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Themain pillars of sustainabilityalongwith safetyaddresseth theASCENT project
x Life CycleAssessmendf theenvironmentalmpacts
x Societaleffectsandbenefits
x Safetyandregulatoryrelatedissues

Sustainability & Safety Assessment

|
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Environmental LCA Socio Economic Analysis Safety & regulatory issues
(Sarra HARBI) (Clement LENOBLE) (ThangaveluJAYABALAN)
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x Crosscuttingactivity with stronginteractions
- WP1 Performanceriteria & Benchmarking
- WP2 CombinedCa-Cuchemicaloopi procesdevelopment
- WP3 Fastsorbentmediatedvatergasshift (CSHIFT)

- WP4 SERIoopingcycle 7
INERI S - WP7 Exploitationof thedevelopedorbentechnologies Quantis
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Promote sustainable & safe developmentof the innovative ASCENT technologieswith the
main focus on the sorbent materials to be usedfor the production of electricity with CO,
capture.

T Highlight the strengthsof ASCENT technologieswith respectto the existing technologies
Decisionsupportresultsfor assessingndbalancinggainsandlosses

T Identify areasof improvementand provide recommendationgo improve sustainabilityand
safety

T Supportthe exploitationof the developedsorbentechnologiesy providing key resultsto WP7.

Environmental

Safety assessment
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A ecti [ZF]
) Objectives _%

x Evaluatethelife cycle environmentalmpactsof ASCENT technology
lines in comparison with the existing alternatives (reference
technologies),

x Assesghesocietalbenefits,conditionsfor the successfuadoptionand
marketdeployment,

x ldentify of potentialsafetyissuesof ASCENT technologiesaandcarry
out comparisorstudieswith thereferencdechnologies,

x Review of regulation and legal framework for future large scale
Implementation
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Assessment aédnvironmental
iImpactsof the new ASCENT
technologiesto be developed
comparedwith the reference
technologies identified

o
Q What are the

environmental impacts
and benefitsrelated to
these new technologies °
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‘;é:; LCA WITHIN ASCENT PROJEC- o

Help identify relevant solutionsvithin the ASCENT project

© Understand thampact of ASCENT technologies (main drivers &
contributors)

t Compare them to standard reference technologies

Understand the parameters that influence the LCA results

© ldentifythe key parameters and aspects to focus on in order to
improve the environmental performances

oA
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ég{s ENVIRONMENTAL ASSESSMEN-

Objectives

PINJ MMMMMM

Assessment of environmental impacts of thew ASCENT technologites
be developed compared with the reference technologdemntified

Thefunctionalunit (i.e. referenceunit) we will considerwill be:
Gprovidingl kWhof St SOG NKA OA G & €

Within ASCENT, the LCA will focus on the following environmental impact
categories over the entire life cycle of the processes

Screening Detailed
Natural Water
resources footprint
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/Y System boundaries & technologies to be - /4

0 compared
Power generation

Type of power plant Reference Cases Corresponding Ascent technology
NGCavithout CQ, capture A NGfired PPwith CQ captureby Ca
Cuprocess
. NGCvith C tureMEAab ti : :
Natural GasCombined ! Q capture Ahsorpton A NGfired PPwith CQ captureby SER
Cycleplants(NGCC) andcombinedcycle
NGCGQwith pre-combustionCQ capture | & NG fired PP with CQ capture by
by ATRandMDEAprocess GSHIFEndexProcess
NGSOF®asedPPwithout CQ capture
NEIE] - CEs SOre A NGfired PPwith CQ captureby SER
based plants (NG dSOFG
SOFC) NG SOFGasedwith CQ captureby LT| &N BT

CQ separation

Coalfed IGCQvithout CQ capture

Coa_U]:fed_ mtegégtegl A IGCCwith CQ capture by GSHIFT
gasification combined| cog| fed IGCCwith CQ capture by EndexProcess

cycleplants(IGCC) physicabbsorptionby Selexobrocess
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LCA APPROACH I%uonjiaa

An iterative approach

Conventional Novel technologies
systems Ascent

. o 4. Results interpretation
1. System boundaries definition )
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3. Modellmg and

| P impacts
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ﬁ\ Example of Coalfed IGCC plant

Energy A Direct emissions

Heat(fuel) CO;; NO, €

Electricity j—l I
h 4 1

Feedstock —_—

(hardcoal) | BEEEEEE e e Electricit

o Coalfed I&6CC plant p—mCHIE
2

Air/ O, — Overall energy and mass balance

InfraStrUCtureS -- ' ) H2

Consumables ———
A sorbents

A catalysts

A chemicals

A membranes Wastes & ResiduesH,0 ? CO, capture ?
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C@ Overview for reference technologie I7Quontisa

(kg CQ-eq) [
c:

Ref tech 3.d SOFC pressurized-
with CCS

Results for reference technologies
Climate change (kg C&eQq)

A 3 typesof reference

. Ref tech 3.6 SOFC atm, with CC
technologies —

Ref tech 3.b SOFC pressurize

modeled so far without CCS I

Ref tech 3.a SOFC atm, without
i _ ccs ]
_ MISEEACEH _ Ref tech 2.6 1GCC + Selex: |||}
Impact according to
feed type, Ref tech 2.a1GCC without CC _
technologyand Ref tech 1. NGCC + ATR + MDt [

carbon capture
efficiency

Ref tech 1.6 NGCC + ME/ |||}

Ref tech 1.aNGCC without CC |GG

kgCO2eq/kWh 02 0.4 06 08 1




r =
'7Qu0hti8 i«

C@ Overview for reference technologie

(kg CQ-eq)

e
. o Main contributors for reference technologies

Direct emissions 5 Climate change (kg GEeq)

from the power

plantS domlnate Ref tech 3.d SOFC pressurized, wit

the Carbon ces
footprint if no Ref tech 3.¢ SOFC atm, with CC [l ™.

Carb() nCaptu re Ref tech 3.b SOFC pressurized withou
o )

Carbon Captu re Ref tech 3.a SOFC atm, without CC
makes a major Ref tech 2.6 1GCC + Selexc [N --....

difference | -
Reftech 2.alGCC without CC é

Feedstocksire a Reftech 1.eNGCC + ATR + MD [l
major contributor

Ref tech 1.6 NGCC + ME/ [lls.. ™.

«
.
.
. £
e, %o
L 7

Infrastructures are Ref tech 1.aNGCC without CC @

relevant1 though kg CO2eq/kWh 0 0.2 0.4 0.6 0.8 1
appear to be a - 7
minor contributor

H |nfrastructure ® Feedstock - Use ® Consumables ™ Direct emissions ™M Wastes



C& Ascent technologies for NGC |7Qu0ntisﬁ
- Preliminary resultskg cgeq)

A Overall carbon
footprint of Ascent
technologiessimilar
to reference
technologies with
CCS

4 )
Results for Ascent technologies
. Climate change (kg C&eQq)
Ref tech 1.e NGCC + ATR + MDI -
Ref tech 1.6 NGCC + ME/ -
Ref tech 1.a NGCC without CC _
ASCENT tech :.8IGCC + SER (ox
fired calciner) -
ASCENT tech 2NGCC + SER (in-
heated calc.)
ASCENT tech 1-&GCC + Gau -
kg CO2eq/kWh 0 0.1 0.2 0.3 0.4 0.5
. J Q$
@V
&
< c.,0
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é& MAIN CONCLUSIONS

Main drivers are
- thethermal input

andyield
- thedirect emissions
@ and thecarbon Im pOrtan ceof
capture efficiency other impact
Impact drivers - thefeedfor the S
selected power plant Indicators

technology

- Iterative approach

- Importance of - Not only CQ
havingreliable data Next ste pS emissions matters
for feed and all key - Potential of
parameters identifying leads for

- Real contributionof
Sorbents/Catalysts ?
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SocioEconomicAnalysis
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SEVENTH FRAMEWORK
PROGRAMME

SocieEconomic Analysis

A Anassessment of the overall balana# innovation (or new project, new

regulation)A YLJ O & =

New technology

Ay

G0 KS2 NE X

Is there societal equity?

1 €

Public authorities

[ 2YLI NB (2 GKS NBFSNBYyOSX Consumers/civil society

Private actors
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ﬁ Socieeconomicanalysisin ASCENT-

A Isbasedon ASCENT and benchmark configuratidefinedin the
economicevaluationof ASCENgproject (WP1)
A Developedtwo parts:
© Quantitative;
© Qualitative.
A Thequantitative part is a costbenefit-analysishasedon technico
economicand Life cycle data :

/ Data inputs \ / Cost Benefit Analysis \

: N N _
Life cycle Pollutant Emissions Valuation
assessment # assessment + impact into monetary values and
(WP 5) indicators integrated as an
_ Y, \_ Y, environmental Cash flow

Technice N [ Production data
; Operating costs
economic Capital cost

\idata wPy | | } \ /
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?L/;l Socieeconomicanalysisin ASCENT- —%

Qualitative partaimsto completethe quantitative part. It
adresses:

Questiongelatedto additionalimpacts of ASCENT technologies
(coherencecheck)

Questiongelatedto factorsthat would influence future adoption and
deploymentof the ASCENT technologies

Approachadaptedfrom decisiontools andstrategicforesight
field (structuralanalysi$
|dentification/prioritization of main impactsof the technology
|dentification/prioritization of influencefactorsfor the adoption of the

technologyc

Exampleof influencefactorsare Electricityand primary energyprices
CO2 ETmarketevolutions availabilityof raw materialsand technology
regulationand publicacceptabilityaspects.

Dependencyanalysisof influencefactors o .
INERIS P yanaly Quantis
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é ‘7 Safety Assessment

Main Objectives:

x Technologicalrisk assessmenbnthe ASCENT technologies

x Safety comparison studiesof ASCENT technologieswith the reference
ones

i pros and consof the ASCENT technologieswith respectto the REFERENCE

technologies

1 mainareasof improvement with recommendationsand perspectivesin terms
of safetyfor the developmentnd deploymentof ASCENT technologiesn the

future

x Regulatory framework for ASCENT technologies

IN E'RlS Z}uontis

sro d bl | Sustainability counts



él Safety assessment

x Maturity of the technology (early design demonstration,pre-commercial,
existingplants,ete@ )T low TRLs.

x The amountandthe level of availableinformation (processflow sheets,mass
and heat balance, process conditions, PID, equipment designs, utilities,
organisationapracticespperatingproceduressafetybarriersin placeor expectedn

futureplants,e ..).

x Local environmentandactuallayoutarenot takeninto account

x Relevantmethodologyandparametershouldbe considered
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ASCENT Technologies

Reactors using the sorbents

Auxiliary units & Power Island
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Sorbents and

reactors . H,
production and
CQ capture

Integration in
powerplant
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