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1 minute read - January 26, 2023 10:35 AM GMT+1 - Last Updated 12 days ago S“dafrica OStaggiO della criSi
Italy plans to extend relief measures to energetuzaz ve.rso 1100 glorni
soften energy prices consecutivi di blackout

SEiE i . .

S REUTERS Il colosso locale Eskom impone tutti i giorni blackout fino a 12 ore al
giorno per salvare il sistema dal collasso. Una carenza energetica che

3 minute read - January 26, 2023 8:04 AM GMT+]1 - Last Updated 12 days ago

rischia di affondare I'economia piu industrializzata del Continente
South Korea to double energy vouchers |
amid soaring bills, cold wave

By Hyonhee Shin and Hanna Song

Reuters
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ANSA » Ambiente&Energia : Energia : Per emissioni servono cattura carbonio, idrogeno,biogas

Germany's Energy Crisis Sends It

) Per zero emissioni servono cattura carbonio,
Tumbling Down Investment

idrogeno,biogas - :
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Box 1.2 = FEra of fossil fuel growth may soon be over
100

The Stated Policies Scenario in this Outlook is the first WEO scenario based on prevailing
1990 2000 policy settings that sees global demand for each of the fossil fuels exhibit a peak or

m Oil WmCoa plateau. Coal demand peaks within the next few years, natural gas demand reaches a

Source: World Energy outioc _Plateau by the end of the decade, and oil demand reaches a high point in the mid-2030s
before falling. The result is that total demand for fossil fuels declines steadily from the

mid-2020s by around 2 exajoules (EJ) (equivalent to 1 million barrels of oil equivalent per
day [mboe/d]) every year on average to 2050 (Figure 1.9).
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Global anthropogenic emissions CONTINUE TO RISE CLEAI\] KER

a. Global net anthropogenic GHG emissions 1990-2019®

386t 426t 53Gt 59Gt 59 + 6.6 Gt I Fluorinated
P - 1 2%
0 +0.7% yr +2.1% yr +1.3% yr = gases (F-gases)
& Nitrous
‘; 50 oxide (N,0)
r
S m. B Vethane (CH,)
[G)
2 4 " Net CO,from land
:E use, land-use
= change, forestry
% 20 (CO,-LULUCF)
10 B CO, from fossil
fuel and industry
0 (CO,-FFI)
1990 2000 2010 2019 2019

IPCC - Climate Change 2022: Mitigation
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Global net anthropogenic GHG emissions by region CLEAI\] KER

386Gt 42Gt 53Gt 509Gt
60 2% International shipping and aviation
Australia, Japan and New Zealand
Middle East

arn Europe and West-Central Asia

40 W ern Asia
k. Africa

South-East Asia and Pacific

Latin America and Caribbean
20 E, North America

Eastern Asia

GHG emissions (GtCO,-eq yr')

1990 2000 2010 2019 IPCC — Climate Change 2022: Mitigation
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Breakdown by sector (2017)

«hard to abate»

Buildings
10%

Industry
23%

Other
5%

Iron and steel
27%

Other industry
26%

Aluminium

Power Transport
39% 23%

Chemicals
15%

Very «hard to abate»!

«hard to abate»

IEA, 2019. Transforming Industry through CCUS.
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Projected global CO2 emissions

GHG amissions (GICO,-eq yv )

010 25 2020 2025 2030 2035 2040 2045 2050

Modelled pathways:

B Trend from implemented policies

= Limit warming to 2°C (>67%) or retun warming to
1.5°C (=50%) after a high overshoot, NDCs until 2030
Limit warming to 2°C (>67%)

Limit warming to 1.5°C (>50%) with no or limited overshoot

I---+--4 Past GHG emissions and uncertainty for 2015 and 2019
(dot indicates the median)

IPCC - Climate Change 2022: Mitigation
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Envisioning a Wonderful World CLEAI\I KER

Tobik Ferenc 2013
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Historical cumulative CO, emissions vs budgets for limiting temperature increaseCLéAl\lKER
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2022: Mitigation 1989 2009 2019 budget budget
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Net Zero Emission (NZE) scenario (i.e. what is needed to limit warming to 1.5°C) CLEAI‘lKER

o'.'.
Unabated fossil fuels Low-emissions sources
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m Wind
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M Hydro
Nuclear
™ Natural gas
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2010
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2030

Source: World Energy Outlook 2022
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Mineral requirements CLEAI‘IKER
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Energy investments

Total energy

Trillion USD (2021)
o

Clean energy

2021 NZE
2030

End-use and efficiency

2021 NZE
2030

2021 NZE
2030

Source: World Energy Outlook 2022
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Good news: unit cost of renewable energy continues to decrease
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Photovoltaics (PV)
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IPCC - Climate Change 2022: Mitigation
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Potential contribution to reduction of CO2 emissions by 2030: Energy

Potential contribution to net emission reduction, 2030 (GtCO,-eq yr')

Mitigation options 0 ) 1 6
[ Wind energy
Solar energy
Bioelectricity
Hydropower
2| Geothermal energy Net lifetime cost of options:
2 | Nuclear energy B Costs are lower than the reference
Carbon capture and storage (CCS) 0 0-20 (USD tCOreq)
Bioelectricity with CCS B 20-50 (USD tCO-eq”")
Reduce CH, emission from coal mining I 50-100 (USD tCOreq)
| Reduce CH, emission from oil and gas I 100-200 (USD tCOeq)

" Cost not allocated due to high
variability or lack of data

—— Uncertainty range applies to
the total potential contribution
IPCC - Climate Change 2022: Mitigation to emission reduction. The
— individual cost ranges are also
B e associated with uncertainty 18

Framework Programme of the European Union
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Potential contribution to reduction of CO2 emissions by 2030: Industry CLE AI‘lKER

Potential contribution to net emission reduction, 2030 (GtCO,-eq yr™)

0 2
" Enerqy efficiency —
Material efficiency
Enhanced recycling
=
E Fuel switching (electr, nat. gas, bio-energy, H,)
2 | Feedstock decarbonisation, process change
Carbon capture with utilisation (CCU) and CCS
Cementitious material substitution
| Reduction of non-CO, emissions H
Net lifetime cost of options:
I Costs are lower than the reference
0-20 (USD tCO-eq™) _ :
- 20-50 (USD tCO:-eq“) A Uncertalnty range applles fo
I 50-100 (USD tCO,-eq-) the total potential contribution
B 100200 (USD tCOreq) o d‘?”?(‘fs“f” reduction. The | IPCC — Climate Change
Cost not allocated due to high Individual cost ranges are also - Mitioati
variability or lack of data associated with uncertainty 2022: Mitigation
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What is CC(U)S ?
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CCS refers to a set of CO2 capture, transport and storage technologies that
are put together to abate emissions from various stationary CO2 sources

1. Capture a reach-CO2 gas from industrial plant(s);

2. Transport (pipeline or shipping);
3. Injection (or utilization)

Ocean storage

(Ship of pipeline)

CCS PROJECTS

Quest
Over three millien tonnes of
€O, captured and stored

1
(Y J Py
Sleipner CO, Storage—— -

Over 20 years of su(cessiuls'i &

> b
Boundary Dam CCS—=
Over one million tonnes of
€0, captured and used mainly for
enhanced oil recovery

operations, 17 million
\_, “,‘. tonnes of CO, stored

- Demonstration
Japan's first fully integrated
€S development

lllinois Industrial CCS
First large-scale application of CCS
on biofuels production in the world

Jilin Qil Field CO2 EOR
! scaled up to large scale operation in 2018

Petra Nova Carbon Capture.
Two million tonnes of
€0, captured and used for
enhanced oil recovery
Air Products Steam
Methane Reformer
Four million tonnes of €O, captured

Yanchang Integrated

CCS Demonstration
. Reached final invenstment decision

b
Abu Dhabi CCS

and used for enhanced oil recovery World's first operational CCS K P in March 2017
B |, ojcct in the iron and steel sector ~— \“ B
' . Gorgon Carbon Dioxide— =
Injection

Itwill be the world's largest CCS facility in
dedicated geological storage
when operations start in 2019

Petrobras Santos Basin

Pre-Salt Oil Field CCS

Seven million tonnes of CO, injected
into producing reservoirs

-

Global CCS Institute, The global status of CCS, 2018.

CLEANKER Project — Inaugurazione Pilota
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o®*’
TRANSPORT OVERVIEW & W““WMWW CO, pipelines in North America
. \ ' Canada | N o
FAQ n.1: 3
X ions |
- Can CO2 be safely transported? ;
CO; capture plant —
e
. AL =

LaBarge Ga
A well developed CO2 pipeline infrastructure exists in USA,
operating since decades for enhanced oil recovery (EOR):

50 individual CO2 pipelines with a combined length over
¥ 7000 km.

" 68 Mt/y of CO2 transported of which ~80% from natural
sources

To geological storage

Provided by the Global CCS Institute

CLEANKER Project — Inaugurazione Pilota 21 21
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CO, Storage (or utilization)

CLEAN KER

FAQ n.2:

Will CO, remain stored for sufficiently long (i.e. - Sleipner A
several thousand years)?

Won’t CO, escape back to the atmosphere?

Fou
( 1

Carbon Dioxide |

T R U

w Al: o
There is a huge number of natural CO, fields
naturally storing CO, and other gases on -
+ geologic time scales i
- FAQn.3: .
Is there enough CO2 storage capacity in the
Provided by the Glb C Ititute World?
1 — Saline formation |
2 - Deep unmineable coal || A%
seams = Yes: 100-200 GtCO2 should be stored in the
3 - EOR next 50 years and the worldwide geologic s Sleipner plant:
4 — Depleted oil and gas | storage capacity is much larger than this. = 0.85 Mt/year of CO2 (1996).
reservoirs E

CLEANKER Project — Inaugurazione Pilota 22 22
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The strategic role of CC(U)S LEAI\I KER

CC(U)S is strategic for two reasons:

1) give us the time we need to convert the activities which can be decarbonized to “low-
carbon” or even “zero carbon” operation, e.g. production of electricity

2) reduce to very low levels the CO2 emissions from activities which are hard (or
impossible) to decarbonize, e.g. cement and steel production

The rationale of 1) is that the dependence of our economy from fossil fuels is so massive
and pervasive that the time needed for its conversion to a “low-carbon mode” cannot
match the urgency of Climate Change mitigation

The extent to which 2) is needed will depend on how much and how fast shall we achieve
decarbonization where decarbonization is physically / technologically possible.

No matter how much and when we’ll succeed in decarbonizing, the sooner the better

Co-funded by the Horizon 2020
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Distinctive features of the hard-to-abate industry

1)
2)

3)

4)

5)

6)

Cement, steel and petrochemical industry are the largest industrial contributors to CO, emissions:

A significant fraction of these CO, emissions are intrinsically associated to the industrial process,
rather than to the generation of energy

Unlike power production, where fossil fuels and thus CO, emissions can be reduced / eliminated
by substitution with renewable sources, the emission of CO, from process has no alternative
(unless the production process is changed)

High CO, concentration in flue gases

The variety of sources and processes tends to require a CO, capture process and plant
configuration tailored to the specific application

The usual classification in post-combustion / pre-combustion / oxy-fuel technology may not apply

Although more “difficult”, CO, capture in these sectors is more compelling > the hard-to-
abate industry is a very good candidate for the initial penetration of CC(U)S

25
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Non-Power: Cement - CLEANKER project CLEAI\] KER

The ultimate objective of CLEANKER is advancing

the integrated Calcium-looping process for CO,
capture in cement plants.

CLEAN clinkKER by calcium
looping for low-CO, cement

CLEANKER

Lappeenranta
University of Technology

|vdz.

" &3 POLITECNICO
MILANO 1863

Universitat Stuttgart Italcementi

ick-off méefing - Piacenza, 18-19 October 2017
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