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¥ |EA global human CO, annual emissions
. vs. IPCC SRES scenario projections

T

| (Hadley centre).
. This level of temperature rise threatens the
B stability of the global ecosphere as we know It.

*30-40% of species at risk of extinction
R +30% of global coastal wetlands lost
» A (IPCC impacts of 4° rise)
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Objectives of Task 3_51_*“ Tok 38

m Develop, demonstrate and promote standard
methodology for GHG balances

B Increase understanding of GHG outcomes of
bioenergy and carbon sequestration

B Emphasise overall atmospheric impact, whole
life cycle

m Promote international exchange of ideas,
models and scientific results

B Aid decision makers in selecting most effective
mitigation options
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Life cycle assessment

m All environmental impacts (GHG emissions,
human toxicity, eutrophication, acidification,
abiotic resource depletion, water, biodiversity
etc)

B “Cradle to grave” - ie production to
disposal/recycling

m Applied to a product or service, per “functional
unit”
eg gCO2e/loaf of bread

m Can be expressed as combined damage

Indicator eg Ecolindicator 99 — normalised and
weighted



Life cycle approach
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Production chain emissions ™

= B

m Energy inputs for solid biomass fuels from ag or
forestry residues: 2-5% of energy content

B Dedicated energy crops and refined biomass
(eg pellets): around 10%

m Liquid biofuels significantly higher, studies differ
considerably: 15 — 70%



Calculating the benefits  [lEABicenergy

of bioenergy B x

B Emissions intensity:

m CO, emissions per unit useful output
(kWh electricity, GJ heat, GJ biofuel, km travelled)

Biomass Auxiliary Energy

CO, emissions

Service unit:
kWh el, GJ heat, km travelled



CO, Is not the whole story
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® Non-CO, GHG can be significant
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Greenhouse gas emissions
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Consider all GHs

m Non-CO, GHG can be significant

IEA Bioenergy
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B Emissions intensity: GHG emissions per unit
output

Biomass

Auxiliary Energy

GHG emissions

Service unit:
kWh el, GJ heat, km travelled




Consider carbon stock [EA Bioenergy

Task 38
change

B Adjust emissions intensity for C stock
change in biomass or soll

m “direct land use change dLUC”
B change in management practice

m Alongterm average C stock
=» Biomass

=» Soil carbon
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Biomass C stock change
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Indirect landuse change

m Outside system boundary
m Form of “leakage”

m Off-site carbon stock change,
methane, nitrous oxide emissions
® logging
m fire

B drainage of peatlands
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Direct + Indirect GHG from LUC DRt

Inshtute for Applied Ecology

200000
only iLUC (50%-level)
only ILUC (25%-level)
Il . momydLue

:
=

=]
1

only LUC-releated GHG emissions [kg COJTJ]
g
=

-50000

-100000

Dat_a {?nly' for LUC_—lndl_Jced GHG Fritsche, 2009 Research  gmwelt
emissions, excluding life-cycles sponsored by Amt @




Slmple measures IEA Bioenergy

can be misleading: Task 38

B emissions per unit output
can be manipulated

Biomass Auxiliary Energy

Service unit:
kWh el, heat, liquid biofuel




Expand system boundary:  [[EABioenersy

consider reference system ot

m Emission reduction per unit useful output

Biomass Auxiliary Energy Coa, ol Auxiliary Energy
natural gas
GHG emissions %
emissions
Service unit: Service unit:

kWh el, GJ heat, km kWh el, GJ heat, km



Reference energy system
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Fossil energy source
Conversion efficiency

Displacement factor

e e -

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

Always <1




Reference land [EA Bioenergy

or biomass use B ow.

B o -

B Waste or diverted from alternative use?
B Marginal or degraded land?

B Integrated food/feed/timber/biomass
systems?



Bioenergy system

Biomass
residue

Reference system

Biomass
residue
Transport

Fossil
energy/carbon
source

Extraction
Transport

Transport
Conversion to

enerqy carrier : 2
9y Conversion to

energy carrier

Distribution of
energy carrier

Distribution of
energy carrier

Energy service Energy service

(heat, electricity) (heat, electricity)
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Bioenergy System

Reference Energy System

Fossil Resource

Construction of
Conversion Facility
(may occur)

Land Management
Change
(may occur)

Land

v

Cultivation and
Harvest of
Biomass

!

Transportation to
Processing Facility

v

Construction of
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V
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Extraction of
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v

Transportation to
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Co-products
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Conversion to
Energy Carrier
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T Disposal of Disposal of T
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A = e ———

Compare project wrth reference

Consider whole system life cycle

» Production chain, end of life

System boundary

» Deliver equivalent service

All greenhouse gases CO2 and non-CO2

C stock change in biomass, soll, ILUC, albedo
Emissions reduction per unit biomass

Result is specific to each situation
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Task 38 Case studies
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H- Miscanthus

H- sorghum
H- switchgrass
E- Miscanthus
E- sorghum
E- sv.h.ritn::hgras

- woodlchip

ethamol {sugar) ey T
I ethanol (starch) FT-diesel

Emissions saved tCO2e/fhafyr

thanal (L-C)

Ihmdlesel biogas

Excludes indirect land use change

Data from Cherubini et al 2009




Carbon t/ha

Potential mitigation through
bioenergy and biochar
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Reforestation for timber + bioenergy

Carbon stock [tC/ha]
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Biomass better than coal? \War over carbon
accounting erupts

In Washington, the Environment ¥Working Group has
released a study that claims the impacts of the

ct
(ACESA)—which has already passed the House of
Representatives—would require the equivalent of
cutting between 18 and 30 million acres by 2025,
and up to 50 million acres by 2030,

American Clean Energy and Security A

“From Maine to VWashington state, from Ohio to
Florida," the EWG report says, "electric utilities have
been embracing "biomass power" as a way to
reduce dependence on coal and other fossil fuels
and to meet ambitious goals for limiting greenhouse
gas emissions. And both state energy policies and
the pending federal climate and energy legislation
are designed to encourage the trend by providing
huge incentives.

Studies cast further doubt on sustainability of
bioenergy

121/ independaent scientific studies launched today cast further doubt on
ke L] VST SESERELTY R [ /ST, o (D S (LT S |
the EU's policy of promoti ( DIOMass as fuel for heat and power generation
and biofuels for transport, [1] according to BirdLife International, the

European Environmental Bureau and Transport & Environment,
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Kyoto context
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Bioenergy considered CO, neutral
Assumes fossil energy inputs in energy sector
Assumes non-CO, included in agriculture

Assumes C stock changes included in land sector

But usually C stock changes are NOT included



23 OCTOBER 2009 VOL 326 SCIENCE

CLIMATE CHANGE

Fixing a Critical Climate

Accounting Error

Timothy D. Searchinger,”™ Steven P. Hamburg,?* Jerry Melillo,? William Chameides,*
Petr Havlik,” Daniel M. Kammen,® Gene E. Likens,” Ruben N. Lubowski,? Michael Obersteiner,”
Michael Oppenheimer,’ G. Philip Robertson,? William H. Schlesinger,” G. David Tilman’

Rules for applying the Kyoto Protocol and national cap-and-trade laws contain a major,
but fixable, carbon accounting flaw in assessing bioenergy.

he accounting now used for assessing
compliance with carbon limits in the
Kyoto Protocol and in climate legisla-
tion contains a far-reaching but fixable flaw
that will severely undermine greenhouse
cas reduction goals (7). It does not count
CO, emitted from tailpipes and smokestacks
when bioenergy is being used, but it also does

not count changes in emissions from land
use when biomass for energy is harvested or
grown. This accounting erroneously treats all
bioenergy as carbon neutral regardless of the
source of the biomass, which may cause large
differences in net emissions. For example, the
clearing of long-established forests to burn
wood or to grow energy crops is counted as a
100% reduction in energy emissions despite

Downloaded from www.science




Cancel carbon neutrality  [lEABioenergy

.I:Or bIOenergy'? i Task 38

Not a useful solution
Doesn’t reflect atmospheric impact

Does disadvantage all bioenergy

Ignores future benefits of sustainable bioenergy
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Bioenergy: timing of benefits
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Atmospheric [CO2] - impulse response
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Forest stands in the landscape
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Investment in low-carbon energy Task 38

3500
—————————— 50% probability of staying below 2°C == == m= == == = —— -
3000
O _ _ T5%probability of stayingbelow 2°C ~ _ _ _ _ _ _ _ _ _
c
.g 2500
g Remaining emission
:l) 2000 space up to 2050
c N8 ________ _ _ _ _ _
o
(]
-E 1500 : Fossil fuel use since mid 1970s
f_; Fossil fuel use 1750-2006 ..
£ 1000
=]
O
500
Land use change 1850-2005
0

Berndes et al 2011



IEA Bioenergy
IEA Bioenergy reports Task38

Using a Life Cycle
Assessment Approach
to Estimate the Net

Thie e epor s e Greenhouse Gas

by Mr Neil Bird, Joanneun v
Research, Austria; Professor E = f
Annctie Cowie, Tr:t National m ISSI 0 ns o

Centre for Rural Greenhouse Gas

I Bioenergy, Land Use
ek At o Bioenergy Change and Climate

Science and Technology, Norway; i change Mitigation

and Dr Gerfried Jungmeer; . 2 ; . f'
Joanneum Research, Austria. " . Q ¢ g v ¥ . -
The report addresses the key ! 54 \ w5
methodological aspects of fife 5 & J 0 -

cycle assessment [LCA) with . o . A ; - ; = .
G B Bioenergy, Land Use
balances of bioenergy systerrs. It -

ks e it e s ' _ Change and Climate
some important bioe suppl s = g -
ks b A R s ' , Change Mitigation

1 spared by »
encrgy systerms. The purpose of the % ' Coran s <
report is to produce an Lnbiased, ——— 3 s iy Background Technical Report

authoritative statement amed . A A \ : . den; with input .
especially at practitioners, policy T oo W gt sk L 2 c e authars Mr A .o
advisors, and palicy makers, 1 = y "I * ; s ) - AR ~/m Reszarch,
: ; / . sar Annette
4l Centre for
\Bas Reszarch,
v financad by
I, the Swedish
"1 repoet
=7 labated issuz
ciated land
w the climate
from use of
», Hluenced
* _emissians
} “is2 change.
Lo - : ! » - s background
5 AL L \ \ - “ o L sl 2 more devailed,
[EA Bioenergy B& " e ‘ 3 g

v gesearchars,in

[EA Bicenargy:ExCo:2011:03 i ] 2 g . : N | \ tversion (IEA
o A A 3 o10:03) which
Wy advisors and

IEA Bioenergy

[EA Bosnergy-ExCe-2030:03

IEA Bioenergy

1EA Bicereryy: ExCo:2011:04



74

- o
2 4 = “
b v
! |
X ]
r
> 3
. N
o - Y S,
o W
e FIVIE
! s
S
—
=Y o
-

e

ol g

.




P
e T NS

- B (b AR LT TN, A AN 3
._.~f_;- PRI WS AR S

' m How can land be used to produce biomass
without compromising other needs?
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