Assessing the climate effects
. of forestry and bioenergy:
8 Why do different studies get
different answers?

Annette Cowie and Goran Berndes, plus colleagues from
IEA Bioenergy Task 38 & NSW Department of Primary Industries
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How to manage
forests for climate
change
mitigation?
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Bioenergy for climate change mitigation

Share of Total Primary Energy [%:)]
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Integrated assessment modelling indicates a critical role for
bioenergy in order to meet the temperature target of the Paris

Agreement.
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Different forest types —
different products, recoveries

24.2%

63.2%

6.6%

Species Blackbutt Messmate Spotted Radiata Cypress
gum pine pine

Ximenes et al



Sawmill residues
Forest harvest residues

Construction/demolition
waste

Short rotation woody
Crops

Urban green waste




Bioenergy — different technologies

m Combustion
Co-firing
CHP

m Pyrolysis,
gasification




Different energy products
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Excludes indirect land use change

Data from Cherubini et al 2009




Bioenergy

ifferent scales
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Bioenergy -
alternative fate
of biomass
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Analytical method — data sources
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System boundary: Wood vs coal

Circular C flow Linear C flow



Scope: Forest carbon stock

C stock change in biomass or
soil

direct land use change -
dLUC

 change in management
practice
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Above ground

carbon stock

Spatial scale - stand
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Atmosphere -
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Time, years

F Cherubini NTNU



&)
ot
©
O
%
(=
-
O
D
M
O
%
[

Spat




Forest stands in the landscape
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Spatial scale — stand vs landscape

A Single stand

C stock

Time



Spatial scale — stand vs landscape

A Single stand

Blue: Reference,
harvested for timber only

C stock

\

Average C stock blue stand

T0 ! ? Time
A Landscape scale: Carbon stocks stable

C stock
TO T1

2 Time T3
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Indirect landuse change

iLUC - corn-based ethanol

Searchinger etal., 2003 | 10/

CARB, 2009 |GG 30

EPA, 2010 | 6.3
Herteletal., 2010 ([ 7

Laborde, 2011 ([ 10

GREET1_2013 [N 9.2

cArB, 2014 GGG 23.2

Author/Study and Year

Laborde, 2014 [N 13

Elliott et al., 2014 F 5.9

iLUC Emissions [gCDz-EIMJ}‘




Counterfactual reference:
energy system

* Fossil energy reference

* Conversion efficiency

* CO,/MJ

Displacement factor

= efficiency,,, /efficiency, x CO2, ,/CO2,.,

* Nearly always <1



AT, (10-7° K MJ-! heat)
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Reference: land use

* Timber without bioenergy?
* Conservation forests?

— with natural disturbance?

* Purpose-grown crop?

 Grown on marginal or degraded
land?




Integrated biomass production

th agriculture

Wi




Choosing the reference land use:

AbSO|Ute Absolute emissions of
em|SS|OnS Of bioenergy production
bioenergy

production?

Bioenergy as a part of
total human activity

Climate effect
of bioenergy as
it occurs?

Increase or decrease in
bioenergy production

Climate effect
due to a change
In bioenergy
production?

No land-use
reference system

Land-use reference
system

Land in the state of
natural regeneration
(natural

development of C
stocks on
unmanaged land)

Land-use reference
system
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No land reference
system

- The total climate effect not captured

Natural regeneration
reference

- No need to include indirect impacts
- Uncertainty on what happens in
natural regeneration

The most likely land
use reference, BAU

- Most common research question
asked, e.g. for decision making
- Indirect impacts need to be included

(e.g. ILUC)

33

Koponen et al, 2018



ChOOSing the Q1. Is the goal to study:

a) the absolute “measurable” climate effects of bioenergy system X

| a n d u S e b) the relative climate effects of bioenergy system X (bioenergy vs. no bioenergy)
a) b)
reference ! \
1a. No reference 1b. Land reference
Syste m [ system required J [ required ]
\ 4

Q2. Is the goal to study the relative climate effects of:
a) bicenergy system X, as a component of total human activities
b) a change in output of bioenergy system X

a) b)
N 4
2a. Suitable land reference: 2b. Suitable land reference:
no-human intervention most likely alternative land or
biomass use
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h /
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Q3. What is the temporal and
spatial scope of the study?

7~
// N
g \\
Iz A
3a. Define the same temporal 3b. Define the same spatial
scope (of land use and climate scope (of land use and
effect assessment) for studied climate effect assessment)

bioenergy and reference for studied bioenergy and

KOponen et al, 2018 system. reference system.




kg COzeq/MJ ethanol

0.14

Scope: GHGs included

Carbon footprint of cane ethanol

0.12 1

0.10 1

0.08 A

0.06 -

0.04

0.02 -

0.00

Wet Tropics

Burdekin

State
average

O Ethanol production

B Electricity for imigation

1 Milling

m Cane burning (not CO2)

W 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



Assumptions:
Products
displaced

Foreacht Cin
wood products:

GHG emission
reduction of

1-3tC




Time: When to start counting?




Time: When to start counting?




Time period of assessment

Carbon stock [tC/ha]
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Cowie, 2007



Conservation vs managed forest

South Coast NSW
After 50 years, managed forest gives greater mitigation

1 Net product substitution

1 Bioenergy (30 % of available forest residues)

1 Carbon storage in products

[ Forest carbon (remaining in harvested forest)

= "Conservation" forest

Ximenes et al, 2012



Global carbon budget

Data: IPCC/CDIAC/GCP/Peters et al. 2015
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Is it ok to use some of the quota for expanding bioenergy systems?



How to measure climate effect?

» Units

» Emissions CO,-e per MJ?

» Emission reduction per unit biomass /land area?
» Metrics — GWP, GTP
» Impact assessment method

» Include effect of time?

B Climate change mitigation
per unit biomass / land area/ nationally/globally
per dollar invested?



How to measure climate effect?

----------- Emissions recscecenee

!
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: Atmospheric
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Radiative Forcing
¥ \ Development of
l mitigation

METRICS _ : strategies, including
Measures to quantify Climate Change . mitigation costs
impact of emissions l damage costs ,

_ discount rates
Increasing Imoacts -
policy relevance P Increasing

uncertainty

F. Cherubini, NTNU



Time in Life Cycle Assessment
® GHG emissions/removals summed across life cycle

®m Timing of fluxes ignored In
ISO 14040, 14044 (LCA standards)

m |SO TS14067 (Carbon footprint of products) . >
allows for timing in supplementary value )4
— no method provided

® Does time matter?
e Credit for temporary storage?
@ |s there a value in delaying emissions?
® Buys time for technology development
e Avoids tipping points?
e Includes value judgment
»Assumes next generation better able to cope




Credit for delayed emissions: Lashof approach
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GWP, . - Adjust for regrowth period
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Carbon Neutrality Factor
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Impact assessment method

CN>1 Better than carbon neutral — additional sequestration
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Scenario: High C stock unharvested forest replaced with forest managed on 25 year
rotation, biomass used for bioenergy. Branddo et al, in preparation



Alternative modelling approaches

Life cycle assessment (LCA)

— Attributional vs consequential
Integrated assessment models (I1AM)
Energy systems modelling

Economic modelling in each of these
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Different results - many reasons

Many analytical choices

=» Stand vs landscape scale

=» Reference: Natural vs managed system,; energy system
=» Start calculation at planting vs at harvest

=» Short term vs long term

=» Direct vs indirect effects

=» Biomass only vs integrated forest product system
=» Climate forcers

=» Impact assessment metrics

Different perspectives

=» Individual operator vs government vs research

=» Policy development vs implementation



Purpose of calculation?

Quantify emissions/abatement
Inform policy development vs implementation

Assess compliance with targets,
calculate credits

Change behaviour



Why? Inventory context

* Inventory reporting
* UNFCCC
e All parties

* GHG accounting
e Kyoto Protocol
* Annex | parties

350 -
300 -
250

N 200 -

g 150 -
100 -

50 A

53.9%
14.6% 15.9%
73% 57y
2.6%
T T T - T T -_\
Energy  Transport  Fugitive Industrial Agriculture  Waste

Emissions Processes

Sectoral boundaries
National scale
IPCC Guidelines

Annual emissions / removals



Why? Industry context

e Offsets * LCA
* Project credits * Carbon labels
* Businesses * Products or organisations

Cradle to grave boundaries
Farm/forest scale
Schemes, Guidelines,
Standards

Emissions reduction,
removal enhancement




Science - Policy gulf

Policymakers want

Quick answers

Clear, unequivocal
statements

Short messages

Guidance,
recommendations

Scientists provide

« Knowledge gaps

* Hypotheses

« Caveats - it depends
« Technical jargon

 Emphasis on complexity,
uncertainty

How can science help?
Development of good practice,
for range of applications



peE = . — " o
| Scientists sqould work W|th pollcymakers and
other stakeholders to define the important

8 questions. These might include:

i
o

" m Across the full life cycle, what is the best use of
" biomass resources?

How can land be used to provide energy,
oroducts, and meet other needs?

How can forests be used to support energy
system transition?

SR m How can policies and accounting methods
fegmy  distinguish and promote systems with highest
LUl mitigation value? | \
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