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Policy efforts are in place to increase the use of cellulosic biomass in
the transportation and electricity sectors in order to reduce
greenhouse gas emissions and increase domestic resource use.
The competing feedstock demands encouraged by these parallel,
but independent, efforts can result in sub-optimal bio-resource
allocation. Previous studies have explored this space, but they tend
to focus on single or multiple feedstocks allocated to individual or a
limited subset of end uses.

Results show modest biomass usage for home heating without
biomass policy incentives. Woody biomass is the preferred
feedstock due to relatively high energy density, and widespread
availability. Increasing biomass use results from climate policies,
and are associated with higher total system costs. Results are
sensitive to fossil fuel prices, though some biomass for heating
persists under all examined prices (see Figure 4).

This work answers two questions:

A!

2. What greenhouse gas emissions reductions can be obtained
by different policy mechanisms?

2. Optimization Model Construction
•Three feedstocks: switchgrass, corn stover, and forest thinnings.
Each varies in geographic availability, processing costs, GHGs.
•Three fossil energy demands to potentially be displaced by
biomass: residential heating, electricity (coal), transportation
(gasoline).
•Geographic aggregation level: agricultural statistical district (ASD).
•Model objective: Minimize total system costs
=
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•Decision variables: For each ASD, the quantity of each available
feedstock (biomass or fossil) allocated to each end use. The
choices are illustrated in Figure 1 below.
•Four policy scenarios modeled: no additional, carbon price, carbon
emissions cap, and increased ethanol volume mandate.
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1. What feedstock is used for which end use, and where, to
minimize system costs?
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Figures 2.A. System costs and biomass utilization; 2.B. $/ton CO2e
avoided, percentage of energy demand met by biomass and
percentage reductions in CO2e emissions. Percent emissions
reduction are from Base Case. Bars are measured by the primary
(left) y-axis while the markers are measured by the secondary (right)
y-axis.
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Figure 4. Sensitivity of quantity biomass used to various input
parameters. With increasing carbon prices, biomass electricity is
preferred to ethanol production. Ethanol is cost competitive only at
higher gasoline prices. Higher feedstock prices decrease utilization,
though some use for heating remains. Increasing natural gas prices
also make biomass residential heating more attractive.

4. Policy Implications
•There are widespread opportunities to reduce greenhouse gas
emissions through increased use of biomass for residential heating
at a modest cost, a particularly robust conclusion in the Northeast.
This could be encouraged by increasing the availability of pellet
stoves in this area.
•Biomass policies need not be national, as biomass feedstocks are
processed and used nearby to where they are produced. As a
result, they are good candidates for state or regional climate policy
initiatives.

5. Next Steps
•Add other low-carbon electricity options to model
•Examine possible market-mediated effects (e.g., rebound effect)
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•Limited Monte Carlo simulation for highly uncertain parameters
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Figure 1. Sankey diagram ($50/ton carbon scenario) illustrating
flows of energy from feedstock to end use, with percent of end use
energy from biomass.

Figure 3. Primary end use for biomass for each ASD. Regional
trends for feedstock usage are apparent: heating preferred in the
Northeast and the West, ethanol produced only in close proximity to
feedstock availability, and biomass electricity more common in
regions with higher emissions.

Authors K.M. and A.V. contributed equally to this work. The authors
thank W. Michael Griffin, Jeremy Michalek and the Green Design
Reading Group at Carnegie Mellon University for their valuable
feedback. Funding was provided, in part, by the center for Climate and
Energy Decision Making (SES-0949710), through a coöperative
agreement between the National Science Foundation and Carnegie
Mellon University.

*For further information, please contact Kimberley Mullins (kmullins@cmu.edu) or Aranya Venkatesh (aranya@cmu.edu)

