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Biojet fuel

Scenario e Feedstock H, production method  Hydrocarbon profile
la 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 ATJ 1G Ethanol H,O electrolysis Focus: biojet fuel
3b ATJ 1G Ethanol Ethanol reforming Focus: biojet fuel
3c ATJ 1G2G Ethanol H,O electrolysis Focus: biojet fuel
3d ATJ Isobutanol H,O electrolysis Focus: biojet fuel
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Technical results

Biorefinery production profile

Biojetfuel route HEFA FT ATJ

Scenario la 1b 1c 1d le 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| Sugarcan S;l?ca;@ {;rt]jc Ethang Ethanol| Ethanol|lsobutant
H, production method Elect] Reform| Elect.| Reform| Elect| Reform| Gasificatiq Gasificatio] Elect.| Reform.| Elect. Elect.
Inputs

Sugarcane (million tonnes/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) | 0.18| 0.18 | 0.18| 0.18 | 0.18| 0.18 0.18 0.18 0.18 0.18 0.18 0.18
Eucalyptus (million tonnefs/y) - - - - - - 0.59 - - - -
Vegetable oil (million tonnes/®).40( 0.21 | 0.39| 0.21 | 0.34| 0.19 - - - - - -
Outputs

Total diesel (million L/y) | 122 65 118 63 105 57 33 81 8 11 4
Diesel to market (million L/y) 105 48 101 46 87 40 16 64 0 0 0
Biojet fuel (million L/y) 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| 360 0 360 0 360 0 360 360 0 0 0
Electrical energy (GWh/y) 0 630 0 637 0 649 156 45 525 657 631




Technical results
Technology ranking

—

Fossil jet fuel consumption in Brazil (2014): 7.5 milliof n

For 5% substitution: production of 375 thousand®mf 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

Basiceconomicconsiderations

- Estimatedor feedstockproductioncost sugarcanestalksand straw, eucalyptus,and
vegetableoils
- Pricesandinvestmentsupdatedto December2015
- Dieseland jet fuel prices 6-year movingaverageof 10-year historicalprice seriesin
Brazil,up to December2015
- Naphthaprice: 3-yearhistoricalseries,up to December2015
- Priceupdatewith the Brazilianinflation rate (IPCA)

Considered prices Exchange rates

Diesel 1.73 R$/L US$ R$ 3.86
Jet fuel 1.91 R$/L € R$ 4.23
Naphtha 2.10 R$/L

Hydrated ethanol 1.36 R$/L

Electrical energy 182.47 R$/MWh




Economic considerations (z

Estimates for feedstock production cost

- Sugarcanestalksand straw
- Fossildieselusedin sugarcaneagriculturaloperationsis replacedby renewablediesel

producedin the biorefineries
- Paymentof commercializationiaxesin Brazil(15%ICMSRS$ 0.248L of PIS/COFINS)

Scenario HEFA and FF ATJ EtOHG E ATJEtOMG R ATJEtOH 1G2G ATJ iButOH
Level of substitution 100% 65% 47% 86% 28%
Reductionn the
. -8% -49¢ -3% -5% 2%
production cost oftalks* & ° £ R °
Reductionin the cost of
-13% -6% -5% -8% -3%

straw *
* In comparison to costs aftalks and straw with fossil diesel

- Eucalyptus
- Eucalyptuproducedin a250km radiusfrom the biorefinery



Economic considerations (3
Distilleries and oll extraction plants

® 1G/1G2G biorefineries

Sugarcane expansion region

@ Palm oll

Production in the North (PA)
Transport distance2,000 km

® Macauba oil

Production in the Southeast (MG)
Transport distance500 km

@® Soybean oil

Productionin the CenterWest (GO)
Transport distance250 km
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Economic assessmer

Biojetfuel 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 sugarc. | Ethano| Ethano| Ethanol Isobut.

Eucalypt
H, production method | Elect. | Reform| Elect| Reform| Elect.| Reform Gasif.| Gasif. | Elect.|Reform Elect.| Elect.

Total CAPEX (R$ million)| 2,134 1,582 | 2,103 1,568| 2,007| 1,530| 1,339 2,003 | 1,057| 1,006| 1,582 1,170

InternaRate of RetufRR) | 3.7% [ NC | 9.2%| NC 3.6% | NC | 16.5%| 13.5%| 0.6%| NC NC 5. 7%
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Conclusion

High biojet fuel production capacity of HEFAroutes with H, generation via H,0O
electrolysis
- Asinglebiorefinery reachesfrom 61%to 71%o0f the 5%jet fuel substitution target
- BesteconomicperformanceamongHEFAdiorefineries macaubaoil (IRRof 9.2%)

The scenariowith best economicperformance(FTusingsugarcaneJRRof 16.5%) has
the lowestbiojet fuel production(11%of the 5%jet fuel substitutiontargetin Brazil)
- Scenariocould be evaluatedto prioritize biojet fuel productioninsteadof naphtha

In terms of policymakingsomeapproachesare speciallypractical
- Definefossiljet fuel substitution targets;
- Definegreenhousegasemissionamitigation targets,
- Establishthe amount of subsidygranted by governments(in $/L of biojet fuel) for
a giventechnologyto be economicallyfeasiblein view of the oil barrel price.

e



Thank you!

antonio.bonomi@bioetanol.org.br

r CN PE ITl MINISTERIO DA

- i CIENCIA, TECNOLOGIA,
Centro Na.CIonaI de _Pe.SqUIsa |N°VA¢°ES ECOMUN|CACOES G OV ERNO FEDERMMNNM
em Energia e Materiais




