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UNFCCC: The Paris Agreement

* Aim: limit temperature rise to well below 2°C, preferably 1.5 °C

* Emissions to be balanced by removals in 2" half of century
— net zero emissions
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Bioenergy — energy from biomass

- Biomass is organic material e.g. plants, animals, manure - not fossilised

- Biomass contains carbon from the atmosphere and stored energy from the sun

- Biomass is a renewable resource if it is regrown after harvest

Photosynthesis
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Through photosynthesis, plants convert
the sun’s energy into sugars

(carbon
(water)  dioxide) (sunlight) (glucose)  (oxygen)

6H0 + 6CO, + radiantenergy — CH O, + 60,
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Bioenergy carbon cycle
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Bioenergy vs fossil fuel
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Bioenergy - “carbon neutral” (almost)
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Bioenergy use by sector Ie q

S 00 TR 20%

80 16% -
IEA NZE Scenario

60 12% Net Zero emissions

40 o DYy 2050 in the global
energy sector

20 - VLA
Net Zero Roadmap

2010 2022 2030 2040 2050 2023 Update
Modern solid bioenergy Liquid biofuels

M Biogases
Conversion losses

o . Traditional use of biomass
M Buildings and agriculture o share in TES (right axis)

M Power and heat
Industry

TES: Total energy supply



How Corn Ethanol Is Worse For Climate Change Than The
Keystone Pipeline

THE BECCS HOAX:

USING BIOENERGY WITH CARBON CAPTURE AND STORAGE
IS ABAD BET FOR THE UNITED KINGDOM'S NET ZERO GOAL

a carbon accounting
time bomb

e of U.S. Croplands for Biofuels Increases
Greenhouse Gases Through Emissions from Land-Use
Change
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HOW LOGGING AUSTRALIA'S NATIVE FORESTS FOR BIOENERGY “
b .

HARMS THE CLIMATE, WILDLIFE, AND PEOPLE

The European Accounting Error That's Warming the Planet

Y. . R il S T



Forestry
residues

Sawmill
residues

Crop
straw

Piggery
manure

-— -y

2 o
L

) el A
’a“ X @

A -
R 14 .
' ) It

Food residues & waste

Biomass feedstocks

Biosolids Poultry litter

Construction waste

Horticulture
residues

Feedlot
Manure

Green
waste

Energy crops

Short
rotation
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m Combustion

m Pyrolysis
m Anaerobic digestion

m [ransesterification

m Gasification
m Fermentation

Bioenergy convers



Energy products end uses

=b m Pellets, woodchips

"2 m Ethanol, biodiesel,
_J"l renewable diesel

m Biogas, biomethane
| = Syngas, pyrolysis ol
Used for

m Heat
_ = Electricity

{"53 ; The future is sweeter,
i - Transport when fuelled by sugar

ETHARCL 1S A BY=S0CUCT OF SUGAR CANE




Range in results across supply chains
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Excludes indirect land use change
Data from Cherubini et al 2009



Different Analytical methods
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Bioenergy, Land Use
Change and Climate
Change Mitigation

Using a Life Cycle
Assessment Approach
to Estimate the Net
Greenhouse Gas
Emissions of

Bioenergy
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On the Timing of Greenhouse
Gas Mitigation Benefits of
Forest-Based Bioenergy

IEA Bioenergy

IEA Bioenergy

s Standard methodology for
quantifying the climate change effects
of biomass and bioenergy systems

IEA Bioenergy

W28 Answers to ten frequently asked questions
‘: about bioenergy, carbon sinks and
IEA Bioenergy | their role in global climate change
P YT Introduct ion
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IEA Bioenergy
publications on GHG

accounting methodology

for bioenergy

Journal papers:

Towards a standard methodology for greenhouse
gas balances of bioenergy systems in comparison
with fossil energy systems. Schlamadinger et al.,
1997. Biomass and bioenergy, 13:359-375.

Energy-and greenhouse gas-based LCA of biofuel
and bioenergy systems: Key issues, ranges and
recommendations. Cherubini et al., 2009. Resources,
conservation and recycling, 53: 434-447.

Quantifying the climate effects of bioenergy-
choice of reference system. Koponen et al., 2018.
Renewable and Sustainable Energy Reviews, 81:2271-
2280.

Quantifying the climate change effects of
bioenergy systems: Comparison of 15 impact
assessment methods. Brandao et al 2019. GCB
Bioenergy, 11: 727-743.

Evaluating metrics for quantifying the climate-
change effects of land-based carbon fluxes.
Brandao et al., 2024. IJLCA 29(2), pp.328-343.
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Applying a science-based systems perspective to dispel
misconceptions about climate effects of forest bioenergy
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Life cycle perspective

Atmosphere

Extraction

Disposal N Processing




Modelling approach:
Attributional vs consequential

What is the goal ?

Consequential Attributional




Scope:
Sources and sinks included
— carbon pools

e Cstock change in plants and soil
e direct land use change - dLUC
* change in management practice




eSS

Direct land use change dLUC

Previous land use is critical
- Forest to energy crop
- Pasture

- Degraded land

IEA
Bioenergy



https://www.researchgate.net/profile/Saheed-Jimoh?utm_content=businessCard&utm_source=publicationDetail&rgutm_meta1=AC%3A11945282
https://www.researchgate.net/profile/Saheed-Jimoh?utm_content=businessCard&utm_source=publicationDetail&rgutm_meta1=AC%3A11945282

Scope: GHGs included
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Spatial scale - stand

A B

Above ground
carbon stock
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- landscape

Spatial scale




C stock

C stock

A Figure 1a Single stand

Green: harvested for timber + bioenergy.
Enhanced management after harvest
increases C stock above origina
forest management (blue)

GHG cost

Blue: Reference,
harvested for timber only

Average C stock
green stand

-------------------------------------------------------------------
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Average C stock blue stand L....ueevesesssssaionssssssssssssagossdfosssssssssssssssssssssnsnsssssssssss
Average C stock
red stand

Red: harvested for timber
+ bioenergy.

C stock reduced
throughout the rotation

AC: Additional biomass (residues) AC
harvested for bioenergy.
Decays on site in reference case.

& compared with blue stand
>
T0 T1 T2 'rime T3

Figure 1b Landscape scale: Carbon stocks stable
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Purple: Enhanced forest management
outweighs the effect of increased biomass removal
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Time: When to start counting?

Atmosph




Time: When to start counting?

Atmosph




Carbon neutrality factor
Carbon neutrality factor iy

Carbon neutrality factor

1.5} (a) Forest after forest

Scenario 1: bioenergy forest

05 ’
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5 (b) Forest after pasture
5 -
: Scenario 2: bioenergy
forest replaces pasture CN>1 Better than carbon neutral
— additional sequestration
CN=1 Carbon neutral
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Handling multifunction product systems

Following ISO 14044 / 1SO 14067 :

1. Where possible, avoid allocation by:

a. subdivision: Divide the product system into sub-processes, such that
inputs and outputs specific to the studied co-product are separated

b. system expansion (with substitution): Expand the system boundary
to include all functions related to co-products

2. Allocation: Share inputs and outputs between co-products on the
basis of:

a. underlying physical relationship

b. other relationship such as mass, energy, economic value



System expansion with substitution
(Consequential)

Lmvesngated SyStemJ — { Alternative system } S { Resulting system J

| l l

Product A Product B Product C Product A

(functionally equivalent to
Product B)

Cowie et al., 2023 Adapted from ISO 13065



ngllaﬁcg&ec nunglﬂ Ee® Handling co-products

pubs.acs.org/est m

Cost and Life Cycle Emissions of Ethanol Produced with an Oxyfuel
Boiler and Carbon Capture and Storage

John Dees, Kafayat Oke, Hannah Goldstein, Sean T. McCoy, Daniel L. Sanchez,* A. J. Simon,
and Wengin Li
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E@!!ﬁé.!'&'ﬂ'cﬁm'q Handling co-products

Cost and Life Cycle Emissions of Ethanol Produced with an Oxyfuel
Boiler and Carbon Capture and Storage

John Dees, Kafayat Oke, Hannah Goldstein, Sean T. McCoy, Daniel L. Sanchez,* A. J. Simon,
and Wengin Li

Corn ethanol with CCS

System expansion to
share emissions between

ethanol, DDGS, corn oil

W Ethanol Transport

=
P
T
.
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=
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M Electricity

g CO2e/M)

Base:

57 gCO2e/MJ
FERMCCS:

24 gCO2e/MJ
FERMOXYCCS:
15 gC02e/MJ

» Total
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(Dees et al., 2023)



Reference land use

imber without bioenergy?

e Conservation forest?

o T

* Purpose-grown crop?
* Displaced production?

 Marginal land?




Reference
fate of biomass




Compare bioenergy with reference scenario(s)

Bioenergy/BECCS system

v
Albedo

Land use for bioener; gy / harvest of residue
Transport & storage p
S
— "B

|
3

Geological storage

Permanent CO, storage: BECCS

Reference system
(counterfactual scenario without bioenergy system)

"
IM\V 9

R|[R[| R
Refi rgy system e
fl|f|| f
al | b|| ¢
£ 4&
(Fossil / Other renewal ble)

Indirect market impacts?
Rebound effects?

Refer: system for
arbo d d e removal: Possible reversal of non-
It native CDR method
permanent CO, storage

Recommended
approach to
assessing climate
change effects of
bioenergy systems:
compare bioenergy
with reference
system providing
same service

Cowie et al., 2025



(1) Choose relevant LCA approach according
to the goal of the study:

(2) Define modelling Micro-scale decisions, Policy development and
choices according to the compliance testing other major decisions
LCA approach selected: (ALCA) (CLCA)

Functional Unit: E.g. 1 MJ of bioenergy Change in supply of the
BECCS: t CO2 removed functional unit due to the
bioenergy of BECCS system
studied
Land reference Natural regeneration Most likely alternative land
system/scenario: (where relevant) system
Energy reference Fossil / other bioenergy / Fossil / other bioenergy /
system/scenario: other renewable other renewable
CDR reference system for Other CDR method Other CDR method
BECCS:
Spatial boundary: Stand /Landscape / Landscape / Regional
Regional
Temporal boundary: Retrospective / Prospective Retrospective /
Prospective
System boundary: Indirect market-mediated Direct and indirect market-
impacts excluded mediated impacts included
Allocation method: Allocation based on attribute System expansion
(mass, LHV, value)

. 4 4 4

(3) LCI/ LCA analysis + uncertainty & sensitivity analysis

(4) Interpret and communicate the results coherently with
the goal and the methods chosen

Checklist

for analysing the
climate effects of
bioenergy systems
using methods
consistent with the
goal of the study

Cowie et al., 2025



Key messages

Methodology has a strong influence on the results
« Scope - sources and sinks included
« System boundary - spatial and temporal
« Reference land use/biomass fate
* Functional unit

Choose methods consistent with the goal

For policy design, indirect effects must be considered
« Consequential approach

For policy implementation, consistency, comparability, control are key
« Attributional approach

36



Recommendations

« Apply a comprehensive approach to climate impact assessments when
the goal is to support decision-making.

« Key choices include the reference land use and energy system that
bioenergy is assumed to displace, spatial and temporal system
boundaries, co-product handling, climate forcers considered, metrics
applied and time horizon of impact assessment.

* To enhance comparability, provide LCl| data and detail methods

* |nterpretation of the results must be consistent with the methodology
and assumptions chosen, and uncertainties and context-specificity must
be disclosed.

37



For further information:

Annette.cowie®@dpi.nsw.gov.au

Cowie et al. Quantifying climate change
effects of bioenergy and BECCS: critical |
considerations and guidance on \
methodology

Global Change Biology Bioenergy

IEA Bioenergy

Technology Collaboration Programme

www.ieabioenergy.com

Technology Collaboration Programme
by I


mailto:Annette.cowie@dpi.nsw.gov.au

	Slajd 1
	Slajd 2: UNFCCC: The Paris Agreement
	Slajd 3: Bioenergy – energy from biomass
	Slajd 4
	Slajd 5
	Slajd 6: Bioenergy share of global primary energy
	Slajd 7
	Slajd 8
	Slajd 9
	Slajd 10: Bioenergy conversion technologies
	Slajd 11
	Slajd 12
	Slajd 13
	Slajd 14
	Slajd 15
	Slajd 16
	Slajd 17
	Slajd 18: Scope:  Sources and sinks included – carbon pools
	Slajd 19: Direct land use change dLUC
	Slajd 20
	Slajd 21: Spatial scale - stand
	Slajd 22: Spatial scale - landscape
	Slajd 23
	Slajd 24: Biomass carbon stock change
	Slajd 25
	Slajd 26
	Slajd 27: Climate impact assessment method
	Slajd 28
	Slajd 29
	Slajd 30
	Slajd 31
	Slajd 32: Reference land use
	Slajd 33
	Slajd 34
	Slajd 35
	Slajd 36: Key messages  
	Slajd 37: Recommendations
	Slajd 38

