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Appendix A

Table A.1 gathers supporting data on the selected oils. Table A.2 shows the distribution of fatty

acids for each of these oils according to literature data.*®

Table A.1. Seed yield, extractable oil content and literature sources for the selected

biomass feedstocks
Sunflower Soybean Rapeseed Jatropha B. braunii C. wulgaris
Seed yield (t/halyear) 0.5-25 0.7-3.6 0.7-35 15125 12.4-33.8 38.9-50.0
Extractable cil content (%) 40-48 18-20 30-40 34 14-53 12-27
References [24,25] [24,25] [24-26] [27-29] [30-33] [31-34]

Table A.2. Fatty acid composition of the selected ails

M ass percentagein:

Fatty acid Formula M OreoUar Sunflower Soybean Rapeseed Jatropha B.braunii  C.wlgaris
weight n y ap p g
oil oil oil oil oil oil
Lauric CioH240, 200 - - - - 2.30 2.79
Myristic Ci4H050, 228 - - - - 2.87 0.77
Palmitic CieH20, 256 6.40 10.97 5.10 12.94 40,58 19.20
Palmitoleic CisH30; 254 - - - - - 0.87
Margaric Ci7H340, 270 - - - - - 4,19
Heptadecenoic Cy7H3,0, 268 - - - - - 1.25
Stearic Ci1gH360, 284 4.40 4.18 1.90 7.38 4.32 14.60
Oleic C1gH340, 282 26.40 2141 59.60 45.30 22.28 12.66
Linoleic CigH2.0, 280 61.70 54.83 20.30 34.38 14.45 377
Linolenic CigH30; 278 0.80 7.83 8.64 - 13.20 26.09
Eicosanoic CagHagO2 312 0.20 0.52 0.61 - - 0.36
Eicosenoic CogH350; 310 0.10 0.26 1.60 - - 4.09
Eicosadienoic CyoH360, 308 - - - - - 3.91
Dihomo-y-linolenic ~ CyH340, 306 - - - - - 3.30
Ei cosapentaenoic CyoH300, 302 - - - - - 2.10
Behenic CH140, 340 - - 0.25 - - -
Erucic CooHanO, 338 - - 2.00 - - 0.05
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Appendix B

Table B.1 details the computation of the decomposition enthalpy of the different fatty acids
contained in the selected oils.

Table B.1. Decomposition enthalpy (AH) of the fatty acids considered in the study

Fatty acid Formula Molecular weight X AH AH AH
(kJmol)  (kJmol) (MIkg)
Lauric CioH240; 200 6.77 -759.41  365.91 1.83
Myristic Ci4H250; 228 7.77 -826.27  432.77 1.90
Palmitic Ci6H320, 256 8.77 -897.27 503.77 1.97
Palmitoleic Ci16H300, 254 8.42 -871.95 478.45 1.88
Margaric Ci7H3,0, 270 9475 -949.83 55633  2.06
Heptadecenoic  Cy7Hg,0, 268 927  -93433 54083 2.2
Stearic CigH30; 284 977 -97243 57893 204
Oleic CigH32:0; 282 942  -94565  552.15 1.96
Linoleic CigH3,0; 280 9.07 -919.39  525.89 1.88
Linolenic CigH300; 278 8.72 -893.63  500.13 1.80
Eicosanoic CoH400> 312 10.77 -1,051.73 658.23 211
Eicosenoic CaoH350; 310 1042 -1,02350 630.00 2.03
Eicosadienoic CooH30; 308 10275 -1,011.96 61846  2.01
Dihomo-y-linolenic  CxH340, 306 9.925 -984.45  590.95 1.93
Eicosapentaenoic ~ CyHz,0, 302 9224 -930.88 537.38 1.78
Behenic CooHasO; 340 1177 -1,13517 74167 218
Erucic CH40, 338 1142 -1,10550 712.00 211
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Appendix C

The computation of the energy and CO, balances for each of the three scenarios is detailed in

Tables C.1 and C.2, respectively.

Table C.1. Estimation of the energy surpluses for each scenario (favourable energy

surpluses in bold)

SF2 SB2 RS2 RS3 J1 J2 BB1 BB2
SCENARIO 1
Available C energy (MJkgoil)  19.03 19.02 19.03 19.03 1895 1895 18.75 18.75
Energy demand (MJkgoil) ~ 17.07 2454 2020 14.04 1964 1147 2972 15.80
SURPLUS:
1. Energy (MJkg oil) 19 -552 -117 499 -069 749 -1096 295
2. Hydrogen (kg/kg ail) 012 012 012 012 012 012 012 012
SCENARIO 2
AvalableH, energy (MJkgoil) 354 354 359 359 361 361 363 363
Available C energy (MJkgoil)  19.03 19.02 19.03 19.03 1895 1895 18.75 18.75
Energy demand (MJkgoil)  17.07 2454 2020 14.04 1964 1147 2972 15.80
SURPLUS:
1. Energy (MJKkg oil) 550 -199 242 858 293 1110 -733 6.58
2. Hydrogen (kg/kg oil) 006 006 006 006 006 006 006 0.06
SCENARIO 3
Available C energy (MJkgoil)  19.03 19.02 19.03 19.03 1895 1895 18.75 18.75
AvailableH, energy (MJkgoil) 000 552 117 000 069 000 726 0.00
Energy demand (MJkgoil)  17.07 2454 2020 1404 1964 1147 2972 15.80
SURPLUS:
1. Energy (MJKkg oil) 19 000 000 499 000 749 -370 295
2. Hydrogen (kg/kg ail) 012 003 010 012 011 012 000 012
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Table C.2. Caculation of the CO, balances of those case studies with a favourable
energy surplus (negative balancesin bold)

SF2 SB2 RS2 RS3 J1 J2 BB2

SCENARIO 1
C-energy use (kg/kg oil) 0.65 - - 0.53 - 044 0.60
C-fixed (kg/kg oil) 007 - - 019 - 029 011
CO,-input (kg/kg oil) 282 - - 28 - 28 279
CO,-output (kg/kg oil) 254 - - 212 - 176 237
CO,-balance (kg/kg oil) -0.27 - - -0.70 - -1.05 -041

SCENARIO 2
C-energy use (kg/kg oil) 0.52 - 063 040 061 030 046
C-fixed (kg/kg oil) 0.21 - 009 033 011 042 025
CO,-input (kg/kg oil) 282 - 281 281 281l 281 279
CO,-output (kg/kg oil) 2056 - 248 162 240 126 187
CO,-balance (kg/kgoil)  -0.77 - -034 -120 -041 -155 -0.92

SCENARIO 3
C-energy use (kg/kg oil) 065 072 072 053 072 044 060
C-fixed (kg/kg oil) 007 000 000 019 000 029 011

CO,-input (kg/kg oil) 282 28 281 281 281 28l 279
COyoutput (kg/kgoil) 254 282 281 212 281 176 237
COybalance (kgkgoil)  -027 000 000 -070 000 -1.05 -0.41




Electronic Supplementary Material (ESI) for Energy & Environmental Science
This journal is © The Royal Society of Chemistry 2012

Appendix D

Table D.1 details the computation of the energy balances for the decarbonization and

transesterification systems in the context of the comparative analysis conducted in section 3.4.

Table D.1. Computation of the energy balances for the oil decarbonization and
transesterification systems (favourable balances in bold)

SF1 SF2  SF3 SB1 SB2 RS1 RS2 RS3 J1 J2 BB1 BB2
Energy input (MJkg oil)

Cultivation 100.00 10.67 38.00 107.14 1516 4643 1149 533 1246 429 2319 928
Extraction 3.15 315 315 5.90 5900 542 542 542 381 381 317 317
Decomposition 3.26 326 3.26 3.48 348 329 329 329 338 338 336 336

Refining and transesterification 1.90 190 190 1.90 1.90 1.90 190 190 190 19 08 085

Total energy demand

L 106.41 17.07 4441 11652 2454 5513 20.20 14.04 19.64 1147 29.72 15.80
(decarbonization system)

Total energy demand
e 105.05 1571 43.05 11494 2296 53.74 1881 1265 1816 999 2721 1329
(transesterification system)
Energy output (MJkg oil)
Carbon and hydrogen
(decarbonization system)
Biodiesel
(transesterification system)

3797 3797 3797 3792 3792 3815 3815 3815 3814 3814 3797 3797

3763 3763 3763 3763 3763 3763 3763 3763 3763 3763 3619 36.19

Energy surplus (MJkg oil)
Decarbonization system -68.44 2089 -644 -7860 1338 -1699 17.95 2411 1850 26.67 826 2217
Transesterification system -6741 2192 -541 -7730 1467 -1611 1883 2499 1947 2765 898 2290

Cv1i

33.70
92.98
3.36
0.85

130.04

127.53

37.97

36.19

-92.07
-91.34

Cv2

6.60
4221
3.36
0.85

52.16

49.65

37.97

36.19

-14.20
-13.46




