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How environmentally and socio-economi-
cally sustainable is biomass for bioenergy
from marginal lands?
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IFEU - Institute for Energy and Environmental
Research Heidelberg, since 1978

* Independent scientific research institute

« Organised as a private non profit company with
currently about 70 employees

« Research /consulting on environmental aspects of

- Energy (including Renewable Energy)
- Transport

- Waste Management

- Life Cycle Assessment

- Environmental Impact Assessment

- Renewable Resources

- Environmental Education
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See Sustainability assessment in SEEMLA ifeu
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Task 4.1
Definitions and settings
Tasks 4.2 - 4.4 . Life cycle .
Life cycle - Socio-econom.
envir. impact
assessment assessment
assessment

+ 1+

Environmental assessment
| 1

y

WP 3: Policy, regulation and engagement
WP 5: Pilot actions

WP 6: SEEMLA approach development
WP 7: Communication and dissemination
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Environmental and socio-economic assessment

§‘el'ﬁ|§. Methodology: Life cyclethlnklng ifeu

Sustainable exploitation of biomass for bioenerg

INTERNATIONAL ISO
i el P Environmental
— Life Cycle Costing:
2008-07-01 A —~ ‘- _ 2 > ~- S
14044 A Code of Fraclice
Natural
resources
Environmental management — Life cycle
1t — Principles and framework s .
o Incineration and )
oroge L vl 6 Ve — Pincipes iandfilling Extractmnl of
raw materials
Recovery

Recycling of materials and

components M
Disposal Design and [N
’ production
Reuse ‘ ’ i

_ Use and y 4 [ A
maintenance Packaging and

distribution
M Image copyright:

© Life Cycle Initiative hosted by UN environment
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Environm. assessment Socio-econ. assessment
Screening life cycle assessment Life cycle costing (LCC) according
(LCA) according to ISO standards to SETAC guidelines from the
14040 & 14044 perspective of farmers

Evaluation of generated
employment
Life cycle environmental impact Assessment of further relevant
assessment (LC-EIA) factors

Goal: Policy information on the
economic viability and contribu-
tion to local communities in rural
areas

Goal: Policy information on the
environmental impacts of using
marginal land for the provision of
bioenergy
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Environmental and socio-economic assessment

See o |
"mh Methodology: Life cycle comparison

Sustainable exploitation of biomass for bioenergy from marginal lands in Europe

Nursery

' Alternative P Resource
land use B extraction

Crude ail /
natural gas

Farmer

Biomass
treatment
company

B Ul

Equivalent
products

Conventional
. equivalent
Biomass user product

Consumer

system
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Introduction and methodology

Q Environmental assessment:
- Key results and conclusions from LCA
- Key results and conclusions from LC-EIA
- Synopsis and recommendations

Socio-economic assessment:
- Key results and conclusions
- Recommendations
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Environmental assessment

§!el'ﬁ|§ LCA: Key results and conclusions | ifeu

Comparison between bioenergy and conv. energy supply

+ Well-known pattern of environmental impacts confirmed
— No significant differences between standard land and marginal land

Energy and GHG emission savings possible
— Except in the case of large carbon stock changes due to LUC

Sustainable exploitation of biomass for bioenergy from marginal lands in Europe

© kam||petran / Fotolia

Tendency towards disadvantages with other envir. impacts ...

|:|- — Negative effects due to N- and P-related emissions of fertilisation
2X

: Scdbih o T LR
© Wolfgang Jargstorff

Entire life cycle and all envir. impacts to be considered  Fotolia
— Avoidance of indirect land-use changes (iILUC) of central importance
— Only land with low biomass carbon stock to be converted
— Biomass drying expenditures must be minimised

1x

Results range wider than usual
— Due to many energy crops, use options and different site qualities
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Life cycle assessment: Results

See . M — l.er
?‘ITIL Example: Miscanthus small CHP

Sustainable exploitation of biomass for bioenergy from marginal lands in Europe

Resource
extraction

Upstream processes

Natural
LES

Conversion efficiency:

Transport

L-OW SA: substituted
Tyr;lngil power mix
Upstream _
processes Combustion

In boiler

© Wikimedia Commons: Hamsterdancer (Miscanthus), Axel Mauruszat (HKW Reuter Eingang)

Image copyright:
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Life cycle assessment: Results

See DAl | o
"mh Example: All impact categories

Sustainable exploitation of biomass for bioenergy from marginal lands in Europe

€ Credits' Emi'ssions >

Non-renewable energy use

Climate change

O Agriculture: aLUC e
O Agriculture: diesel Acidification
@ Agriculture: fertiliser

O Agriculture: field emissions
O Agriculture: irrigation

@ Agriculture: others

O Harvesting

O Transports

Marine eutrophication
Freshwater eutrophication

Photochem. oxidant formation

8 Drying Ozone depletion
@ Pelleting
B Use phase Particulate matter formation

B Credits: power provision
@ Credits: fuel provision for heat
O Credits: fuel combustion heat

1
O Net result | | Phosphate rock demand
€ Advantages Disadvantages =»

Land use

Non-renewable energy use
Climate change

Acidification

Marine eutrophication
Freshwater eutrophication
Photochem. oxidant formation
Ozone depletion

Particulate matter formation
Land use

Phosphate rock demand

IFEU 2018

-80 -60 -40 -20 0 20 40
Inhabitant equivalents / (10 ha - year) Continental zone, Miscanthus

Source:
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Life cycle assessment: Results

§!en?|§ Example: Influence of site quality ifeu

SEEMLA definition
of ‘marginal’

Sustainable exploitation of biomass for bioenergy from marginal lands in Europe

Climate change |4 Credits Emissions 2

Standard land

Net result
Marginal land (M1)
Net result

Very marg. land (M2)

Net result [ : :
€ Advantages : I i Disadvant. =
Range -
-25 -20 -15 -10 -5 0 5 10

Inhabitant equivalents / (10 ha - year) 3
@ Agriculture: diesel @ Agriculture: fertiliser 8
O Agriculture: field emissions O Agriculture: irrigation -
@ Agriculture: others (incl. aLUC) 0O Harvesting H_J
O Transports @ Drying =
@ Pelleting @ Use phase 8
@ Credits: power provision @ Credits: fuel provision for heat 5
O Credits: fuel combustion heat O Net result (?')
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Environmental assessment s
!S‘el'ﬁh LCA: Key results and conclusions Il

Comparison of bioenergy paths with each other

Environmental advantages and disadvantages increase with
Increasing site quality

— Greater energy and GHG emission savings on less marginal land

— Discussion: Coarse resolution (2 classes only); lower SQR limit

Woody biomass is partly better than herbaceous biomass

— Perennial grasses: greater energy and GHG emission savings
but also greater disadvantages

— Woody biomass: hardly any disadvantages + greater P use efficiency
Stationary use for electricity & heat generation beats biofuels
— Combined heat & power generation currently better than 2G ethanol
Photovoltaics tend to be much more environmentally
1x friendly than bioenergy

— Bioenergy competes with other renewables, e.g. ground-mounted PV,
which result in significantly greater energy and GHG emission savings
—> an option for very marginal land?!

Sustainable exploitation of biomass for bioenergy from marginal lands in Europe

2X

© IFEU

2X

© Spantomoda / Fotolia
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SeeL Investigated lignocellulosic crops
mid

Trees

SRC

Woody

Black locust

Lignocellulosic crops

Grasses

Herbaceous

Braveheart (Willow), Hamsterdancer (Miscanthus), Jebulon (Switchgrass), Justlettersandnumbers

© Wikimedia Commons: Przykuta (Black pine), Franz Xaver (Calabrian pine), Nasenbar (Poplar),
(Giant reed);

© Pixelio.de: Uschi Dreiucker (Black locust)

Image copyright:
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Life cycle assessment: Results s
Seeh Lignocellulosic crops in comparison

" m Sustainable exploitation of biomass for bioenergy from marginal lands in Europe

Climate change

€ AdVantagés Disadvantag)es > 4

DD.DD

Eutrophication I O Black locust (trees)
I O Black pine

I @ Willow
I:l O Poplar
O Black locust (SRC)
I O Miscanthus
- -] Swi'fchgrass |

-20  -15  -10 -5 0 5 10 15 20 25 30
Inhabitant equivalents / (10 ha - year)

Source: IFEU 2018
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Upstream processes

Convent.

Convent. Convent. Convent. Convent.

heat heat power eat & power, gasoline o
—
Ref &
eference
Legend: Product Process
system )
L
L
By
&)
S
)
(@)
n
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Life cycle assessment: Results

§‘elﬁ|§ Biomass use options in comparison ifeu

Sustainable exploitation of biomass for bioenergy from marginal lands in Europe

Disadvantages =

Non-renewable energy use

Climate change

Acidification

Marine eutrophication

Freshwater eutrophication

Ozone depletion

Particulate matter formation || ® Domestic heat
O District heat

3
-3
= -
g
<
=

O Small CHP 00

Land use I -

O Large CHP 8

B Power a

Phosphate rock demand l' G Ethand] l 743 > T

‘ ‘ 1 1 )

-60 -40 -20 0 20 40 £

Continental zone, Miscanthus Inhabitant equivalents / (10 ha - year) (?)
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Excursus: Photovoltaic systems
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Life cycle assessment: Results
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Environmental assessment

%en?h LC-EIA: Key results and conclusions |

« High land footprint of bioenergy, especially on marginal areas
— Land use for bioenergy >> land use for conventional energy (per MJ)
— Land use on marginal land > land use on standard land (per MJ)

« (Grasses require less land than SRC or trees, but this is © Creatvemars Fotolia
more strongly affected

— Higher intensity and frequency of agricultural activities, but positive
effect of higher area yield of perennial grasses predominates.

— Importance of harvest time

Sustainable exploitation of biomass for bioenergy from marginal lands in Europe

s
© JLLH / Fotolia

I:I + Predominantly neutral effects on soil and water

— In comparison to idle land, effects on soil are neutral or even positive
— Miscanthus, willow or giant reed may reduce groundwater recharge

 Individual consideration of impacts on fauna, flora,
biodiversity and landscape necessary
— Effects on flora and biodiversity are highly location-dependent
— Conversion of species-rich grassland very negative for biodiversity
— Impacts to be assessed on individual basis (incl. neighbouring areas)

Project coordinator Partner
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Life cycle environmental impact assessment: Results

la

Example: Miscanthus

Sustainable exploitation of biomass for bioenergy from marginal lands in Euro

Risks associated with Miscanthus (vs. idle land)

Affected environmental factors

Type of risk . .
yp Soil Ground Surface Plants / Animals Climate / Land- h'l‘;:?ﬁl Bio-
water water Biotopes Air scape . diversity
recreation
Soil erosion neutral neutral
Soil | | |
compaction neutra neutral neutral neutra neutral
i neutral /
I(;;)gs z:n(i):, f:::lltt er neg neutral neutral neutral
Soil chemistry neutral /
|/ fertiliser neutral negativez neutral
Eutrophi- 1 | neutral'/ 1 . B} X
cation neutral R neutral neutral neutral neutral
Nutrient neutral /
leaching negative’
Water demand neutral / neutral / neutral / neutral /
negative® negative® | negative® negative®
)/\éeees(:igic:jnetsrol neutral’ | neutral’ | neutral’ | neutral’ neutral*
Loss of land- negative / | negative / | negative / | negative / | negative / | negative /
positive’  positive®  positive®  positive®  positive’  positive’

Loss of
habitat types

scape elements

| negaive /| negative |

positive®  positive®

Project coordinator

Loss of
pecies

Partner

neutral / neutral /
neqgative neqgative

neutral /
neqgative

positive®

1feu




Life cycle environmental impact assessment: Results

§1en?|§ Lignocellulosic crops in comparison

Risks associated with all investigated crops (vs. idle land)

Perennial crop / feedstock

eu

Sustainable exploitation of biomass for bioenergy from marginal lands in Europe

Type of risk

Black pine/ Black locust Willow / poplar / black Miscanthus / Giant reed
Calabrian pine (tree) locust (SRC) switchgrass
Soil erosion B B
Soil compaction B B
Loss of soil
organic matter

Soil chemistry
/ fertiliser

Eutrophication

Nutrient
leaching

Water demand

Weed control
/ pesticides

Loss of land-
scape elements

Loss of habitat
types

Loss of species

Project coordinator Partner




Environmental assessment

§1en?|§ LC-EIA: Key results and conclusions Il ifev

- Photovoltaics (PV) tend to be more compatible with nature
conservation than bioenergy T A

— Land footprint of PV electricity << electricity from biomass
— Ecological added value (compared to bioenergy) if well-managed

- Biodiversity at risk due to (further) intensification of land use

— Marginal land is often the last retreat for species that already suffer
from the intensive agricultural use of standard land

— Broad public discussion needed as to which proportion of marginal
land should be reserved for which purpose - land allocation plans
+ Guidelines for environmentally compatible cultivation of
energy crops on sensitive sites are necessary

— Marginal land often has special site conditions which often imply a
high nature conservation value © REDPIXEL / Fotolia

— ‘Good farming practice’ is not sufficient, at least not for sensitive sites

Sustainable exploitation of biomass for bioenergy from marginal lands in Europe

© Ruud_Morijn / Fotolia
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Synopsis
LCA and LC-EIA complement each other well.

Energy and GHG emissions can be saved, however, at the
cost of other negative environmental impacts and a high risk
of biodiversity loss.

No general ‘certificate of compliance’ can be issued for bio-
energy from marginal land from an environmental viewpoint.

Financial incentives will be needed. This offers possibilities &8s
/ ‘;,\,Q

to consider sustainability aspects in support programmes '—.535

© grafikplusfoto / Fotolia

Recommendations

Previous non-utilisation of land is most important. Low land
guality is only a secondary criterion.
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Environmental assessment

§‘el'ﬁ|§. Synopsis and recommendations |l

- Land worthy of protection should be excluded
— Land with high carbon stock and peatland
— Land with high biodiversity value, e.g. highly biodiverse grasslands
— Land under agri-environmental programmes in the past 10 years
— High nature value farmland (HNV)

- Stationary use for electricity & heat generation beats bio-
fuels, but other renewables (e.g. PV) should be considered

+ Guidelines for environmentally compatible cultivation of
energy crops on sensitive sites are necessary
— ‘Good farming practice’ is insufficient, at least not for sensitive sites
— Lessons learnt from the evaluation of pilot cases could be helpful
- Land allocation plans at EU, national or regional level +
biomass use concepts + stakeholder involvement el
- Research funding should be continued e
— New varieties, loss-reducing cultivation systems, biomass compaosition
+ Farmers’ competencies need to be built up
— __Harvest time, varieties and cultivation systems, yield security

Project coordinator Partner
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m E' Sustainable exploitation of biomass for bioenergy from marginal lands in Europe

Introduction and methodology

Environmental assessment:

- Key results and conclusions from LCA

- Key results and conclusions from LC-EIA
- Synopsis and recommendations

9 Socio-economic assessment:
- Key results and conclusions
- Recommendations

Project coordinator Partner
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S Socio-economic assessment
eelﬂ Conclusions L
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.7 Sustainable exploitation of biomass for bioenerg

Bioenergy from marginal land is[more expensive]than from
standard land and can involve higher risks

Even on standard arable land, cultivation of perennial crops
IS unattractive without financial incentives

Lower land rents can only partially compensate for this

© grafikplusfoto / Fotolia
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Results on economic aspects s
Seelﬁ Comparison to standard land
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Biomass production costs in relation to standard land

Without subsidies With maximum subsidies

200% 200%

175% T 175%

150% 150%

125% T 125%

100% - 100%

75% - 75% -

50% - 50% -

25% - 25% -

0% - . 0% - .

Marginal land  Very marginal land Marginal land  Very marginal land
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Bioenergy from marginal land is[more expensive]than from
standard land and can involve higher risks

Even on standard arable land, cultivation of perennial crops
IS unattractive without financial incentives

Lower land rents can only partially compensate for this

Sustainable exploitation of biomass for bioenergy from marginal lands in Europe

Necessity of financial incentives

Cultivation of perennial crops on marginal land
not profitable outside niches

. . . ;’s \',\ o
Additional incentives e.g. as foreseen for It
areas with natural constraints (ANC) in the CAP .‘5;_19
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Results on economic aspects s
Seeh Profitability

" m Sustainable exploitation of biomass for bioenergy from marginal lands in Europe

Biomass production costs without interest, taxes and subsidies
300

250

200
= Miscanthus

m Black locust (SRC)
= Poplar
= Willow

100
m Calabrian pine

= Black pine

€ / t biomass (dry matter)
.Y
S S

m Black locust (trees)

Marg. land |Very marg. | Marg. land | Very marg. | Marg. | Very
land land land Imarg. I.

Greece Ukraine Germany
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Bioenergy from marginal land | nsive than from
standard land and can involvelhigher risksi
Even on standard arable land, cultivation of perennial crops

IS unattractive without financial incentives
Lower land rents can only partially compensate for this

Risk minimisation necessary, examples:
Building up experience -
Compensation for extreme weather events

Investment subsidies rather than incentives
In sales prices

Harvest of woody crops can be postponed
depending on market situation
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[ | Advantageous social effects

S Socio-economic assessment
eelﬂ Conclusions L

A
.72 Sustainable exploitation of biomass for bioenergy from marginal lands in Euro

Large differences between cropping systems, countries
and even sites

- Different cost drivers: e.g. costs for machinery,
seedlings or land rent can vary significantly

- Different risks: marginal sites are subject to
very different biophysical constraints

© mooseproductions /

Fotolia

- Additional jobs

* More added value

- Development of new qualifications
« Precondition: long term profitability

- Strengthening local actors can avoid side effects:
Benefits not for rural areas
Displacement of extensive users and important ecosystems

Project coordinator Partner
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Results on social aspects s
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Results on social aspects s
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Socio-economic assessment .
Seeh Recommendations
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Introduce incentives if expansion of bioenergy from marginal
land is desired by society.

- Examine alternatives for overall sustainability.
— Example: Photovoltaics provides more regenerative energy per area
at expectedly lower costs.
- Design differentiated and long-term incentives.
— Differentiation: Conditions and profitability vary greatly
— Long term: lower costs, higher socio-economic benefits

- Base support programmes on sound calculations.

- Take long-term socio-economic impacts into account.
— Public funds are used
— Minimise environmental impacts to avoid danger for society
— Take into account where the added value is generated
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S Environmental and socio-economic assessment
ﬂelﬁh Further reading | Coming out soon... i

Rettenmaier, N., Schmehl, M., Gartner, Keller, H., Rettenmaier, N., Reinhardt,
S., Reinhardt, G. (2018): Final report G. (2018): Final report on socio-
on environmental assessment. economic assessment.
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Final report on environmental assessment
Final report on socio-economic assessment
covering LCA & LC-EIA po

Heidelberg, October 31%, 2018 Heldelbery, October 31, 2018

Heiko Keller, Nils Rettenmaier, Guide Reinhardt
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. Downloads:

a

I\ L e Dr. Heiko Keller Sven Gartner Meike Schmehl Dr. Guido Reinhardt
- Any guestions ?
...don‘t hesitate to ask !
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