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Aims of the review and approach

Aims:

@sessment of the pote@y

role for bioenergy in
meeting carbon budgets
given:

A lifecycle emissions and
other sustainability
concerns

A alternative uses for
bioenergy feedstocks

(e.g. wood in
k construction) /

Committes on

Approach:

Blocks of analysis

Lifecycle emissions (Chapter 2)

]
:
]
Sustainable bioenergy supply (Chapter 3) .
:
:
]
|

Appropriate use of bioenergy (Chapter 4)

Bioenergy role
and support
Carbon budgets strategy (Chapter 5)

T Em o o o o o oo
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What is bioenergy?

Feedstock’ Conversion routes® — Heat and/or Power
—

Oil crops (Biomass upgrading®) + Liquid fuels

Rape, sunflower, soya etc. combustion
waste oils, animal fats.

Biodiesel

Transesterification
or hydrogenation

Bioethanol

Sugar and starch crops (Hydrolysis) +
fermentation

Syndiesel/
renewable diesel

Gasification

Lignocellulosic Biomass (+ secondary process)

Wood, straw, energy crop,
MSW, etc. Pyrolysis

{+ secondary process)

Methanol, DME

Other fuels and
fuel additives

Biodegradable MSW
Sewage sludge, manure, wet
wastes (farm and food wastes),
rmacroalgae.

Anaerobic digestion
(+ biogas upgrading)

Gaseous fuels

Other biclogical/
chemical routes

Biomethane

Photosynthetic

micro-organisms Bio-photochemical
e.g. microalgae and bacteria. routes

Hydrogen

Source: Bauen et al, 2009
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Current UK bioenergy use is small, but aCmm..,,.
large increase is expected to 2020

Data is on an output

basis.
On an input basis

2010 bioenergy use is
79TWh
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¢ 2 RI & Q& keWdekdaged

A Around 10% bioenergy penetration plus CCS may be required to meet the 2050
target, and could be sustainable
- Lower penetration requires unforeseen technology breakthroughs or radical
behaviour change
- Higher penetration would be unsafe from a sustainability perspective (e.g.
encroaching on land required for food production, or of high biodiversity value).

A Lifecycle emissions of bioenergy can be significaagulatory frameworks at EU and
UK levels need to be strengthened to make sure bioenergy is trutgdoon.

A Bioenergy is a scare resource and should be used to maximise abatement :
- without CCS: wood in construction, industrial heat, aviation and shipping
- with CCS: wood in construction, various CCS applications
- not in power without CCS, or cars and vans

A Key priorities should be to develop CCS, develop bioenergy options, invest in a rang
of other low carbon technologies (e.g. electric vehicles, heat pumps).
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Committes on

Counting the carbon in bioenergy

And release the carbon
when combusted

Bioenergy crops absorb
carbon from the
atmosphere as they
grow
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and transportation emissions

Liquid biofuel feedstocks cultivation, production [ commiescs
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Source: EU-RED o6t ypical 6 values.
Note: Excludes land use change emissions.

Combined emissions could potentially be significant, but can be reduced through
choice of crop and production process.
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We also need to take account of land use changg ...
emissions (direct and indirect)

B e Y

Direct Land Use Change

Indirect Land Use Change

Arable land growing Tropical forest
maize for food

_ Convert forest
Divert some Displaces food to grow /

land to grow production to elsewhere displaced
bioenergy

croDs L > maize !

Releases
emissions
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Direct land use emissions can result in very lon

carbon payback periods (e.g. up to hundreds of ye

Years to repay carbon debt

450

Committes on

)

400

350

300

250
200

150

100

50 +
0 -

Indonesian
tropical
rainforest

Palm
biodiesel

Indonesian
peatland
rainforest

Palm
biodiesel

Source: Fargione (2008)

93
LT
1
= . 0

Brazilian Brazilian Brazilian | USA centra] Abandoned Abandoned Marginal
tropical cerrado cerrado grassland | cropland | cropland | cropland
rainforest | wooded grassland
Soyabean| Sugarcane, Soyabean|Corn ethanalCorn ethanal Prairie Prairie
biodiesel ethanol biodiesel biomass biomass

ethanol ethanol
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uncertain but estimates suggest risks of increase
emissions through use of biofuels

O e

Indirect land use change emissions are highly (

90
80 [
L ™ n

70 ]
- ]
% 60 I I
™~

[ |

8 .

20
L] =
|
| |
10
| |
|
]
1stgen Sugar beet Wheat  Maizeethanol Sugar cane 1stgen Rape seed Soybean Sunflower Palm oil HFO palm
ethanol ethanol ethanol ethanol biodiesel biodiesel biodiesel biodiesel biodiesel

Source: CE Delft (2010)
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EU framework should be extended to cover R arsacn
Indirect land use impacts

A The current sustainability framework under EU RED does not
Include indirect land use impacts

A Therefore risks possibility of increased emissions where these
Impacts occur

A Framework should be extended to cover indirect land use
Impacts

A Two options: ILUC factors (i.e. uplift lifecycle emissions
estimates); cap use of feedstocks at sustainable levels.

A Crediting growth of feedstocks on degraded land would
complement both

A UK Government should support extension to cover indirect
land use impacts
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Implications of including ILUC emissions { =

r .
g CQe/mj
120
iLUC emissions
100 RED typiuai vatue
= = = 35% GHG savings threshold
80 —_— —_— S —_— -
50% GHG savings threshold from 2017
60 —_— —_— S —_— —
40 -
20 +— —— —— —— —— —— —— —— —— —
0
Sugar beet Maize Wheat Sugar cane Soy Sunflower Rapeseed Palm Fossil fuel

Source: EU-RED, IFPRI (2011)

Might result in need to adjust targets for biofuels downwards (e.g. Gallagher
Review questioned whether 10% penetration achievable). This would not
compromise the achievement of carbon budgets.
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Solid biomass feedstocksambition in power and hea
generation will have to be met largely through impor

80

70

TWh (energy output basis)

10 -
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60 -

50 -

40 -

30 -

20 -

Implied shortfall to be met via
imports and/or other sources
(dedicated plantations and
agricultural residues)

UK forest biomass resource

® Heat energy

B Power generation

2020 UK ambition Power generated from combusting
(solid biomass) UK forest biomass (3.8 Modt +
implied shortfall)

Power and heat sectors may require ~30 million tonnes of solid biomass in 2020
(UK Renewable Roadmap, 2011) = total amount currently used by all wood
consuming sectors (primarily construction, wood panels, pulp & paper).
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EU 2020 biomass ambition goes beyond estimates ...
of global sustainable supply

O e

1,200
1,000 -
Implied shortfall to be met from other
% sources (e.g. increased forest
o management, dedicated plantations,
= 800 - agricultural residues)
=
E .
» Global forest biomass resource
@ 600 -
o]
>
S
[}
G
= 400 - B Heat energy
=
[
200 -
B Power generation
0 B T 1
2020 EU ambition Power generated from combusting
(solid biomass) global forest biomass

(200 Modt + implied shortfall)
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There is a risk is that the 2020 ambition could be achieved usij
forest biomass with relatively high emissions and displacin
current wood demand to unsustainable sources

Committes on

A —— Y
kgCO,/MWh
3000 s Chips ( }
2500 Renewables Obligatio
mmm Pellets Certificates only
2000 awarded for generation
- - i from biomass with
EU grid average emissions below 285
1500 gCQ/kWh (60% below
EU grid average). ]

1000 \
I N fommonees

O .
-500
UK Baltics Boreal - |Boreal - N. UK Baltics Felling | Thinning/| Boreal Boreal -
Eurasia | America no felling | - Eurasia North
America
Managed conifer forest Managed broadleaf Neglected UK Old growth conifer
forest broadleaf forest (felling)

Source: Environment Agency BEAT?2
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Need to strengthen sustainability framework
under RO / RHI

A Current sustainability framework under RO / RHI limits risks
of direct deforestation, but not indirect (i.e. displacing current
wood demand to unsustainable supply sources)

A Emissions saving under current framework is low, particularly
given risk of indirect impact; small saving relative to CCGT

A Increase required emissions saving (tighten standard for
biomass from 285 gCOkWh to 200 gCQ kWh)

A Consider broader sustainability standard for all wood in UK /
EU

A May need to adjust ambition if sustainable supply not
forthcoming
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We have developed four scenarios of bioenerg
supply from growing dedicated energy crops.

Committee on

Our aim is to illustrate a broad range of alternative futures. In doing this we have to be
aware ofsustainability constraintsas well as recognising the uncertainty in our results.

Food securityEven now at a relatively FAO annual food prices
low level ofbioenergyuse, there is some
evidence thabiofuelsis one of many
significant factors driving food price
spikes in recent years

Index (2002-2004 =100
n = o

= 9 == == - = 8 = =

. . Water stressmay Ethical and social issues:
Blociversity. constrain ability to Gl okyR2YySRE f
agricultural land often grow energy crops / or u_nused and serves a
has high biodiversity development may variety of purposes, e.g.
value exacerbate water subsistence farml_ng and
shortages common grazing

Uncertainty is inherent irbioenergysupply estimates:
AlLand use data
Almpacts of future climate change
AComplexity of factors affecting global land use and agricultural production



A rising and increasingly wealthy global populatk@
0

will lead to a 70% increase in food demand by 2

Incomes Average dailgonsumption
grow by 2.7% per rises from c¢.2820 tover
year between 2030 3130 kcal per day between
and 2050 now and 2050

Globalpopulation
to reach almost 9
billion by 2050

Meat consumption
Increases from 37 kg
to 52kg/person/yr

The UN FAO forecassanall increase (5%) in the amount of arable land
required for food production on the basis that increased demand can largely
be met throughagricultural productivity improvement

Productivity improvement at historic rate2% per year for cereaisvould
free-up additional land but this is unlikely going forward

Sustainable intensificatiomndinnovative farming practicesvill be
required to make more effective use of land and water resources




Limited scope for bioenergy on land required for food;

we identify abandoned agricultural land* as potentially “m"™ "

suitable for bioenergy crops
= -

4 FAO/IIASA )
estimate ~4,200

4,500 Mha of land

suitable for crop

4,000 production
3,500 %
&
g L
S 2,500
<=
c : . \
S 2,000 BUT most of this land is/should
= be protected: any future
1,500 expansion should focus on
1000 abandoned agricultural land*,
which will not compete with
500 food production -
0
Area suitable Current Forest, urban  Abandoned Additional Uncultivated
for rainfed arable and protected  agricultural land required land
agriculture land land land for food

production by 2050

* Abandoned agricultural land is land previously used for cultivating crops but is no longer in production due to a variety of reasons, as
estimated by Campbell et al., (2008); Cai et al., (2011).



Our core scenarios focus on the use of abandoned
agricultural landg we also include two further land
conversion scenarios, which are highly uncertain

Committee on

Constrained land Stringent nature :
use 100 Mha conservation and water Logéllgleld
(CLU) constraints ( a)
L= 400 Mha abandoned agricultural (5t/ha)
(ELU) land
Further land imol ductivit Yield 5t/ha
conversion (FLC MPIIES productivity ! -
_ (FLC) D Ll improvement OR diet shift 15t/ha
(Agricultural land)
Further land Implies conversion of i )
conversion (FLC) 700 Mha unprotected Y'eigtfﬁg'a
(Natural habitats) woodland/grassland

We assume in the longer term dedicated energy crop feedstocks are a mix of fast growing trees
and grasses, as these crops are potentially more suitable to land of low productivity, have low
lifecycle emissions and can be converted for use across the range of sectors



The IEA Blue Map scenario is within our range
between our Extended and Further Land Civmate Chong

Conversion scenarios
A e -

Global potential from dedicated energy crops (2050)
200,000
180,000
160,000
140,000
120,000

100,000

Bioenergy primary energy (TWh/yr)
o oo
o 2
L L
] ]
L L

40,000

Constrained Extended Further land IEA Blue Map IEA Blue Map
land use land use conversion energy crop primary energy

(CCC) (CCC) (CCC) supply supply

IEA Blue Map scenario assumes 11% of total primary energy demand could be
met by energy crops by 2050, our scenarios represent 1, 5 and 18%.




There is a wide range of estimate, and our scenariog c..miteeon
are at the low end of the range from the literature

-_—vc ~
Global potential from dedicated energy crops: land area and energy potential

400,000

#Bauenetal

350,000 W EBeringer et al

A Cannell
300,000 ®CCC

[ ] Bl de Vries et al

250,000 ® Field et al

* B Fischer & Schrattenholzer
=Hallet al

200,000
* - = Johanssonet al

# Hoogwijkis
W Hookwijko3
Alysenetal

150,000

Bioenergy primary energy (TWh/yr)

» N
=22, =B

100,000 B3

B Moreira

{.5ims et al

] Smeets et al
BWEAZ2000
WGEU

2000 3000 4000 5000 6000 ' Wolf et al
Land available for dedicated energy crops (Mha)

(CLU) (ELU) (FLC)

Chart adapted from Slade, et al., (2011)



Bioenergy primary energy [TWhfyr)

90,000

80,000

70,000

There is a wide range of estimate, and our scenario

are at the low

end of the range from the literature

Commiitteeon

Global potential from dedicated energy crops: land area and energy potential

|
A
[ .

m = = A .\\

. ==
o -, " (FLO)

. ¢ &
u o TN
T T T T . T (ELU) T
100 200 300 400 500 a00 J00 300 S00 1000
CL U) Land available for dedicated energy crops (Mha)

#Bauenetal
W Eeringer et al
A Cannell
#CCC

@ Field et al
-Hallet al
=Johanssen et al
M Hoogwijk0s
W HoolowijlkD3
W Moreira

4 5ims et al

=WGEBU

Chart adapted from Slade, et al., (2011)



Our UK scenarios give a range of bioenergy penetratigi co.mitteeon
In 2050 from 5 to 22% of prlmary energy demand

V' aee—

200 B Other
B Waste

Agricultural residues

Forest biomass

Dedicated energy

1000

Bioenergy primary energy in 2050 (TWh/yr)

22%
500
10%
5%
, ommm N
Constrained Extended Further UK total primary
land use land use land conversion energy demand

Our analysis suggests that a reasonable share of potential sustainable bioenergy sup
could extend to around 0% of primary energy demand in 2050
Unsafe to assume higher levels of supply and even the 10% might require someftisa
with other desirable objectives (e.g. biodiversity loss).
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Limited supply relative to potential demand mean
trade-offs between sectors will be required

A . Y

‘ Committes on
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