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Are Biofuels Better 
than Alternatives? 

Answer depends on: 

- What type of biofuels? 

- How are they produced? 

- Where are they produced? 

- What are the alternatives? 

- Basis for comparison? 

Life Cycle Assessment (LCA) is a 
valuable tool for comparison 

 But LCA methodology 
changes can change your 
answers… 

LCA incorporated into policy:  
(CA LCFS, US RFS, UK RTFO, EU 
Biofuels Directive…) 
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Winrock International 2009 

Life Cycle GHG emissions 
are sensitive to inputs 
and outputs, like: 

• feedstock type 

• nitrogen fertilizer 

• yield changes 

• fuel processing  

• co-products  

• land use / cover change 

• cultivation techniques 
 

Corn Ethanol GHG:  Sensitivity to Inputs 
   Attributional LCA 

Winrock International 2009 



DOE GREET Model: Well-to-Wheel LCA 

Different Corn Ethanol Plant Types Yield Different Results 
(CO2e g /  MMBtu fuel produced & used) 

Wang et al 2007 

Fuel Processing 
& Co-Products 
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Florida 

Philippines 

Brazil 

Brazil 

Cane Field Burning = 

N2O = 298xCO2GWP(100yr)  

CH4 = 25xCO2GWP(100yr)   

Cultivation Techniques 
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Gibbs et al 2008 

Land Use Change 

“Carbon Payback” times also vary 
widely between feedstocks and 
existing land cover types 
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June 2006 

January 2007 

Philippines SCBI Reforestation = 

~39 to 70 mt CO2e/ha/yr sequestration 
 

U.S. = ~19.3 mt CO2e/yr per capita 

China = ~5.0 mt CO2e/yr 

Philippines = ~0.8 mt CO2e/yr    

               (World Bank 2007) 

 

 Positive Land Use Change Impacts? 
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GTAP model used to for 

indirect land use 
change(iLUC) 
calculations 

GTAP = a multiregion, 
multisector, computable 
general equilibrium 
model, with perfect 
competition and 
constant returns to scale  

 Models global impacts 
driven by economic 
effects 

 Many assumptions 

 Too complex to be well-
understood by public and 
policy makers (and even 
many scientists) 

 

Attributional vs. Consequential LCA 

Incorporating indirect impacts in LCA… 

ICCT 2010 



 

Expanding to Consequential LCA  US Renewable Fuels Standard (RFS) 

EPA 2010 



 

RFS Final LCA Results 

EPA 2010 

Production Tax Credits:   

$0.45/gal ethanol (-20%GHGs) 

$1.01/gal cellulosic (-60%GHGs) 

 



 

Indirect land use change results depend upon the model used… 

EPA 2010 
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  Albedo 

Bird & Schwaiger 2009 

 Albedo GHG Impact vs. C Storage 

(Jatropha replacing grassland in South Africa) 
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Habitat Loss & 
Biodiversity Impacts 

LCA Beyond GHGs? 
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  Freshwater Use 

Gerbens-Leenes et al 2009 

(L water per L fuel) 

or 65 ??  



Gulf of Mexico Dead Zone 

EPA 2009 “Draft Regulatory Impact Analysis:  Changes to Renewable Fuel Standard Program” 

  Freshwater Quality 

Fertilizer runoff and 
plant effluents can 
contribute to water 
quality 
degradation   
 

EPA 2009 
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Food vs. Fuel 

Naylor et al 2007  

Higher prices bad for urban 

poor, but good for rural 

poor (net producers)? 

More demand for ag land 

should lead to higher ag 

product prices (including 

food) 

Haiti 2008 

Tunisia 2011 
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Naylor et al 2007  

If a biofuel crop is grown on 
land that would otherwise 
be used to grow food, then 
it will impact food prices… 
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Banse et al 2008b 

Price = a major driver of 

 1) Food security 
    - distributional impacts TBD 

 2) Land use change 
    - both direct and indirect 
 

 

 Price volatility 
driven by biofuels or 
other global trends, 
like commodities 
investment? 

Banse et al 2008a 

EU Biofuels Directive GTAP Modeling 

Masters 2008 

Food, Fuel, Prices & 

Commodity Speculation   



10/19/2012 

How Should We Weight Different LCA Impacts? 

  

Zah et al 2007 
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Zah et al 2007 

Biofuel GHG reductions do not 
necessarily translate to net overall 
environmental benefits 
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Spatially Variable Impacts: Water 
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  Campbell et al 2008 

“Degraded” and “abandoned” agricultural 
areas are attractive places to start… 

But… 
 
- albedo? 

 
- land use 

change? 
 

- water use 
impacts? 
 

- yields? 
 

- Is land 
really 
unused? 
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Biofuel Performance vs. Other Alternatives? 



Spatial & temporal variability of impacts… 
 Whether a technology is a net environmental solution 

or liability may depend on your location 

Huo et al (2010) 



 Principle 1: Legality  

 Principle 2: Planning, Monitoring and Continuous Improvement 

 Principle 3: Greenhouse Gas Emissions  

 Principle 4: Human and Labour Rights  

 Principle 5: Rural and Social Development  

 Principle 6: Local Food Security 

 Principle 7: Conservation  

 Principle 8: Soil  

 Principle 9: Water 

 Principle 10: Air  

 Principle 11: Use of Technology, Inputs, and Management of Waste  

 Principle 12: Land Rights  

Stakeholder 
Engagement 

 Sustainability 
Certification 



Chamber 6: 
Environmental NGOs 

Chamber 7: 
Governments, IGOs, 
Consultant experts  

Chamber 1: 
Feedstock producers 

Chamber 2: 
Biofuel producers 

Chamber 3: 
Retailers, investors, 

users 

Chamber 4: 
Rights-based NGOs, 

Unions 

RSB 

Chamber 5: 
Rural development NGOs 



The Road Ahead? 



Account for improving technologies… 

Low-Head Hydro 

• Multiple, small dams and diversion 
canals to replace one large one; 

• 70% – 85% of large dam w/ only 5% – 
10% of the flooded area; 

• Less concrete, steel & fish impact 

 

Advanced Biofuels vs. … 

Tethered Wind Power 

• Higher capacity 

• Cost-competitive offshore 
wind = lower impact? 

• Less concrete and steel 

 



& improve LCA information flow… 

Open data can empower companies, 

investors & policy-makers (top down) …  

 … and all the rest of us! 

(bottom up)  

a powerful tool for conveying info 
and aligning incentives    

 

Apply LCA to all products and services! 



McKinsey & Company (2010) 

• Quantify tradeoffs, share data 

• Account for spatial variation 

• Engage stakeholders* 

(*aka, all of us)  

How should we choose between options? 



Not enough time to wait for perfect information! 
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Ian Monroe  – Stanford University –  imon@stanford.edu 

Thanks! 
Corpoica, The David and Lucile Packard Foundation, SCBI, 
GENESYS, Stanford University, University of Amsterdam, Global 

Climate and Energy Project (GCEP), and all of you! 
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