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Preliminary remarks

* The views expressed are purely those of the
speaker and may not in any circumstances be
regarded as stating an official position of the
European Commission

* Bioenergy production affects many other aspects
than carbon accounting: security of energy supply,
socioeconomics, biodiversity, rural developments
etc. that are not dealt with in this presentation.
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Problem definition 1

e Carbon accounting/reporting:
IPCC guidelines: CO2 emissions/removals from forestry estimation
based on changes in the forest carbon pools (biomass, soil, wood
products) reported in the LULUCF sector. In order to avoid double
counting, the carbon emissions from biomass combustion are not
added to the total energy sector emissions

* Bioenergy GHG LCA:

Often a value of zero is assigned to direct biogenic CO2 emissions
resulting from biomass combustion. This is applied even though the
changes in the above mentioned carbon pools are not accounted for.




Problem definition 2

Bioenergy Carbon Intensity:

e Wood: 102 gCO, / M, .q,
e Hard Coal: 96 gCO, / MJ, ...,
o Natural Gas: 56.4 g CO, / MJ]

energy

Efficiencies: ~25 - 35% biomass vs. 45 - 50% fossil advanced

Physical release of CO, per energy produced by biomass is
at best comparable to that of fossil sources

Re-growing the forest can actually reabsorb the CO2
emitted and become carbon neutral

Timing is fundamental




Quantification example: Roundwood

Stock of dead and living wood (1000 tonnes carbon)
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Quantification example: Roundwood

Source: Holtsmark et al., 2012
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Quantification example: Roundwood

Cumulative CO2 emissions
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Qualitative evaluation of the papers reviewed.

Source: own compilation JRC.

Long lived GHG reduction efficiency
Biomass source Short term (10 years) Medium term (50 years) Long term (centuries)
coal natural gas coal natural gas coal natural gas

Temperate roundwood +/- - ++ +
Boreal roundwood (no i - + .
albedo)
Harvest residues +/- +/- + + ++ ++
New plantation on
marginal agricultural +++ +++ +++ +++ +++ +++
land (no iLUC)
Forest clear cut and
substitution with fast - - ++ + +++ +++
growth plantation

+/-: the GHG emissions of bioenergy and fossil are comparable;

-; --; ---: the bioenergy system emits more CO2eq than the reference fossil system

+; ++; +++-: the bioenergy system emits less CO2eq than the reference fossil system
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Sensitivity

FACTOR PAYBACK
TIME
Higher Carbon intensity of substituted fossil fuel Shorter
Higher Growth rate of the forest Shorter
Higher Biomass conversion efficiency Shorter
Higher Initial carbon stock Longer
Higher Harvest level Longer
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Quantification example: Forest Residues
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_Large scale techno-economic models

Maximising

Reference biomass Promoting
. wood energy
Unit carbon
2010 2030 2030 2030
Forest biomass TgC 11508 13214 14130 13100
Carbon stock
Forest soil TgC 14892 15238 15319 14994
Change in forest biomass Tg C/yr 85.3 131.1 79.6
Carbon flows Change in forest soil Tg C/yr 17.3 214 51
Net change in HWP TgC/yr 18.2 18.2 17.6
For non-renewable Te C NA NA NA NA
Substitution products gC/yr
effects
For energy TgC/yr | 61.6 83.0 83.0 121.7
Stock (forest only) TgC 26400 28452 29449 28093
Totals :
Flow (sequestration + Tg C/yr 203.7 253.6 224.0

substitution)

Carbon stocks and flows in the EFSOS scenarios, total Europe.
(Source: The European Forest Sector Outlook Study II [UNECE 2011])
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Large scale techno-economic models
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Baseline (no RED) and reference (RED) projection of domestic wood production

(overbark) for EU-27 countries for energy and material use (including sawnwood,
pulp wood and other industrial roundwource: [Bottcher 2011].



intensive materials)
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Displacement: woodfor products
Use of wood for long-lived products: effective carbon capture and storage in
the Harvested Wood Products carbon pool and substitution of GHG
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Displacement: wood for energy

Many of the wood resources are already used somehow, if they were to be
used for bioenergy, they would need to be replaced by other resources
with consequences that should be assigned to the GHG balance of the
bioenergy itself.

Forsstrom et al. [Forsstrém 2012]. conclude that increased biofuel
production based on woody biomass in Finland would cause an increase in
the use of fossil energy in the other sectors.

In a briefing published by the European Parliament Committee on
Development [Wunder 2012], the authors state that the impacts of
increasing EU demand for wood for energy generation will have macro
effects worldwide. The rising demand for woody biomass energy is likely
to raise the global price for wood, thus adding pressure on forests and
other ecosystems and driving land use conflicts.
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Other climate forcers

Including the albedo effect in boreal
forest bioenergy production may
offset most of the total GHG
emissions (including biogenic
CO2).
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e In order to assess the forest sector’s contribution to climate

change mitigation, the assumption of biogenic carbon
neutrality is not valid for some of the forest potential
bioenergy under short-term time horizons (especially
roundwood).

It is fundamental to integrate all the carbon pools in the
bioenergy GHG emissions assessment (above ground biomass,
below ground biomass, dead wood, litter, soil and harvested
wood products) and their evolution in the time horizon of the
analysis for both the bioenergy scenario and the counterfactual
indirect impacts of forest bioenergy are often neglected or
underestimated.

e A comprehensive evaluation of the climate impacts of forest

bioenergy should integrate also all of the climate forcers
(aerosols, ozone precursors and albedo), though agreed
methods to include these are not yet available.




Thanks for your attention

alessandro.agostini@ec.europa.eu
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Quantification example: Roundwood

Carbon [tC/ha]

- Forest

- Wood Products
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A)Carbon stock of an
old growth,
unmanaged forest.

B) Wood removed
from the forest is used
for wood products.

C) The raising demand
for wood for bioenergy
is covered via
additional harvesting.

D)The wood for
products is fully
diverted to cover the
raising demand of
wood for bioenergy.
Source: JRC.
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Quantification examp_le: Roundwood

A
A

Carbon [tC/ha]

A) Wood removed
from the forest is used
for wood products.

B) The raising demand
for wood for bioenergy
is covered via
additional harvesting.

C) The raising demand
for wood for bioenergy
is diverted from the

[] Harvested Wood Products wood products.

Products Substitution (Source: JRC).
(avoided emissions)
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(avoided emissions)
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Quantification exam_ple: Roundwood

Source: Holtsmark et al., 2012
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w=The remaining carbon debt due to the harvests in parce! #1 in 2010, 2105, 2200, and 2295

Consequences of continuous harvest in a forest parcel on its carbon stock, the
accumulated reduction in fossil carbon emissions and the remaining carbon debt
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Quantification exam_ple: Roundwood
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Cumulative carbon debt for

continuous harvest on a
whole forest.

The multi-wave-shaped
curves show the
development of the
remaining carbon debt
generated from the
harvesting of 19 parcels
as they subsequently
mature. The total
remaining carbon debt is
given by the dotted blue
curve
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FOSSIL REFERENCE | PAYBACK TIME
AUTHOR AREA FOREST TYPE BOUNDARI | SCENARIOS
ES SYSTEM (yr)
(McKechnie Ontario Temperate Landscape REF: BAU wood for products, Electricity coal Roundwood 38
2011) BIO: BAU + additional harvest without residues Gasoline (ethanol) Roundwood >100
(Holtsmark Norway Boreal fr?arr?:;emen t REF: BAU wood for products, Electricity coal 190
2012a) unit BIO: BAU + additional harvest without residues Gasoline (ethanol) 340
(Colnes REF: BAU wood for products & energy ,
2012) US SE forests Temperate Landscape BIO: 22 new biomass power plants running on additional Various, 35to 50
harvest in the same defined landscape
0il, thermal or CHP 3-15
(Walker Representativ REF: 2 baseline harvest scenarios (20-32%, no residues), Electricity coal 12-32
Massachusetts Temperate p BIO: 3 scenarios with additional harvest(38, 60, 76 % + 2/3
2010) e stand residues), Gas thermal 17-37
Electricity Natural Gas 59->90
Norway Spruce, Additional Fellings increased from 60% to
Forest 80% of Net annual increment (SFM), NO upstream
(Zanchi . emissions, only end use emissions (same for biomass and - 1) 175
2011) Austria Temperate Management coal) Electricity coal 2)75
Unit (90 ha) Lo .
1) NO residues collection
2) residues collection only from the additional fellings
Norway Spruce, Additional Fellings increased from 60% to
Forest 80% of Net annual increment (SFM), NO upstream
(Zanchi . emissions, only end use emissions (N.G. 40% less emissions . 1) 300
Austria Temperate Management . Electricity Natural Gas
2011) Unit (90 ha) than biomass), 2) 200
1) NO residues collection
2) residues collection only from the additional fellings
Norway Spruce, Additional Fellings (NO residues collection)
. o o .
. Forest increased from 60% to .80.A) of Aboveground bl(.)m.ass (no 1) Electricity coal 1) 230
(Zanchi . SFM), NO upstream emissions, only end use emissions 1) .
2011) Austria Temperate Management coal with same emissions as biomass 2) Electricity Natural Gas 2) 400
Unit (90 ha) 3) Electricity Oil 3) 295

2) natural gas with 40% less emission than biomass
3) oil with 20% less emission than biomass,
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STUDY FOSSIL REFERENCE | PAYBACK TIME
AUTHOR AREA FOREST TYPE BOUNDARI | SCENARIOS
SYSTEM (yr)
ES
. Forest . . . .
(Zanchi Austria Temperate forest management Short rotation plantation on Marginal Agricultural Land Any fossil fuel <0
2011) unit with low C stock
Forest Clearing - Substitution with short high productivity
(Zanchi Forest plantation (10 years rotation), wood for bioenergy. 1) Electricity coal 1) 17
2011) Austria Temperate forest management 1) coal with same emissions as biomass 2) Electricity Natural Gas 2) 25
unit 2) natural gas with 40% less emission than biomass 3) Electricity Oil 3) 20
3) oil with 20% less emission than biomass,
(Zanchi . Forest Forest Flearlng - Substltu.tlon w1t(l)1 short high p.roduct1v1ty 1) Electricity coal 10
2011) Austria Temperate forest management plantation (10 years rotation), 50% wood for bioenergy, 2) Electricity Natural Gas 2)8
unit 50% for HWPs (additional to baseline)
. Forest . N . - 1) Electricity coal 1) 114
%alnlc)hl Austria Temperate forest management F;);:ts::tgia(rzlrég ;:;b:gi;iit:ﬁg v‘s//\:g}:)csihfgitbli(;v:nirroduct1V1ty 2) Electricity Natural Gas 2)197
unit p y ' &y 3) Electricity 0il 3) 145
Coast range forest type
Mitchell Forest biomass removed for fire prevention Average fossil fuel via old growth 169
u.s Temperate Forest stand
2009) " p Understory removal, overstory thinning, and prescribed fire solid biomass second growth 34
every 25 years
Coast range forest type
Mitchell Forest biomass removed for fire prevention Average fossil fuel via old growth 339
U.S Temperate Forest stand
2009) - p Understory removal, overstory thinning, and prescribed fire ethanol second growth 201
every 25 years
West cascades forest type
Mitchell Forest biomass removed for fire prevention Average fossil fuel via old growth 228
u.S Temperate Forest stand
2009) - P Understory removal, overstory thinning, and prescribed fire solid biomass second growth 107
every 25 years
West cascades forest type
Mitchell Forest biomass removed for fire prevention Average fossil fuel via old growth 459
u.s Temperate Forest stand
2009) " p Understory removal, overstory thinning, and prescribed fire ethanol second growth 338

every 25 years




|

C offset panty point

Total acosystem C storage (TEC)

Timea

= LInharvesied Forest C Storage

= Bioenergy Production C Storage + C Offsats
= Bioenergy Produclion C Storage

— |nitial C Storage

Conceptual representation of C Debt Repayment vs. the C Sequestration Parity Point. C Debt (Gross)
is the difference between the initial C Storage and the C storage of a stand (or landscape) managed for
bioenergy production. C Debt (Net) is C Debt (Gross) + C substitutions resulting from bioenergy

production. Soitchell 2012].
Centre
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Comparisons of the time required for a repayment of the Carbon Debt among three ecosystem types
, each with six biomass harvesting regimes and four land-use histories. The four land use histories are: Post-agricultural
(age = 0), Recently disturbed (age = 0, disturbance residual carbon), Rotation forest (average age = 25, rotation=50), Old-
growth (age > 200). Different harvesting regimes are indicated on the x-axis, with 50% and 100% harvesting intensity

represented as 50H and 100H, respectively. Harvest frequencies of 25, 50, and 100 years are represented as 25Y, 50Y, and
100Y. Three combinations of biomass growth and longevity; G1, G2, and G3 represent increasing growth rates. L1, L2, and L3

represent increasing biomass longevities. The color scale represents the conversion efficiencies, ranging from 0.2 to 0.8, to
ascertain the sensitivity of C offsetting schemes to the rang iability in the energy conversion process. Source: [Mitchell
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Comparisons of the time required to reach the Carbon sequestration parity among three ecosystem types, each with six
biomass harvesting regimes and four land-use histories. The four land use histories are: Post-agricultural (age = 0), Recently
disturbed (age = 0, disturbance residual carbon), Rotation forest (average age = 25, rotation=50), Old-growth (age > 200).

Different harvesting regimes are indicated on the x-axis, with 50% and 100% harvesting intensity represented as 50H and
100H, respectively. Harvest frequencies of 25, 50, and 100 years are represented as 25Y, 50Y, and 100Y. Three combinations
of biomass growth and longevity; G1, G2, and G3 represe easing growth rates. L1, L2, and L3 represent increasing
biomass longevities. The color scale represents the comt efficiencies, ranging from 0.2 to 0.8, to ascertain the
sensitivity of C offsetting schemes to the range in varia he energy conversion process. Source: [Mitchell 2012].
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STUDY FOSSIL
AUTHOR | AREA ,PI‘.?(EEST BOUNDA | SCENARIOS REFERENCE ,ll).ﬁcl(g?cg
RIES SYSTEM y
Electricity Residues
(McKechn | Ontari | Temperat | Landsca | REF: BAU wood for products, coal 16
ie 2011) o e pe RESIDUES = BAU + residues harvest, Gasoline Residues
(ethanol) 74
Nor:way Spruce, Fellings Res_ldues (from baseline 1) Electricity
Forest felling rates and no leaves) increased from 0% to coal
o . .
(Zanchi Austri | Temperat | Manage 14% of above_gr(_)und biomass left fror_n f_elllngs, NO 2) Electricity 1o
upstream emissions, only end use emissions 2) 16
2011) a e ment . . . Natural Gas
Unit 1) coal with same emissions as biomass 3) Electrici 3)7
2) natural gas with 40% less emission than biomass oil ty
3) oil with 20% less emission than biomass,
Branches
8
(Repo Finlan Boreal Forest Baseline scenario clear cut for materials; 3 scenarios | Electricity Thinning
2012) d stand with different residues harvest Natural gas 20
Stumps
35
Branches
Electricity >
(Repo Finlan Boreal Forest Baseline scenario clear cut for materials; 3 scenarios Heavv fuel Thinning
2012) d stand with different residues harvest oil vy 12
Stumps

Joint
Research
Centre




European
Commissi

Natural disturbances

The effects of natural disturbances (wild fires, pests
outbreaks, and windthrow) are very scattered.

However, after disturbances (for the wildfires depending on
the severity) most of the biomass harvestable for
bioenergy purposes would remain in the forest and can
either be salvage harvested or remain in the forest for
decades

Being unpredictable events, it is complicated to include the
occurrence of disturbances in forest GHG savings potential
calculation and distinguish the relative impact on the
bioenergy and BAU scenarios.
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Forest Landscape (at equilibrium)

Unmanaged Forest

A
«C/ha _ aaedFe [uretaet]
Forest
Carbon

0 Time

Joint
Research
Centre




——

* Kk
* *
* *
* *

* p K

European
Commission

Quantification exam_ple: Roundwood
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= Hefarence scenario (low harvest) - « «Higher harvest level with use of felling waste

Source: Holtsmark et al., 2012

Carbon stock changes for increased harvest (shorter rotation
periods).
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Sensitivity
Payback time changes with:
1. Fossil system substituted.

E.g. high savings from substituting coal electricity >

smaller payback time.

Wood vs. Coal Electricity

2" gen ethanol (E85) vs. gasoline
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Sensitivity

2. Residues size and effects Soil-C and nutrients;
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Time (year)

Source: Repo et al., 2011
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Quantification example: Roundwood

e Longer payback times

e Sensitivity to the actual
changes in forest
management

Source: McKechnie et al., 2011
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