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Regionalized LCIA is model sophistication

« Commonly, in Life Cycle Assessment (LCA), the impact
assessment (LCIA) is performed ignoring any regional
differences.

—> But, there are good reasons for considering a regional variation
in the impact assessment, although this adds complexity
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Regionalized LCIA is model sophistication

* More and more regionalized LCIA methods available, e.g.:

ImpactWorld+

http://www.impactworldplus.org
LC-Impact

http://www.lc-impact.eu

Ecological Scarcity 2013

http://treeze.ch/projects/methodology-development/life-cycle-
impact-assessment/ecological-scarcity-method-2013

Enhanced Elgg+

http://archive.baug.ethz.ch/www.ifu.ethz.ch/ESD/downloads/Elg
gplus.html
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Regionalized inventory datasets

 Differences in the inventory are considered as far as
possible (e.g., national databases, different processes for
electricity generation per country, etc.).

https://nexus.openlca.org/map
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Combining regionalized inventory and
LCIA methods

* Some databases include elementary flows specific for
different regions, to facilitate the regionalized LCIA
calculation, e.g.: LC-Inventories.ch

Fa Water, AT
Fa Water, AU
Fa Water, BA
Fe Water, BE
Fa Water, BR
Fa Water, CA

Fa Water, CH ‘ Flow CETEQDW Amount Un
Fe Water, CS k= electricity, hydropower, at pumped storage power plant - CH  hydro power/.. 1.0 =
Fa Water, CZ i

Fa Water, DE | FaWater, CH airfunspecified 1.751968153 @

Fa Water, ES
Fa Water, FR
Fa Water, GB
Fa Water, GR

* Qutputs

- Not considered a pragmatic approach for openLCA
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Regionalization in openLCA

* The location of each elementary flow in the inventory is
taken from the process consuming/emitting it.

* Integration of the functionality to handle GIS data:

KML data per Shape file
location r parameters

Product system
(processes per location r,
consuming/emitting each
substance i)

~Inventory ., Impact
result, | Factory

Regionalized LCIA method
(per substancei, impact
category j)

Regionalized LCIA results
(per impact category j, location r)

Introduction Locations Helix Calculation Results Outlook
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Locations in openLCA 1.4

* Alist of locations available under: File/Preferences/Locations

* The geographic information of the locations was limited
to a pair of latitude, longitude data

* The processes could only use existing locations

= Preferences - O
type filter text Locations Swvhvww
Configuration ‘
Experimental features O x
B e = Name Description Code Latitude Longitude N
ILCD Network : :
= Afghanistan reference location,.. AF 33.677 65.216
Locations
Loaging Africa reference location,.. RAF 6.417881565 18.2870212
NEIBET Tori Al producing Area .. reference location,.. |Al Area 2, wit.. 55.968686 -91.694877
Al producing Area ... reference location,.. IAl Area 1 -2.347924713 2231123536
Al producing Area ... reference location,.. Al producing.. 55.13481606 -103.9542747
Al producing Area ... reference location,.. |Al Area 3 -15.9850719 -57.1903488
Al producing Area ... reference location,.. Al Area 6A 52.1300377 6.085952214
Al producing Area ... reference location,.. |Al Area 6B 61.28455819 92.90618948
Al producing Area .. reference location,.. 1Al Area 8 21.35427351 55.61255439
Alaska Systems Coo... reference location,.. ASCC 60.5327829 -143.1418035
Albania reference location,.. AL 41.143 20.068
< e Fa an rrasnnnana ..mn.-.-m)
Introduction Calculation Results Outlook
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Locations in openLCA 1.5
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 Locations as new element in the folder “Background data”

4 333 Background data
» @ Flow properties
- @ Unit groups

- I8 Currencies

I Sources
B Actors
«a - oiEl
4 @ Location
9 Afgh: @ New location | ) Newlocation 0
9 Afric: # Import... @ Please enter a name
Q Alpr¢ # Export..
: i:an; Import KML geographies Name || |
as .
Import EcoSpold?2 geographies Code | |
@ Albar ? ? geagrap o
Q Alber @ Add new child category escuption
@ Alger ‘¢ New database
@ Alpr¢ ' * Import database
Introduction Calculation Results Outlook
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Location editor in openLCA 1.5

e KML data can be added to each location:

» Draw polygons, lines or points in the KML editor
- Multi-geometries of the same type are allowed

 Write the coordinates in the “Text editor”

* Import KML or EcoSpold2 files with geographic data, e.g.:
http://geography.ecoinvent.org/report
http://www.census.gov/geo/maps-data/data/tiger-kml.html

* If no KML data is added, a point will be created with the
average latitude/longitude when saving the location

LCIA

Calculation Results Outlook
methods
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http://geography.ecoinvent.org/report
http://www.census.gov/geo/maps-data/data/tiger-kml.html
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Locations in the Process Editor

* Locations can be created, viewed and opened in an
editor within the “Geography” section of the process

* Click on the KML information to open the KML editor

~ Geography
Location @ Northern America W
KML MultiPolygon [-155.61,20.14 .. -155.61,20.14 ... -153.01,57.93 .. -153.01,57.93]

Description | United States

¢ Technology

General infnrmation‘ Inputs_.l’Dutput5|Administratiue infmrmatinn| Modeling and 1..ralinda‘cicnun| Parameters| Allocatinn| Social aspects|

LCIA
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KML editor (map) in the Process Editor

LCIA
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KML editor (text) in the Process Editor

KML Editor “
Map Text
1 <?xzml version="1.0" encoding="UTF-8"2> &
2 <kml xmlns="http://earth.google.com/kml/2.1">
3 <Folder>
4 <name>0penLayers export</name>
3 <description>Exported on Fri Mar 11 2016 12:57:01 GMT+0100 (Romance Standard Time)</description>
& <Placemark:>
7 <name>0penLayers Feature Vector 128047</name>
8 <description>No description available</description>
9 <MultiGeometry>
10 <Polygon>
11 <outerBoundaryIs>
1z <LinearRing>
13 <coordinates>-155.60651856598994, 20.137955566000148 -155.586363308909002,20.12293592300016 -155.56309786359555,20.128402875000145
-155.527158308969909, 20.126268986000138 -155.491078253099904,20.11302317500012 -155.420714617990855,20.09018548500012 -155.3323127780504, 20.046721443000123
-155.21510593099987,19.975645397000065 -155.1680427339999,19.94682721500012 -155.1158533549959,19.896732304000025 -155.087141188959954,19.86037983400002
-155.086395261990993,15.821029192000136 -155.08806150199985,19.76864524500015 -155.085370905908542,19.72740931100005 -155.05749289085050,109.72853043200017
-155.01854407499904,19.74583567858955892 -154.9850523380990987,19.72670745100006 -154.976671733908986,19.7057572730001 -154.58004376795952,19.6628064679983396
-154.9669701269999,19.63625192300003 -154.94990596089996,19.61144557400014 -154.8996216029998,19.567016293000126 -154.84662324699992,19.544937986
-154.82531051999987,15.527487687500018 -154.8140635659999,15.506579211000165 -154.8172094389989,19.47972239800009 -154.8299047519595995,19.464056708
-154.87473623409004,16. 4128841550001 -154.918053221860999,15.3097311606000084 -154.98230051299903,16.33924305600015 -155.02509518090587,19.3275820598000104
-155.02666307099992,19.31617095300006 -155.06261297099994,19.307820063000097 -155.0930314219999,19.28620959700012 -155.153041030959987,19.269204240000146
-155.202957571999%9, 19.255579602000033 -155.2450583649999, 19.265539102000126 —-155.2692613719999,19.26618155300008 -155.29112743399592,19.25652350200012
-155.31444461799992,108.245659319000154 -155.345686887990985,10. 224804655000113 -155.364136047959982, 19.203574675000162 -155.384658475909986,19.20053052809999
-155.40014534799996,19.193686082000077 -155.42259680899095,15.18012116085589085 -155.43668383440908849,19.169867255000092 -155.4877823550809080,19.14252350500003
-155.50279700399954,15.13768138200011 -155.546131964999092,15.09821198100014 -155.55373721199887,19.081960805000158 -155.55225991559565,19.045618945000122
-155.5706378169999,15.02677103000013 -155.60206039089998, 18.897379625000082 -155.61852255699052,18.955543680000186 -155.63206880759450,18.940203114000095
-155.65124157199995,18.926103771000108 -155.67475562399994,18.906117143000113 -155.68354392699987,18.911156770999987 -155.68293237999984,16.932886390000153
-155.70416670209988,18.949084649000067 -155.74441443899588, 18.96934279400013 -155.79217075999592, 18.396975708000058 -155.81725325595984,19.013230752000045
-155.8501330800000,10.023812411 -155.87812688050005,10.020807218700007 —-155.88404725500002,16.0472946108000034 -155.80104864700002,10.065654464000183
-155.9039060719999,19.06945906800004 -155.812133271899095,19.09618874300019 -155.91593046699495,18.13860065600007 -155.90838559609588,15.1889685774000027
-155.88553045399988,15.33415695800007 -155.88737398499090,19,359568177000135 -155.5008689060995884,19.382749774000064 -155.91295857950955,19.414314596000157
-155.9204900480909,19.461815958000066 -155.936577713000G,19.481310354000087 -155.946447877909089,109.4093611062000117 -155.95638810108909,19.51423606200008 v
—1EC acIafofToNanng 10 C24ATe10700ANTN _1ERE ALEL2E000NONCC 1A CEELC2ASLONANANNT _T1EE OT12LLINAAONOON2 10 ETACACAT2AANTA _TEE OC210710A0000 10 LATLTAT2IAANTELD
Open in editor Clear new location
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Parameterization of LCIA methods

* The attributes contained in a shape file can be used as
parameters in the LCIA method.
 Shape file specifications:
« Coordinate reference system: WGS84, EPSG:4326.

* Only numerical attributes can be used as parameters in
openLCA.

* There must be a single layer in each file.
* Unique names for the attributes to be used as parameters.

« The features should not overlap (e.g. the same shape file
cannot contain features for Europe and Germany).

» Shape files are stored in the database, and can be exported
as zolca or JSON format.

Introduction Locations el Calculation Results Outlook
methods
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Parameterization of LCIA methods

 Different options for the content of the shape file

parameters:

1. The parameter represents the impact factor of a

specific substance and impact category

* Parameters - LC-Impact_land_annual_crops

Maximum
1.7E- * Impact factors

Mame Minimum

[ annualcrop 0.0

Impact category | i- Land use (Occupation)

Fs Occupation, annual crop

Fa Occupation, forest, extensive

Fa Occupation, forest, intensive

Fs Occupation, pasture, man made
Fs Occupation, permanent crop

Introduction

Locations el Calculation
methods

Flow Category Unit Factor
resource/land PDF/m2*a annualcrop
resource/land PDF/m2*a ext_forest
resource/land PDF/m2*a int_forest
resource/land PDF/m2*a pasture
resource/land PDF/m2*a perm_crops

Fs Occupation, urban, continuously built  resource/land PDF/m2*a land_urban

Results Outlook
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Parameterization of LCIA methods

2. The parameter represents a regional characteristic
used for the calculation of the impact factors of
different substances within one or multiple impact

categories:
Regionalised LCIA method

' Site-independent |
parameters '

(per substancei, functions iy

LCIA model < " Mathematical
impact categoryj) \

. Site-dependent |
' parameters '

Default
i value i=

_________________________

KML data per
locationr

Introduction Locations el Calculation Results Outlook
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Parameterization of LCIA methods

Example: Land use model from de Baan et al. (2012), as implemented in
Ecological Scarcity 2013 (Frischknecht and Buisser Knopfel 2013)

2
Eco— factor>ed- :[KRegion_i]. C .(F j

Flow _j Flow _j F CH F
n k

-]~ BDP _settlement _area_hiome5 BDP _settlement _area_biome5

\d

_ _ BDPbiome_S 2 - :
Eco— factorRedion-i flow_ j C [ E j {ratioblome_, to bi0m65] |:UBP:|

fov_i "'BDP_SA_biome5 FC" mZa

Shapefile parameter

Site-independent parameters

Introduction Locations el Calculation Results Outlook
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Shape files containing regional characteristics

A Welcome ¥ ecological scarcity 2013 (Land use) i - O
Shape file parameters
- Files
Location ™ CAUsers\Cristina\openLCA-data-1.5\databases\openlcadteacher_olca_\lcia..
¥ Import...
Z» Evaluate for existing locations
* Parameters - UBP2013_Species densities ratio (Kier et al 2013) D x
Mame Minimum Maximum
| f; ratio_biom 0.0 1.0 |
& Show in map
© Add to method parameters
. ) LCIA )
Introduction Locations Calculation Results Outlook
methods
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Shape files parameters: “Show in map”

Lca

| i |

Features of UBP2013_Species densities ratio (Kier et al 2013)

: 2 @ =
i o4 8 8

Introduction

= Map info

forestsECO_NOTES:
WWF_REALM:NT
WWF_REALMZ2:Neotropic
WWF_MHTMNAM:Tropical and
Subtropical Moist Broadleaf
ForestsRealmMHT:NT1
ER_UPDATE:ER_DATE_U:
ER_RATION:
SOURCEDATAMWE. 2003.
Update to Olson, 2001
ratio_biom:1.96750671
Biome_NUM:1

Save | Clear

.4

Locations el Calculation
methods

Results

Outlook
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Use shape file parameters in the LCIA method

* “Add to method parameters” if the parameter doesn’t exist yet
in the “Parameters” tab

* Select “External source” if the parameter already exists

» Global parameters c
* Input parameters O X
MName Value Uncertainty Description External source
BDP_SA 0.44 none Biodiversity Damage Potential "S...
c 1.0E12 none Constant
conv_factor 1.0E-6 none Conversion from m2 to km2
F 3027.0 none Current annual flow (km2)
Fk 3535.0 none Critical annual flow (km2)
Fn 2437.0 none Annual flow in Switzerland (km2*...
|i-! ratio_biom 1.0 uniform: min=0.00 ... from shapefile: UBP2013_5pecies .. UBP2013_Speciesd.. |
~ Dependent parameters Q x
Name Formula Value Description
normalization conv_factor/Fn 4.10340582683627.. 1/m2*a SA eaq.

Introduction Locations el Calculation Results Outlook
methods
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Use shape file parameters in the LCIA method

* The default value and uncertainty will be calculated depending
on the “External source (i.e. shape file)” selected

Lca External source change -

@ Values will be recalculated, do you want to proceed?

Yes Mo

 The default value can be modified and will be used in:
* “Quick results” and “Analysis” calculations

* In “Regionalized LCIA” calculations, when a process has a
location without KML data or has no location

* Formula evaluation in the LCIA method

Introduction Locations el Calculation Results Outlook
methods
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Impact factors defined with formulas

* Once the parameters are created, they can be used in the
formulas for the impact factors per flow and impact

category

Impact assessment method: ecological scarcity 2013 (Land use)

~ Impact factors © X =
Impact category |- total - Land use (Regionalized) v
Flow Category Flow pro.. Unit Factor Uncer
Fa Occupation, arable resourc.. Area*time UBP/m2®*a 0.614202373557049* normalization_weighting®ratio_bi.. none
Fa Occupation, arable, ... resourc.. Area*time UBP/m2*a 0.614202373557049%*normalization_weighting®ratio_bi.. none
Fa Occupation, arable, ... resourc.. Area*time UBP/m2*a 0.614202373557049%*normalization_weighting®ratio_bi.. none
Fa Occupation, arable, ... resourc.. Area*time UBP/m2*a 0.219357990556089*normalization_weighting®ratio_bi.. none
Fa Occupation, arable, ... resourc.. Area*time UBP/m2*a 0.614202373557049%*normalization_weighting®ratio_bi.. none
Fa Occupation, artificial... resourc.. Area*time UBP/m2*a 0.424092115075106%*normalization_weighting®ratio_bi.. none
Fa Cirrunatinn constrie  resonire ArpaFtime  HIBR/m2%a  N432715921112178%*nnrmalizatinn weinhtinn*ratin hi nrne
. ) LCIA )
Introduction Locations Calculation Results Outlook
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Calculation procedure for Regionalized LCIA

 Select the “Regionalized LCIA” option in the
calculation properties window:
9 The |mpa Ct L3 Calculation properties — B

lculation pro| ies
method select coleuration propert
must contain

Please select the properties for the calculation

. . Allocation method ‘ Mone v ‘
reg I O n a I I ZEd Impact assessment method |'L... ecological scarcity 2013 (Land use) W |
i m pa Ct fa Cto rS Normalization and weighting set ‘ v ‘

Calculation type () Quick results
—> At least 1 location O Analysi
(®) Regionalized LCIA
Of t h e p rOd u Ct () Monte Carlo Simulation
Syste m m u St Number of iterations: 100
. |:| Include cost calculation

contain KML data

| FigioL. | ot |

Introduction Locations Helix Results Outlook
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Calculation procedure for Regionalized LCIA

* The intersection between shape files features and
process geometries is calculated by openLCA

- A weighted mean calculated for each regional parameter

. & an-
& T O

(p(F1)*L(F1) + p(F2)*L(F2) ...) /L p(F1) (p(F1)*A(F1) + p(F2)*A(F2) ...) /A

Introduction Locations Helix Results Outlook
methods
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Calculation procedure for Regionalized LCIA

 Use “Evaluate for existing locations” to pre-calculate
the intersections with the existing database locations

* In systems with many locations the calculation can take
long, so it is recommended to pre-calculate the intersections
before the assessment needs to be done

# Welcome % ecological scarcity 2013 (Land use) - O

Shape file parameters

~ Files

Location ™ ChUsers\Cristina\openLCA-data-1.5\databases\openlcadteacher\_olca \cia...

¥ Import...

Z» Evaluate for existing locations

* Parameters - UBP2013_5pecies densities ratio (Kier et al 2013) & x ¢

Introduction Locations Helix Results Outlook
methods
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Regionalized LCIA results: Result map

* Map coloured depending on the direct contributions of
each location

Result map
) Flow | Fe eFlow ~ |
(@ Impact category | i= I gae=li=iy] b |

Introduction Locations Helix Calculation Results Outlook
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Regionalized LCIA results: Locations

* Contribution of each location to the inventory and LCIA
results, broke down into the direct contributions of the
processes within that specific location

Locations
() Flow | Fa eFlow |
(® Impact category | i= Water scarcity v |

~ Contribution tree for locations

Location Process Amount Unit
4 == Germany| 0.60064 m3
- Sum - DE 0.60064 m3
4 = United States (0.49949 m3
= pl-US 0.49949 m3
4 - China 047756 m3
- p2 - CN 047756 m3
[ = Transport route 1 (0.30195 m3
[ . Brazil 0.19760 m3

Introduction Locations Helix Calculation Outlook
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Regionalized LCIA results: Impact analysis

 Direct LCIA results of each process, including information
about process location, inventory, LCIA results and impact
factor value per flow in the process

Impact analysis

* Impact analysis

Impact category | i= Water scarcity v | Cut-off |2 E % Exclude zero entries
Process/Flow name  Location Flow category Inventor.. Unit Impactf.. Unit Impactr.. Unit
4 P p2 China 047756 m3
Fe eFlow 1.00000 kg 047756  m3/kg 047756 m3
4 P Sum Germany 0.60064 m3
Fe eFlow 500000 kg 012013 m3/kg 0.60064 m3
4 P p3 Transport route 1 030195 m3
Fe eFlow 1.00000 kg 030195 m3/kg 030195 m3
¢ P opl United States 049949 m3

Introduction Locations Helix Calculation Outlook
methods
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Outlook

Already in progress:

* Implementation of regionalized LCIA methods in openLCA:
* ImpactWorld+
* LC-Impact

Ideas for future projects:
» Regionalized LCIA in the Project level

* Regionalized LCIA in the Monte Carlo simulation:
* Uncertainty of regionalized impact factors
* Uncertainty of the locations in the inventory

- Support welcome!

Introduction Locations Helix Calculation Results
methods
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Thank you!
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LEO-SCS-002 Plugin (I}
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* It allows to override the locations specified in the existing
process data sets for a specific product system by using the
so-called “virtual locations”

LCa

e

File | Window Help

Save
Save As...
Save All

Close
Close All

Global parameters
Preferences

Ctrl+5

Ctrl+Shift+5

Ctrl+W
Ctrl+Shift+W

Manage plugins

EE

Import...
Export...

Exit

openLCA Plugin Manager

LCa

LEO-SCS-002

This plug-in enables region-dependent LCIA
conforming with the draft American standard for LCA
(LEO-SC5-002). In the beta release, an impact
method for the Global Climate Change impact
category conforming with this standard is available.
This impact method is the first available in any LCA
software which includes all GHGs but also a complete
set of Short-Lived Climate Pollutants (e.g.. black
carbon and tropospheric ozone). Please contact
Tobias Schuliz to access the Global Climate Change
method, at tschultz (at) scsglobalservices (dot) com.

EPD Editor

As a partner with the German Federal Institute for
Research on Building, Urban Affairs and Spatial

nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn

Install 1.0.0

Install 1.3.9

Install local file | | Close




LEO-SCS-002 Plugin (Il)

» Two options for setting “virtual locations”:

1. Inthe model graph

& horn meal production \

i market for natural

0.o"

I market for lubrica

I market for heat an

| market for heat an

l market for heat an

market for waste n

I market for heat an

l market for heat an

I market for heat an

©

2
£

e omi@

Undo move
Redo

Delete

Build supply chain 4
Remove supply chain
Remove connections

Search providers for 4
Search recipients for 4

Save as image _r_E
Open in editor
Mark

Unmark

Expand all

Collapse all

Maximize all

Minimize all

Layout 4

l market for heat an

Set virtual location recursively

I market for heat an

Show outline
Open miniature view

agreenbeLta

wa Select virtual location

Virtual location

v
0K ‘ ‘ Cancel |
1wl Select virtual location n

Virtual location

oK

Cancel




LEO-SCS-002 Plugin (llI)

» Two options for setting “virtual locations”:

2. Inthe “Virtual locations” editor

Lca

—

File Window Help

A EHE @D ®

LEO-SCS-002

4
C
i

Run calculation with virtual locations

= Navigation \ Open virtual locations editor

[ horn meal production - Virtual locations & |'tua| locations &

Product system: horn meal production

~ Virtual locations

Process

P treatment of waste mineral oil, hazardous ...
P heat and power co-generation unit constr...

P market for electric parts, heat and power c...
P market for generator, 200kW electrical

P heat and power co-generation, natural gas...

Default location
@ Rest-of-World
@ Rest-of-World
@ Global

@ Global

Q@ Switzerland

Virtual location
@ Belgium

Belize
Benin
Bermuda
Bhutan

agreenbeLta
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Regionalized LCIA with System processes

* Crop, at plant—US (Ecoinvent v.2.2 database)

W
w U1

N
v

N

—

o
V]

Non-Regionalized Regionalized LCIA Regionalized LCIA

Freshwater consumption (m3
o &

LCIA (System process)  (Unit processes)



