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Biofuel lifecycle emissions 

Hosseini and Shah.  Multi-scale process and supply chain modelling: from lignocellulosic 
feedstock to process and products. Interface Focus 6 April 2011 vol. 1 no. 2 255-262  

Global effects 

“Traditional” LCA 
Market/Land Use  
modeling 



Why does commodity market/land use 
linkage matter? 

• In LCA, you want as complete a picture as 
possible 
– Hence the term “lifecycle” 
– But the integrated modeling is not so easy. Earlier 

assessments largely ignored it 
• More recent studies have shown feedstock 

commodity-induced indirect land use change 
(ILUC) as an important issue  
– potential magnitudes large enough to change the sign 

(and presumed net benefit) of policies to expand 
biofuel 



ILUC potential grows as geographic 
scale grows 



Some recent studies of ILUC effects on biofuel net emissions 

Study Outlet/date Policy Model Scope Net emissions effects 

Searchinger et al Science Express (2008) RFS Mandate Global land use model 
with GREET 

Global with indirect land 
use change (ILUC) 

“Payback periods for 
carbon debt” 
+++: corn 
++: cellulosic 

Fargione et al Science (2008) NS: Increased ethanol 
(corn, cellulosic) and 
biodiesel production 

Calculation based on 
literature review 

Select global locations ++++: palm biodiesel 
+++: corn ethanol 
++:  sugarcane ethanol 
0: prairie biomass ethaniol 

Hertel et al  BioScience (2010) NS: Increased corn 
ethanol production 

GTAP Global with ILUC + 

Tyner et al Argonne Working paper 
(2010) 

NS: Increased corn 
ethanol production 

GTAP 
 

Global with ILUC 
 

- 

* Baker et al Nicholas Institute (Duke) 
Report (2011) 

RFS Mandate  FASOMGHG Domestic US with ILUC - 

Thompson et al  Energy Policy (2011) Tax subsidies, tariffs and 
mandates (corn, 
cellulosic and biofuel) 

FAPRI Global with petroluem 
market feedbacks (and 
implied ILUC) 

++/- 

Zhang et al Env Research Letters 
(2010) 

LCFS (CA) – corn and 
cellulosic 

CA-GREET-GHG Global with ILUC 
 

Corn: +/- 
Cellulosic: ---- 

* National Academy of 
Sciences  

NAS Report on GHG and 
the Tax Code (Ch. 5, 
2013) 

Tax subsidies, tariffs and 
mandates (corn, 
cellulosic and biofuel) 

FAPRI 
NEMS 

Global with and without 
ILUC 

+/- 

* Mosnier et al Energy Policy (2013) 
 

RFS mandate – corn, 
cellulosic and biodiesel 

GLOBIOM/FASOMGHG Global with ILUC – non-
CO2 gases 

+/- 



(Baker et al, Nicholas Institute, 2011) 

Policy: RFS2 variations  (-25% to +25% of current standard) 

Model: U.S. Forest and Agricultural Sector Optimization  
Model with GHGs (FASOMGHG) 
 - Commodity markets (ag, forest, processing)  
- Land Use change 

Scope of GHG coverage 
- United States 
- Agricultural GHGs (Co2, CH4, N2O) 
- Forest (CO2) 
- Includes fuel use 

Outcomes of interest 
- GHG emissions 
- N use 

Study 1: Net Domestic GHG Effects  



FASOMGHG Model Structure 



Policy Scenarios 



Core GHG emissions result: RFS2 does reduce net emissions  

Key factor – Geographic scope is US only.  What if we looked globally and took in more 
Induced land use change? 



N Use Projections 



Policy: RFS2 variations  (-50% to +50% of current standard, High Corn RFS2) 

Model: Global Biosphere Management Model (GLOBIOM)  
with linkage to FASOMGHG 
- Commodity markets and land use change 

Scope of GHG coverage 
- Global 
- Agricultural GHGs (Co2, CH4, N2O) 
- Forest (CO2) 
- Includes fuel use 

Mosnier et al, 2013 



GLOBIOM: Sectoral and Global Integration 

CO2 
CH4 
N2O 

Global markets and  
Resource allocation 
(emissions too) 



Commodity Trade/Land Use Effects 



US: Raising RFS2 lowers emissions 
Greater reliance on corn raises emissions  

Globally: Raising RFS2 raises emissions 
as does reliance on corn  

Baseline 



Sensitivity to Projected Yield 
Assumptions 

ILUC emissions effects are far more pronounced under more pessimistic yield assumptions 



(NAS, 2013) 

Policy: US Biofuel Tax Subsidies with and without RFS)  

Models: FAPRI and NEMS 
-    Ag Commodity markets 
- Biofuel markets 
- Petroleum markets 
 Scope of GHG coverage 
- Global (FAPRI) United States (NEMS) 
- Agricultural GHGs (Co2, CH4, N2O) 
- Fuel use 
- ILUC (by varying assumptions) 

Outcomes of interest 
- GHG emissions 
- US Treasury revenues 







Sensitivity to inclusion of RFS2 and to 
scope of ILUC coverage 

• RFS2 mandate limits response to removing the subsidy 
• Inclusion of ILUC can change the sign of the net emissions effect  



Take Home Messages 
• ILUC from biofuel policy is too important to ignore 

– Best way to address it is through explicit connection of biofuel policy/demand – commodity markets – and 
land use - GHGs Broad geography gives more complete estimate, but perhaps greater room for 
specification error 

• Modeling estimates suggest… 
If not a consensus, certain patterns are emerging …  
– Biofuel policy – even with high dependence on corn ethanol, can be net GHG reducer if looking just within 

US 
– If we look globally, the net effects tend toward net GHG neutrality/ increases from increased biofuel use, 

but effects are small 
– Global net emissions effects tend to be small - less than 20% of one US coal plant (NAS study) 

• Ex post empirical analysis should emerge to help “true up” perspectives set by ex ante 
modeling 

• Policy implications 
– RFS and tax subsidies are duplicative and with one in place, the other is marginally less effective 
– Aggressive biofuels policy should probably be matched with aggressive policies to raise/maintain 

agricultural productivity – globally 
– Need more advances in cellulosic technology 
– Underscores that biofuel policy best viewed through multiple lens – GHG, energy security, local economic 

development 
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