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Parametric
How do results in a particular model vary 
with incertitude about parameter values?

Conceptualization
How well does the model answer the question at hand? 

Model
How do results vary under competing models?
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Possible questions

1. What is the carbon intensity of fuel X?

2. What is the relative CI of fuel X vs fuel Y?

3. What is the net global change in GHG emissions 
from producing more of fuel X?

4. What is the probability that a world with policy 
X has a lower NPV of damages from climate 
change than a world without policy X?
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5Source: Plevin (2010).

Attributional LCA uncertainty

Note: excluding indirect effects such as ILUC

Uncertainty 
differs greatly 
across fuels



6Source: Hsu, Inman et al. (2010)

Attributional LCA uncertainty

Note: excluding indirect effects such as ILUC

Includes 
uncertainty in 
process chain 
emissions only

Point estimate

95%

90%

IQR
Mean

Median



7

Includes 
uncertainty in 

remote sensing 
and ecosystem 

carbon only

2022 average corn ethanol, NG-fired dry mill, 37% wet DGs

Source: USEPA 2010, p. 480.

Partial ILUC uncertainty
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LUC factor, g CO2 MJ-1

Includes only 
select 

economic 
model 

parameters

Source: Laborde/IFPRI (2011)

Partial ILUC uncertainty
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Rapeseed oil on set-aside land

10Source: Malça and Freire 2010



Rapeseed oil on set-aside land

10Source: Malça and Freire 2010



ILUC emissions for 
US corn ethanol

Ends of whiskers show 
max and min values; 
crossbars indicate 2.5 
and 97.5 percentile 
values; green box 
indicates interquartile 
range; vertical line across 
box indicates median 
value.

Source: Plevin et al. (2010) 11

Includes 
uncertainty 

in LUC 
emissions 

only
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How much GHG reduction?

CI of biofuel X is 20% lower than CI of gasoline

⇒
Biofuel X reduces GHG emissions by 20%

?
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Only if there are no price effects in the fuel market



Recent estimates of rebound effect
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Large uncertainties

• Direct life cycle (mainly N2O related)

• Indirect land use change

• Magnitude and location

• CO2 from land conversion 

• GHG emissions from changes in production

• Quantity and type of fuel replaced by biofuels
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Quick and dirty analysis

What are the global GHG consequences of 
producing switchgrass ethanol in the US?
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17Source: Plevin (2010).

Attributional LCA uncertainty

Note: excluding indirect effects such as ILUC

Roughly 10-40, median = 20
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Corn
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Hectares of new cropland per 1000 gal

0.18

0.15

Taheripour,  Tyner and Wang (2011).

83%

Switchgrass ILUC
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10 to 80 g CO2e MJ-1

Source: Plevin et al. (2010)

Switchgrass ILUC uncertainty



Rebound effect uncertainty
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Direct + ILUC + rebound
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Gasoline
[90, 95, 100]

Biofuel
[10, 20, 40]

ILUC
[10, 20, 80]

Rebound
[10, 30, 70]



Effect of cumulative uncertainty
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95% CI [-38%, +45%]



Which definition to use for policy?
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Analytical approach Change in GHGs

Direct LCA -79%

Incl. ILUC -58%

Incl. ILUC and rebound -28%

Stochastic mean (triangular) 0%

95% confidence interval -38% to +45%



Challenges

• What is the right metric for a performance standard?

• How can we best incorporate uncertainty?

• What are the risks of over- versus under-counting 
emissions?
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Thank you.

25



Works Cited

Anderson-Teixeira, K. J., P. K. Snyder and E. H. Delucia (2011). "Do biofuels life 
cycle analyses accurately quantify the climate impacts of biofuels-related land 
use change?" University of Illinois Law Review 2011(2).

Barker, T., A. Dagoumas and J. Rubin (2009). "The macroeconomic rebound effect 
and the world economy." Energy Efficiency 2(4): 411-427. DOI:10.1007/
s12053-009-9053-y

Brakkee, K., M. Huijbregts, B. Eickhout, A. Jan Hendriks and D. van de Meent 
(2008). "Characterisation factors for greenhouse gases at a midpoint level 
including indirect effects based on calculations with the IMAGE model." The 
International Journal of Life Cycle Assessment 13(3): 191-201.

DeCicco, J. (2011). "Biofuels and carbon management." Climatic Change: 1-14.

Drabik, D. and H. de Gorter (2010). Biofuels and leakages in the fuel market. 
IATRC Public Trade Policy Research and Analysis Symposium. Stuttgart, 
Germany: 39. http://econpapers.repec.org/paper/agsiatr10/91265.htm.

Delucchi, M. A. (2010). "Impacts of biofuels on climate change, water use, and 
land use." Annals of the New York Academy of Sciences 1195: 28-45.

Dumortier, J., D. J. Hayes, M. Carriquiry, F. Dong, X. Du, A. Elobeid, J. F. Fabiosa and 
S. Tokgoz (2011). "Sensitivity of Carbon Emission Estimates from Indirect Land-
Use Change." Applied Economic Perspectives and Policy 33(3): 428-448.

Ekvall, T. and B. P.  Weidema (2004). "System boundaries and input data in 
consequential life cycle inventory analysis." International Journal of Life Cycle 
Assessment 9(3): 161-171. DOI: 10.1065/lca2004.03.148

Finnveden, G., M. Z. Hauschild, T. Ekvall, J. GuinÈe, R. Heijungs, S. Hellweg, A. 
Koehler, D. Pennington and S. Suh (2009). "Recent developments in Life Cycle 
Assessment." Journal of Environmental Management 91(1): 1-21.

Hochman, G., D. Rajagopal and D. Zilberman (2010). "The effect of biofuels on 
crude oil markets." AgBioForum 13(2): 112-118.

Laborde, D. (2011). Assessing the Land Use Change Consequences of European 
Biofuel Policies. Washington, DC, International Food Policy Research Institute

Malça, J. and F. Freire (2010). "Uncertainty Analysis in Biofuel Systems." Journal of 
Industrial Ecology 14(2): 322-334.

McKone, T. E., W. W. Nazaroff, P. Berck, M. Auffhammer, T. Lipman, M. S. Torn, E. 
Masanet, A. Lobscheid, N. Santero, U. Mishra, A. Barrett, M. Bomberg, K. 
Fingerman, C. Scown, B. Strogen and A. Horvath (2011). "Grand Challenges for 
Life-Cycle Assessment of Biofuels." Environmental Science & Technology.

Plevin, R. J., M. O'Hare, A. D. Jones, M. S. Torn and H. K. Gibbs (2010). 
"Greenhouse Gas Emissions from Biofuels: Indirect Land Use Change Are 
Uncertain but May Be Much Greater than Previously Estimated." Environmental 
Science & Technology 44(21): 8015-8021.

Plevin, R. J. (2010). Life Cycle Regulation of Transportation Fuels: Uncertainty and 
its Policy Implications. Energy and Resources Group, University of California - 
Berkeley. Ph.D.  http://plevin.berkeley.edu/docs/Plevin-Dissertation-2010.pdf.

Ros, J. P. M., K. P. Overmars, E. Stehfest, A. G. Prins, J. Notenboom and M. van 
Oorschot (2010). Identifying the indirect effects of bio-energy production. 
Netherlands Environmental Assessment Agency (PBL). http://www.pbl.nl/en/
publications/2010/Identifying-the-indirect-effects-of-bio-energy-production.html.

Stoft, S. (2010). Renewable fuel and the global rebound effect. Berkeley, Global 
Energy Policy Center: 19. http://papers.ssrn.com/sol3/papers.cfm?
abstract_id=1636911.

Taheripour, F., W. E. Tyner and M. Wang (2011). Global Land Use Changes due to 
the U.S. Cellulosic Biofuel Program Simulated with the GTAP Model, Purdue 
University and Argonne National Laboratory

Thompson, W., J. Whistance and S. Meyer (2011). "Effects of US biofuel policies 
on US and world petroleum product markets with consequences for 
greenhouse gas emissions." Energy Policy 39(9): 5509-5518.

USEPA (2010). Renewable Fuel Standard Program (RFS2) Regulatory Impact 
Analysis. Washington, DC, US Environmental Protection Agency: 1120. http://
www.epa.gov/OMSWWW/renewablefuels/.

Weidema, B. and T. Ekvall (2009). Consequential LCA: Chapter for CALCAS 
deliverable D18, 2009 “Guidelines for applications of deepened and broadened 
LCA”. http://www.lca-net.com/files/consequential_LCA_CALCAS_final.pdf.

26


