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Agenda

® Introduction — ecosystem services
® Impact Assessment in LCA
® UNEP-SETAC guidelines on Land Use Impact Assessment

® Impacts on ecosystem services in case study of animal protein
production in Sweden — testing the guidelines

® Discussion and reflection on reference situation

¢ Short reflection around scale and ecosystem service
assessment

® Short reflection around complex food chains and ecosystem
service assessment
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Energy

CICES 2013 TEEB 2010 [MEA 2003 [Costanza 1997
Cultivated crops
Reared animals and their outputs
Wild plants, algae and their outputs
. - - - * Food
Biomass Wild animals and their outputs * Food * Food :
. — production
Nutrition Plants and algae from in-situ
aquaculture
Animals from in-situ aquaculture
Water Surface water for drinking * Fresh water * Fresh water » Water suppl
Ground water for drinking PPl
Fibres and other materials from « Fibre
plants, algae and animals for direct . * Biochemicals, natural
. * Raw materials - * Raw
oF O PR ess G * Medicinal resources medicines, and materials
Biomass Materials from plants, algae and pharmaceuticals
animals for agricultural use * Ornamental resources
i . . . * Maintenance of . * Genetic
Materials Genetic materials from all biota . . * Genetic resources
genetic diversity resources
Surface water for non-drinking
purposes
Water — * Fresh water * Fresh water » Water suppl
Ground water for non-drinking v v PPl
purposes
Biomass-based  |Plant-based resources ) * Raw
- * Raw materials * Fuel .
€nergy sources Animal-based resources materials

Mechanical
energy

Animal-based energy
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CICES 2013 TEEB 2010 MEA 2003 [Costanza 1997
Bio-remediation by micro-
organisms, algae, plants, and animals
Mediation by biota [ Filtration/sequestration/ » Water
. . » Waste-water . :
storage/accumulation by micro- purification and
.. p p treatment » Waste treatment
Mediation of waste, organisms, algae, plants, and animals . waste treatment .
. = - * Local climate . . * Gas regulation
toxics and other Filtration/sequestration/ and air qualit * Air quality
nuisances storage/accumulation by ecosystems Y regulation
Mediation by Dilution by atmosphere, freshwater
ecosystems and marine ecosystems
Mediation of smell/noise/visual
impacts
Mass stabilization and control of * Erosion .
. . . * Erosion control
erosion rates * Erosion regulation .
Mass flows - - . and sediment
Buffering and attenuation of mass prevention .
retention
flows
Mediation of flows o Hyfirologlcal cycle and water flow « Fresh water * Water regu}atlonl « Water regulation
Liquid flows maintenance » Water cycling

Flood protection

* Moderation of

Gaseous / air flows

Storm protection

extreme events

 Natural hazard
regulation

* Disturbance
regulation

Ventilation and transpiration

Maintenance of
physical, chemical,
biological conditions

Lifecycle
maintenance, habitat
and gene pool
protection

Pollination and seed dispersal

« Pollination

¢ Pollination

« Pollination

Maintaining nursery populations and
habitats

* Habitats for
species

* Refugia

Pest and disease
control

Pest control

* Biological

Disease control

control

* Pest regulation

* Biological
control

* Disease
regulation

Soil formation and
composition

Weathering processes

* Maintenance of

Decomposition and fixing processes

soil fertility

* Soil formation
* Nutrient cycling

* Soil formation
* Nutrient cycling

Water conditions

Chemical condition of freshwaters

 Habitats for

Chemical condition of salt waters species
Global climate regulation by + Carbon .

. . * Climate
reduction of greenhouse gas sequestration :

. . regulation .
Atmospheric concentrations and storage * Climate
composition and * Air quality regulation
climate regulation | Micro and regional climate * Local climate regulation * Gas regulation

regulation and air quality * Climate

regulation
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CICES 2013

TEEB 2010

MEA 2003

Costanza 1997

Physical and
experiential
interactions

Experiential use of plants,
animals and land-/seascapes
in different environmental

settings

Physical use of land-

/seascapes in different
environmental settings

* Recreation and
mental and physical
health

e Tourism

» Recreation
and ecotourism

» Recreation

Scientific

« Knowledge

systems,
Physical and intellectual * Educational
interactions with biota, Educational values
ecosystems, and land-/seascapes * Cultural
[environmental settings] . diversity
Intellectual and Aesthe‘qc * Cultural
. appreciation and diversi
representative L versity
. . inspiration for .
interactions . . * Social
Heritage, cultural culture, art and design :
relations
* Cultural
heritage values
Entertainment
Aesthetic * Aesthetic
values
.. . iri Symbolic * Spiritual and
Spiritual, symbolic and other Spiritual apd/or Y — Pl
. . Sy emblematic Sacred and/or religious . . religious
interactions with biota, - * Spiritual experience 1
ecosystems, and land-/seascapes | Other cultural Existence and sense of place Y;:r?:e of
[environmental settings] outputs Bequest

place

e Cultural
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Life Cycle Impact assessment - LCIA

Goal and scope Types of information
definition generated
A
l : Inputs and outputs, e.g.
Inventory MJ fossil energy
analysis g So,
2 3 ”’ - g M OX

Interpretation . kg waste

anne-marie tillman, chalmers



CHALMERS

Department of Energy and Environment
UNIVERSITY OF TECHNOLOGY

What is LCIA?

« atranslation of LCl results (many parameters)

« Info potential contribution to environmental impacts
(for a limited number of impact categories)

* to help answer the questions of the goal definition

..:ZQch

Exampel impact category Climate Change

g CO2-eq = gr CH4 - GWP100(CH4)

where

IS;=conftribution to impact score for impact category |
from elementary flow i

Q=quantity elementary flow i (emission or resource use, inventory results)
CF = characterisation factor for elementary flow i fo impact category |

anne-marie tillman, chalmers
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LATEST RECOMMENDATION FOR IMPACT CATEGORIES
- ILCD

Inventory results Midpoint Endpoint Area of protection

Climate change
. Human health
Stratospheric ozone

depletion

Human toxicity
Particulate matter

® .
= formation

(@)

= Photochemical ozone

= .

- formation Natural

é Ecotoxicity Environment
[0 Acidification

w

Eutrophication

Land use
Natural

Water use resources

Abiotic resource use

Source: Hauschild and Huijbregts, LCA compendium on
Life cycle impact assessment, Springer 2015

anne-marie tillman, chalmers
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Land use impact assessment in LCA —
the work of UNEP-SETAC
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LATEST RECOMMENDATION FOR IMPACT CATEGORIES
- ILCD

Inventory results Midpoint Endpoint Area of protection

Climate change
, Human health
Stratospheric ozone

depletion

Human toxicity
Particulate matter

[7)] .
= formation

(@]

5= Photochemical ozone

= .

S formation Natural

é Ecotoxicity Environment
o Acidification

w

Eutrophication

Land use
Natural

Water use resources

Abiotic resource use

Source: Hauschild and Huijbregts, LCA compendium on
Life cycle impact assessment, Springer 2015

anne-marie tillman, chalmers
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Land

Interventions

Sée

Direct Impacts

Midpoint Level

Department of Energy and Environment

Endpoint Level Area of Protection

> Land » Natural
competition Resources
rTTT T T T T T T |
PB'%matSS ‘ Biotic !
roduction ™ i
. - production ]
Chemical input Soil fertility | !
(fertilizer, ! |
biozides) aﬁt)r?tjuo)n | :

Surface \ﬁl Climate ! Climate .
opeies " Y Gapon | RN Chee Framework exists
irrigation sequestration ! \

I
! I .
Physical Filtration and | Water ! Egzz:teempls)gxfjs Human Health
- on i €
Land use Compaction chemical pu?ﬂcatnon »  purification | (?ESDP) (Well-Being)
(Ocewatn s ongons /A 8 plus proposals...
Transformation) | |
! 1
I
i:gﬁ:e Infiltration Water flow I Freshwater |
¢} regulation f regulation | Ec(gsylstem
* w largely untested
I
Vegetation i : | argely unrtesiea...
cover Stability | !
modification (anchor) Resistance and ! Erosion I
soil stability —»  regulation |
L 1
Fragmentation Habitats Fuvnctlo.nal
diversity
Local /regional / global Biodiversity Damage
species diversity Potential (BDP)
Landscape Esthetic and > Man-Made
morphology cultural value Environment

Fig. 11.2 Impact pathways from land use interventions to impacts on biodiversity and ecosystem services. Based on Koellner et al. (2013a), main
modifications are marked in red. At the midpoint level most impacts should refer to land’s ‘capacity’ (e.g. biomass productive capacity, see Koellner

et al. 2013a), but the labels have been simplified for clarity

Source: Hauschild and Huijbregts, LCA compendium on

Life cycle impact assessment, Springer 2015
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Land use impact assessment in LCA —
the work of UNEP-SETAC
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UNEP-SETAC guidelines give CFs at biome
level for land use impact assessment: impacts
on ecosystem services

Biome 4
Temperate,
broadleaf
forest
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Case study: Comparing ecosystem service impact due

. ‘;'
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Principal for calculating a characterisation factor
in land use impact assessment (UNEP SETAC)

Land occupation impact =
Q: Quality of Sl CisNeN]

ecosystem
serivce

{ Reference situation
Assessed land use
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For reference situation,

Quality of we chose the potential natural
Ecosystem ~ vegetation (PNV), How to
service defined as the expe_cteq state parameterize
of mature vegetation in the
. . PNV?
absence of human intervention
- suggested
Broadleaf forest based on approach:
R_efer_ence records of historic vegetation
situation TR R interpolate data
from neighboring
land areas that are
representative for
the reference
situation
Current

land use
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Main input parameters for calculating
characterization factors (CF)

Ecosystem
service

Ecosystem service
indicator

Main input parameters

Climate regulation

Carbon flow change

Soil organic carbon stock (1 m), carbon stock in
vegetation

Soil loss (RUSLE)

Freshwater Groundwater recharae Evapotranspiration, precipitation, distance from
regulation g surface to groundwater, slope
Freshwater g/laepc;hcaitr;/lcal iligEen Soil texture, distance from surface to groundwater
oLiitEElE Sgg:gg/ enamiee il Effective cation exchange capacity (CEC )

Soil loss (LANCA) Slope, soil texture, precipitation, soil stone content,
Erosion soil organic matter content
prevention Rainfall runoff erosivity, soil erodibility, slope length,

slope steepness, cover management, supporting
farm practices

Biotic production
potential

Soil organic carbon

Soil organic carbon stock (30 cm)

Model LANCA used for calculating several ecosystem services related to soil quality
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Problems with data setting the reference -

example water drainage

}-ﬂ‘f-{. L’.?\ '

# N
%:.HJ ~-
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Kivlingeans vattensystem innan utdikningar
och drineringar verkstilides. Alla svarta de-
lar utmarker ytvattensfGrekomster. De utgjor-
de sammaniagt 356 km2, alltsa 29 % av Kav-
lingeans nederbdrdsomrade. Det var att land-
skap som i vattenhdnseende var praktiskt ta-
get opaverkat av manniskan...

® Eslov _ -
\" \'://
3 o
- N \"““-~..,__ &

® Lund

1950—1953

Kivlingeans vattensystem efter dittills verk-
stidllda utdikningar och draneringar. Endast
41 km?2 aterstar, alltsa 3,4 %. Genom utdik-
ningen har nu den allra stérsta delen av yt-
vattnen férsvunnit. Om utdikningen far fort-
satta far vi ett fullkomligt uttorkat land-
skap... —
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Short on results

® Protein production from dairy generally scored better than pork
due to

— Grassland
— Lower land requirements

® Some positive effects (due to feed production) may be
exagegerated due to problems with data for the reference
situation (soil data)

®* When regionalising LCIA for ecosystem services, practioner”s
assumption on reference situation (e.g. data) can have a big
impact on result and thereby make it difficult to compare
different studies
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What alternative reference
situations exist?

® Soimakallio et al. (2015) identified four types of reference situations:
— Zero baseline
— Business as usual
— Natural or quasi-natural steady state
— Natural regeneration

® The UNEP-SETAC guideline mentions three options:
— Potential natural vegetation (PNV)
— Quasi-natural land cover (the natural mix of land cover)
— The current mix of land uses

® Most biodiversity assessment methods recommend the PNV

® Other possible option: relate to a goal or a threshold (consider varying
environmental conditions and sensitivities)

Ref: SOIMAKALLIO, S., COWIE, A., BRANDAO, M., FINNVEDEN, G., EKVALL, T., ERLANDSSON, M., KOPONEN, K. & KARLSSON,
P. E. 2015. Attributional life cycle assessment: is a land-use baseline necessary? International Journal of Life Cycle
Assessment, 20, 1364-1375
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Criticism against the PNV concept

® Chiarucci et al. 2010

— Impossible to model due to methodological problems
associated with its definition

— The concept should be abandoned unless its utility is more
clearly demonstrated

— Impossible to determine the vegetation in the absence of human
influence

— There are no stable endpoints — ecosystems constantly change
— Vegetation surveys are not representative

— Some vegetation types that are considered “natural” may in fact be

the results of human influence over millennia

Ref: CHIARUCCI, A., ARAUJO, M. B., DECOCQ, G., BEIERKUHNLEIN, C. & FERNANDEZ-PALACIOS, J. M. 2010. The concept of
potential natural vegetation: an epitaph? Journal of Vegetation Science, 21, 1172-1178.
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Which is the appropriate scale for
assessing ecosystem services?

Many regulating ecosystem services must be assessed on scale
larger than field/farm, i.e. landscape scale, for example

- pollination

- disease controll

- water regulation
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More and more complex agri-food supply chain — what does
this mean for LCA and ecosystem service assessment?
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Summing up

® Including land-use impacts on ecosystem services is
new in LCA

® Proposed methodology: not so much tested, many
ecosystem services not included

¢ Setting a reference situation — challenging and
difficult!

® Several ecosystem services must be assessed at
landscape scale — how do we fit product-based LCA
into this scale?



