehyde 3.46 0.67 0.75 0.84 0.93 1.01 1.10 von Doniken, 1995 survey 
literature

Literature
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Heating Energy in MJ per kg product

Sr. 
No. Product

Ecoinvent 
data

Minimum 
energy

80% of 
the 
potential 
recovery 
(Case 1)

60% of 
the 
potential 
recovery 
(Case 2)

40% of 
the 
potential 
recovery 
(Case 3)

20% of 
the 
potential 
recovery 
(Case 4)

Total 
energy Data source

in Ecoinvent
Source 
classification

17 Acetic acid 1.40 0.69 0.88 1.06 1.24 1.42 1.60 Estimated, based on expert 
judgement

Estimation

18 Acetic acid (from Butane) 0.83 0.05 0.31 0.57 0.83 1.09 1.35 Chauvel 1989 Literature

19 Acetic anhydride (Acetaldehyde 
oxidation)

5.72 1.30 1.33 1.36 1.39 1.43 1.46 Chauvel 1989 Literature

20 Acetic anhydride (Ketene process) 12.15 4.26 4.47 4.68 4.88 5.09 5.30 Chauvel 1989 Literature

21 Acetone 2.35 4.08 4.66 5.24 5.82 6.40 6.98 Gendorf factory, 2016 Gendorf 2016

22 Acetyl chloride 2.00 1.27 1.35 1.43 1.50 1.58 1.66 large plant (Gendorf 2000) Gendorf 2000

23 Acrylic acid 0.22 0.04 0.99 1.94 2.89 3.85 4.80 Australian source/Gendorf 
factory

Literature

24 Acrylonitrile 2.45 0.04 0.81 1.58 2.35 3.13 3.90 Chauvel 1989 Literature

25 Allyl chloride 1.49 0.00 0.10 0.19 0.29 0.38 0.48 Industry source Industry

26 Aniline 2.35 0.04 0.85 1.67 2.48 3.29 4.10 Gendorf factory, 2016 Gendorf 2016

27 Benzal chloride (Dichloromethyl 
benzene)

5.31 0.45 0.52 0.59 0.66 0.73 0.80 Industry source (Gwalior, 2005) Industry

28 Benzaldehyde 6.61 2.56 3.07 3.57 4.08 4.59 5.10 Industry source (Gwalior, India) Industry

29 Benzoic acid 2.35 0.71 0.85 0.98 1.12 1.26 1.40 Gendorf factory, 2016 Gendorf 2016

30 Benzyl alcohol (Hydrolysis) 4.84 1.25 1.53 1.81 2.10 2.38 2.66 Literature value Literature

31 Benzyl chloride 5.31 0.70 0.83 0.96 1.09 1.22 1.35 Industry source (Gwalior, India 
2005)

Industry

32 Bisphenol A 2.35 3.39 3.41 3.43 3.45 3.48 3.50 Gendorf factory, 2018 Gendorf 2016

33 Butyl acetate 10.47 3.47 3.69 3.91 4.13 4.35 4.57 Estimation Estimation

34 Butyrolactone 2.06 3.11 3.32 3.52 3.72 3.93 4.13 large plant (Gendorf 2000) Gendorf 2000

35 Chloroacetic acid 2.13 0.49 0.53 0.57 0.62 0.66 0.70 Estimation Estimation
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Heating Energy in MJ per kg product

Sr. 
No. Product

Ecoinvent 
data

Minimum 
energy

80% of 
the 
potential 
recovery 
(Case 1)

60% of 
the 
potential 
recovery 
(Case 2)

40% of 
the 
potential 
recovery 
(Case 3)

20% of 
the 
potential 
recovery 
(Case 4)

Total 
energy Data source

in Ecoinvent
Source 
classification

36 Chloroacetyl chloride 2.00 0.01 0.06 0.10 0.15 0.19 0.24 large plant (Gendorf 2000) Gendorf 2000

37 Chlorobenzene 1.25 1.22 1.22 1.22 1.22 1.22 1.22 Overcash 1998-2004 Literature

38 Chlorodifluoromethane 1.90 0.95 1.00 1.06 1.11 1.16 1.22 Literature value Literature

39 Chloroform 10.45 0.09 0.11 0.14 0.16 0.18 0.21 Literature Literature

40 Chloromethyl methyl ether 1.90 1.11 1.16 1.21 1.26 1.31 1.36 large plant (Gendorf 2000) Gendorf 2000

41 Chloronitrobenzene 6.43 1.29 1.30 1.31 1.32 1.33 1.34 Kim 2003 Literature

42 Cumene 2.00 0.03 0.28 0.53 0.78 1.03 1.28 large plant (Gendorf 2000) Gendorf 2000

43 Cyclohexane 4.39 0.03 0.30 0.56 0.82 1.08 1.34 DOE 2001 Literature

44 Cyclohexanol (Benzene 
hydrogenation)

2.00 0.90 1.17 1.45 1.73 2.01 2.29 large plant (Gendorf 2000) Gendorf 2000

45 Cyclohexanone 24.06 1.64 1.85 2.05 2.26 2.46 2.67 DOE 2001 Literature

46 Dichloropropene 4.04 0.00 0.04 0.08 0.11 0.15 0.19 Industry source Industry

47 Diethanolamine 2.35 3.02 3.25 3.49 3.72 3.96 4.19 Gendorf factory, 2017 Gendorf 2016

48 Diethyl ether 2.00 3.57 4.07 4.58 5.09 5.60 6.11 large plant (Gendorf 2000) Gendorf 2000

49 Diethylene glycol 0.00 1.59 1.83 2.07 2.32 2.56 2.80 Estimation Estimation

50 Dimethyl ether 2.00 1.77 2.32 2.87 3.43 3.98 4.53 large plant (Gendorf 2000) Gendorf 2000

51 Dimethyl malonate 0.00 0.19 0.58 0.97 1.36 1.75 2.14 Kim 2003 Literature

52 Dimethyl sulfate 2.00 0.30 0.41 0.52 0.62 0.73 0.84 large plant (Gendorf 2000) Gendorf 2000

53 Dimethyl sulfoxide 2.00 0.13 0.30 0.47 0.64 0.81 0.98 large plant (Gendorf 2000) Gendorf 2000

54 Dimethylamine 2.35 4.39 4.61 4.84 5.06 5.28 5.51 Gendorf factory, 2016 Gendorf 2016
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Heating Energy in MJ per kg product

Sr. 
No. Product

Ecoinvent 
data

Minimum 
energy

80% of 
the 
potential 
recovery 
(Case 1)

60% of 
the 
potential 
recovery 
(Case 2)

40% of 
the 
potential 
recovery 
(Case 3)

20% of 
the 
potential 
recovery 
(Case 4)

Total 
energy Data source

in Ecoinvent
Source 
classification

55 Dimethylamine 2.35 0.67 0.98 1.28 1.58 1.89 2.19 Gendorf factory, 2018 Gendorf 2016

56 Dimethylformamide 2.78 0.56 0.59 0.62 0.64 0.67 0.70 DSIR 1993 Literature

57 Dipropylene glycol monomethyl 
ether

2.35 0.25 0.43 0.60 0.77 0.95 1.12 Gendorf factory, 2019 Gendorf 2016

58 Ethanol 3.37 0.28 0.89 1.51 2.12 2.73 3.34 Industry source (Naran Lala, 
India)

Industry

59 Ethyl acetate 10.47 3.57 3.57 3.57 3.57 3.57 3.57 Kim 2003 Literature

60 Ethyl benzene 2.00 0.00 0.21 0.42 0.63 0.83 1.04 large plant (Gendorf 2000) Gendorf 2000

61 Ethylene glycol diethyl ether 2.00 2.10 2.24 2.38 2.52 2.66 2.80 large plant (Gendorf 2000) Gendorf 2000

62 Ethylene glycol dimethyl ether 2.00 0.10 0.18 0.26 0.34 0.42 0.50 large plant (Gendorf 2000) Gendorf 2000

63 Ethylene glycol monoethyl ether 2.00 0.41 0.64 0.87 1.11 1.34 1.57 large plant (Gendorf 2000) Gendorf 2000

64 Ethylene oxide 0.00 0.00 0.99 1.98 2.98 3.97 4.96 Not defined Unspecified

65 Ethylenediamine 2.35 1.33 1.57 1.80 2.04 2.27 2.51 Gendorf factory, 2016 Gendorf 2016

66 Formaldehyde 0.00 0.08 1.37 2.67 3.97 5.27 6.57 Not defined Unspecified

67 Formic acid 22.80 4.87 5.21 5.54 5.88 6.21 6.55 Literature value (Sutter, 2007) Literature

68 Hexafluoroethane 2.00 0.00 0.39 0.78 1.16 1.55 1.94 large plant (Gendorf 2000) Gendorf 2000

69 Isobutanol (2-Methyl-1-Propanol) 10.82 0.74 0.96 1.18 1.40 1.62 1.84 Chauvel 1989 Literature

70 Isobutyl acetate 10.47 5.79 5.79 5.79 5.79 5.79 5.79 Estimation Estimation

71 Isopentyl acetate (3-Methyl-1-
butyl acetate)

10.47 4.47 4.51 4.54 4.58 4.62 4.65 Estimation Estimation

72 Isopropanol (direct hydration) 1.18 4.33 4.33 4.33 4.33 4.33 4.33 Gendorf factory, 2016 Gendorf 2016

73 Maleic anhydride 0.00 0.05 0.86 1.67 2.48 3.28 4.09 Not defined Unspecified
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Heating Energy in MJ per kg product

Sr. 
No. Product

Ecoinvent 
data

Minimum 
energy

80% of 
the 
potential 
recovery 
(Case 1)

60% of 
the 
potential 
recovery 
(Case 2)

40% of 
the 
potential 
recovery 
(Case 3)

20% of 
the 
potential 
recovery 
(Case 4)

Total 
energy Data source

in Ecoinvent
Source 
classification

74 Maleic anhydride (from butane) 0.00 0.04 0.89 1.74 2.60 3.45 4.31 Not defined Unspecified

75 Methanol 6.93 0.04 0.31 0.57 0.84 1.11 1.38 Estimate based on multiple 
sources

Estimation

76 Methyl 3-Methoxypropionate 2.00 0.58 0.60 0.62 0.64 0.66 0.67 large plant (Gendorf 2000) Gendorf 2000

77 Methyl acrylate 8.84 5.04 5.33 5.62 5.91 6.20 6.48 Estimation Estimation

78 Methyl ethyl ketone 2.35 2.72 3.13 3.53 3.94 4.35 4.75 Gendorf factory, 2016 Gendorf 2016

79 Methyl ethyl ketone (from Butane) 8.43 0.01 0.07 0.12 0.18 0.24 0.30 Chauvel 1989 Literature

80 Methyl formate 6.51 0.95 1.17 1.38 1.59 1.80 2.01 Shouzu 2003 Literature

81 Methyl isobutyl ketone (4-Methyl-
2-pentanone)

5.26 2.10 2.33 2.55 2.78 3.01 3.23 Overcash 1998-2005 Literature

82 Methylamine 2.08 0.35 0.51 0.67 0.83 0.99 1.15 Kim 2003 Literature

83 Methylcyclohexane 33.54 0.71 1.25 1.79 2.33 2.87 3.41 Estimation/Wurster 1994 Estimation

84 Monochloropentafluoroethane 2.00 0.00 0.44 0.87 1.31 1.75 2.19 large plant (Gendorf 2000) Gendorf 2000

85 Monoethanolamine 2.35 3.09 3.33 3.57 3.81 4.06 4.30 Gendorf factory, 2016 Gendorf 2016

86 Monoethylene glycol 0.00 1.84 2.12 2.40 2.68 2.96 3.25 Estimation Estimation

87 N,N-Dimethylacetamide 2.35 1.97 2.02 2.07 2.12 2.17 2.22 Gendorf factory, 2018 Gendorf 2016

88 Nitrobenzene 0.00 2.09 2.12 2.15 2.18 2.21 2.24 large plant Unspecified

89 N-methyl-2-pyrrolidone 2.35 1.96 2.20 2.44 2.68 2.92 3.16 Gendorf factory, 2016 Gendorf 2016

90 Phenol 2.35 1.68 1.77 1.86 1.96 2.05 2.15 Gendorf factory, 2016 Gendorf 2016

91 Phosgene 2.00 0.00 0.04 0.07 0.11 0.14 0.17 large plant (Gendorf 2000) Gendorf 2000

92 Phthalic anhydride (from o-xylene) 6.77 0.03 0.68 1.33 1.99 2.64 3.29 von Doniken, 1995 survey 
literature

Literature
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Heating Energy in MJ per kg product

Sr. 
No. Product

Ecoinvent 
data

Minimum 
energy

80% of 
the 
potential 
recovery 
(Case 1)

60% of 
the 
potential 
recovery 
(Case 2)

40% of 
the 
potential 
recovery 
(Case 3)

20% of 
the 
potential 
recovery 
(Case 4)

Total 
energy Data source

in Ecoinvent
Source 
classification

93 Propionaldehyde 15.54 0.24 0.24 0.24 0.24 0.24 0.24 Estimation Estimation

94 Propylene glycol 2.00 0.69 1.00 1.31 1.62 1.93 2.24 large plant (Gendorf 2000) Gendorf 2000

95 Propylene oxide 2.00 1.42 1.53 1.64 1.76 1.87 1.98 large plant (Gendorf 2000) Gendorf 2000

96 Styrene 4.70 3.63 4.00 4.37 4.74 5.12 5.49 Estimated, based on expert 
judgement

Estimation

97 Tetrafluoroethylene 4.74 2.91 2.91 2.91 2.91 2.91 2.91 Estimation Estimation

98 Tetrahydrofuran 0.66 2.68 2.73 2.78 2.82 2.87 2.92 Industry source (West Bengal, 
2004)

Industry

99 Trichloroethylene 2.35 0.01 0.24 0.46 0.69 0.91 1.14 Gendorf factory, 2016 Gendorf 2016

100 Trichloropropane 1.59 0.75 0.77 0.79 0.81 0.83 0.85 Industry source Industry

101 Triethanolamine 2.35 1.25 1.35 1.45 1.54 1.64 1.74 Gendorf factory, 2018 Gendorf 2016

102 Triethylene glycol 0.00 0.75 0.87 0.98 1.10 1.21 1.33 Estimation Estimation

103 Trifluoromethane 2.00 7.76 7.92 8.08 8.25 8.41 8.57 large plant (Gendorf 2000) Gendorf 2000

104 Trimethylamine 1.90 2.51 3.65 4.78 5.92 7.06 8.20 large plant (Gendorf 2000) Gendorf 2000

105 Vinyl acetate 1.20 0.02 0.58 1.14 1.71 2.27 2.83 Estimation Estimation
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