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1G and 1G2G ethanol distilleries for integration

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

Basis for integration

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

material
- 2G ethanol during season and off-season

1G Distillery 1G2G Distillery



Scenario
Biojet fuel 

route
Feedstock H2 production method Hydrocarbon profile

1a HEFA Palm oil H2O electrolysis Focus: biojet fuel

1b HEFA Palm oil Ethanol reforming Focus: biojet fuel

1c HEFA Macauba oil H2O electrolysis Focus: biojet fuel

1d HEFA Macauba oil Ethanol reforming Focus: biojet fuel

1e HEFA Soybean oil H2O electrolysis Focus: biojet fuel

1f HEFA Soybean oil Ethanol reforming Focus: biojet fuel

2a FT Sugarcane Gasification Focus: naphtha

2b FT
Sugarcane and

eucalyptus
Gasification Focus: naphtha

3a ATJ 1G Ethanol H2O electrolysis Focus: biojet fuel

3b ATJ 1G Ethanol Ethanol reforming Focus: biojet fuel

3c ATJ 1G2G Ethanol H2O electrolysis Focus: biojet fuel

3d ATJ Isobutanol H2O electrolysis Focus: biojet fuel

Scenarios
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Technical results
Biorefinery production profile

Biojetfuel 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
Sugarcane + 

Eucalyptus
Ethanol Ethanol Ethanol Isobutanol

H2 production method Elect. Reform. Elect. Reform. Elect. Reform.GasificationGasification 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) 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 tonnes/y)- - - - - - - 0.59 - - - -

Vegetable oil (million tonnes/y)0.40 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 6 11 4

Diesel to market (million L/y) 105 48 101 46 87 40 16 64 0 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 L/y)360 0 360 0 360 0 360 360 0 0 0 0

Electrical energy (GWh/y) 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



Economic considerations (1)

Basiceconomicconsiderations

- Estimatesfor feedstockproductioncost: sugarcanestalksand straw, eucalyptus,and
vegetableoils

- Pricesandinvestmentsupdatedto December/2015
- Dieseland jet fuel prices: 6-yearmovingaverageof 10-yearhistoricalprice seriesin

Brazil,up to December/2015
- Naphthaprice: 3-yearhistoricalseries,up to December/2015

- Priceupdatewith the Brazilianinflation rate (IPCA)

Considered prices

US$ R$ 3.86

ϵ R$ 4.23

Exchange rates

Diesel 1.73 R$/L

Jet fuel 1.91 R$/L

Naphtha 2.10 R$/L

Hydrated ethanol 1.36 R$/L

Electrical energy 182.47 R$/MWh



Economic considerations (2)

Estimates for feedstock production cost

- Sugarcanestalksandstraw
- Fossildieselusedin sugarcaneagriculturaloperationsis replacedby renewablediesel

producedin the biorefineries
- Paymentof commercializationtaxesin Brazil(15%ICMS,R$ 0.248/L of PIS/COFINS)

- Eucalyptus
- Eucalyptusproducedin a 250km radiusfrom the biorefinery

Scenario HEFA and FT ATJ EtOH1G E ATJ EtOH1G R ATJ EtOH 1G2G ATJ iButOH

Level of substitution 100% 65% 47% 86% 28%

Reductionin the 

production cost of stalks*
-8% -4% -3% -5% -2%

Reductionin the cost of 

straw *
-13% -6% -5% -8% -3%

* In comparison to costs ofstalks and straw with fossil diesel



Palm oil

1G/1G2G biorefineries

Soybean oil

Macauba oil

Economic considerations (3)
Distilleries and oil extraction plants

Sugarcane expansion region

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

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

Productionin the Center-West (GO)
Transport distance: 250 km
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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. + 

Eucalypt.
Ethanol Ethanol Ethanol Isobut.

H2 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

InternalRate of Return(IRR) 3.7% NC 9.2% NC 3.6% NC 16.5% 13.5% 0.6% NC NC 5.7%

Minimumbiojet 

fuel selling price 

(R$/L)

Conventional jet fuel 

selling price:

R$ 1.91/L



Greenhouse gases emissions
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Conclusion

- High biojet fuel production capacity of HEFAroutes with H2 generation via H2O
electrolysis

- A singlebiorefinery reachesfrom 61%to 71%of the 5%jet fuel substitution target
- BesteconomicperformanceamongHEFAbiorefineries: macaubaoil (IRRof 9.2%)

- Thescenariowith best economicperformance(FTusingsugarcane,IRRof 16.5%) has
the lowestbiojet fuel production(11%of the 5%jet fuel substitutiontarget in Brazil)

- Scenariocouldbeevaluatedto prioritize biojet fuel production insteadof naphtha

- In termsof policymaking,someapproachesarespeciallypractical:
- Definefossil jet fuel substitution targets;
- Definegreenhousegasemissionsmitigation targets;
- Establishthe amount of subsidygrantedby governments(in $/L of biojet fuel) for

a giventechnologyto be economicallyfeasiblein view of the oil barrel price.



Thank you!

antonio.bonomi@bioetanol.org.br


