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The main pillars of sustainability along with safety addressed in the ASCENT project:   

× Life Cycle Assessment of the environmental impacts  

× Societal effects and benefits  

× Safety and regulatory related issues  

 

Environmental LCA              

(Sarra HARBI)  

Socio Economic Analysis                

(Clement LENOBLE)  

Safety & regulatory issues 

(Thangavelu JAYABALAN)  

Sustainability & Safety Assessment  

Safety & Sustainability Impact Assessment 

× Cross cutting activity with strong interactions  

- WP1 Performance criteria & Benchmarking  

- WP2 Combined Ca-Cu chemical loop ï process development  

- WP3 Fast sorbent mediated water-gas shift (CSHIFT) 

- WP4 SER looping cycle  

- WP7 Exploitation of the developed sorbent technologies 



Safety assessment 

Promote sustainable &  safe development of the innovative ASCENT technologies with the 

main focus on the sorbent materials to be used for the production of electricity with CO2 

capture.  

ī Highlight the strengths of ASCENT technologies with respect to the existing technologies. 

Decision support results for assessing and balancing gains and losses. 

ī  Identify areas of improvement and provide recommendations to improve sustainability and 

safety.      

ī Support the exploitation of the developed sorbent technologies by providing key results to WP7. 

 

 

Safety & Sustainability Impact Assessment 

Societal 

Economic 
Environmental 



× Evaluate the life cycle environmental impacts of ASCENT technology 

lines in comparison with the existing alternatives (reference 

technologies), 

× Assess the societal benefits, conditions for the successful adoption and 

market deployment,  

× Identify of potential safety issues of ASCENT technologies and carry 

out comparison studies with the reference technologies, 

× Review of regulation and legal framework for future large scale 

implementation. 

 

Objectives 



Environmental LCA  



Assessment of environmental 
impacts of the new ASCENT 
technologies to be developed 
compared with the reference 
technologies identified 

We are  
developing  

great novel technologies 
for carbon capture at 

power plants ! 

 
What are the 

environmental impacts 
and benefits related to 

these new technologies ?  

WP2 
WP4 

WP3 



LCA WITHIN ASCENT PROJECT 

Help identify relevant solutions within the ASCENT project 
τ Understand the impact of ASCENT technologies (main drivers & 

contributors) 

τ Compare them to standard reference technologies 

 

Understand the parameters that influence the LCA results 
τ Identify the key parameters and aspects to focus on in order to 

improve the environmental performances 

 

Optimization!! 



ENVIRONMENTAL  ASSESSMENT 
Objectives 

Assessment of environmental impacts of the new ASCENT technologies to 
be developed compared with the reference technologies identified 

 

 The functional unit (i.e. reference unit) we will consider will be:  

  ά providing 1 kWh of ŜƭŜŎǘǊƛŎƛǘȅέ  

 

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

 

 

 

 

Screening Detailed 



Type of power plant Reference Cases Corresponding Ascent technology 

Natural Gas Combined 
Cycle plants (NGCC) 

NGCC without CO2 capture Å NG fired PP with CO2 capture by Ca-
Cu process 

Å NG fired PP with CO2 capture by SER 
and combined cycle 

Å NG fired PP with CO2 capture by           
C-SHIFT Endex Process  

NGCC with CO2 capture MEA absorption 

NGCC with pre-combustion CO2 capture 
by ATR and MDEA process 

Natural Gas SOFC-
based plants (NG 
SOFC) 

NG SOFC based PP without CO2 capture 
Å NG fired PP with CO2 capture by SER 

and SOFC system NG SOFC based with CO2 capture by LT 
CO2 separation 

Coal-fed integrated 
gasification combined 
cycle plants (IGCC) 

Coal fed IGCC without CO2 capture 

Å IGCC with CO2 capture by C-SHIFT 
Endex Process Coal fed IGCC with CO2 capture by 

physical absorption by Selexol process 

System boundaries & technologies to be 
compared  

Power generation 



 

 

 

 

 

 

 

1. System boundaries definition 

Conventional 

systems 

Reference cases 

Novel technologies 

Ascent 

technologies 

3. Modelling and 

impacts 

calculation 

4. Results interpretation 
 

 

 

 

 

 

 

LCA APPROACH 
An iterative approach 
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2. Data collection 



Gasification WSG 
Sulfur (& 

CO2) 
removal 

Combined 
cycle 

energy 
production 

(with 
HRSG) 

Energy 
 

Heat (fuel) 
Electricity 

Direct emissions 

CO2 ; NOx ; é 

Feedstock  
(hard coal) 
 

H2O 

Air / O2 

 

Infrastructures 

 

Consumables 

Å sorbents 

Å catalysts  

Å chemicals 

Å membranes  

Å etc 

Electricity 

 

 

 

  H2 

CO2 capture ? H2O ? 

Coal-fed IGCC plant 
 
 

Overall energy and mass balance  

Wastes & Residues 

Example of Coal-fed IGCC plant 



Preliminary results 



Your graph here  

Å 3 types of reference 
technologies 
modeled so far 
 

Å Difference in 
impact according to 
feed type, 
technology and 
carbon capture 
efficiency 
 

0 0.2 0.4 0.6 0.8 1 

Ref tech 1.a - NGCC without CCS 

Ref tech 1.b - NGCC + MEA 

Ref tech 1.c - NGCC + ATR + MDEA 

Ref tech 2.a - IGCC without CCS 

Ref tech 2.b - IGCC + Selexol 

Ref tech 3.a - SOFC atm, without 
CCS 

Ref tech 3.b - SOFC pressurized 
without CCS 

Ref tech 3.c - SOFC atm, with CCS 

Ref tech 3.d - SOFC pressurized, 
with CCS 

Overview for reference technologies 
(kg CO2-eq) 

Results for reference technologies 
Climate change (kg CO2-eq) 

kg CO2-eq/kWh 



Your graph here  
Å Direct emissions 

from the power 
plants dominate 
the Carbon 
footprint if no 
Carbon Capture 

 

Å Carbon capture 
makes a major 
difference 

 

Å Feedstocks are a 
major contributor 

 

Å Infrastructures are 
relevant, though 
appear to be a 
minor contributor 

0 0.2 0.4 0.6 0.8 1 

Ref tech 1.a - NGCC without CCS 

Ref tech 1.b - NGCC + MEA 

Ref tech 1.c - NGCC + ATR + MDEA 

Ref tech 2.a - IGCC without CCS 

Ref tech 2.b - IGCC + Selexol 

Ref tech 3.a - SOFC atm, without CCS 

Ref tech 3.b - SOFC pressurized without 
CCS 

Ref tech 3.c - SOFC atm, with CCS 

Ref tech 3.d - SOFC pressurized, with 
CCS 

Main contributors for reference technologies 
Climate change (kg CO2-eq) 

Overview for reference technologies 
(kg CO2-eq) 

kg CO2-eq/kWh 



Your graph here  

Å Overall carbon 
footprint of Ascent 
technologies similar 
to reference 
technologies with 
CCS 
 
 

Ascent technologies for NGCC  
Preliminary results (kg CO2-eq) 

Results for Ascent technologies 
Climate change (kg CO2-eq) 

0 0.1 0.2 0.3 0.4 0.5 

ASCENT tech 1.a - NGCC + Ca-Cu 

ASCENT tech 1.b- NGCC + SER (ind. 
heated calc.) 

ASCENT tech 1.c - NGCC + SER (oxy-
fired calciner) 

Ref tech 1.a - NGCC without CCS 

Ref tech 1.b - NGCC + MEA 

Ref tech 1.c - NGCC + ATR + MDEA 

kg CO2-eq/kWh 



Impact drivers 

- Iterative approach  
- Importance of 

having reliable data 
for feed and all key 
parameters 

- Real contribution of 
Sorbents/Catalysts ? 

Importance of 
other impact 

indicators 

MAIN CONCLUSIONS 

Main drivers are 
- the thermal input 

and yield 
- the direct emissions 

and the carbon 
capture efficiency 

- the feed for the 
selected power plant 
technology  
 

- Not only CO2 
emissions matters 

- Potential of 
identifying leads for 
holistic optimisation 

Next steps 



Socio-Economic Analysis  



Socio-Economic Analysis 

New technology 

Costs Benefits 

-Materials; 
-Utilities; 
-Workforce; 
-Taxes  

-Sales 

Environmental impacts 

Safety impacts 

Health impacts 

-CO2 emissions; 
-CH4 emissions; 
-PM emissions; 
-SO2 emissions  
-NOx emissions 
-VOC emissions  
-Ecotox releases in water 
-Soils pollution. 

-Air qualiy; 
-Drinking water quality; 
-Use of carcinogen, 
mutagen, reproduction 
toxic products; 
-Use of toxic substances 
 

-Occupational risk; 
-External risk. 
 

P
ro

xy
s 

ʅϵ 

Private actors 

Consumers/civil society 

Public authorities 

Is there societal equity? 

/ƻƳǇŀǊŜ ǘƻ ǘƘŜ ǊŜŦŜǊŜƴŎŜΧ 

Å An assessment of the overall balance of innovation (or new project, new 
regulation) ƛƳǇŀŎǘǎΣ ƛƴ ǘƘŜƻǊȅΧ 

 

 

 



Socio-economic analysis in ASCENT   

Å Is based on ASCENT and benchmark configurations defined in the 
economic evaluation of ASCENT project (WP1) 

Å Developed two parts:  

τ Quantitative; 

τ Qualitative. 

Å The quantitative part is a cost benefit-analysis based on technico-
economic and Life cycle data : 

Technico-
economic 

data (WP1) 

Life cycle 
assessment 

(WP5) 

Pollutant Emissions 
assessment + impact 

indicators 

Production data 
Operating costs 

Capital cost 
 

Valuation  
into monetary values and 

integrated as an 
environmental Cash flow 

Comparison  
of configurations using 

an  

Environmental 
Net present 

Value 

Data inputs Cost Benefit Analysis 



ÅQualitative part aims to complete the quantitative part. It  
adresses: 
τ Questions related to additional impacts of ASCENT technologies 

(coherence check) 

τ Questions related to factors that would influence future adoption and 
deployment of the ASCENT technologies 

 

ÅApproach adapted from decision tools and strategic foresight 
field (structural analysis) 
τ Identification/prioritization of main impacts of the technology 

τ Identification/prioritization of influence factors for the adoption of the 
technology ς 

ÁExample of influence factors are Electricity and primary energy prices, 
CO2 ETS market evolutions, availability of raw materials and technology, 
regulation and public acceptability aspects. 

τ Dependency analysis of influence factors. 

Socio-economic analysis in ASCENT   



Safety Assessment  



Safety Assessment  

Main Objectives :  

× Technological risk assessment on the ASCENT technologies. 

× Safety comparison studies of ASCENT technologies with the reference 

ones. 

ī pros and cons of the ASCENT technologies with respect to the REFERENCE 

technologies  

ī main areas of improvement with recommendations and perspectives in terms 

of safety for the development and deployment of ASCENT technologies in the 

future.  

× Regulatory framework for ASCENT technologies   



Safety assessment 

× Maturity of the technology (early design, demonstration, pre-commercial, 

existing plants, etcé) ï low TRLs. 

× The amount and the level of available information  (process flow sheets, mass 

and heat balance, process conditions, PID, equipment designs, utilities, 

organisational practices, operating procedures, safety barriers in place or expected in 

future plants, é..). 

× Local environment and actual layout are not taken into account.  

× Relevant methodology and parameters should be considered. 

 

 



Sorbents and
reactors : H2

production and
CO2 capture

Integration in
powerplant

Sorbents 

Reactors using the sorbents   

Auxiliary units & Power Island  

ASCENT Technologies 


