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The daunting job of the mitigation strategy

CCS: a key strategy 
to manage the 
transition toward 
carbon-free energy 
sources and carriers

Investment costs of low carbon 
technologies according to literature

JRC Tecnical Report, 2018, “Cost development of low carbon 
energy technologies”

How can we meet the Paris targets ?
– There’s NO SINGLE solution
– Must pursue a portfolio of strategies

• higher energy efficiency
• more renewables
• fuel switching
• CCS
• nuclear
• etc., etc. …
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CO2 capture from carbon-based fuels
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In an energy conversion systems fed with fossil fuels, CO2
capture can be pursued according to three basic concepts

1. Treat the fuel  pre-combustion capture

2. Treat the oxidizer  oxy-fuel

3. Treat the flue gases 
post-combustion capture



ECOMONDO– Rimini, 08 novembre 2018
5

CO2 capture concepts
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What is CC(U)S ?

CCS refers to a set of CO2 
capture, transport and storage 
technologies to abate 
emissions from stationary CO2 
sources
1. Capture CO2-rich gas
2. Transport (pipeline or 

shipping)
3. Injection (or Utilization)

“LEADING THE ENERGY TRANSITION FACTBOOK - Carbon Capture and Storage Bringing Carbon 
Capture and Storage to Market - SBC Energy Institute - September 2012”
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CC(U)S: Capture

Coal power plant (“Boundary 
Dam”) in Canada: 
1.3 Mt/year of CO2 captured 
(2014).

Coal power plant (“Petra 
Nova”) in Texas: 
1.6 Mt/year of CO2 captured 
(2016).
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Petra Nova – July 2018
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CC(U)S: Transport

USA – 6,000 km of pipelines in the last 40 years
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CC(U)S: Storage

Sleipner plant: 
0.85 Mt/year of CO2 (1996).
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Reaserch and demonstration efforts: Power
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Reaserch and demonstration efforts: Non-Power

Val Verde;  NG processing;  Pre-combustion;  
EOR;  CO2 to storage = 1.3 Mt/y

La barge;  NG processing;  
Pre-combustion;  EOR;  CO2 

to storage = 7 Mt/y

North sea;  NG processing;  Pre-combustion;  
Geological Storage;  CO2 to storage = 0.9 Mt/y

Hammerfest;  NG processing;  Pre-combustion;  
Geological Storage;  CO2 to storage = 0.7 Mt/y

Fort Stockton;  NG processing;  Pre-combustion;  
EOR;  CO2 to storage = 8.4 Mt/y

Lost Cabin Gas Plant;  NG processing;  Pre-
combustion;  EOR;  CO2 to storage = 0.9 Mt/y

Santos;  NG processing;  Pre-combustion;  
EOR;  CO2 to storage = 1 Mt/y

Saudi Arabia;  NG processing;  Pre-combustion;  
EOR;  CO2 to storage = 0.8 Mt/y

In-Salah;  NG processing;  ;  Geological 
Storage;  CO2 to storage = 1 Mt/y

Barrow Island;  NG processing;  Pre-
combustion;  EOR;  CO2 to storage = 3.7 

Mt/y

Enid;  Fertilizer production;  Industrial 
separation;  EOR;  CO2 to storage = 0.7 Mt/y

Coffeyville;  Fertilizer production;  Industrial 
separation;  EOR;  CO2 to storage = 1 Mt/y

Alberta;  Fertilizer production;  Industrial 
separation;  EOR;  CO2 to storage = 0.6 Mt/y

Collie Burn;  Fertilizer production;  
Industrial separation;  Geological Storage;  

CO2 to storage = 2.5 Mt/y

Port Arthur;  Hydrogen (SMR);  Industrial 
separation;  EOR;  CO2 to storage = 1 Mt/y

Scotford;  Hydrogen (SMR);  ;  
Saline;  CO2 to storage = 1 Mt/y

Weyburn;  Syngas production;  Pre-combustion 
(Gasification);  EOR;  CO2 to storage = 3 Mt/y

;  Chemical production;  Industrial separation;  
Geological Storage;  CO2 to storage = 1 Mt/y

Yanchang;  Chemical production;  Precombustion 
(Gasification);  EOR;  CO2 to storage = 0.4 Mt/y

DongYing;  Chemical production;  Industrial 
separation;  EOR;  CO2 to storage = 0.5 Mt/y

Abu Dhabi;  Steel production;  ;  EOR;  
CO2 to storage = 0.8 Mt/y

Fort Saskatchewan;  Oil Refining;  
Industrial separation;  EOR;  CO2 to 

storage = 1.3 Mt/y

CO2 to storage = 1 Mt/y   -
OPERATE/EXECUTE -

LARGE SCALE CCS PROJECTS - INDUSTRY
SOURCE:https://www.globalccsinstitute.com/projects/large-scale-ccs-project
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CC(U)S: Utilization
Technology Readiness Level for main CO2-based products



ECOMONDO– Rimini, 08 novembre 2018
14

CC(U)S: Utilization
Novel CCU Technologies, research and climate aspects. A SAPEA Report

• Under what circumstances CCU for 
production of fuels, chemicals and materials 
can deliver climate benefits and what are 
their total climate mitigation potential in 
the mid- and long-run?

• How can the climate mitigation potential of 
CO2 incorporated in products such as fuels, 
chemicals and materials be accounted for 
considering that the CO2 will remain bound 
for different periods of time and then may 
be released in the atmosphere?

Where does 
it come 
from??? Where does 

it go???
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CCS policy and political support over time

SBC Energy Institute (2016), Low carbon energy technologies fact book update: carbon capture and 
storage at a crossroads

Committed public funding is a fraction of initially hoped-for levels, due to 
depressed carbon prices, projects being cancelled and funds not being 
reallocated
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to the development of CO2 capture technology
Multi-scale approach

“Presentation: “The role of research in realizing CCS” – Nils A. Rokke – SINTEF – ECRA/CEMCAP/CLEANKER 
workshop, 2018”
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Non-power: the Norwegian Project

• 1,580,000 tonnes of CO2/year 
coming from:

• 400,000 t/y from FORTUM 
OSLO VARME;

• 400,000 t/y from NORCEM, 
HEIDELBERG CEMENT;

• 780,000 t/y from YARA’S 
AMMONIA FACTORY.

• Storage: 50 km from the coast;
• The cost for planning and 

investment for such a chain is 
estimated to be between 0.750 and 
1.32 billion euro (exluding VAT)
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Non-Power: Cement - LEILAC project
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Non-Power: Cement - CLEANKER project

The ultimate objective of CLEANKER is 
advancing the integrated Calcium-looping 
process for CO2 capture in cement plants.

Kick-off meeting - Piacenza, 18-19 ottobre 2017
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CLEANKER project
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EU Emission Trading System (ETS)

https://markets.businessinsider.com/commodities/co2-emissionsrechte

1
 -

Y
EA

R
5

 -
Y

EA
R

S

€ / tCO2

€ / tCO2

“The recent 
increase in CO2 
prices might 
indicate that this 
will change in 
the future, and 
our analysis
shows that 
prices of €10-
30/ton could be 
sufficient to 
make low-
emission 
alternatives 
compete with
coal and gas 
during 2020-
2030”

ERCST, Wegener Center, 
Nomisma Energia, I4CE 
and Ecoact, «2018 State 
of the EU ETS Report», 
2018
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Revenues from auctions of EUA (EU Allowances)

In EU (EU data, 2017)

• 3.7 billion € in 2013
• 3.2 billion € in 2014
• 4.9 billion € in 2015

Italy (GSE data)
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CO2 market: practicing CO2 utilization

Nogara plant: 100% of CO2 
used (99,9% purity), comes 
from the Nogara 
quadrigeneration system

*The CO2 market:

Demand: The current global CO2 demand is 
estimated to be 80 Mtpa, of which 50Mtpa is 
used for EOR in North America. The future 
potential demand for CO2 that could eventuate 
by 2020 is estimated to be 140Mtpa, taking 
into consideration the current development 
status of the short-listed reuse technologies.

Current CO2 used for food sector
worldwide: approx. 12 Mt/y 

Price of CO2: 80 – 150 €/tonnes**

Possible saving: average 1.4 B€ per year*https://hub.globalccsinstitute.com/publications/accelerating-uptake-
ccs-industrial-use-captured-carbon-dioxide/2-co2-market
**(PRODUCT FACT SHEET FOOD-GRADE CO2 - CEMCAP project)
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• Need to speed up CCS in lieu of the IPCC SR15
• CCS is now a viable technology, although integrated, large-scale 

projects need further demonstration. Must cover the whole
value chain for CCUS

• Innovation needed: 
• Policy perspective – Measures, regulations and incentives for 

CCUS
• Systemic perspective –Evaluate energy system and its CCU 

sub-systems with consistent definitions of system 
boundaries and reference datasets.

• Technology perspective – Must overcome a number of 
scientific and technical challenges

• R&I key for CCS to happen - derisk, optimize, reduce costs. Cost 
reduction appears to be the first R&D’s priority

• Stakeholders of demonstration projects need to secure public 
support for storage and develop awareness of CCS benefits

• Utilization can accelerate initial penetration into the market

Summary
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The End

Thank you for
your attention
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Contacts at LEAP

LEAP s.c.a r.l.
Via Nino Bixio 27/C – 29121 Piacenza

Tel.: 0523-357779
E-mail: info.leap@polimi.it

www.leap.polimi.it
www.mater.polimi.it

www.cleanker.eu

http://www.mater.polimi.it/
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CC(U)S – Storage vs Utilization
Utilization
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7 cases showing the effect of R&I

“Presentation: “The role of research in realizing CCS” – Nils A. Rokke – SINTEF – ECRA/CEMCAP/CLEANKER 
workshop, 2018”
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