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Costs of climate change
In 2010, climate change cost:
m 700 billion USD
> 0.9% global GDP

" CLIMATE VULNERABILITY MONITOR

m 400,000 deaths per year —
90% children

E COLD CALCULUS OF A HOT PLANET

Climate change + Carbon economy
m costs 1.2 trillion USD
m kills 4.975 million

DARA, 2012
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PHOTO: NASA's analysis of satellite data shows extreme hot spots across the Arctic, Russia, and northern North America.
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Also: IPCC AR5: Bioenergy a key technology to meet 2° C target
Technical potential for forest bioenergy in 2050: 50-100 EJ

GEA-Supply




Biomass for heat, electricity

Bioenergy Sugar, starch for ethanol

Oillseeds for biodiesel
2"d generation biofuels

The future is sweeter,
when fuelled by sugar
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Forests for Bioenergy




Feedstocks:
= Urban green waste o
m Manure, biosolids

m Food processing
residues

Sawmill residues
m Forest harvest

residues?
Crop stubble?
Purpose-grown crops? —






Too late to avoid 2° C ?

m 2° C: target of the Copenhagen Accord to avoid
catastrophic outcomes

m Already increased by 1 degree
m At least 0.5 degree unavoidable

m \Without iImmediate and drastic action we
cannot meet the 2° C target



Global CO,emissions (GtCO,)

Negative emissions required to meet 2° C target
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Bioenergy — “carbon neutral”




Manomet Center for Conservation Sciences JuMEe 2010 NCI-2010-03

Biomass better than coal? \\War over carbon
accounting erupts

R EP ORT

In Washington, the Environment ¥YWorking Group has

released a study that claims the impacts of the

American Clean Energy and Security Act
(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.

"From Maine to Washington state, from Ohio to
Florida," the EVWG report says, "electric utilities have
been embracing "biomass power" as a way to

cormcr Sy , reduce dependence on coal and other fossil fuels
e . > o 2 IO i : and to meet ambitious goals for limiting greenhouse

CLIMATE CHANGE

Fixing a Critical Climate
Accounting Error

a.carbon accounting Timothy D. Searchinger,'* Steven P. Hamburg,2* Jerry Melillo,? William Chame
time bomb Petr Havlik,” Daniel M. Kammen.® Gene E. Likens,” Ruben N. Lubowski,? Micha
Michael Oppenheimer,' G. Philip Robertson,® William H. Schlesinger,’ G. Davi

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

svrorean == TRANSPORT &
uuuuu | = enviRONMENT

he accounting now used for assessing  not count changes in emis
compliance with carbon limits in the  use when biomass for energ



“Carbon debt” some papers:

Holtsmark, B. (2012). “Harvesting in boreal forests and the biofuel carbon debt.”
Climatic Change 112(2): 415-428.

Hudiburg, T. W., Law B. E., Wirth C. and Luyssaert S. (2011). “Regional carbon dioxide
implications of forest bioenergy production.” Nature Clim. Change 1(8): 419-42

Lamers P., Junginger M., (2013) " The ‘debt’ is in the detail: a synthesis of recent
temporal forest carbon analyses on woody biomass for energy." Biofuels, Bioproducts,
and Biorefining, in press.

McKechnie, J., S. Colombo, J. Chen, W. Mabee and H. L. MacLean (2011). “Forest
bioenergy or forest carbon? Assessing trade-offs in greenhouse gas mitigation with
wood-based fuels.” Environmental Science and Technology 45(2): 789-795.

Schulze, E.-D., C. Kérner, B. E. Law, H. Haberl and S. Luyssaert (2012). “Large-scale
bioenergy from additional harvest of forest biomass is neither sustainable nor
greenhouse gas neutral.” GCB Bioenergy: 4(6): 611-616.

Searchinger, T et al (2009). “Fixing a critical climate accounting error.” Science
326(5952): 527-528.

Walker, T et al (2010). Massachussets Biomass Sustainability and Carbon Policy Study.
Manomet Center for Conservation Sciences.

Zanchi, G., N. Pena and D. N. Bird (2010). The upfront carbon debt of bioenergy. Graz,
Austria, Joanneum Research.






Reference energy system

* Fossil energy reference

* Conversion efficiency

* CO,/MJ

Displacement factor

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

* Nearly always <1



Global carbon pOOlS Units are Pg C (10%5g or Gt)

Atmosphere 760

Soil 2500

«SOC 1550 Ocean 38400

*SIC 950

Fossil fuel 4130

After Carlson et al 2001; data from Lal, 2008




Accounting error in climate
treaties could lead to more

deforestation
Quick fix could prevent cut forests from
being treated like other biomass

‘Fixable’ error undercuts climate laws

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.

compliance with carbon limits in the  use when biomass for energy is harvested or

Kyoto Protocol and in climate legisla-  grown. This accounting erroneously treats all
tion contains a far-reaching but fixable flaw  bioenergy as carbon neutral regardless of the
that will severely undermine greenhouse  source of the biomass, which may cause large

S . ) ) o

1 v

F I Yhe accounting now used for assessing  not count changes in emissions from land



Kyoto context

* Bioenergy treated as CO, neutral in energy sector
 Assumes forest C stock changes included in LULUCF
* Assumes fossil energy inputs in energy sector
* Assumes non-CO, included in agriculture
* Correct where these assumptions are valid
But

— Only Annex | countries covered

— Previously didn’t count forest C stock change (KP-1)
(but do now KP-2)

Future (Paris Agreement) all countries covered



Inventory context

* Inventory reporting
* UNFCCC
e All parties

* GHG accounting
e Kyoto Protocol
* Annex | parties
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Emissions Processes

Sectoral boundaries
National scale
IPCC Guidelines

Annual emissions / removals



Project 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
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Reference land use

e Timber without residue harvest?

e Conservation forest?
With natural disturbance?

* Purpose-grown crop?

 Grown on marginal or degraded
land?

e When to start the clock?




Reference land use

e Timber without residue harvest?

e Conservation forest?
With natural disturbance?

* Purpose-grown crop?

 Grown on marginal or degraded
land?

e When to start the clock?




Above ground

carbon stock

Carbon neutral # Climate neutral?

«—FRotation period, r——»

Time, years

F Cherubini NTNU
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Forest stands in the landscape
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Berndes et al 2011



Different perspectives

=» Individual operator / forest company / national
government / researcher

=» Policy development or implementation

=» Stand vs landscape scale

=» Reference land use: Natural system vs managed
system

=» Reference energy system: Average vs marginal
=» Start clock at planting vs at harvest

=» Short term vs long term

=» Specific stage vs whole life cycle

=» Biomass only vs integrated forest product system



Task 38 focus: Life cycle climate change
effects of bioenergy

Extraction

Disposal | Processing
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Extraction

Disposal

® Production chain emissions
® Non-CO, GHGs
m C stock change in biomass, soil (direct effect)

m C stock change in biomass or soil thru ILUC

m Albedo and other biophysical effects on climate



Carbon f

kg COzeq/MJ ethanol

Non-CO, GHGs

0.12 1

0.10 1

0.08

0.06 -

0.04

0.02 -

0.00

Wet Tropics

Burdekin

State
average

ootprint of cane ethanol

O Ethanol production

B Electricity for irmigation

O Milling

W Cane burmning (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



Consider carbon stock
change

Include C stock change in
biomass or soil

“direct land use change -
dLUC”

change in management
practice

A long term average C stock
— Biomass
— Soil carbon
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Bioenergy system Reference system
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Choosing the
land use
reference

system

Koponen et al, in prep

Q1. Is the goal of the study:

a) to estimate the absolute GHG emissions of a bioenergy system
b) to assess the climate effects of a bioenergy system?

W A

Y

system needed

system needed

[ 1a. No reference land use ] [ 1b. Reference land use ]

Q2. Is the aim to study:
a) bioenergy as a compon

b) impact due to a change in output of bioenergy system?

ent of total human activity

land use: natural
regeneration

use: business as usual,
other alternative uses

2a. Suitable reference ] [ 2b. Suitable reference land

Q3. What is the temporal

climate effect assessment?

boundary for land use and for

\

V

Q4. What is the spatial boundary for land use and
for climate effect assessment?




Reference biomass use

(For biomass residues)

* Crop residues, forest slash, thinnings:
Leave in paddock/forest floor?

e Sawmill, Demolition: Landfill?
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Indirect landuse change

e Qutside system boundary
* Form of “leakage”

e Off-site carbon stock change,
methane, nitrous oxide emissions

— logging
— fire

— drainage of peatlands



Indirect land use change from corn-based ethanol

Author/Study and Year

Searchinger etal., 2003 | 10

cArs, 2009 |G 0
EPA, 2010 NN 26.3
Herteletal., 2010 (GGG 7

Laborde, 2011 ([ 10
GREET1_2013 ([N 9.2

cArB, 2014 GG 23.2
Laborde, 2014 [N 13

Elliott et al., 2014 F 5.9

iLUC Emissions [gCDz-EIMJ}‘




Units

» Emissions CO,-e per MJ?

> Biomass and land are limited resources

B Emission reduction per unit biomass

B Emissions reduction per unit land area



Co-products

products:

‘B4 GHG emission
L% reduction 1-3tC




Task 38 Standard Methodology

Compare project with reference
Consider whole system life cycle

— Production chain, end of life, co-products
System boundary

— Deliver equivalent service

Scope:

— All greenhouse gases CO, and non-CO,

— C stock change in biomass+soil, albedo, ILUC

Emissions reduction per unit biomass/land
Result is specific to each situation



H- Miscanthus

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

- woodlchip

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

Emissions saved tCO2e/fhafyr

thanal (L-C)

Ihmdlesel biogas

Excludes indirect land use change

Data from Cherubini et al 2009



Case study Northern NSW: Using logging residues for bioenergy

Carbon stock [tC/ha]
700

B Fossil fuel spent
B -+M Fossil fuel displaced
=-=== Net carbon stock

B Products in landfill

600

200 B Products in use
I Trees

e | M Litter

300 Soil

200

100 -

[ S L G Gmme o l l‘ l: I tll
0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95100
Time [years]

Cowie, 2005



South Coast NSW
Conservation vs managed forest

1 Net product substitution

3 Bioenergy (30 % of available forest residues)

1 Carbon storage in products
= Forest carbon (remaining in harvested forest)

= "'Conservation" forest

Ximenes et al, 2012




Bioenergy

= Carbon neutral? o

e e = e, S

i
g At h _
» Maybe nearly e TTTOSPeE =

* Climate neutral?

* Not if you start
with existing
forest

Above ground
carbon stock

«—~Rotation penod, r——»

Time, years

F Cherubini NTNU



I I I I I I I I I I Forest estate, all stands mature,
stable C stocks
I I I I I I I I I Year 1: One stand harvested
-
Year 2: Second stand
harvested, first
s B beginning to regrow.
And so on each year for
u l remaining stands
-

Year 10 — 10t stand harvested.

15t stand regrown, will be
= 01 1 l I I harvested in 11t year
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Time in Life Cycle Assessment

® Environmental flows summed across life cycle
® Timing of flows ignored 1SO 14040, 14044

m |[SO TS14067 allows for timing
In supplementary value

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




Atmospheric [CO2] - pulse emission
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Above ground

carbon stock

«—FRotation period, r——»

Time, years

F Cherubini NTNU
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Annhual
crops

Fast growing
biomass

Tropical
forest

Temperate
forest

Boreal
forest

F Cherubini NTNU
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A Single stand

Blue: Reference,
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C stock

C stock

C stock

A Single stand

Blue: Reference,
harvested for timber only

........................................................................................................................ TR
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Average C stock blue stand
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C stock

4 Figure 1a Single stand

Blue: Reference,
harvested for timber only

GHG cost

harvested for bioenergy.
Decays on site in reference case.

Average C stock blue stand

AC: Additional biomass (residues) QCI

Average C stock
red stand

Red: harvested for timber
+ bioenergy.

C stock reduced
throughout the rotation

Ti

4 compared with blue stand >
™ & Time



A Figure 1a Single stand

Blue: Reference,
harvested for timber only

GHG cost

C stock

\ \¢
Average C stock blue stand fuseommsimnomssiin

Average C stock
red stand

Red: harvested for timber
AC: Additional biomass (residues) + bioenergy.

harvested for bioenergy. AC C stock reduced
Decays on site in reference case. throughout the rotation

& compared with blue stand
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Time T
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A Landscape scale: Carbon stocks stable

C stock
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A Figure 1a Single stand

Blue: Reference,

GHG cost
harvested for timber only

C stock
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Average C stock
red stand

Red: harvested for timber
+ bioenergy.

AC: Additional biomass (residues) Aci

harvested for bioenergy. C stock reduced
Decays on site in reference case. throughout the rotation
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C stock

AN

A Single stand

Blue: Reference,
harvested for timber only

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

Average C stock blue stand

o)

GHG cost

Average C stock
green stand

Enhanced management after harvest
increases C stock above original
forest management (blue)

Average C stock
red stand

Red: harvested for timber
+ bicenergy.

C stock reduced
throughout the rotation
compared with blue stand

Green: harvested for timber + bioenergy.
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C stock

C stock

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

A Single stand

GHG cost

Blue: Reference,
harvested for timber only

Average C stock
green stand

Average C stock blue stand

Average C stock
red stand

Red: harvested for timber
+ bicenergy.

C stock reduced
throughout the rotation

harvested for bioenergy.
Decays on site in reference case.

AC: Additional biomass (residues) QCI

+ compared with blue stand
- >
T0 ! = Time ™

Alandscape scale: Carbon stocks stable

Purple: Enhanced forest management
outweighs the effect of increased biomass removal

\
/

GHG cost (red cf blue)

- >
T0 T1 T2 Time ™



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

A Single stand

Blue: Reference,
harvested for timber only

GHG cost

Average C stock
green stand

C stock

\ ........................................ t .................
Average C stock blue stand

Average C stock
red stand

Red: harvested for timber
+ bicenergy.

C stock reduced
throughout the rotation
compared with blue stand

AC: Additional biomass (residues) AC
harvested for bioenergy.
Decays on site in reference case.
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Carbon stock and harvest in Swedish
forests have both grown over last century
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Géran Berndes



Forest C stock

GHG savings

reference

bioenergy

GHG cost
GHG avoided

====net GHG savings
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Task 38 Climate change effects of biomass and bioenergy systems

|EA Bioenergy

Summary:

= Consider the big picture - the whole
life cycle, the long term, human
influences

= Biomass for energy is usually one of
several products from a managed forest

= Forest C stock should be considered
across the landscape; declines are
emissions that must be offset

72



Task 38 Climate change effects of biomass and bioenergy systems

|EA Bioenergy

Summary:

= Loss in C stock can be minimised by
investment in intensive forest
management

= Bioenergy benefits increase over time

= GHG cost of forest bioenergy is an
investment in establishing renewable
energy system

73



Cumulative CO2 emissions

3500

3000

2500

2000

1500

1000

500

0

Remaining emission
spaceup to 2050

Fossil fuel use 1750-2006

Land use change 1850-2005

To meet global temperature targets, scientists have estimated a concentration
of atmospheric GHGs that should not be exceeded.

The difference between current concentrations and this threshold represents
the atmospheric capacity for GHG emissions — the “emissions space”

Critical strategic question: how should society use the remaining emissions
space?

Géran Berndes



Development of new energy and transport
systems will take time, and will create GHG
emissions

Géran Berndes



Some of the emission space could be used to develop a
bioenergy industry to provide renewable and climate
friendly energy services for the world

...0r use some
space for

Remaining
emission space

Fill it up with
fossil carbon

developing
alternatives to
fossil fuels?

LUC for bioenergy

Non-fossil fuel related Non-fossil fuel related

Géran Berndes




Sustainability issues for bioenergy

e Residues:
» Soll erosion, compaction
»Nutrient depletion
»Organic matter decline

® Purpose grown
(direct and indirect effects):

»Water yield

»Biomass and/or soil carbon stocks
»CH,, N,O emissions

»Biodiversity

» Social — displacement, food security
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m Across the full life éycle, what is the best use of
biomass resources?

. ® How can land be used to provide energy and meet
other needs?

® How can policies and accounting methods
distinguish systems with highest mitigation value?







Integrated biomass production
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The bioenergy — climate debate:
Conclusions

Significant contribution required from bioenergy to
meet 2° C target

Not all bioenergy systems are beneficial for climate
Promote the good systems

— Sustainable biomass harvest

— Efficient energy conversion

— Displace GHG-intensive fuels

— Integrate biomass with other land use

Bioenergy has a key role in low carbon energy
systems of the future system



we should quickly implement bioenergy
systems that provide long term
GHG
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IEA Bioenergy Task 38

Climate Change Effects of
Biomass and Bioenergy Systems

www.ieabioenergy-task38.org
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