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== CCS as a key technology for climate protection

Technologies needed to achieve the 2DS
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=] Swiss energy strategy: CO, emissions in Switzerland

45
40
35
30
~ 25
=)
= 20
15
10
5
0
2000 2009 2020 2035 2050
® Households " Services ® Industry ® Mobility ® Electricity

Source: Prognos 2011 (new energy policy, supply 2, option C&E)

Bern, 25 April 2013 Kathrin Volkart 4



PAUL SCHERRER INSTITUT

(= Swiss energy strategy: Electricity production
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I Carbon Capture and Storage (CCS)
CCS chain
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Coal: PC, IGCC Post-combustion Truck Saline aquifers
Nat. gas: NGCC Oxy-fuel combustion Ship Depleted gas fields
Biomass: PC, IGCC EOR, ECBM
Mineral carbonation
Industrial sources
Cement Offshore
Waste incineration Saline aquifers
Refineries Depleted gas fields
Oil & gas industry EOR, ECBM
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Large Swiss CO, point sources (2010)

S

28.1

(uoxiaIq) [EREWWIT VAN
(axonJquawiw3) YA
(xnaisod) 43QIVS

(Slwwul) OYAID

(InyusuIn) VAN

(uleg) YA

(usuiniapaiN) 181gaBYIUIT YA
(pioyuazeq) gyz

(9v syong) w39

(16an1) VAN

(Asypuop) OV [pUILON
(sw3pnewoq) oV elba]| odxy
(uapiajuiapn) nebunyl YAM
(xneulo?n) yS awioeinp
(suuesneT) 1311

(Younz) essensjesor MYHY Z43
(0oseIgnIo) YOV

(AaupuolN) WOLYS

(ImuiH) 0Z3x

(98 syong) WA

(Younz) zioyusbeH MYHY 743
(loseq) am

(dsin) OV YZNO1

(Imyonz) oygay
(8llI\-Bl-841y) SiIABUBYD) SO

Source: E-PRTR (2012)

(1a1ssa19) S Buluyay snjdonad

(66ap|ipN) USRS Juswe) einp
(zensgyun) OV WIS|0H

(suads|o3) ¥S WIo|oH

(Riad) OV wswa JaIBIA
(usbBuruainpp) OV WIojoH
(Aoquioj0D) ausuleY VS lowe]
(3q ‘9o seb |einjeu) doson-wweH
(3Q ‘|e0d umoiq) wassnetspaiN

90
0 ! m Refinery = Chemical industry = Waste incineration = Cement production = Power generation

L

<

T I
L0 o
o o

(0102) 3N U1 uoIssiwd °QQ [enuuy

Kathrin Volkart

Bern, 25 April 2013



PAUL SCHERRER INSTITUT

== Large Swiss CO, point sources (2010)
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== Potential for geological CO, storage in Switzerland

Potential for CO, sequestration
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- CCS technology choice for Switzerland
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(= LCA of power generation with CCS: Goal and scope
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ol =

m LCA of natural gas plants (2025)
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LCA of natural gas plants (2025)
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LCA of cement production with CCS: Goal and scope

Mining of raw Storage and Pulverising Flue gas
materials homogenisation and cleaning
drying
% [CO,J= 28-30%
[— -
Lime stone S Blending \ — %
Raw material bed :‘ - CO,J= ~20%
- / \L_I % [ 2]_ 0

Clay / Iron ore Storage pile

St

Raw mill (vertical)

Electric filter

orage and

Calcination homogenisation
@j - —> CO, capture:
B D steam and electricity
- il Fuel sil -
T Lue - — CO, compression
e o
o fiofx Kiln with four-stage Raw meal electr|C|ty
heat exchanger silos
--------------------------- Clinker
cooler

Storage and Cement

homogenisation grinding

rd

pll o

Storage and
homogenisation

|

-+

Clinker Additive storage Ball mill with Cement silos
silo (gypsum, sifter and cyclone and
additives) separator distribution

Source: figure from http.//de.wikipedia.org/wiki/Zement

Bern, 25 April 2013

Kathrin Volkart 16



PAUL SCHERRER INS

TITUT

ol =

m LCA of cement plants (2025)
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I Conclusions

* Conclusions on the life cycle assessment results
— CCS has the potential to strongly reduce life cycle GHG-emissions from natural gas
electricity generation (by ~70%) and cement production (by ~40-80%).
— CCS can thus significantly contribute to both, low carbon electricity and low carbon
cement production.
— Trade-offs related to other environmental aspects have to be kept in mind.

* Conclusions on CCS in Switzerland
— Future developments may lead to the need for CCS in Switzerland.
— The legal situation (CO, Gesetz) is — among other criteria — decisive.
— CO, capture and transport are proven technologies. CO, storage instead is subject to
considerable uncertainties.
— To prove the feasibility of CCS in Switzerland a full cycle pilot project including an
injection site is required.
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Roadmap and CCS pilot project for Switzerland

* Key issues for a CCS pilot project

CO, storage

site, legal aspects (mining, waste, water protection, ...), costs and acceptance

* Objectives of the CCS roadmap

— Adequacy

of the target formations for CO, storage, demonstration of the safety of the

CO, injection and storage, testing of predictive modelling results
— Assessment of the economics
— Knowledge transfer to the public, policy makers and licensing authorities
— Provision of specific knowledge for a later planning & construction of a full CCS chain

- Tentative timeline
— Risk dialogue with authorities and public 2013/14

— Seismic exploration 2014/15
— Site acquisition & Drilling Permit 2015-17
— Drilling & Installation Operations 2017-19
— CO, Injection Operations 2019-22

— Monitoring

2022-min. 2032
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Kathrin Volkart 22



== e

| would like to thank

Christian Bauer (PSl), Ernst Bucher and Christian Zipper (Holcim)

This work was carried out as part of the project CARMA and funded by

Competence Centers of Environment and Sustainability (CCES) and Energy and Mobility (CCEM), the
Swiss Federal Office of Energy (SFOE) and Alstom Power Service.

Bern, 25 April 2013 Kathrin Volkart



PAUL SCHERRER INSTITUT

(=)

Questions?

¥

Bern, 25 April 2013 Kathrin Volkart




