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Scope of the study

= to evaluate the environmental
effects due to the production of
different energy crops in Europe
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Why?

=~ Energy crop systems
v'Intensive use of land
v'Pressure on natural resources
*»* biodiversity, water, soil

v’ Increment of agrochemicals inputs
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Methodological approach

= 15 energy crops have been allocated to the
climatic regions of Europe most suited for
their development

= 2 food crops, wheat and potato, where also
analysed

¢ Traditional crops, will serve for comparison

=  @Grass fallow — reference system
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Methodological approach

[ | Nemoral (NEM)

Rape seed, hemp, reed canary grass, poplar, wheat, potato, fallow

- Continental and Pannonian (CON)
Rape seed, sugar beet, flax, miscanthus, willow, wheat, potato, fallow

I Atiantic North (ATN)

Rape seed, hemp, miscanthus, switchgrass, willow, wheat, potato, fallow

[ ] Atiantic Central (ATC)

Rape seed, sugar beet, flax, miscanthus, switchgrass, poplar, wheat, potato, fallow

B Lusitanian (LUS)

Rape seed, sweet sorghum, hemp, miscanthus, willow, eucalyptus, wheat, potato, fallow

|:| Mediterranean North and Mediterranean Mountains (MDN)
Sunflower, sweet sorghum, hemp, giant reed, poplar, wheat, potato, fallow

[ | mediterranean south (MDS)
Ethiopian mustard, sweet sorghum, flax, cardoon, eucalyptus, wheat, potato, fallow

Oil crops || Sugar crops || Fiber crops || Lignocellulosic crops
Woody crops || Food crops || Reference crop
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Methodological approach

= EIA categories
&> Emissions to soil, air and water
= Impact on soil
= Impact on mineral and water resources
= Waste production and use

= Implications on Biodiversity and Landscape
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Methodological approach

= Categories results were normalized
= scaled

= from 0 (lower impact)

= to 10 (higher impact)

= against fallow (with a score of 5)
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Emissions to soil, air and water

o / l 1 l l l l 1 l ‘ Fertilizer

emissions:

= K surplus

Normalized scores
[i.]

= high N
emissions

(=]

= balanced K
application
" K fertilizer emissions and IOW N

"N fartilizer emissions

™ Pesticide emissions i n p u t

Sunflower (MDN)
Ethiopian mustard (MDS)
Sugar beet (CON, ATC)
Flax (CON, ATC, MDS)
Reed canary grass (NEM)
Switchgrass (ATM, ATC)
Giant reed (MDM)
Cardoon (MDS)

Poplar (WEM, ATC, MDN)
Willow (CON, ATN, LUS)
Eucalyptus (LUS, MDS)
Wheat (all regions)
Potato (all regions)
Fallow {all regions)

Rapeseed (NEM, CON, ATN, ATC,
Sweet sorghum (LUS, MDN, MDS)

Hemp (NEM, ATN, LUS, MDN)
Miscanthus (CON, ATN, ATC, LUS)
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Emissions to soil, air and water

"’ l l / Pesticide

emissions:

= Most crops,
low impact
due to low
pesticide
application

Normalized scores
[i.]

(=]

Sunflower (MDN)
Sugar beet (CON, ATC)
Flax (CON, ATC, MDS)

Giant reed (MDM)
Cardoon (MDS)
Wheat (all regions)
Potato (all regions)
Fallow {(all regions)

& crops
penalized

Switchgrass (ATM, ATC)

Ethiopian mustard (MDS)
Reed canary grass (NEM)
Poplar (NEM, ATG, MDN)
Willow (CON, ATN, LUS)

Eucalyptus (LUS, MDS)

=K ferilizer emissions

Hemp (NEM, ATN, LUS, MDN)

"N fartilizer emissions

Rapeseed (NEM, CON, ATN, ATC,
Sweet sorghum (LUS, MDN, MDS)
Miscanthus (CON, ATN, ATC, LUS)

" Pesticide emissions
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Impact on Soil — Nutrient Balances

Nomalized scores
o

10 4

Rapesead (NEM, CON, ATN, ATC, LUS)

* Seil pH

= Sl Structure

NOTE

EP status

"M slalus

LUS, MON)
N, ATC, MDS)
ATN, ATC, LUS)
Gardoon (MDS)
ATC, MDN)

N, ATN, LUS)

s (LUS, MDS)

M sunt@
'

Sunflower (MDON)
gfass (ATN, ATC)
Giant reed (MON)

Fallow (all regions)

5
£
g

Wheat (all regions)

Ethiopian mustard (MOS)
Sugar beet {CON, ATC)

‘Sweel sorghum (LUS, MDN, MDS)

Reed canary grass (NEM)

HMQN.

= all crops, P soil
accumulation

= less P should
be applied

= N deficits
=K deficits

= Harvest litter/
compensation

=’ Least
exhausting
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Impact on Soil - Erosion
10 l l l :::m = lower

5 Seil erganic matter

erosion

" status

EP status

> rainfall
interception, >
surface cover,
longer time

Nomalized scores
o

TC, MON)
(ATN, LUS)

=~ Higher
erosion risks

Sunflower (MDON)
Ethiopian mustard (MDS)
Sugar beet (CON, ATC)
Flax (CON, ATC, MDS)
Reed cayry grass (NEM)
Giant refgd (MDN)
Cardgpn (MDS)

Wheat (all regions)
Patato (all regions)

Fallow (all regions)

Hemp (NEM, ATN, LUS, MON)
Paplar (NEM,

Sweel sorghum (LUS, MDN, MDS)

annuals

Rapesead (NEM, CON, ATN, ATC, LUS)
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Impact on Soil — Soil Properties
o l et = higher SOM

= Sl Structure

l 1 - & Better

S structure

permanence,
residues, roots

Nomalized scores
o

= allelopathy,
reduction of
vegetation

Sunflower (MDON)
Giant reedfMON)
Cargffon (MDS)
Wheat (all regions)
Patato (all regions)
Fallow (all regions)

Ethiopian mustard (MOS)
Sugar beet (CON, ATC)
Flax (CON, ATC, MDS)

Switcharass (ATMNIATC)

Poplar (NEM, ATC, MDON})

Willow (CON, ATN, LUS)
Eucalyptus (LUS, MDS)

Hemp (NEM, ATN, LUS, MON)

= harvest
removes soil

Sweel sorghum (LUS, MDN, MDS)

Rapesead (NEM, CON, ATN, ATC, LUS)
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Impact on water resources — water balance

10 l l

[ ] 1 =~ Most crops
sufficed by

Normalized scores
[}

L]
rainfall
& water
[ ]
1]
@ z & %) 7 = @ = @ ) z @ = @ ) n & T d9p|3t|0n
= § ¢ £ &8 &8 & ¢ 35 ¢ & g8 &8 3 &8 ¢ & &
Sy ¥ B 8 o5 ¢ 3 % E % o§ o8 E O3 5 oo o
3 = g : ; @ z = : z b = o =
3 f iz e 8 5t L3 f gt 1 i ~lowest
: L 1 & 3 "
g f ® % & 3 g Impact
3 § = § ¥ Hydrology
E w = " Groundwater balance
4 " Mineral rescurces
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Impact on water resources - Hydrology
i 1 1 & soil cover
| minimizes
run-off

Normalized scores
[}

= aquifer

= high water

H needs

Q

Gilant reed (NDM)
Cardoon (OS)
Wheat (all regions)
Folato (all regions)
Fallow (all regions)

Sunflower (MDN)

Ethiopian mustard (MDS)
Sugar beat (CON, ATC)
Flax (COM, ATC, MDS)
Switchgrass (ATNJATC)
Poplar (NEM, ATC, JIDN)
Willow (CON, AT, LUS)
Eucalyptug/ILUS, MDS)

= deeper
Hydrolosy roots

" Groundwater balance

Hemp (MEM, ATN, LUS, MON)

7
3
%
=
=
z
8
g
5
[=
§
£

Rapeseed (NEM, CON, ATN, ATC, LUS)
Sweet sorghum (LUS, MON, MDS)

" Mineral resources
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Impact on mineral resources

Normalized scores

’ |

Gilant reed (NDM)
Cardoon (OS)
Wheat (all regions)
Folato (all regions)
Fallow (all regions)

Sunflower (MDN)

Ethiopian mustard (MDS)
Sugar beat (CON, ATC)
Flax (COM, ATC, MDS)
Switchgrass (ATNJATC)
Poplar (NEM, ATC, JIDN)
Willow (CON, AT, LUS)
Eucalyptug/ILUS, MDS)

Hemp (MEM, ATN, LUS, MON)

Hydrology

" Groundwater balance

Rapeseed (NEM, CON, ATN, ATC, LUS)
Sweet sorghum (LUS, MON, MDS)

" Mineral resources
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=less P and K
demanding

= Differences
to annuals not
so significant

= higher risk




Waste production and use

10

Normalized scores
wv

LUS)

Sunflower (MDN)
Ethiopian mustard (MDS)
Sugarbeet(CON, ATC)
Hemp (NEM,ATN, LUS, MDN)
Flax (CON, ATC, MDS)
Switchgrass (ATN, ATC)
Giantreed (MDN)

Poplar (NEM, ATC, MDN)
Willow (CON, ATN, LUS)
Wheat (all regions)
Potato (all regions)
Fallow (all regions)

H Waste

Rapeseed (NEM, CON, ATN, ATC,
Sweetsorghum (LUS, MDN, MDS)
Migffanthus (CON, ATN, ATC, LUS)

= less waste,
because less
management
intensive

= higher risk,
soil sticking
during harvest

= all, apt
remediators
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Biodiversity

10

= all crops,
monoculture,
infringement to
biodiversity

Normalizuqd scores
L

= reduced soil
tillage,
agrochemicals,

o
|

Fallow (all regions) —
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Landscape

=’ Structure

= Color

= blossoming

crops -
benefits
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Overall results - weighting

& WS1 - all indicators have the same

weight
5 )

= WS2 - greater emphasis on GHG

emission drivers, namely N-fertilizer :'g:lljtecl
related emissions and soil degradation y .
policies

=  WS3 - greater emphasis on biodiversity
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Overall results - weighting

\
=  FErosion | Greater concern in the
=  Water availability Mediterranean

-~

- .. Deeper impacts in
= Fertilizer emissions
northern Europe
-

Successful scenarios for the establishment of the non-food crops in EU27 FCt
FCT/UNL, 19th November 2010



Overall results

0 = application of
1 T WS2 and WS3

1 E N S - aggravates de
IL; ' impact score of

crops
=~ Emphasis on
biodiversity inflicts

Weighted and normalized scores

position of each crop

"lLandscape ™ Biodiversity ®Waste ®Resources ®Scil  ®Emissions

& 3 & 5 & 3 & = & o 3 & 3 & & T w = 1 1
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Overall results

N = lower overall
i , I i " i i m impa ct

1Y TR N gy oagn e u . ﬁCfOpS With
highest impact

impact then

potato

= All, but
sugarbeet, lower
"Landscape " Biodiversity ®Waste " Resources ®Soil  ™Emissions impact then Wheat

Weighted and normalized scores
&

Surfiower (MDN)
Ethiopian mustard (MDS)

Sugar beet (CON, ATC)

Sweet sorghum (LUS, MON, MD3)
Hamp (NEM, ATH, LUS, MDN)
Flax (CON, ATC, MDS)

Reed canary grass (NEM)
Miscanthus (CON, ATN, ATC, LUS)
Switchgrass (ATN, ATC)

Giant reed (MDM)

Cardoon (MDS)

Poplar (NEM, ATG, MDN)

Willow (CON, ATN, LUS)
Eucalyptus (LUS, MDS)

Wheal (all regions)

Potato (all regions)

Fallow (all regions)

Rapesead (NEM, CON, ATN, ATC, LUS)
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Conclusions

= growing energy crops does not inflict higher
impact on the environment

=z compared to wheat and potato farming for
food, traditional crops in Europe

(Regarding the studied categories)
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Conclusions

=~ Annual crops
= More impact on the environment
= markedly due to biodiversity and erosion

= Annual and woody crops

= more damaging to soil quality
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Conclusions

= Impact reduction strategies
=~ Limited to crop management options

= Influences emissions, nutrient status and mineral ore
depletion

= Other, are site-specific dependent

= Intertwined with crop traits
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Thank you

for your attention
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