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* US biomass potential, US Billon-ton Report

e Bioenergy with Carbon Capture and
Sequestration (BECCS): US potential

— Studies to date
— Methods
— Preliminary results

« Summary: US BECCS potential
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US Biomass Potential >1 Billion Tonnes
bioenergykdf.net

e Scenarios
— 2016-2040

— Prices increments $33-$110 per dry tonne
roadside, and delivered scenarios

— Nation-wide, county-level
o Agricultural resources

— Residues (5 types)

— Energy crops (7 types)

— Four yield-improvement scenarios
» Forestland resources (6 types)

Volume 1: Economic
availability of Feedstocks

Volume 2: Environmental
effects

— Logging residues
— Forest thinnings 2016 BILLION-TON REPORT
— Seven demand scenarios

» Waste resources (>20 types) Oircy

e Algae co-located with CO, sources



https://bioenergykdf.net/billionton2016
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Results Spatially, Temporally, and Economically ©)
Explicit bioenergykdf.net

Stepwise supply curves, all
feedstocks up to $99/Mg,
base-case scenario

E.g., $66/Mg, 2040

B Energy Crops

sso M Forestry
[ Agricultural Residues

seo [l Waste

Price

$40
$20

$0
$80

$60

& 540

$20
50 |
$B80

$60
o
=

& 40

$20

0 100 200 300 400 200 600 700 800 500 1,000 1,100
Supply (million dry tonnes/year)



https://bioenergykdf.net/billionton2016

Current and Potential, Base Case at $60/dt
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2017

2020

] Agricultural Residues
1,2 M Forestland resources
M Wastes
1,0 M Currently used

2022

Agricultural Residues

2017 2040

(million dry tons)

Corn stover 89.4 153.9
Wheat straw 13.0 20.9
Sorghum stubble 0.7 1.1
Barley straw 0.4 0.6
Oats straw <0.1 <0.1
Total 104 176

2025 2030 2035

2040



Current and Potential, Base Case at $60/dt
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Bl Energy Crops
| Agricultural Residues

B Forestland resources

M Wastes
M Currently used

2017

2020

2022

2025 2030 2035 2040

Energy crops

2017

2040

(million dry tons)

Switchgrass 160.5
Miscanthus 160.0
Poplar 44.9
Willow 25.1
Biomass sorghum 19.3
Eucalyptus 0.9
Energy cane 0.3
Pine 0.1
Total 411



BECCS in IPCC lllustrative Pathways to Limit Global
Warming to 1.5°C (IPCC 2018, Figure SPM.3B)

Breakdown of contributions to global net CO2 emissions in four illustrative model pathways
Fossil fuel and industry @ AFOLU BECCS
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Previous Studies of BECCS Potential in the US

CO; emissions in 2050 (MTCO, yr)

Can contribute to C-
negative emissions in
western North America by
2050 (Sanchez et al 2015)
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Saline Aguifers . -

* Biofuel Plants Ll -
= GCandidate Injection Sites

— Candidate Pipeline Network

Can sequester 38
million Mg up to
$90 per Mg CO,
from current

ethanol plants
(Sanchez et al 2018)
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Can sequester
up to 630
million Mg CO,
by 2040

(Baik et al 2018)
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Modeling Approach

1. Facility siting

OR-SAGE

) 7 Er——
o Aspatially explicit 4

. " Processing | =t
framework, > 40 spatial Convbrsion —'w’— - =
datasets to identify potential g Sembaye
sites.

o For coal, nuclear, solar,
wind, and energy storage
options.

4. CCS engineering costs

3. Biomass loqistics

Biofuels Infrastructure Logistics and
Transportation Model (BILT)

2. Bliomass feedstocks

BT16, 2020 and 2040 data

2022 Cammbined petwntial ot #t §80° or lew, raacuids.
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Integrated Environmental Control Model
Carnegie Mellon and NETL

Assumplions

= Powerplant Capacity Factor: 90%

« Caplure type: Post combustion CO;, Capture using MEA

+ 0O, capture efficiency: 90%

= Thermal efficlency of non-pelletized fuel: 25%

= Thermal efficiency of pelletized fuel: 39%

= MEA regeneration heat requirement: 4761 kJ/ kg COy

*  MEA concentration {wi%): 30%

=  MEA sorbent losses: 2,25 kg MEA/tonne CO,

= Caplured carbon is transported 100km and stored in saline basins
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5. CO2 emissions from
feedstocks (ANL, BT16)

Figure 4.15 | County-level SOC change-induced GHG intensity and total GHG emissions associated with potential
biomass production from the agriculture sector under 2017 and 2040 BC1, and 2040 HH3 scenarios, compared to a

2015 reference.
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BECCS Cost Accounting

Eq. 1: Cost of BECCS

$ pBECCS OpHrs yr
net | = MWh X (NetMVl/;:ap_ ) X X SqBECCS ASOC EmissionsSupplyChain

Eq. 2: Cost of BECCS, with electricity revenues

$ pBECCS  pConv. OpHrs yr
(MgCOant) - ( MWh MWh) X (NetMW _Cap.) x ( yr ) x (MgCOzS"BECCSngCOzASOC-MgCOzEmissw"ssupply Cham)

Eq. 3: Cost of BECCS, with electricity revenues, w/ avoided emissions from displaced electricity

(o)
MgCo, et
3 PBECCS Pconv. NetMW C pHT'S yr
=\ wwn ~mwn x (Ne _Cap.) %X yr X MgCOZSqBECCS n MgCOZASOC — MgCOZEmissionsSupplyChain + MgCOfmiSSionSAWided

REECES Price of electricity (net) required to MgC0,45°¢ Mg CO, change in soil during harvesting
MWh breakeven (from IECM) L ) . .
Mgco,fmisstonssupply Mg CO, released during production and transportation of fuel

(NetM Weap. ) Net MW capacity of powerplant

Ry Wholesale price of electricity
MWh

<OpHrs> Total operating hours per year
yr

MgC0,59BECCS Mg CO, sequestered by CCS

MgCogmissionsdvoided Mg CO, avoided by switching from coal to biomass
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CO2 Emissions
- - [ Power Plant Emissions CO2e MT
CO, emissions and removals B o o gt 1 o
[ Production and Harvest CO2
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CO, and Cost Flow Diagrams for Switchgrass
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Eq 1 (average across target %s): $126/tonne CO,
Eq 2 (low and high electricity values): $106/tonne CO,- $80/tonne CO,




Summary of Results

Eq 2: Eq 1w/
Fuel Net CO, captured Eq 1: Cost of electricity
CO, captured revenues

(kg CO./tonne fuel) ($/tonne CO.,) ($/tonne CO.)

Corn stover 1453 93 80 -61
Corn stover

pellets 1453 114 93 - 67
Switchgrass 1501 102 84 - 60
Switchgrass

pellets 1501 126 106 - 80
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Summary and Future Work. langholtzmh@ornl.gov

« ~700-900 million tonnes/yr of biomass above current
uses in US

After ~270 million tonnes could produce ~80 billion liters of
advanced biofuels,

~400-600 million tonnes could be used for BECCS to sequester 660-
990 million tonnes CO, assuming 90% capture efficiency

o Initial results suggest BECCS can be < $100/Mg CO..

 Research to improve efficiencies

Rail and barge to extend supplies and increase CO, efficiency

Wood from regional upset events (e.g., fire-reduction thinnings,
hurricane debris, storm debiris, beetle Kill)

CO, pipelines
BECCS synergies with biochar, e-fuels, other processes
Future power demand, climate models
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