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Outline

• Some background on Jatropha LCA
• The silvi-pastoral system
 Co-production with cattle
 Detoxification 
 Other innovations

• Results
• Future directions
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Previous work…
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with Jenn Baka

with Heather McCarthy

with Goksin Kavlak



Jatropha WTW GHGs using generic 
Brazilian conditions in 2009 (no LUC)
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What about LUC?
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Project-based LCA

• Site-specific silvi-pastoral 
production

• Utilizing existing pasture
– 160 Mha of pasture in Brazil
– 10 Mha is “degraded”

• Multiple innovations
• Generalizable to other 

perennial species?
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Innovations

1. Silvipastoral production 

 Co-produce oilseeds and cattle

2. Detoxify press-cake and use animal feed

3. Use hybrid seeds

4. Oil extraction with locally produced ethanol

5. Cogeneration using husks and shells

6. Alternative refining pathway
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Goal and Scope

Compare environmental impacts of conventional jet fuel to 
Jatropha-SPK* produced in a novel silvi-pastoral system

• System boundaries
Farm + Oil Extraction + Refining

• Functional unit
– 1 GJ of fuel 

• Treatment of co-products
– Mass, energy, and economic allocation

– System expansion
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* SPK - synthetic paraffinic kerosene



Innovations

1. Co-produce oilseeds and cattle

2. Detoxify press-cake and use animal feed

3. Use hybrid seeds

4. Oil extraction with locally produced ethanol

5. Cogeneration using husks and shells

6. Alternative refining pathway
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1. Co-production with cattle

• Stocking 2 AU* per ha
• Inputs nourish pasture and Jatropha

* AU = Animal Unit - 450 kg live weight 
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1. Co-production with cattle

• Annual productivity per ha:
– Jatropha 1.95 tons dry seed plus co-products
– Pasture 10-17 t/ha
– Cattle 2 UA (900 kg) 

* UA = Unidade Animal = 450 kg live weight 
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1. Co-production with cattle

• Cattle produced here displace cattle 
produced elsewhere

…where and by how much?

* UA = Unidade Animal = 450 kg live weight 
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1. Co-production with cattle

• Co-produced cattle might displace:
– Cattle in managed, natural, or degraded pasture 
– Cattle grazing in recently deforested land
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1. Co-production with cattle

• Emissions from 1 AU:
– Enteric fermentation: 56 kg CH4 per year
– Manure: 1 kg CH4 and 1.2 kg N2O per year
– Inputs: NPK, diesel…
– Land cover change:

• Degraded – small increase in C
• Managed pasture – no change C
• Forest – large C emissions avoided 

Stocking rate in forest regions 0.9 AU/ha
Carbon stocks ~ 150 t-C/ha (IPCC)
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1. Co-production with cattle

Cederberg et al (2011):
• ~6% of Brazil’s cattle were 

produced on recently cut 
forest in LAR

• 44 kg CO2e/kg cattle 
averaged over all regions

• 352 kgCO2e per FU
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2. Press-cake detox

• Press-cake detoxification
– 1 dry ton of seed yields 250kg of Jatropha 

seedcake (JSC)
• 60% protein

– Assume product displaces soymeal 
• 19% domestic animal feed market in Brazil (USDA)
• Corn has bigger market share 
• maybe more realistic to displace maize?
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2. Press-cake detox

• Press-cake detoxification
– Substitution on a protein basis

• 1 kg Jatropha presscake ≈ 1.3 kg soymeal

– 0.7 kg CO2e/kg soymeal (EcoInvent, 2010)
– 16-18 kgCO2e per FU via soymeal displacement
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3. Hybrid seeds

• Yield
– Originally expected 3.5 kg/tree
– Revised down to 2.4 kg/tree 

• Tested sensitivity @ 1.2 kg/tree

• Spacing
– 8x1 with large alleys for pasture
– Considered monoculture @ 4x1
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4. Ethanol as solvent

• Replace hexane or pentane
– Saves energy and reduces emissions
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5. Cogeneration

• Cogen using seedcake and husks

1 FU yields
~ 100 kg husk and shell

94 kWh electricity
– 11 kWh used internally
– 83 kWh exported to grid
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6. Alternative refining pathways
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Catalytic hydro-treatment (UOP) Catalytic decarboxylation (AliphaJet)

From http://www.uop.com/green-jet-fuel/ From http://www.syngest.com/AliphaJet/images/img_flow_graphic.jpg

http://www.uop.com/green-jet-fuel/
http://www.syngest.com/AliphaJet/images/img_flow_graphic.jpg


Results (system expansion not shown)
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Results

• Reduced impacts in most indicators

• Improvements are robust across allocation 
methodologies 

• Improvements persist if yields are 50% lower 
than expected
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Remaining questions

• Carbon dynamics:

– trees, pasture, and soil?

• Reality check on results:

– Soy and cattle displacement

• The project failed and SG 
pulled out of Brazil…why?

• What are future prospects 
for silvipastoral-based 
production of oilseed 
feedstocks? 
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“A Gol aircraft is fueled with bio-kerosene in Rio; in particular, 
macaúba fruit and cane sugar, used to produce biofuel.”

From p. 141 of this month’s GOL in-flight magazine



Thanks! Obrigado! Gracias!

• for funding the Jatropha research

Collaboration with Goksin Kavlak (Yale), SG Biofuels, JetBio and Rio 
Pardo Bioenergia
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Land use change

• Little impact shifting from managed/degraded 
pasture to Jatropha:

1 t-C per ha lost from managed pasture
~11.6 kg CO2e/GJ lost over 20 years

3 t-C gained in degraded pasture
~5.0 kg CO2e/GJ gained over 20 years
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GHG reduction requirements in a sample of existing sustainability initiatives

Initiative Allocation GHG Reduction requirement ILUC LUC Time frame

US-RFS Displacement 
method

Conventional biofuels: 20% lifecycle GHG threshold (below 
gasoline) Advanced biofuels: 50% lifecycle GHG threshold 
Biomass-based diesel: 50% lifecycle GHG threshold Cellulosic 
biofuel: 60% lifecycle GHG threshold  

Yes Yes 100 year with 
2% discount 
rate OR 30 year 
with 0% 
discount rate

CA-LCFS GREET 
methodology

10% reduction in GHG emissions across fleet Yes Yes 30 year project 
horizon

UK RTFO Substitution 
approach 
preferred but 
economic also 
permitted

Targets to overall level of GHG saving achieved by the biofuel 
supplied in each obligation period: 2008–2009, 40%, 2009–
2010, 45%, 2010–2011, 50%, etc. The level of GHG saving is an 
overall target for all fuels and feedstock reported by a fuel 
supplier Will follow the EC-RED Directive  

X Yes No dLUC with a 
carbon payback 
time over 10 
years 

Dutch 
NTA 8080 

Based on 
energy content 

For heat and power: at least 70% if reference case is Dutch 
mixture of electricity or coal, or at least 50% if reference case is 
natural gas.
For transportation fuels: at least 50%; for flows of biomass for 
which in the EC-RED ‘‘a typical GHG emission saving of less than 
50% is included as transition period till 2012, a minimum of 35%  

X Yes Annualized 
emissions based 
on 20 years 

EC-RED Based on 
energy content

At least 35% GHG emission reduction compared to reference 
fuel Rising to 50% on January 2017 and 60% in 2018 for biofuels 
and bioliquids produced in installations in which production 
started on or after January 2017. 

X Yes Annualized 
emissions with
20 yrs  
timeframe

RSB Guidelines 
under 
development

Biofuel shall have lower GHG emissions than the fossil fuel 
baseline and shall contribute to the minimization of overall GHG 
emissions. The threshold  (10, 40 and 70% reductions are under 
discussion) will be set at the conclusion of the test period  

? Yes Based on IPCC 
methodology
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Scenarios

Scenario Description
Fossil fuel reference Average US kerosene-based jet fuel
Baseline Jatropha SPK Jatropha in Brazilian conditions with no 

innovations
CJO co-production 
with cattle

Energy Allocation
Mass Allocation
Economic Allocation
No accounting for cattle
Accounting for cattle but no avoided LUC
Accounting for cattle and avoided LUC
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7/23/14

LCA methodologies

• Our approach:
– Collect primary data 
– Follow accepted LCA protocols

• Allocate with system expansion when possible

– Use LCA software common to industry and academia
– Undergo extensive peer review
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Allocation

Milling Products Mass (kg per 
ton of dry 

seed)

mass % energy (MJ
/kg)

energy 
%

Value 
(R$/ton)

value 
(%)

shells 390 28% 19 22% 100 5%

husks 380 28% 19 22% 100 4%

CJO 360 26% 39.6 43% 1681 71%

Cake (or meal) 250 18% 18.3 14% 700 20%

TOTAL (fruit) 1380 24 621
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Allocation factors
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Reference scenario

• Fossil jet fuel

NETL, 2008
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Sensitivity to spacing and yield
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Results – system expansion
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