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Project PROSUITE

Development and application of a standardized
methodology for the
PROspective SUstalnability assessment of
TEchnologies
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In a nutshell...

« Tools that are applicable in a generic way to assess all
aspects of sustainability of future technologies

* A new integrative framework addressing five major impact
categories:
— Human health
— Social well-being
— Prosperity
— Natural Environment
— Exhaustible resources

« Integration through normalisation and use of MCA-tools
« The PROSUITE open source decision support system
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In a nutshell...

« Economic deliverables
— Hybrid LCA model for modelling full scale adoption of a technology
— Standardized Cost Estimation for New Technologies (SCENT)

« Environmental deliverables
— PROSUITE methodology (midpoint and endpoint)
— Improvement of selected characterisation models (metals, nanoparticle
exposure) and assessment of uncertainties in existing models
« Social deliverables
Participatory approaches for selecting impacts and categorize them into
Safety, security and tranquility;
Autonomy;

Participation and influence
Equal opportunities
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Four case studies for testing and demonstrating the
methodology on emergent technologies

« Biorefineries and organic waste
« Nano technologies

« Carbon capture and Storage

« Multifunctional mobile devices

PROSUITE case studies
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Consortium
1 Utrecht University (UU), Department of Science, 12 | Universitat Autonoma de Barcelona
Technology and Society / Copernicus Institute (UAB)
2 | Norwegian University of Science and Technology (NTNU) 13 | Pre Consultancy (PRE)
3 | Technical University of Denmark (DTU) 14 | GreenDelta(GD)
4 Dialogik 15 | FORTH
5 Ecological Economics and Management Centre - 16 | Solvay
Foundation of the Faculty of Sciences and Technology, _
New University of Lisbon (UNL) 17 | Organic Waste Systems (OWS)
6 | Swiss Federal Institute of Technology Zurich (ETH) 18 | Nokia
7 Institut Symlog (SYMLOG) 19 | HeiQ Materials AG (HeiQ)
8 | Finnish Environment Institute (SYKE) 20 | Paul Scherrer Institute (PSI)
10 | Gent University (UG) 21 Sony Ericsson
10 | International Institute for Applied Systems Analysis (IIASA) 22 | DSM
: : : : 23 | Radboud University Nijmegen (RU)
11 | Hungarian Academy of Sciences Institute of Sociology
(Magyar Tudomanyos Akadémia, MTA) 24 | Hybrid Plastics™
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GreenDelta is an independent capital company
founded 2004 in Berlin by Andreas Ciroth; our work
focusses on sustainability research, consulting, and
software development for sustainability.

About us

Life Cycle Assessment

Life Cycle Costing

Social Life Cycle Assessment

- Case studies

Method development (social LCA;
uncertainties; aligning different LCA
approaches)
Training
Reviews
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About us

GreenDelta is an independent capital company
founded 2004 in Berlin by Andreas Ciroth; our work
focusses on sustainability research, consulting, and
software development for sustainability.

Web-based software & desktop software
Enterprise solutions, SME, open source solutions
openLCA
E-DEA
BEST
Nexus
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WWW.prosuite.org

ews PROSUITE - PROspective SUstalnability assessment of TEchnologies - is now
Latest news on the project: entering its final phase and in a few months from now, we will be delivering our
25 April 2013: Paper on 5 impact project’s final outcome, i.e. 3 new methodology, framework and software tool for
categories you to conduct sustainable of technologies within a life cycle

approach.

15 May 2013: Prosuite mini workshop at U d t d l l
SER e Clasgon While we are currently fine tuning our conceptual finding which has progressed to p a e reg u a r y

18 April 2013: Tracking mobile phone offer 3 new integrstive sustsinability assessment that goes beyond the
recycling traditional 3 pillars to identify & major impact categories, we are 3lso preparing
16 April 2013: Nanosilver in texties — and scheduling our _ﬁnal dnssemma_t)on activities in order to reach the widest
fiend oc foe?. possible range of interested parties and end-users. Learn where you can
2 participste in workshops and case study demonstrations within the four emergent
goieetl”tégv:r?o E—";’%‘m technologies chosen for our PROSUITE model development.
19 Dec 2012: Read our updated project  Find our methodological reports and indicator derivations in the PROSUITE
summary Library.

28-22 Nov 2012: Project team mesting
in Copenhagen

& Nov 2012: New deliverables:

D3.2: Decision rule snd statisticsl
uncertsinties in environmentsl impact
methods

D2.1: Economic indicators for SAT and
model & methodology for scenarios

Read about our four

L bout the
FROSUITE P Tdngs.
Sustainability
Assessment Framework] I
lmm - GreenbDeLTa

PROSUITE THh Framawork resaarch projact
Cram: agreemant no. 227078 - PROSUITE


http://www.prosuite.org/
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PROSUITE Final conference

Brussels,
30 October 2013

- Sign up to receive an invitation
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Problem definition

« Conventional methodologies for sustainability assessment:
— Often too specific for certain products
— Not applicable to wide range of technologies
— No clear aggregation of various impacts

* There is a need for sustainability assessment method that:
— Covers all dimensions of sustainability in a comprehensive way
— |s applicable to a wide range of technologies

— Pursues a rigorous assessment along the cause-effect chain to
ultimate scores



Impact assessment in (@wosuite
environmental LCA
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Initial approach in Prosuite

CO2 emission

CH4 emission

“Inventory”

AR

Employment —> Systems integrity \

Occup. hazard Justice —>

Perceived risks Quality of life /l

Climate change E Human health
Summer smog Ecosystem health ——>

Ecotoxicity / Res. depletion
Labour prod. ——> GDP impact \\
Capital prod. / Novelty —>

/

“Midpoints” “Endpoints”

New markets Resource prod
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Problems with initial approach

* There are overlaps:

— Social impacts (quality of life) could include
health (env) and income (econ)

— If an external cost approach were applied, all
impacts are economic
» Health impacts from environmental

interventions considered part of
environmental pillar, but occupational

health part of social pillar



* 5 Endpoints:

m
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pact on human health

pact on social well-being
pact on prosperity

pact on natural environment

hact on exhaustible resources

r =
-prosmte

New approach within Prosuite

_—

—_

—

—

_

Mostly present
generation

Mostly future
generations
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Impact on social well-being

inventory data midpoints endpoint

~

— > Impacton
autonomy

Impact on safety,
security & tranquility

> impact on social
Impact on equal health (Likert)

opportunities

Indicators from Delphis

Impacts on
participation and
influence /
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Social indicators

Safety, security and tranquility
— Knowledge-intensive jobs

— Total employment

— Risk perception

— Possibility of misuse

Autonomy

— Child labour

— Forced labour

Participation and influence
— Trust in risk information
— Stakeholder involvement
— Long-term control functions

Equal opportunities
— Regional income inequalities
— Global income inequalities
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Impact on prosperity

inventory data midpoints endpoint
4 B
CAPEX Impact on labour productivity
OPEX Impact on capital productivity Impact on
| . ductivit >—’ prosperity
EOLEX | mpact on resource productivity (AGDP)
Impact on hew market development

J
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Impact on natural environment

inventory data midpoints endpoint

. Climate change

— Ozone depletion
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Impact on exhaustible resources

inventory data

Elementary flows

midpoints

Impact on fossil
resource depletion

Impact on mineral
resource depletion

endpoint

Impact on exhaustible
resources

(€)



Impact on occupational
health
-
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: Impact on L |
environmental human

human health

health

Impact on consumer
health

Impact on autonomy

Impact on safety,
security and tranquility Impact on social
well-being

Impact on equal
opportunities

Impact on participation
and influence

Impact on labor
productivity

Impact on capital
productivity

Impact on
prosperity

Impact on resource
productivity

Impact on novelty

Marine environment Impact on

natural
environment

Freshwater
environment

Terrestrial environment

Impact on mineral Impact on

depletion 1 exhaustible GreenpeLTa

resources

Impact on fossil fuel
depletion
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Overall sustainability assessment

» Assessment across all impact categories is
needed.

 Various approaches available:
— No aggregation, leave as it is

— Multicriteria analysis, results shown as
hierarchy

— Aggregate into one single score
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Conclusions

» A framework is proposed that covers all
dimensions of sustainability

» For all impact categories, an assessment is
possible on a life-cycle basis and across the
full cause-effect chain

» The impact categories follow the McKinsey
‘MECE’ principle: Mutually Exclusive,
Collectively Exhaustive (Friga, 2008)
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Main challenges for LCSA (1)

» Development of indicators for the social
assessment

* Define a quantitative metric for these
indicators

* Determine how to aggregate them into
one value for the end-point indicator
‘social well-being’
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Main challenges for LCSA (2)

 How to integrate/interpret the endpoint
indicators across the environmental,
economic and social domain?
— Aggregation into one value (yes/no)?
— Multi-criteria analysis
— Other...2
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Decision Support System

Modular software consisting of a framework and

set of tools for scenario analyses and technology
assessment

Implementation of PROSUITE methods in openLCA
— Specific plugins
— Improvement of the overall architecture of openLCA

Freely available, as open source software
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openlLCA as a basis: a professional,
open source LCA software

OP€ENLCa



— Process creation

Lcal x
File Edit ProSuite Window Settings Help
HER  SX

4 & MysQL at localhost:3306
& () databasel
& ([ database2
4 ) prosuitetest
= projects
b (i Product systems
@ LCIA methods

b | P Processes

[ Ij Flows |@, Create a new Process
b
|j F|Ojd'\r pro E—
b 4 Unit gro
|5 Actors @ Add new child category
- Sources .
= New MySQL connection [  egit prosuite Window  Settings  Help
Y LCIA res |

New process

Creates a new process

-prosuite

Mame

Manocasing production |

Description

Create a new product flow for the process

Reference flow property | [N et ae dita e

HE R et X
o .

Process: Nanocasing production (prosuitetest)

<

B . ~ Allocation
[Pl 1 items selected
Allocation method | None v ‘
* Inputs oxh
Flow Category Flow property Unit Resulting amount Uncertainty Default provider Pedigree uncertainty
#* Electricity MNumber of in.  Ite.. 0.05013561407.. No distri..
#¥ Masterbatch MNumber of i... Ite.. 2.40458536837.. No distri..
#*Nanacasing factory MNumber of i.. Ite.. 0.24688484303.. No distri..
~ Outputs @ xX i
Flow Category Flow property Unit Resulting amount Uncertainty Avoided product? Pedigree uncertainty
#* Nanocasing Number of... It.. 1 No distr... [

Finish

areenbDeLTa a

General information | Inputs/Outputs | Administrative information | Modeling and validation Paramelers|cusls|




— Data import/export

-prosuite

0 items selected

Lcal
File | Edit ProSuite Window Settings Help
Save Ctrl+5
| Save As... <}===> = =8
Save All Ctrl+Shift+5
Close Ctrl+W
Close All Ctrl+ Shift+W
Preferences Select
pag  Import... Import a data set from the ILCD Metwork into a database.
Ly  Export..
Exit .
Select an import source:
| type filter text
4 (= File Import
[¥] EcoSpold 1
[¥] EcoSpold 2
# Lco
L3 Import Nexus pack file
4 = ILCD Network Import
|@ 1LCD Network Import
< >

GreenDeELTa



— Product systems

DB & e X

File Edit ProSuite Window Settings Help

B~ -0

a @ mysal at localhost:3306
¢ [ databasel
[ @ database2
4 |fj) prosuitetest

[ projects

= Product systems|

[

New product system

-prosuite

Creates a new product system

"]

9 LCIA methods |5,

Create a new Product system

= [P Processes
= ['F Flows

= [® Flow properties| &
[ Unit groups

Paste
Add new child category

Mew MySCOL connection

|ﬂ Actors
X sources
Y LCIA results

Description

Reference process

ManoTech_Pro

[F] Cellulose casing production

[F] Construction of casing factary

[F] Construction of masterbatch factory
[F] Construction of nanocasing factory
[F] Masterbatch production

[F] Manocasing production

||E Prospective technology production
[F] Reference technology production

[ add connected processes

Connect with system processes if possible

Finish

GreenbDeLTa
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— System view

File Edit ProSuite Window Settings

JE R  f#xX HFXEoBE&K-E-E B

Help

8% outline 22
Select process (* = any string)

1,1-difluoroethane, HFC-12 ~
1-butanol, propylene hydr
8 d; il @
A disposal, fail... 9 1-pentancl_at plant [Euro

File Edit ProSuite Window Settings
HER  #x%Xx HAEBDEH-R-B|Eag¥

""" & newproductsystem 5

Help
| facilities, che... H Bair separation... @

= O| B outline = =g
~ | |Select process (* = any string)

2 aluminium, pr... @ =

B transport, lor...

1,1-difluoroethane, HFC-152a, at plant [L ~
1-butanol, propylene hydroformylation,
1-pentanal, at plant [Europe]
1-propancl, at plant [Europe]
2-butanol, at plant [Europe]
2-methyl-2-butanol, at plant [Europe]
3KWp facade installation, multi-5i, lamina
3kwp facade installation, multi-Si, panel,
3kwp facade installation, single-Si, lamin
3kWp facade installation, single-5i, panel
3kwp flat roof installation, multi-Si, on rc
3kWp flat roof installation, single-Si, on r
3kwp slanted-roof installation, a-Si, lami
3kwp slanted-roof installation, a-Si, pant
3kWp slanted-roof installation, CdTe, lan
3kwp slanted-roof installation, CIS, pane
3KWp slanted-roof installation, multi-Si, |
3kwWp slanted-roof installation, multi-Si, ¢
3kwp slanted-roof installation, ribbon-Si
3kwp slanted-roof installation, ribbon-5i
3kwp slanted-roof installation, single-5i,
3kwp slanted-roof installation, single-Si,
[sulfonyllurea-compounds, at regional st
[thio]carbamate-compounds, at regional
[thio]carbamate-compounds, at regional
acetaldehyde, at plant [Europe]
acetamide-anillide-compounds, at regior
acetic acid, 98% in H2Q, at plant [Europe
acetic anhydride from acetaldehyde, at ¢
acetic anhydride from ketene, at plant [E
acetic anhydride, at plant [Europe]
| || f acetone, liquid, at plant [Europe]

L LTH acetonitrile, at plant [Europe]
e acetylene, at regional storehouse [Switze
acrylic acid, at plant [Europe]
acrylic binder, 34% in H2Q, at plant [Eure
acrvlic dispersion. 63% in H2O. at nlant)[ h

Bairssgarazon 8

General information l Graph ] Parameters

= properties 1 l

Pr.. Value

:

Eyr=ryren
LI !
P

< >

General information | Graph| Parameters <
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— LCI calculation

Calculation properties

Please select the properties for the calculation

Allocation method

LClA method

MNormalization/weighting set |

Calculation type ® Quick results

O Analysis

) ) File Edit ProSuite Window Settings Help
(U Monte Carlo Simulation - . B @ % Iﬂ
Number of iterations: 100 | % NanoTech Xy _ ="
Life cycle inventory of NanoTech {astraln_rev6)
Inputs Outputs
Save as default Reset | | Calculate - N - -

Flow Category Flow property Amount Unit Standard deviation Flow Cat
[F] Aluminium, 24% in ... Elemen... Mass 1424.. kg [F] 1,4-Butanediol Ele
[F] Anhydrite, in ground ~ Elemen... Mass 250176 kg [F] 1,4-Butanediol Ele
[F] Barite, 15% in crud.. Elemen... Mass 3774 kg [ 1,4-Butanediol Ele
[F] Basalt, in ground Elemen... Mass 3162... kg [] 1-Pentanol Ele
[F] Borax, in ground Elemen... Mass 0.24559 kg [] 1-Pentanol Ele
[F] Bromine, 0.0023% i.. Elemen... hass 0.96645 kg [F] 1-Pentanal Ele
[F] cadmium, 0.30% in .. Elemen... hass 116.6.. kg [F] 1-Pentene Ele
[F] calcite, in ground Elemen... hass 3.187.. kg [F] 1-Pentene Ele
[F] Calcium carbonate, ... Elemen... Mass 1.322.. kg [F] 1-Pentene Ele
[F] carbon dioxide, in .. Elemen... Mass 1.041.. kg [F 2,4-D Ele
[F] carbon, in organic ... Elemen... Mass 403696 kg 5] 2-Aminopropanol Ele
[£] Cerium, 24% in bas.. Elemen... Mass 0.12300 kg [£] 2-Aminopropanal Ele
[F] Chromium, 25.5% i.. Elemen... Mass 7249... kg [£] 2-Aminopropanal Ele
[£] Chrysotile, in ground  Elemen... Mass 213336 kg [£] 2-Methyl-1-propanal  Ele
[£] Cinnabar, in ground  Elemen... Mass 0.41418 kg [F] 2-Methyl-1-propancl  Ele v

< >

General information | Life cycle in\rentor}rl




— Results analysis -prosuite

5 =0

Locations ~
O Flows |-, Magnesium v|
(® Impact categories @ Freshwater eutrophication v |

'~ Result contributions

Location Amount Unit o)
— Global 858.70261 .
Switzerland 20.58040
Germany 0.69875
Poland 0.53926
Europe 0.48670
Greece 0.22678 v

GreenbDeLTa

> v

S t : - ] Sy e
General information |LCI - Total | LCIA - Total | Process contribut... | Process results | Flow contributions | Locations | Sun burst| Localised LCIA (b...| Sankey diagram | >
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PROSUITE plugin

» A plugin-architecture and “framework”
has been implemented in the DSS

File Edit Window | Settings | Help

72 Check for Update

Mavigation &2

Preferences

Plugin Manager

Plugins =

Lca openLCA nexus plugin
S

Available version: 1.2
Installed: 1.2.0

A plugin enabling interaction with the openLCA nexus LCA data
stare, Enables impart of .nexuspack files.

» ] .
openLCA Prosuite plugin
@ P plg Install

Available version: 1.1.0,
Nat installed
A plugin extending openLCA with ProSuite features

@ openLCA must restart for changes to take effect. Would you like to restart now?

raannalTa

areenbDeLTa

0 items selected




— Results of the macroeconomic modul

-prosuite

13 X
File Edit ProSuite Window Settings Help
&l '-.'r; @ x
' Navigation £ |- Search| = % ~ = O ProSuite Result Viewer, & o
4 & MySQL at localhost:3306 ProSuite results
+ (@ dbpro
[ ei2_lcia
4 [@) prosuite_test NanoTech_Ref NanoTech_Pro
Ij:‘ Projects Production Volume (Monetary) 725006466.9759847 2663611.652892418
i+ [ Product systems
[# LCIA methods Production Volumne - Functional Units 72550644 2665409673
» [P Processes
b Ij Flows Total Cost (€ per FU) 9.99310863423879 9.993254244832247
" 'j Flow properties Direct Capital Requirements (€ per FU) 7.580986964615145 7.096588324622095
&[4 Unit groups
& Actors Direct Compensation of Employees (€ per FU) 1.019893667828733 0.0358856404273864
4 Sources i
Total Comp n of Employ 5.32481887351708 5.477359304809709
3 LCIA results
- [ testcost Impert Dependency - FU - % 0.6780775089156794 0.5900200217433419

» (@ testiled

Financial Risk - FU Capital Cost/Total Cost

Total Comp tion of Employ - Full Scale
Total Capital Compensation - Full Scale
Import Dependency - Full Scale - €

BW Linkages - Full Scale

FW Linkages - Full Scale

Structual Index - Full Scale

Capital Productivity - €€

Labour Productivity - €€

Labeur Productivity - €/hours
Resource Productivity

Novelty

GDP - Full Scale -€

0.10006596118128446

40821787636094 48

11944855371327.08

1155752692038 485

1.779866568979264

2.7095396455864584

201.9123189662561

6.768635985889879

1.980569264466186

3.018741809629095

0.5018326766445351

0

15747062218683.36

0.10006750308760774

40821787676752. 734

11944855470988.765

1155752765273.0525

4.641925313609631

2.5993753012021034

201.91231881754672

6.768635929454236

1.9805692625047721

3.018741801842367

0.5018326693900558

0

15747062216260.431

Macroeconomic results
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Sustainability assessment

 Input: results from the other modules

* OQutput—-> Multi-Criteria tool:

— Graphical display of alternatives performance
for endpoint indicators

System Number 1 & System Number 2
L5
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Multi-criteria tool

— Ranking of alternatives applying Condorcet

decision rule
 following a strong sustainability idea, the
integration module will not compute a single

score but keep the sustainability dimensions
separate

— Sensitivity analysis results
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Project PROSUITE

Towards standardisation?

areenbDeLTa
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Towards standardisation

— Candidates:
 Sustainability framework..
e ..0r parts of it
* Indicator sets

» Approaches for data collection
(in the context of life cycle sustainability assessment)

« Approaches for data quality assurance
(in the context of life cycle sustainability assessment)
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Comments and feedback

welcome!

Thank you for your attention

Contact:

Dr Andreas Ciroth

GreenDelta GmbH
Mullerstrasse 135, D-13349 Berlin
ciroth@greendelta.com
www.greendelta.com

GreenbpeLTa



