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Paris Agreement goal
Net Zero GHG
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Waters et al., NSW DPI



Reduced emissions:
Fossil energy displacement through bioenergy
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Bioenergy — “carbon neutral” (mostly)




BECCS:

Carbon dioxide bioenergy with
carbon capture

and storage

SO MOre

Atmospheric carbon dioxide

Woody

Biomass Carbon dioxide
transport

Biological CO, sequestration Bioenergy conversion
plant to provide, heat,

power, hydrogen etc. CO, sequestration

Also can sequester

some extra carbon into Depleted petroleum

reservoirs, saline
aquifers, etc.

the soil as “bio-char”

BECCS process, Liam McGill



https://earth.org/bioenergy-with-carbon-capture-and-storage-a-silver-bullet-for-carbon-emissions/
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THE BECCS HOAX:

e j USING BIOENERGY WITH CARBON CAPTURE AND STORAGE
-7 ISABADBET FOR THE UNITED KINGDOM'S NET ZERO GOAL

EU climafelan'sacriﬁces carbon
storage and biodiversity for
bioenergy

Incoming policies will cause the European Union to harvest more wood, shift one-fifth

of cropland to bioenergy and outsource deforestation, analysis shows.

By Timothy Searchinger E], Oliver James, Patrice Dumas, Thomas Kastner & Stefan Wirsenius



Bioenergy vs fossil fuel

Circular C flow Linear C flow



Biomass feedstocks

Horticulture

residues
Forestry
residues Feedlot
Manure
Sa\_/vmill Green
residues waste
Crop
Straw
Energy crops
Piggery
manure Short
or
rotation

woody crops

Food residues & waste Biosolids Poultry litter Construction waste



B|oenergy tech

nologies, products and scale

H"" s Combustion

m Pyrolysis,
gasification

m Fermentation
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Energy products

H- Miscanthus

Emissions saved tCO2e/fhafyr

thanol (L-C)
Il:un:udlesel biogas

H- sorghum
H- switcherass
E - Miscanthus
E- sorghum
E - SWItChEFES

- woodjchip

ethanal {sugar) o] M
I ethamol (starch) FT-diesel

Excludes indirect land use change

Data from Cherubini et al 2009



Life cycle emissions

Atmosphere

Production
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Reference land use

Timber without bioenergy?
Conservation forest?
Purpose-grown crop?
Displaced production?
Marginal land?




Reference:
fate of biomass




Scale: Forest carbon stock change

ASingle stand

Green: harvested for timber + bioenergy.

Enhanced management after harvest
increases C stock above original
forest management (blue)
Blue: Reference, GHG cost
harvested for timber only
Average C stock
green stand
C stock
Average C stock blue stand ¢ .....................................................
Average C stock
red stand
Red: harvested for timber
AC: Additional biomass (residues) AC + bioenergy.
harvested for bioenergy. C stock reduced
Decays on site in reference case. throughout the rotation
4 compared with blue stand
T2 - %
To T Time
Alandscape scale:
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Time: When to start counting?




Time: When to start counting?




kg COzeq/MJ ethanol

0.14

Scope: GHGs included

Carbon footprint of cane ethanol
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Wet Tropics

Burdekin

State
average

O Ethanol production

B Electricity for irmigation

01 Milling

W Cane burning (not CO2)

m Capital goods (farm, cane railway)

W Fertiliser and pesticide production

O Transport / machinery emissions

O Field emissions of nitrous oxide (soil

denitnfication)
M Renouf 2007



1.5} (a) Forest after forest

Carbon neutrality factor
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(b) Forest after pasture
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Scenario 1: bioenergy forest
replaces carbon-rich forest

Scenario 2: bioenergy
forest replaces pasture

Scenario 3: annual energy
crop on cropland

Climate impact
assessment method

CN>1

CN=1

CN<O

1>CN>0

Better than carbon neutral

— additional sequestration

Carbon neutral

Not carbon neutral,

but better than fossil fuels
Worse than fossil-fuels

Brandédo et al, 2018
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B Bioenergy can support expansion of renewables
to deliver energy system transition
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- Hydro
- Biomass
|:|Wind
By

- Rooftop PV

Bioenergy could
support 100%
renewable
electricity in
Australia

at lower cost

Lietal., 2020
Biomass &
Bioenergy



Climate effects of bioenergy depend on:

= Biomass feedstock (residues, energy crops; production system...)

= Bioenergy technologies, products

" Bioenergy effects on carbon stocks, land use, energy system

Greatest climate benefits achieved when:

= Biomass from residues, energy crops integrated with agriculture/forestry
= Efficient conversion to products

"= GHG-intensive fuels displaced

= Co-products displace GHG-intensive products

"= Bioenergy demand leads to increased forest carbon

= Bioenergy supports energy system decarbonization, bioeconomy

= CO, captured and stored durably



Different results - many reasons

= Different biomass production systems, technologies, products
Analytical choices:

= System boundary

" Treatment of co-products

= Stand vs landscape scale

= Bioenergy only vs bioeconomy

= Temporal boundary: Start at planting vs at harvest

= Counterfactual (reference): land use, energy system
= Climate forcers: CO,, other GHG, albedo

" |mpact assessment metrics

Different purposes:

=» Company vs country vs product

=» Policy development vs implementation




System 1:
Only the smokestack

System 2:
Only the forest

System 3:
Bioenergy system

System 4:
Bioeconomy

Cowie et al 2021 https://doi.org/10.1111/gcbb.12844



Further information:

Annette Cowie
Annette.cowie®@dpi.nsw.gov.au

Goran Berndes
goran.berndes@chalmers.se
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