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Basis for integration

- 1G autonomous optimized distillery of 4 MTC

- Recovery of 50% of the produced straw

- Harvest season (200 days) and off-season (130 days)
- Biojet fuel production during season and off-season
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1G and 1G2G ethanol distilleries for integration
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Basis for integration

- Pre-treatment with steam explosion
- Enzymatic hydrolysis of the lignocellulosic

material

- 2G ethanol during season and off-season
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Scenarios

Scenario Bi(:i)e:ti;uel Feedstock H, production method Hydrocarbon profile
1a HEFA Palm oil H,O electrolysis Focus: biojet fuel
1b HEFA Palm oil Ethanol reforming Focus: biojet fuel
1c HEFA Macauba oil H,O electrolysis Focus: biojet fuel
1d HEFA Macauba oil Ethanol reforming Focus: biojet fuel
le HEFA Soybean oil H,O electrolysis Focus: biojet fuel
1f HEFA Soybean oil Ethanol reforming Focus: biojet fuel
2a FT Sugarcane Gasification Focus: naphtha
2b FT Sugarcane and Gasification Focus: naphtha

eucalyptus
3a AT) 1G Ethanol H,O electrolysis Focus: biojet fuel
3b ATJ 1G Ethanol Ethanol reforming Focus: biojet fuel
3c AT) 1G2G Ethanol H,O electrolysis Focus: biojet fuel
3d AT) Isobutanol H,O electrolysis Focus: biojet fuel
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Technical results

Biorefinery production profile

Biojet fuel route HEFA FT ATJ

Scenario 1a 1b 1c 1d 1e 1f 2a 2b 3a 3b 3c 3d
Ethanol distillery 1G 1G 1G 1G 1G 1G 1G 1G 1G 1G 1G2G 1G
Biojet fuel feedstock Palm oil Macauba oil Soybean oil | Sugarcane S;Sjarﬁ,apr:j; Ethanol| Ethanol | Ethanol [lsobutanol
H, production method Elect. | Reform. | Elect. | Reform. | Elect. | Reform. | Gasification | Gasification | Elect. | Reform. Elect. Elect.
Inputs

Sugarcane (million tonnes/y) | 4.00 | 4.00 | 4.00 | 4.00 | 4.00 | 4.00 4.00 4.00 4.00 4.00 4.00 4.00
Straw (million tonnes/y) 018 | 0.18 0.18 018 | 018 [ 0.18 0.18 0.18 0.18 0.18 0.18 0.18
Eucalyptus (million tonnes/y) - - 0.59 -

Vegetable oil (million tonnesfy) | 0.40 | 0.21 0.39 0.21 034 | 0.19 -

Outputs

Total diesel (million Lly) 122 65 118 63 105 57 33 81 8 6 1 4
Diesel to market (million Lly) | 105 43 101 46 87 40 16 64 0 0 0 0
Biojet fuel (million Lly) 267 142 258 138 228 125 42 102 107 76 140 162
Naphtha (million L/y) 35 8 34 6 30 0 53 129 54 26 58 31
Hydrated ethanol (million Ly) | 360 0 360 0 360 0 360 360 0 0 0 0
Electrical energy (GWhly) 0 630 0 637 0 649 156 45 525 657 0 631




Technical results
Technology ranking

Fossil jet fuel consumption in Brazil (2014): 7.5 million m3

For 5% substitution: production of 375 thousand m3 of biojet fuel

5% jet fuel # plants to Production
Scenario Route Biojet fuel feedstock H, production substitution  atleast 5% Diesel Ethanol Electrical energy
target target (million L/yr) (million L/yr) (GWh/yr)
la HEFA Palm Electrolysis -1% 2 -Z 0
1c HEFA Macauba Electrolysis ‘9% 2 -Z 0
le HEFA Soybean Electrolysis - 61% 2 -E 0
3d ATJ Isobutanol Electrolysis . 43% 3 Il 4 631
1b HEFA Palm Ethanol reforming . 38% 3 ES 630
3c ATJ 1G2G Ethanol Electrolysis . 37% 3 H 11 0
1d HEFA Macauba Ethanol reforming . 37% 3 -E?, 637
1f HEFA Soybean Ethanol reforming . 33% 3 Ei? 649
3a ATJ 1G Ethanol Electrolysis .:28% 4 I] 8 525
2b FT Sugarcane+Eucalyptus Gasification .:27% 4 -E 45
3b AT 1G Ethanol Ethanol reforming l] 20% 5 I] 6 657
2a FT Sugarcane Gasification I] 11% z) .j 33 D 156




Economic considerations (1)

Basic economic considerations

- Estimates for feedstock production cost: sugarcane stalks and straw, eucalyptus, and
vegetable oils
- Prices and investments updated to December/2015
- Diesel and jet fuel prices: 6-year moving average of 10-year historical price series in
Brazil, up to December/2015
- Naphtha price: 3-year historical series, up to December/2015
- Price update with the Brazilian inflation rate (IPCA)

Considered prices Exchange rates
Diesel 1.73 RS/L UssS RS 3.86
Jet fuel 1.91 RS/L € RS 4.23
Naphtha 2.10 RS/L
Hydrated ethanol 1.36 RS/L
Electrical energy 182.47 RS/MWh




Economic considerations (2)

Estimates for feedstock production cost

- Sugarcane stalks and straw

- Fossil diesel used in sugarcane agricultural operations is replaced by renewable diesel
produced in the biorefineries

- Payment of commercialization taxes in Brazil (15% ICMS, RS 0.248/L of PIS/COFINS)

Scenario HEFAand FT ATJEtOH 1GE ATJ EtOH 1GR ATJ EtOH 1G2G ATJ iButOH
Level of substitution 100% 65% 47% 86% 28%
Reduction in the
) -8% -4% -3% -5% -2%
production cost of stalks *
Reduction in the cost of
-13% -6% -5% -8% -3%

straw *

* In comparison to costs of stalks and straw with fossil diesel

- Eucalyptus
- Eucalyptus produced in a 250 km radius from the biorefinery
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Economic considerations (3)

Distilleries and oil extraction plants

@® 1G/1G2G biorefineries

Sugarcane expansion region

@ Palm oil

Production in the North (PA)
Transport distance: 2,000 km

@® Macauba oil

Production in the Southeast (MG)
Transport distance: 500 km

@® Soybean oil

Production in the Center-West (GO)
Transport distance: 250 km
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Economic assessment

Biojet fuel route HEFA FT ATJ
Ethanol distillery 1G 1G 1G 1G 1G 1G 1G 1G 1G 1G 1G2G 1G
Biojet fuel feedstock Palm oil Macauba oil Soybean oil Sugarc. illjj?::Ir;p’: Ethanol | Ethanol | Ethanol | Isobut.
H, production method Elect. | Reform. | Elect. | Reform. | Elect. [ Reform.| Gasif. | Gasif. | Elect. |Reform.| Elect. | Elect.
Total CAPEX (R$ million) 2134 | 1,582 | 2,103 | 1,568 | 2,007 | 1,530 | 1,339 | 2,003 | 1,057 | 1,006 | 1,582 | 1,170
Internal Rate of Return (IRR) 3.7% NC 9.2% NC 3.6% NC 16.5% | 13.5% | 0.6% NC NC 5.7%
7
6.39
6 5.82
5.37
5 4.94
Oil barrel
Minimum biojet 4 price
i i 2.96
fuel Se:gl‘fl price 285 . B R US$ 100
(R$/L) N N 2.29 N AN N US$ 70
1 AR SR R R R USS$ 40
Conventional jet fuel -0.
selling price:
R$ 1.91/L 1 la 1b 1c 1d le 1f . 2b 3a 3b 3c 3d
5 WE CESR WE CESR WE CESR WE CESR WE WE
Palm oil Macauba oil Soybean oil SC SC+FR 1G EtOH 1G2G iButOH
3 HEFA FT AT



Climate change (g CO, eq/M! jet fuel)
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Conclusion

High biojet fuel production capacity of HEFA routes with H, generation via H,O
electrolysis
- Asingle biorefinery reaches from 61% to 71% of the 5% jet fuel substitution target
- Best economic performance among HEFA biorefineries: macauba oil (IRR of 9.2%)

The scenario with best economic performance (FT using sugarcane, IRR of 16.5%) has
the lowest biojet fuel production (11% of the 5% jet fuel substitution target in Brazil)
- Scenario could be evaluated to prioritize biojet fuel production instead of naphtha

In terms of policymaking, some approaches are specially practical:
- Define fossil jet fuel substitution targets;
- Define greenhouse gas emissions mitigation targets;
- Establish the amount of subsidy granted by governments (in $/L of biojet fuel) for
a given technology to be economically feasible in view of the oil barrel price.
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