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The Paris Agreement and integrated assessment models
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THE PARIS AGREEMENT: 

HOLD WARMING “TO

WELL BELOW 2 °C … 

AND TO PURSUE

EFFORTS TO LIMIT THE

TEMPERATURE

INCREASE TO 1.5 °C”

[Fuss et al. (2016)] 



The scale of carbon dioxide removal needed

3

[Anderson & Peters (2016)]



Rightsizing carbon dioxide removal expectations
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 Based on Field and Mach (2017)

⁻ Feasible at scale? Game 

changing?

⁻ Development of technology and 

policy?

⁻ Limits to deployment? (Land, 

water, reservoirs, energy)

⁻ Does overshoot limit impacts? 

Moral hazard and inequity? 

⁻ Chances of failure



Different negative emissions technologies

[Mercator Research Institute on Global Commons and Climate Change (MCC) (2016)]
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Components of BECCS
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This study
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1. Biomass availability
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Biomass Data: U.S. DOE Billion Ton Study 

Distribution of biomass 

production per county in 2020



1. Biomass availability
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 2020 Projection 

Biomass (~370-400 Mt CO2/yr)

 2040 Projection 

Biomass (~1040-1780 Mt CO2/yr)

Agricultural 
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Woody biomass 

and residue
40%

Energy 
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Agricultural 
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Woody 
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10%

Energy 
crops
70%



2. Storage sites characteristics: storage capacity varies widely
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 Estimated aggregate storage

capacity:

 Aggregate storage capacity 

is not likely a limiting factor 

for BECCS deployment

 Regional storage capacities 

vary widely 

~3,000 Gt CO2

Storage Site Data: USGS National Assessment 

of Geologic Carbon Dioxide Storage Resources



2. Storage sites characteristics: storage capacity analysis
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3. Storage sites characteristics: injectivity varies widely
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 Low injectivity indicates 

higher risks of pressure 

buildup and leakage

 Calculate storage injectivity 

given porosity, permeability, 

and depth of each storage 

site

 Regional injectivity widely 

varies



Combine components
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Resulting negative emissions potential in the U.S. 

14

>1,000 counties

Negative 

Emissions 

Potential 

[Mt CO2/yr]

2020 2040

Total
370-

400

1,040-

1,780

with co-located 

storage

110-

120

400-

680

with co-located

storage

with sufficient 

storage capacity 

and injectivity

100-

110

360-

630

Current U.S. CO2

emissions: ~5,000 Mt



Resulting negative emissions potential in the U.S. 
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Cumulative CO2 from biomass 

from counties in 2020 and 2040



Agricultural 
residue 

20%

Woody 
biomass 

and residue
10%

Energy 
crops
70%

Comparison with integrated assessment model
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Negative Emissions 

Potential [Mt CO2/yr]
2020 2040

Total
370-

400

1,040-

1,780

with co-located storage 110-120 400-680

with co-located storage

with sufficient storage 

capacity and injectivity

100-110 360-630

Without Energy Crops

2040 Negative Emissions Potential: 

104-111 Mt CO2/yr

[Peters and Geden (2017)]



Meeting all the potential in the context of power generation
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2020 2040

Negative Emissions Potential 

[Mt CO2/yr]
100-110 360-630

Corresponding Energy [EJ] 0.3 1-2

Corresponding Capacity

[GW]
10-12 40-70

5th

percentile

50th

percentile

95th

percentile

BECCS power plant capacity [MW]

0.1                           12                           29

>1,000 counties

Current U.S. 

biomass electricity 

generation: ~0.2 EJ

 Currently in the U.S.: 

 11 GW capacity of biomass 
electricity

 approximately 300 biomass 
power plants with a median 
capacity of 23 MW



Another possibility: 50 mile transportation of biomass
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 Number of Wells: 

>1,000  ~230 

 Injection per Well (Median):

0.06 Mt CO2/yr  0.5 Mt CO2/yr

 Power Plant Capacity (Median):

12 MW  108 MW

 Additional prospective regions 

for potential near-term 

deployment



Related Works
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“Unprecedented rates of land-use 

transformation in modeled climate change 

mitigation pathways” – Turner et al. Nature 

Sustainability (in press)



Conclusion
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 Approximately 30% of the 
biomass potential in the U.S. 
is overlapping with a storage 
site

 Resulting negative 
emissions potential in the 
U.S.: 

⁻ 100-110 Mt CO2/yr in 2020 

⁻ 360-630 Mt CO2/yr in 2040 

 BECCS potential is 
widespread

 Helps define the near-term 
opportunities that minimize 
social and economic barriers 
to BECCS deployment
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Thank you for listening. 

Questions?
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