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Il Cambiamento Climatico tra Scienza e «negazionismo»

“Oggqi il riscaldamento del sistema climatico é
inequivocabile, e, dal 1950, molti dei cambiamenti
osservati sono senza precedenti. Latmosfera e gli oceani si
sono riscaldati, la massa di neve e ghiaccio e diminuita, il
livello del mare é aumentato, e soprattutto sono
aumentate le concentrazioni di gas ad effetto serra”

Intergovernmental Panel on ClimateChange

In the East, it could be the COLDEST New Year's Eve on record. Perhaps we could
use a little bit of that good old Global Warming that our Country, but not other
countries, was going to pay TRILLIONS OF DOLLARS to protect against. Bundle

up!

. Donald J. Trump @ @realDonaldTrump - 28 dic 2017 v
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Cambiamento climatico e CCS
CLEAI\IKER
o..
Global CO, emissions CO, intensity of global electricity generation
+ 50 < 600
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== New Policies Scenario
10 == 450 Scenario
430 GW,_ da impianti con CCS
1990 2015 2040

Rispetto allo scenario “"Current Policies”, la riduzione delle emissioni
di CO, da realizzare nei prossimi 25 anni per stabilizzare la
concentrazione a 450 ppm ammonta a 300 miliardi di tonnellate

- Source: World Energy Outlook 2016, IEA
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Cambiamento climatico e CCS CLE AI\]KER

CCS: una strategia cruciale per gestire la transizione
verso un‘economia “low carbon”

+~ 35 1400 G
O Source: World Energy Outlook 2016, IEA
30 1200
25 1 000
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15 600
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5 . 200
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2015-2100
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La mitigazione dei cambiamenti climatici e il ruolo del CCS
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Come raggiungere gli obiettivi dell’accordo di Parigi?

* Non esiste un’unica soluzione!

CLEA“KER

* Lobiettivo puo essere raggiunto con una combinazione di diversi interventi:

Global CO, emissions reductions in 3 3
the New Policies and Sustainable
Development Scenarios

Energy efficiency and renewables account 24
for 80% of the

Aumento dell’efficienza energetica

Aumento dell’utilizzo delle energie rinnovabili
Cattura e stoccaggio della CO, (CCS)

Energia nucleare

Sostituzione di combustibili (da carbone a gas)

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

New Policies Scenario

20

Sustainable
Development Scenario

cumulative CO2 emissions savings in the

Sustainable Development Scenario

16 |

2010

T 1
2030 2040

Source: World Energy Outlook 2017
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La cattura della CO, nei processi di combustione

Nei processi di conversion dell’energia che utilizzano
combustibili fossili, la cattura della CO, ha tre percorsi per
essere perseguita:

1. Treat the fuel =2 pre-combustion capture

Carbon- > -
based Fuel Energy Conversion ue gases
\ System
\
Useful
Energy

3. Treat the flue gases 2
post-combustion capture




La cattura della CO, — Percorsi possibili
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Post-combustion

Pre-combustion

Oxy-fuel

Industrial-CCS

Fuel =——————p

Air  —)

Flue gases

Energy Conversion &
1—

Power Generation

CLEA“KER

CO, separation |
& compression |

Fuel =——————py-

Alr ==~ Air separation = N,

Gasification/
Reforming + Water

CO, separation ’
& compression ‘

y Ha-rich syngas CO, conditioning,

Energy Conversion &
Power Generation

compression,
transport &

—

Fuel =

storage/utilization

Air f

Energy Conversion & | | Flue gases

Power Generation

CO; separation |
& compression |

fo

Alir ===~ Aijr separation = N,

‘HZO and non-condensables

Fuel =—————py

Air  ——

Industrial Process entailing Chemical & Energy Conversion ‘
as well as CO, separation & compression ‘

‘ Waste streams

‘ Product streams

Co-funded by the Horizon 2020
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Cattura e stoccaggio della CO, - CCS cLEANKER

" ]
.o.
1. Cattura della CO, dai fumi dell’impianto industriale o della centrale elettrica,
evitandole I'emissione in atmosfera

2. Trasporto della CO, liquida con tubazioni o con nave
3. Iniezione della CO, nel sottosuolo ad alta profondita (o suo utilizzo industriale)

Mineral carbonation

CO; geological| 4
storage

Ocean storage
(Ship or pipeline)

Y [COgeological
3 storage

e
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°
®

Cattura e stoccaggio della CO, - CCS

3. Stoccaggio della CO,: 'esempio dell'impianto di Sleipner (0.85 Mt/anno di CO, dal 1996).

—

f
f
~r
~ Norway

?

(17 [ (T}
e 19 EERY -I'-lll =-‘
ARt
PZLLEUS LI

Y

Sleipner East Field
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Cattura e stoccaggio della CO, - CCS cLEANKER

°
®

1. Cattura della CO, dai fumi dell'impianto industriale o della centrale elettrica,
evitandole I'emissione in atmosfera

Impianto di cattura
della CO, (1.3 Mt/anno)
dalla centrale elettrica
a carbone “Boundary
Dam” (Canada) dal
2014.

. A

BOUNDARY DAM CCS PROJECT

—— - _./-"

T T !
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Cattura e stoccaggio della CO, - CCS CLE AI\]KER

1. Cattura della CO, dai fumi dell'impianto industriale o della centrale elettrica,
evitandole I'emissione in atmosfera

Impianto di cattura
della CO, (1.6 Mt/anno)
dalla centrale elettrica
Cogenerationpions Y I 3k L = | a carbone “Petra Nova”
werforc?sftm). r = > :. 1 el w0 “ (Texas) dal 2016.
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Cattura e stoccaggio della CO, - CCS éLE AP]KER

®

2. Trasporto della CO,: esiste gia ampia esperienza industriale, soprattutto negli USA
dove oggi sono presenti 6°000 km di condotte di CO, sviluppate negli ultimi 40 anni

]
"\ ‘ ! } /
L\ [ SHEN ‘ - CO, pipelines in North America
"\
A /| Canada AN ssenos
‘I 1‘ S Proposed
! !
/ ] l \ ! Different colours represent
1 \ | ' different pipeline operations |
R l'/Gnd 1 Coal Gasification @ CO, Scuross
( Plant Soureo

N\t)mtedSt?tes of?-\ménca i
LMG.MW f
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Cattura e stoccaggio della CO, - CCS cLEANKER

°
®

3. Stoccaggio della CO,: ampia esperienza industriale, soprattutto negli USA per
aumentare la produttivita di giacimenti di petrolio.

W CO, storage ¥
[ CO,siorage -proposed o
% CO_-EOR/EGR/ECEM

¥ CO,-EOR(EGR/ECBM - proposed
A 2cd Gas

* Comprehensive moniiorng
(43) Number of projects, 1 =1
i, Area ith multipk projects

i
1000 Km
Scale at Eguator
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Cattura e stoccaggio della CO, - CCS
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CLEA

3. Stoccaggio della CO,: esistono moltissimi giacimenti naturali di CO, in tutto il Mondo.

~Barenis Sea
Miller
North Sea
Alberta Basin N Kevin Sunburst BFEE‘M
W / Vorderrhéhn— 34 atraderecske
La Barge_"" . Niévre -
Slawter- Brown Sunrise 5 s<—Mihalyi
Four Corners Area - , Vichy
(25 occurrences)“"“%\-‘-/ o4—Indian Creek pso0 i) s<Flgrina

- Paradox Basin

«€—Jackson Dome Lggera

Gordon Creek

/" Area with multiple
*, accumulations

,-=~-+~Dodan

Chukchi Peninsula —>* |

Kamchatka volcanic regio
Primoyre —>e
Wanjinta

A

Huanghua sag
‘gjiyang Sag

5 *~.  Shanshui Basin Huanggqiao
Farnham Dome San Juan Basin Central Saha-’a"f * p Yinggehai\ﬂ?" ""‘Oujiang sag
StJohn's/ g Pelagian Shelf / Hoo Huizhou sag
Popocatapetl Volcano P SW Sirt Basin Middle East "G, it o Thailand—28 Panyu sag
Masaya & Cerro Negro Volcanos West Thailand Coast; j e4Natuna ___frian Jaya
m—
Cakerawal
Galeras Volcano Sumatran Basin B&——Timor Sea
Java Basin
Gas Composition Carnarvon Basin :
Caroline
" 5.50% CO, Ladbroke Grove — e
* 50-100% CO, 1 Trapial 7

Yolla~ Taranaki Basin

| E—
1000 Km
Scale at Equator

KER

Co-funded by the Horizon 2020
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Progetti di ricerca - Power

Grangemouth; Postcombustion; Saline;
CO2 to storage = 3.8 Mt/y; Pel=570 MWe
Korea; oxy/IGCC ?; Saline; CO2 to
storage =1 Mt/y; Pel=300/500 MWe

Kemper county; IGCC precombustion; EOR; 5
€02 to storage = 3 Mt/y; Pd=582 MWe

CO2tostorage =1 Mt/y -
DEFINE/EVALUATE -

- CLEANKER — Grant Agreement n° 764816

Co-funded by the Horizon 2020
Framework Programme of the European Union




Progetti di ricerca — Industry

Hammerfest; NG processing; Pre
Weyburn; Syngas production; Pre-combustion Geological Storage; CO2 to storage

cezstord Whiigioe ek Gl TRES (Gasification); EOR; CO2 to storage =3 Mt/y

Saline; CO2 to storage = 1 Mt/y

Lost Cabin Gas Plant; NG processing; Pre-
Alberta; Fertilizer production; Industrial combustion; EOR; CO2 tostorage =0.9 Mt/y
separation; EOR; CO2 to storage = 0.6 Mt/
y Enid; Fertilizer production; Industrial

Fort Saskatchewan; Oil Refining; | e - g g B '; . ey Yanchang; Chemical production; Precombustion
Industrial separation; EOR; CO2 to 2l . . : " : G ey (Gasification); EOR; CO2 to storage = 0.4 Mt/y

storage = 1.3 Mt/y AR J A el - - %
7/ Saudi Arabia; NG processing; Pre-combustion;
La barge; NG processing; = ; ge = 0.8 Mt/
Pre-combustion; EOR; CO2 3 ;

; Chemical production; Industrial separation;
to storage = 7 Mt/y

Geological Storage; CO2 to storage =1 Mt/y . .
Port Arthur; Hydrogen (SMR); Industrial 4 T ’ ' = - e
Fort Stockton; NG processing; Pre-combustion; separation; EOR; CO2 tostorage =1 Mt, oy u Dhabi; Steel production; ; ; - _
EOR: CO2 ti storageg= 8.4 Mt/y - 2 — & /Y 0!l CO2 to storage = 0.8 Mt/y 4 Barrow Island; NG processing; Pre-
Z . - o L e v % | combustion; EOR; CO2 tostorage =3.7
N
In-Salah; NG processing; ; Geological ‘ g Mt/y
Storage; CO2 to storage = 1 Mt/y 5 . !

Collie Burn; Fertilizer production;
Industrial separation; Geological Storage;
CO2 to storage = 2.5 Mt/y

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

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

- CLEANKER — Grant Agreement n° 764816
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La cattura di CO, nei processi industriali: il settore cemento CLEAI‘IKER

..
CO2 emissions from industrial sources
2008 - total 7.4 Gtons RaW meal
h .
?;,o%;,x B C2e7r1110%2t (CaCO,+additives)
CO, emissions: :
High-purity 900-1000 kgCOZ/tclk |i
sources 7,0% II
1
Refineries ~ CO from g2
10,0% \_Iron & Steel 2 o \
31,0% CaC0O4(60%)
In 2008, the cement industry was responsible for 27% of
the 7.4 Gt.,, emitted by industry, i.e. ~ 2 Gt
coz EMILLE y / coz Co, from 7
In 2050, CO2 emissions from cement production are
expected to reach 2.5 Gt fuel (40%)
Coal
CaO +
In the calciner, CO, is generated from: | air additives
> to kiln

Il air

1) Limestone decomposition Kiln exhausts

(CaCO;=>»Ca0+CO0,) N\ -:':_
me_———1

2) Fuel oxidation m—

j Ll

\® Rotary Kiln

- CLEANKER — Grant Agreement n° 764816 18
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Ca-looping
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CO2 capture by Calcium Looping comprises two basic steps

CLEA“KER

e 1) Capture diluted CO2 by calcium oxide (CaO) to form calcium carbonate (CaCO3):

CaO g +CO, P CaCOs5  Ahg= - 179 kJ mol!

* At atmospheric pressure this Carbonation reaction takes place around 650°C with the

release of a significant amount of heat, which can be used in a steam cycle
* 2) Release highly-concentrated CO2 by oxy-fuel Calcination at about 950°C.

for storage is obtained by purifying the flow generated in the calciner.

Liquid CO2

* The same CaO keeps looping across the Carbonator and the Calciner, with a fraction being
purged to maintain adequate reactivity

Calciner (950°C)

CaCO, = CaO+CO,

 CaCo,

<

|

CO_,—rich flow to
purification and
then storage

Fuel Make-up
CaCo,

CaO ‘

CaO purge

»
»

Carbonator (650°C)

Ca0+CO, = CaCo,

|

CO,—poor flow

1
CO,-laden flow

Reaction
Heat

- CLEANKER — Grant Agreement n° 764816
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Perspectives: capture in Nat Gas-fired Combined Cycles

13th International Conference on Greenhouse Gas Control Technologies, GHGT-13, 14-18
November 2016, Lausanne, Switzerland

Evaluation of five alternative CO, capture technologies with [$ Avoided cost: ~ 100 $/t,,
insights to inform further development

Jonathan Forsyth**, Stuart Lodge®, Stefano Consonni’, Daniele Di Bona®, Manuele Is it rea"y d high price for
Gatti®, Emanuele Martellib, Roberto Scaccabarozzib, Federico Vigan(‘)b )
Carbon Capture ?

“BP International Limited, Chertsey Road, Sunbury on Thames, Middlesex, TW16 7BP, United Kingdom,
Consorzio LEAP — Laboratorio Energia e Ambiente Piacenza, Via Nino Bixio, 27/C - 29121 Piacenza, Italy.

* Current values of CO2 emission allowances are much lower than projected cost of CO2
avoided from CCS

* Yet the incentive programs put in place in many countries value CO2 avoided much more
* Example: incentives to Photo-Voltaic plants

* In several European countries PV production still benefits of incentives in the range 200-
350 €/MWh

* Assuming that 100% of PV electricity displaces electricity from fossil fuels with a CO2
intensity of 500 kg/MWhe, such incentives translate to 400-700 € per ton of CO2 avoided

- CLEANKER — Grant Agreement n° 764816 20

Co-funded by the Horizon 2020
Framework Programme of the European Union



G =AM clinkkE by calziem
looping Tor ¢w-C_ cement

Carbon Capture and Utilization (CCU) CLEAI‘IKER

f -
L Utilization |<€— Capture —>» Storage
| .
v
Processi di Processi senza
conversione conversione
: Impiego Impiego
Prodotti " _
BiCi Combustibili come come fluido
solvente di lavoro

* Le tecnologie CCU mirano, in generale, a un duplice obiettivo: ridurre le emissioni di CO2
in atmosfera e, contemporaneamente, creare prodotti a valore aggiunto in grado di
equilibrare in parte i costi di cattura della CO,;

* Ovviamente, chiave di questo processo innovativo e quello di assicurare che i processi
non comportino una ulteriore produzione di CO, rispetto a quella rimossa;

* Le tecnologie CCU comprendono un’ampia famiglia di tecnologie che possono utilizzare la
CO, sia in processi chimici (come per esempio nella fabbricazione di nuovi prodotti), sia in
processi in cui la CO, agisce come solvente o fluido di lavoro.

- CLEANKER — Grant Agreement n° 764816 21
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CLEA“KER

CCU - Tecnologie di riutilizzo

* Produzione di combustibili: tecnologie per la produzione di combustibili e vettori
energetici rinnovabili dalla CO2 separata e dall’idrogeno (derivante da fonti rinnovabili),
anche per applicazioni di energy storage.

* Produzione di materiali: tecnologie che utilizzano la CO2 per incrementare la
fabbricazione di determinati prodotti.

* Mineralizzazione: tecnologie che impiegano la CO2 per una piu veloce degradazione
chimica di alcuni minerali, con produzione tipicamente di materiali da costruzione.

* Produzione di reagenti chimici: tecnologie per la sintesi di prodotti chimici intermedi sia
per I'industria chimica che farmaceutica

for fuel N . oo .
roduntion can CCU is no justification to
v * oy continue the use of
a ,second life” conventional fossil power

generation

Energy
Is this feasible ?

A real sustainable re-cycling of CO, is only
possible without continuous combustion of
fossil energy carriers.

Energy
application

- CLEANKER — Grant Agreement n° 764816 22
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La mitigazione dei cambiamenti climatici e il ruolo del CCS CLEAI‘lKER

World primary energy demand by
fuel and energy-related CO,
emissions by scenario

New Policies Sustainable Development

Current Policies

o 25 .................................................................................
g
2 20 - 40
<
3
s
8 15 - 30
=
10 20
5 10
2000 2040 2000 2040 2000 2040
I Coal MOl = Gas Nuclear Renewables —e===(CO, emissions (right axis)

Contribution of energy efficiency and
renewables to global reductions in
energy-related CO, emissions by scenario

& 50 M Energy
efficiency
40
Renewable
energy
30 e
Other
20 ......
10 ....... I ......
2016 CPS NPS SDS
2040 2040 2040

The wide difference in emissions levels across our scenarios in 2040 is
explained almost entirely by variations in policies for efficiency and renewables

Note: CPS = Current Policies Scenario; NPS = New Policies Scenario; SDS = Sustainable Development Scenario.

« . By sector
Annual CO, emissions growth by ; ; S—
sector and by fuel in the New Policies 1990-2016 _ . = industry
Scenario 2016-2040 { W Transport
Other
Source: World Energy Outlook 2017
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La cattura di CO, nei processi industriali: il settore cemento
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World CO, emissions from fuel combustion by sector and
allocation of electricity and heat to end-use sectors, 2015

Services
3%

Other *
7%

Residential

6%
Industry
19% \ Electricity

and heat
42%

Transport
1%

Transport
24%

Other*
4%
CO, emissions from fossil fuel combustion in 2015 in the

world were above 32 Gt (IEA, 2017). Industry is responsible

for about 19%. Cement sector, with ~ 2 GtCO2 is
accountable for 6%

In 2050, CO2 emissions from cement production are
expected to reach 2.5 Gt

In the calciner, CO, is generated from:

CO, emissions:
900-1000 kgco,/t

CLEA“KER

Raw meal
(CaCO;+additives) 4.

CO, from
CaCO,(60%)

CO, from
fuel (40%)

Coal

CaO +
additives

1) Limestone decomposition

(CaCO,=>Ca0+C0,)

2) Fuel oxidation

\ ;_;_

to kiln
Kiln exhausts

Il air

\® Rotary Kiln
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EU Emission Trading System (ETS)

CLEA“KER

2009 2010 2011 2012 2013 2014 2015 2016 2017
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