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Energy-Agriculture-
Economy Market 
Equilibrium
14 Global Regions 
– Fully Integrated
Explicit Energy 
Technologies – All 
Regions

Fully Integrated Agriculture and Land Use Model
15 Greenhouse Gases and Short-lived Species

Typically Runs to 2100 in 15-year time steps
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Bioenergy can be an important mitigation technology
Four types of bioenergy
1. Traditional—treated exogenously
2. Municipal Solid Waste
3. Co-products, e.g. bark and waste in pulp and paper, but also 

crop residues, 
� Depend on production of the primary product.
� Have a price-sensitive availability curve.

4. Purpose-grown bioenergy crops—high productivity cellulosic 
bioenergy crops—����,��� .

Agricultural crop productivity growth rates
Reference scenario—productivity growth declines to ~0.25%/yr 
by 2050 everywhere.
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Where does bioenergy come from?
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How important is the realized crop 
productivity growth rate?
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We re-run the reference scenario with a fixed crop 
productivity assumption and compare to the reference 
scenario which assumes that crop productivity converges 
to 0.25%/yr in 2050.

We then compare the two scenarios in terms of land-use 
change emissions.
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Cumulative 
Emissions 2005 to 
2095

0.25%/yr crop 
productivity growth:

.&�*+�
No crop 
productivity growth:

#%%�*+�

Difference
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What are the implications of pricing 
terrestrial carbon emissions?



12

	��&��
%������

�4���
����������,������(��,��+���+����

#- 5����
�6"�
��������"�����
�,��������)�/557��0 —in this 
regime only fossil fuel and industrial carbon emissions are 
valued.  Bioenergy is treated as having no net carbon.  Terrestrial 
carbon is valued at zero.

%- 3�������
�,��������)�/3��0 —in this regime all carbon is 
valued equally regardless of either its origins or the activity that 
introduces it to (or removes it from) the atmosphere.
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For a given CO2 concentration limit
� Valuing carbon suppresses land use change emissions.

� Valuing carbon also increases fossil fuel and industrial emissions
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� Unmanaged ecosystems expand relative to the reference scenario.
� But, crop land declines.
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Significant crop price 
escalation occurs if 
carbon is valued, 
even in the 
absence of 
purpose grown 
bioenergy 
production .

Prior to 2040 the 
influence of 
bioenergy is 
negligible.
Prior to 2040 crop 
price escalation, 
relative to the 
reference 
scenario, is 
predominantly 
driven by the value 
of carbon.
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We find that improving conventional crop productivity has the potential to 
reduce land-use change emissions by tens of billions of tons of carbon 
over the 21st century.
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���� Waste streams are an important source of bioenergy.

We find that relative to a reference scenario, a larger stock of unmanaged 
ecosystems and managed forests is desirable.

Valuing terrestrial carbon emissions reduces carbon prices and allows for 
increased fossil fuel & industrial carbon emissions when limiting climate 
change, relative to a world where terrestrial carbon emissions are ignored.
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