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http://www.good.is/?p=15440


1  Data from Farrell et al 2006; GHG based on IPCC 100a; Net energy = fuel energy (MJ L-1) - energy input (MJ)  

 

 •A survey of the literature, by NREL, indicates that there are > 60 ethanol studies  

published that use LCA to some extent. 

•Large discrepancies exist between studies. 

Greenhouse gasses and net energy of corn-based ethanol 1 
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          NATIONAL RENEWABLE ENERGY LABORATORY

Air quality impacts from biofuels 

Goal: Compare air pollutant-related health impacts (and 
monetization thereof) from scenarios of large scale 
deployment of ethanol using next generation feedstocks to 
a BAU case of mostly gasoline on a life cycle basis 

 

Objectives: 

1. Develop credible air pollutant emissions inventory for all 
life cycle processes 

2. Spatially and temporally disaggregate our life cycle 
assessment model 

3. Utilize state of the science air quality modeling methods 
to estimate air pollutant concentrations and resultant 
health impacts 
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Motivation 

Very few studies have investigated air quality and human 
health impacts of various ethanol pathways 

1. Jacobson (2007): health impacts from use of corn E85 
compared to gasoline (not full life cycle) 

2. Huo et al (2008): mass emissions from life cycle of 
many fuel/LDV systems, urban vs rural 

3. Jones (2010): mass emissions from seven pre-
commercial cellulosic ethanol plants based on permitted 
emission levels 

4. EPA (2010): health impacts from RFS2 vs. Baseline 
(RFS1) considering all life cycle processes 

1. So detailed and specific to regulatory purpose that not useful 
for DOE programmatic purposes 

5. Hill (2009) 
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©2009 by National Academy of Sciences 

Motivation: Hill et al 2009 
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Opportunities to Build from Hill 2009 
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1. Approached by UMN to form partnership  

1. We access their AQ modeling capability 

2. They access our LCA model 

2. Much better AQ models available 

1. Kilometer spatial resolution for full US 

2. Full year hourly simulation 

3. Can predict ozone 

3. Align AQ modeling to NREL’s LCA model 

1. Additional feedstocks 

2. Process-level  model 
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Multi-Institutional Project Team 

NREL 

Role 

– Develop air pollutant 

emissions inventory for all 

processes in NREL LCA 

model 

• PM and precursors 

• Ozone and precursors 

– Assign temporal signal and 

spatial location to all 

emissions 

 

Team 

– Garvin Heath – co-PI  

– Yimin Zhang – lead  

– Other staff and interns 

 

 

University of Minnesota 

Role 

– Refine advanced airshed 

model (CAMx) to state-of-the-

science temporal and spatial 

resolution 

– Develop air pollutant 

concentration output 

– Assess population inhalation 

exposure and health effects 

– Monetize health impacts 

 

Team 

– Jason Hill – co-PI 

– Julian Marshall – co-PI 

– Post-doc and grad students 
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Tentative Schedule (proposed)  

1. FY11 
1. Initiate gap-filling of air pollutant emission factors 

• Focus on feedstock production and pre-processing 

• Conversion requires additional effort 

2. As an inventory for a life cycle stage is completed, assign temporal signal 

3. As an inventory for a life cycle stage is completed, assign a spatial location 
(using GIS) 

• Coordinate with UMN for similar processes 

• Develop our own for dissimilar processes 

2. FY12 
1. Submit emissions inventory for at least feedstock production stage for 

journal publication 
• Possibly broader or more than 1 publication 

2. Develop spatially and temporally disaggregated emissions inventory ready 
for use in AQ model 

3. Wait for UMN results – air pollutant concentrations (maps), health impacts 
estimates (national) and monetized impacts 

4. Initiate publication of results 

5. Share results (e.g., inventory) with DOE stakeholders (GREET) 

3. FY13 
1. Submit manuscript for journal publication 

2. Develop inventories into US LCI files so other researchers can use them 
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Comparative LCA of multiple pathways 

Life cycle assessment (LCA) of 
ethanol in 2022 published in 
Environmental Science and 
Technology, June 2010. 

 

Inform management stakeholders of 
study results 

– Describe the implications 

– Compare to EPA and GREET 
analyses 

Request feedback on our plans 

– Additional studies for FY10-FY11 

– ES&T communications strategy 

– Role of NREL LCA analysis with 
regard to NBTRP feedback 
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Model NOT designed for 

policy assessment but for 

guiding sustainability 

metrics development and 

technology development 

• Consistently compare 5 feedstock-conversion pathway options 

• Consider advanced system (2022) designs for all life cycle stages 

• National-average conditions 

• Evaluates the incremental kilometer driven, not at-scale policy impacts 

Multiple feedstocks and conversion technologies were 

assessed for the year 2022 
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Not Just Another Ethanol LCA 

23 

How is this different from past ethanol LCAs? 
– Comparison of multiple feedstocks/technologies in the same timeframe 

(2022) 

– Linking multiple DOE models 
• NREL cellulosic and corn ethanol design reports 

• INL feedstock design report 

• ANL GREET vehicle emissions 

– Rigorous sensitivity and uncertainty methods to create a probabilistic 
assessment 

– Transparent and documented LCA model (published in Supplemental 
Information) 

– Extensive stakeholder input and review 

What are shortcomings of this LCA? 
– No indirect effects (land use change) and soil carbon sequestration 

– Results limited to Greenhouse Gases and Net Energy Value. Water results 
not published 

– Future work addresses these shortcomings 
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217 g CO2 
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Input data uncertainty drives the distribution 

25 

Few input parameters drive sustainability 

•  Mostly in feedstock production stage  

Substantial uncertainty in estimation of even direct life cycle impacts 

• Switchgrass generally highest  pre-commercial systems, gaps in data 

• GHG results for all evaluated feedstocks have substantial overlap in range of results 

• NEV clustered by conversion technology 

Reference case results from a set of optimized parameters and often lies 

outside the middle 50% of the distribution 

• Often <25 percentile and sometimes <10 percentile 

• Driven by skewness in input distributions of key input parameters 

• Results may have important impact on conclusions drawn from LCAs of biofuels 

Many important processes in feedstock production and conversion need 

to be well controlled to ensure sustainability 

• Most skewed input parameters are result of lack of data rather than variability of data 

Nevertheless, all feedstock-to-ethanol pathways better than gasoline for  

GHG and NEV (full range) (excluding land use change) 
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Comparison with GREET and EPA 
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With inputs into NREL model 
– GREET results are almost the same 

– EPA still lower. EPA inputs lead to less 
GHG 

Results documented in technical memo 
(Y. Zhang) 

– After management approval, will be 
distributed to national lab stakeholders 
and EPA 

– Keep in NBC for reference 
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Current NREL Model Already Being Used 

Biofuels pathways analysis 
– Results feed into biofuels and biopower analysis 

Sustainability metrics 
– Work requested by DOE’s Sustainability Program (A. Goss Eng) 

– Assists in evaluation of Office of the Biomass Program tasks 

• Biofuel conversion analyzed 

• Preprocessing importance highlighted 

Update of GREET inputs 
– Several cellulosic ethanol conversion issues identified 

• Ethanol yield 

• Electricity co-product 

• Factors coming from 2002 and 2007 cellulosic ethanol design 
reports 

– ANL interest in update increased after manuscript published 
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What is the NREL LCA Role in Future Policy? 

28 

NREL Biofuels Technical Review Panel: 
– Become involved in RFS III. NREL is in a good position to advise Congress 

and DOE about real and practical targets as well as the R&D efforts needed 
to reach these goals. 

– There is a clear need to get NREL’s analysis in front of policy makers in a 
timely manner so that [a] better decision can be reached [DOE Staff] 

– Could NREL reconcile its LCA models with those of EPA, or publish peer-
reviewed reports that industry can point to when dealing with EPA? 

 

Feedback points to extending outside NREL-DOE OBP world 

(Ideas are for brainstorming purposes only) 
– Aggressively pursue relationship with EPA 

• Short-term assignment with EPA 

– Maintain strong contact with multiple offices of DOE 

– Proactively communicate ES&T results with state and federal policymakers 



NREL is a national laboratory of the U.S. Department of Energy, Office of Energy Efficiency and Renewable Energy, operated by the Alliance for Sustainable Energy, LLC. 
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http://en.openei.org/wiki/Renewable_Fuel_Standard_Schedule
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NREL is a national laboratory of the U.S. Department of Energy, Office of Energy Efficiency and Renewable Energy, operated by the Alliance for Sustainable Energy, LLC. 
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NREL is a national laboratory of the U.S. Department of Energy, Office of Energy Efficiency and Renewable Energy, operated by the Alliance for Sustainable Energy, LLC. 
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