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RES policy framework in the EU

RES White Paper (1997)
% To double the share of renewable energy from 6% to 12% of gross
energy consumption in Europe (EU-15) by 2010

RES Electricity Directive (2001)
% To establish a framework to increase the share of renewables
electricity from 14% to 22% of gross electricity consumption by 2010

Directive on liquid biofuels (2003)
% To achieve a share of 5.75 % of biofuels for transport in the total
amount of fuels in Europe by 2010

Biomass Action Plan (2005)
EU Strategy for Biofuels (2006)

Green Paper “A European Strategy for Sustainable,
Competitive and Secure Energy” (2006)

The EU Energy & Climate Change package (2008)
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Energy & Climate Change

The 20-20-20 Energy and Climate package requires the EU, by 2020

= reduce the GHG emissions by 20% - 20%

" increase the share of renewable energy to 20% +20%
» 10% RES in transport 0

= save 20% of total primary energy consumption

compared to baseline - 20%
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The EU 2020 targets in the Energy Flow

EU-27 energy flow trends - 2005
Supply, trasformation, consumption (TJ)

ENERGY
LOSEES

r [ g 50.04%

20% Renewable
Consumption

oAl
13ERSE0Y

10% Renewable Energy in Transport
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Renewable final energy consumption in the EU

Final renewable energy consumption in 2005

biofuels
3.1%
hydro
29.7%
geothermal
0.5%
Renewable final energy consumption in the EU
250 solar
0.8%
biomass wind
200 59.3% heat pumps  6.0%
0.5%
o hydro @ geothermal O solar
150 | tide, wave, ocean O wind @ heat pumps
8 @ biomass | biofuels
=
=
100
Final renewable energy consumption in 2020
50
biofuels
12.1%
0 hyd
ydro
2005 2010 2015 2020 biomass 13.0%
45.2% h |
. eothermal
O hydro | geothermal O solar M tide, wave, ocean g 11%
owind O heat pumps @ biomass | biofuels solar
6.2%
tide, wave,
heat pumps wind ocean
4.8% 17.3% 0.2%
o hydro | geothermal 0O solar
O tide, wave, ocean O wind O heat pumps

@ biomass m biofuels
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Final energy consumption of biomass in the EU

Final energy consumption of biomass in the EU

biofuels bio-electricity
o5 5.0% 9.6%
20
15
[0}
e
S bio-heating
85 30
10 1 _| @ bio-electricity ~ m bio-heating 0O biofuels
Final energy consumption of biomass in the EU
5 in 2020
bio-electricity
biofuels 14.2%
21.1%
04 Ll L L
AT BE BG CY CZ DE DK EE EL ES FI FR HU IE IT LT LU LV MT NL PL PT RO SE SI SK UK
02005 @ 2010 m 2015 m 2020 v
bio-heating
A4 A%

@ bio-electricity @ bio-heating O biofuels
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Biomass contribution to RES targets in the EU

Renewable electricity in 2005

Biomass
14.2%

- biomass electricity

Wind
Biomass contribution to electricity production 14.1%
250 )
Tide. w ave.
ocean
0.1%
200 Solar
0.3%
Geothirmal Hydro
1.1% 70.1%
150 O Hydro B Geothermal 0O Solar
- | Tide. w ave. ocean O Wind @ Biomass
2
}—
100 o
Renewable electricity in 2020
Hydro
50 | 30.4%
O -

2005 2010 2015 2020 Geothermal
0.9%
m solid @ biogas O bioliquids

Solar
0,
Wwind Tide. wav87
40.6% ocean
0.5%

@ Hydro | Geothermal 0 Solar

m Tide. wave. ocean O Wind @ Biomass



euei J H c M &ZiE

EUROPEAN COMMISSION ™ dl
AFRETEP 2nd Regional Workshop Ouagadougou, Burkina Faso 2011 8
Biomass contribution to RES targets in the EU Reneuable heating and cooing n 2005

Heat pumps

- biomass heating& cooling

Geothermal
0.8%

Biomass contribution to heating and cooling in the EU27 in 2020 fc;';r
070
100
90
80 -
Biomass
70 97.0%
60 B Geothermal O Solar @ Biomass O Heat pumps
[0}
S 50
p=
40 -
30 1 Renewable heating and cooling in 2020
20 | Heat pumps
10.6%
10 1 Geothermal
2.4%
0 A
2005 2010 2015 2020 Solar
5.7%

m solid biomass @ biogas 0O bioliquids

Biomass
81.3%

B Geothermal O Solar @ Biomass 0O Heat pumps
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Renewable energy in transport in the EU

= 72.9% biodiesel

= 24.6% bioethanol
= 9.0% biofuels from waste, residues, non-food

Other biofuels
4.7%

Bioethanol

35 —cellulosic material, and ligno-cellulosic material osthar
301 ™= 37.4% imported biofuels
s | ™ 9.6% electricity in transport iodiesel
= 2.1 % electricity in road transport 56.8%
O Bioethanol @ Biodiesel @ Hectricity O Other biofuels
IS
=
2020
Electricity ~ Other biofuels
9.6% 2.3%
Bioethanol
22.3%
2020

2005 2010 2015

M Electricity @ Biodiesel O Bioethanol O Other biofuels ‘

Biodiesel
65.9%

O Bioethanol @ Biodiesel @ Electricity O Other biofuels

Data sources: National Renewable Action Plans (NREAPS)
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Some examples

Renewable final energy consumption in Germany

Renewable final energy consumption in Italy
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2005 2010 2015 2020 @ hydro @ geothermal @ heat pumps O solar
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Renewable final energy consumption in France Renewable final energy consumption in the UK
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NREAPs — Biomass domestic supply

JRC

EUROPEAN COMMISSION

Is there enough biomass to
reach these targets?

Institute for Energy Fondation 2iE

and Transport

11

- better mobilisation

- energy crops

- waste and residues
- imports from abroad

200

Biomass primary energy demand in the EU

180
160

140

120

100

Mtoe

80
60 -
40 ~
20

2005 2010 2015

W solid biomass O biogas O bioliquids @ biofuels

2020

Mtoe

200

180

160 -
140 +
120 +
100 +

80 -

|l

60

40

20

Biomass domestic supply in the EU

2006 2015 2020
@ direct wood O indirectwood 0O crops O by-products
| MSW @ industrial w aste @ sew age sludge W total

Data sources:

National Renewable Action Plans (NREAPS)

2005 - actual data according to the NREAPs
2010-2020 — projections according to the NREAPs
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Expected biomass consumption and biomass potential in 2020

Mtoe

and Transport

Institute for Energy Fondation 2iE

12

40 : :
» expected biomass consumption less than 50% of
- biomass potential: CY, EE, LT, PL, SI, SK
35 -+ : :
-  expected biomass consumption well below the
biomass potential: AT, EL, ES, FR, LT, RO
30 +
» expected biomass consumption close| to biomass
- potential: CZ, DE, FI, IE, LV, PT
 expected biomass consumption more|than
20 biomass potential: BE, DK, NL
15 +
10
5+ -
O | —
AT BE BG CY CZDE DK EE EL ES FI FRHU IE IT LT LU LV MT NL PL PT RO SE SI SK UK
m JRC estimates — EEA potential
Sources: JRC estimates based on the NREAPSs projections

EEA environmentally compatible biomass potential



‘.' i 'ﬁ .
euei 21E
EUROPEAN UNION ENERGY INITIATIVE EUROPEAN COMMISSION g Fondation 2iE
ror poverty eradication and sustainable development

AFRETEP 2nd Regional Workshop Ouagadougou, Burkina Faso 2011

Biomass Resources
Estimated total biomass energy potentials for EU27

EJ/yr
25
20
15 = Dedicated energy
crops
= Wood fibre system
10 residues
Food system residues
I & organic waste
5
|
| I
O T T T T T T T T T 1
1995 2000 2005 2010 2015 2020 2025 2030 2035 2040 2045

Large variability and uncertainty of the results....
And what about the costs ? O, C A



* ¥ x L4 ’
B & JRC AU, &zuz
EUROPEAN UNION ENERGY INITIATIVE EUROPEAN COMMISSION g Fondation 2iE
ror poverty eradication and sustainable development

AFRETEP 2nd Regional Workshop Ouagadougou, Burkina Faso 2011

Biomass Resource Assessments

Theoretical potential: the maximum amount of terrestrial biomass which can be considered
theoretically available for bioenergy production within fundamental bio-physical limits.

The technical potential: the fraction of the theoretical potential which is available under the
regarded techno-structural framework conditions and with the current technological possibilities
(such as harvesting techniques, infrastructure and accessibility, processing techniques), also
taking into account spatial confinements due to other land uses (food, feed and fibre production)
as well as ecological (e.g. nature reserves) and other non-technical constraints.

Environmental potential: the fraction of the theoretical potential which meets certain
environmental criteria, related to biodiversity, soil and water protection.

Economic potential: the share of the technical potential which meets criteria of economic
profitability within the given framework conditions.

Implementation potential: the fraction of the economic potential that can be implemented within
a certain time frame and under concrete socio-political framework conditions, including economic,
institutional and social constraints and policy incentives.

Sustainable potential: the fraction of the theoretical potential which contains multiple
environmental, economic and social aspects.

Source: BEE Project
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Biomass Resource Assessment

Resource focussed

= Statistical methods

= Spatially explicit methods
= Cost-supply methods

Demand driven
= Energy and economic modelling methods

Combined Integrated assessments

Because biomass resources are SPARSE and/or IRREGULAR, a careful potential
evaluation should be geographically based
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Biomass Resource Assessment
methodology

Restrictions, thresholds
= sustainable removal rates

Basic databases " terrain slopes

Eurostat: crop statistics (NUTS 2) = distances to roads

National statistics and surveys —

Corine Land Cover Map Logistics

Forest Cover Map * harvesting

= transport

Specific data bases: GIS
Biomass-productivity map (JRC) Biomass costs

M3-Crops Data (McGill University)
Map of protected areas

Digital elevation model

Climate zones

» harvesting
= collection
= transport

Other coverage:

Administrative boundaries

Road network map — Teleatlas
Natural gas transmission network

GIS provides map based visualization and modelling tools

Mapping biomass resources

Availability
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Cost-supply assessment

* The amount of energy resource that can be used depends on the
costs the users are ready to pay = you need cost-supply curves.

9.0 -

Bk L0 2050
8.0 A

High growth 2050

r
[}
—

Cost (£/Gl)

o 50 100 150 200
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GIS-based assessment of crop residues in the EU

Actual production
= annual crop production
= crop yields
= residue to yield ratios

Environmental constraints
= grganic matter content
= water retention capacity
= sensitivity to erosion
>> sustainable removal rates

Competitive use
= [ivestock raising in regions

Avallability for energy
Suitablility for energy generation

= suitability maps

= |ocalization/optimization
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GIS-based assessment of crop residues in the EU

e of s |

Data/Tools

Eurostat (NUTS2 regions), year 2000-2009
= agricultural crops
- wheat, barley, rye, oat, maize, rice,
rapeseed and sunflower

= |and use
= |ivestock use
GIS data

= GISCO (the Geographical Information
System at the COmmission)

= CORINE Land Cover 2000

= |and cover (M3)

= soil productivity (JRC)

Geographical Information System (GIS)
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GIS-based assessment of crop residues in the EU

Straw production

HUTS Laval 3

© | Straw production
Thilaten)

Bhes
884

=

Collectable straw

HUTS Laval

Competitive uses

Sl HUTS Lovel 7

“ | Humber of animats
fhousand)

~ ... | Straw available for energy

3P
gz

NUTS Lovel 7
Mvailable Staw
{klkotan]
B oreps
~z| Straw density
]
2+
8 " [nurs cwmz
5 y | Bvailable Staw
P A (kllogeam | ha}
s = 12008 w13
‘j-";'! B 1 A n
Z
£
o
v i Neterence Symerm:
' CTAS8H LALA
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Data disaggregation
and Land allocation

Available straw distributed
on the basis of:
» Land use (CORINE)

= Land cover (M3-Crops Data
McGill University)

= Soil productivity (JRC)
» Climatic zones

- Resolution: 1km x 1km
N

NUTS Level 2

Available Straw
(kilogram / ha)

| cLC2000 v13

[ 1 <280
[ 1 =2s0- soo
|
_—

500 - 1000
4 4

no staw awvailable

NUTS Level 2

Available Enerqy
.| (gigajoule / ha)
+| cLc2000 v13
| Straw
o- 8
5.10
10- 18
15- 25
5. 35
aut of model

£ N

nce :
ETRS89 LAEA
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Data disaggregation and Land allocation

Code Land cover type
Continuous urban fabric

CLE€2000.Ver. 13, 02/2010 .«

Land Cover
| Codes

ar an netwarks and Sssaciated land

Part areas
6 Airports
7 [ Mineral extraction sites
&  Dump sites
9 Caonstruction sites
10 Green urhan areas
11 Sport and leigure facilities
12 Non-irrigated arable land
13 Permanently inigated land
14 Rice fields

Harvested Area
[proportion of grid cell area]

<5%
16 Mineyards = .
sz
16 Fruit trees and berry plantations .,
i [C10-20%
17 Olive groves -
18 Pastures |:|2E|-3Elf
19 Annual crops associated with permanent crops [ 3050 /1
20 Complex cultivation patterns [ 50100 %

21 Land principally occupied by agriculture, with I > 100% [muliiple cropping]
significant areas of natural vegetation

22 Agro-forestry areas

23 Broad-leaved forest

24 Coniferous forest

25 Mixed forest

26 Natural grasslands

27 Woors and heathland

28 Sclerophyllous vegetation

29 Transitional woodland-shrub

30 Beaches, dunes, sands

3 Bare rocks

32 Sparsely vegetated areas

33 Bumt areas

34 Glaciers and perpetual snow

35  Inland marshes

35 Peat bogs

37 Salt marshes

33 Salines 5

38 Intertidal flats o

40 Water caurses

41 Water bodies

43 Coastal lagoons

43 Estuaries

44  Sea and ocean

Soil biemass pro ductivity
(croplands)

Soil productivity map (JRC) g~

Data source: Harvested Area and Yields of 175 crops (M3-Crops Data),
Monfreda et al. (2008), "Farming the planet: 2. Geographic distribution of
crop areas, yields, physiological types, and net primary production in the
year 2000", Global Biogeochemical Cycles, Vol.22, i . 7

GB1022, doi:10.1029/2007GB002947. ' 7 Téthetal. (2011)

-, i
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GIS-based assessment —
straw plants location

Suitability map for
localization power plants

Main areas with important
available straw resources

How many plants are possible to
be built, and where, given the
actual geographical distribution of
the straw resource?

24E

" Fondation 2iE

,,,,,,

,,,,,

| Straw

Available Energy

i T (petajoule / Sﬂl;m:l
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Mapping of aval

NUTS Level 2

- - Manure potential
“ =i | [103 tonnes ]

,.4:‘"\' Cumulated value

lable biogas in the EU

,,,,,,

,,,,,

B oiF

Fondation 2iE

Livestock Information
= type

=  number

= confinement period

= wastewater, bedding
& other waste volumes

| Feedstock information

» feedstock composition (DM, OM)
= gas yields (biogas, methane)
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Mapping of available biogas in the EU

NUTS Level 2
Manure potential
1x1km [tonnes]

Cumulated value

Spatial allocation according to the
Ploges potetia distribution of livestock in Europe

1% 1km [Nmf]
Cumulated value

0. 40000
[ 0o00- 20000
20000 - 100000
100000 - 500 000
I 500000 - 4450 000

oy (¢ bisgas availabie
ar out of madel

Reference
ETRS89 LAEA

Source of livestock density based on the data developed by Neumann et al. 2009.

Data source: Neumann, K., Elbersen, B.S., Verburg, P.H., Staritsky, |., Perez-Soba,
M., de Vries, W., Rienks, W.A. Modelling the spatial distribution of livestock in
Europe, Landscape Ecol (2009) 24:1207-1222, DOI 10.1007/s10980-009-9357-5
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% Biogas integration into natural gas grid
- IET gas model
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GIS-based assessment of forest residues in the EU

Resource assessment depends on:
* Natural capital
 Topography
* Infrastructure
* Nature conservation

 Mechanisation options

e Costs
e Labour costs
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COMMISSION and Transport

GIS-based assessment of forest residues in the EU

National Forest Inventory data
= Forest area
= Growing stock
= Net annual increment

= Annual fellings

Technical constraints
= |nfrastructure accessibility
= topography
= elevation
= slope

Environmental constraints

= biodiversity
» dead wood
= protected areas

= soil protection /soil erosion
= soil type
= elevation
* slope

= protected areas

-
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How much biomass is available after cutting down the trees?

Top
5% kg dry matter
e Spruce
Branches 500 i Birch
10-15% O Branches, dry Pine
B Needles & leaves E
400 O Branches, fresh [ = .—
B Stem bark
300 O Stem wood =
@ Stump & root system
Stem 200 -
60-65%
Pine SPruce girch _ Nutrient distribution in trees
Stum 100 — 1 —
i p = I i
e, 5-10% H i ; [ 1400 -
dﬁyﬂ Roots : 0 : ¥ : ¥ T — : Y —— 1200 -
¥ o 5 30 | Needles
10-20% Trees with 15 cm Trees with 30 cm E 1000
diameter at diameter at 2
breast hight breast hight = 800 Branches 116
E 600 - 10 Bark 184
= 172
g 400 - 19 Stem 2 E
z 20 o 233
200 20 Stump an 12
. ro‘ots E 45‘ 169 | 168

Source: G Melin, www.swebio.se N P K Ca
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Input Data for Mapping forest resources
= Corine Land Cover (EEA-2000

v.13, 2010, EEA-2006 v.15, 2011)

= Pan-European Forest Type
JRC, Forest-2006

EUROPEAN COMMISSION

W/
Institute for Energy
and Transport

8- 2(E
Fondation 2iE

30

Corine Land Cover 2006

raster data - version 15 (08/2011)
[ Eroad-leaved forest

I Coniferous forest

[ Miixed forest

ETRS8Y, Spatial resolution: 100 m

Pan-European Forest Type Map 2006
EC JRC FOREET Action

Broadleaved forest
Cuoniferous forest
Mon-forested land
Water

Area not coverad
Sea mask
Cloud and snow

e [

Data source: Image2006
Spatial resolution: 25 m
Reference system: ETRS-LAEA
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Input Data for Mapping forest resources

Pinus sylvestris
Forest species T —
p Fagus sylvatica
JRC Project GHG AFOLU - 2000 e
Quercus robur
Cd1-3  [%4]
e
[s5- 10
H H H B 10 - 20
Pinus sylvestris (Scots pine) B 20 20
B 25 - 50
B 50 - 100
Gridded data of forest species in 1 km spatial resolution "]
.
abi_alba Ahies alba euc_spec Eucalyptus sp. pin_leuc Finus leucadenmnis gque_pube Quercus pubescens
abi_bori Ahies borisii-regis fag_moes Fagus moesiaca pin_mugo Pinus mugo que_pyre Quercus pyrenaica G ti
abi_ceph Abies cephalonica Tag_arie Fagus orientalis pin_nigr Pinus nigra que_robu GQuercus robur
ahi_gran Abies grandis Tag_syly Fagus sylvatica pin_pina Pinus pinaster que_rotu Quercus rotundifolia
ACE_Camp Acer campestre fra_angu Fraxinus angustifolia pin_pine Pinus pinea gque_rbr GQuercus rubra 'é\s g
ace_mons ACer maonspessulanum fra_exce Fraxinus excelsior pin_radi Finus radiata que_sube Quercus suber -
ace_opal Acer opalus fra_ornu Fraxinus arnus pin_stro Finus strobus que_troj Quercus trojana
ace_plat Acer platanoides ile_agui Ilex aguifalium pin_syly Pinus sylvestris rob_pseu Robinia pseudoacacia
Aace_spec Acer sp jug_nigr Juglans nigra pin_unci Pinus uncinata sal_alha Salix alha
aln_cord Alnus cordata jug_reqi Juglans regia pis_lent Pistacia lentiscus sal_capr Salix caprea
aln_glut Alnus glutinosa jun_comm Juniperus communis pis_tere Pistacia terebinthus sal_tine Salix cinerea
aln_inea Alnus incana jun_oxyc Juniperus oyycedrus pla_orie Platanus arientalis sal_elea Salix eleagnos =5
aln_viri Alnus viridis jun_phoe Juniperus phoenicea pop_alba Populus alba sal_spec Salix sp.
arh_andr Arbutus andrachne jun_thur Juniperus thurifera pop_cana Populus canascens sor_aria Sorbus aria
ark_uned Arbutus unedo lar_deci Larix decidua pop_hybr Populus hybrides sor_aucy Sorbus aucuparia
bet_pend Betula pendula lar_kaem Larix kaempferi pop_nigr Populus nigra sor_dome Sorbus domestica 'i! i
bet_puhe Betula pubescens lau_nahi Laurus nohilis pop_trem Populus tremula sor_tom Sorbus tomminalis B
bux_semp Buxus semperviridis mal_dome Malus domestica pru_aviu Prunus avium tax_bace Taxus baccata W
car_betu Carpinus betulus ole_euro Clea europaea pru_padu Prunus padus thu_spec Thuya sp. o
car_orie Carpinus orientalis ost_carp Ostrya carpinifolia pru_ser Prunus seratina til_cord Tilia cordata
cas_sati Castanea sativa oth_broa Cther broadleaves pse_menz Pseudotsuga menziesii  til_plat Tilia platyphyllos - e
ced_atla Cedrug atlantica oth_cani Other conifers pyr_comm Pyrus communis tgU_spec Tsugs sp.
ced_deod Cedrus dendara phi_lati Phillyrea Iatifolia fque_cerr Quercus cerris ulm_glah Ulmus glabra
cer_sili Cercis siliquastrum pic_ahi_ Picea abies fgue_cocc Quercus coccifera ulm_laey Ulmus laevis o M
cer_sily Ceratonia siligua pic_sitc Piceasitchensis gue_fagi Quercus faginea ulm_mino Ulmus minor i -
car_avel Corylus avellana pin_brut Pinus brutia que_fral Quertus frainett Data source: EC JRC J 5
CUp_SEemp Cupressus sempervirens pin_cana Pinus canariensis gue_fruc Quercus fructosa Spatial resolution: 1 ki i
eri_atho Erica arborea pin_cemb Pinus cembra que_ilex Quercus ilex Reference system: ET
eri_mani Erica manipulifiora pin_cont Pinus contorta ) fque_macr Quercus macrolepsis Data source: EC JRC C
eri_scop Etica scoparia pin_hale Pinus halepensis que_patr Quercus patraca Spatial resolution: 1 kn
Reference system: ETR]
Source: Kdble R. and Seufert G. (2001) Data sources EC JRC CCAQU - GHG AFOLU
Spatial resolution: 1 km
Reference system: ETRS89 LAEA
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Input Data for Mapping forest resources

Digital Elevation Model

Spatial resolution: 100 m

Slope gradient map
Spatial resolution: 100 m

Slope gradient
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Spatial resolution:
100 m

Reference
ETRS89 LAEA

Data source: Consortium for Spatial Information (CGIAR-CSI) http://srtm.csi.cgiar.org
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Protected areas
= NATURA 2000
= Nationally designated areas (CDDA)
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Roads in Europe

Tele Atlas 2009

Roads in Europe — Torino
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Forest coverage of the Alpine region

Spatial resolution: 100 m
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