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This report has been prepared on behalf of and for the exclusive use of the Global Carbon Capture and 
Storage Institute, and is subject to and issued in accordance with the agreement between the Global Carbon 
Capture and Storage Institute and L.E.K. Consulting. L.E.K. Consulting accepts no liability or responsibility 
whatsoever in respect of any use of or reliance upon this report by any third party. 

� �� �� � ����	
�� ��
 �

� � � � ���
� ��� 	 ������	 ���� 	�� 	 �

��� � 	 ������ �

������ �

�

�

� � � � � � � �  � �� � � ! �� �
" � � � � � � �  # !� � � � �� �

$ % & � ' () �

�

� �� �� � ����	
�� ��
 � �

����� ��� * ��
���� ������ �

� � ������ � � �	����� �

	����� ��	+ �#��� �

�
	���� � � �

�

� � � � � � # � ! � #� � � � �� �
" � � � � � # � ! � #� � � � �� �
$ % & � ' () �

�



 

 

�������

2 

���������	�
��
���

1. Introduction 3 

2. Capture technologies, transport solutions and storage configurations 4 

2.1 Power Generation 4 

2.1.1. Fuel trends 4 

2.1.2. Bottleneck analysis 6 

2.1.3. Installation of capture systems on retrofit plants 10 

2.1.4. Principles for ideal diversification of OEMs 10 

2.2 Iron & Steel 12 

2.2.1. Production processes 12 

2.2.2. Selected capture technologies 13 

2.2.3. Bottleneck analysis 16 

2.3 Cement 19 

2.3.1. Production processes 19 

2.3.2. Selected capture technologies 21 

2.3.3. Bottleneck analysis 24 

2.4 Other Industries 26 

2.5 Transport solutions & Storage configurations 27 

2.5.1. Transport solutions 28 

2.5.2. Importance of cross-border pipeline 30 

2.5.3. Storage configurations 31 

2.6 Integrated projects – Range of models of responsibility 34 

3. Geographic distribution 35 

3.1 Geographical zones definition 35 

3.2 Geographies for “Other Industries” 36 

3.3 Political and regulatory environments 36 

3.3.1 Carbon abatement regulations 36 

3.3.2. CCS regulatory regimes 37 

3.3.3. Other regulatory topics impacting level of CCS support 41 

3.3.4. Regulatory changes 43 

 



 

 

�������

3 


� �
���������
�

The Global Carbon Capture and Storage Institute (Global CCS Institute) has 
identified two early priorities: undertaking an audit of the world’s current CCS projects 
to establish a comprehensive reference point for the international community1 and 
the identification of a portfolio of desirable CCS project types spanning different 
technologies, industries and geographic regions (an Ideal Portfolio).  

In June 2009, the Global CCS Institute commissioned L.E.K. Consulting (L.E.K.)2 to: 

• Characterise an Ideal Portfolio of CCS project types; and  

• Develop a Rationale for Supporting Projects. 

An Ideal Portfolio is a suite of priority projects, characterised along several important 
dimensions (industry, technology, geography). It provides a framework to ensure that 
the different hurdles (technology-related, regulatory, political, financial) to a broad-
based deployment of CCS are addressed. It also provides a framework to increase 
CCS knowledge, bring down costs and build public confidence in the technology as a 
viable carbon abatement strategy. The Global CCS Institute will use an Ideal Portfolio 
to monitor progress towards the G8 2020 goal, and as a tool to prioritise its own 
support for projects. The content of an Ideal Portfolio is, by definition, likely to evolve 
over time, reflecting evolving CCS challenges, real world constraints and changes in 
the role and functions of the Global CCS Institute. 

The Rationale for Supporting Projects provides a framework for the Global CCS 
Institute by considering three broad-based issues: 

• How the Global CCS Institute should support projects; 

• Which projects the Global CCS Institute should support and to what degree; 
and  

• How the Global CCS Institute should recruit projects and allocate resources. 

The Ideal Portfolio and Rationale for Supporting Projects are important elements for 
guiding the evolution of the Global CCS Institute and providing a robust strategic 
framework for delivery of the Institute’s objectives. 

This Appendix provides further detail regarding the analysis performed to define the 
key dimensions of an Ideal Portfolio. In particular, it provides greater detail on current 
production processes for Iron & Steel and for Cement, on the status of key 
technologies, and selected legal and regulatory issues. 

 

1
 The Strategic Analysis of the Global Status of CCS, undertaken by Worley Parsons, Schlumberger, 

Baker & McKenzie and EPRI.  
2
 An Ideal Portfolio of CCS Projects and the Rationale for Supporting Projects, L.E.K. Consulting, 

2009 
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The Power Generation industry includes a broad range of Original Equipment 
Manufacturers (OEMs) and utilities who have worked extensively on carbon dioxide 
(CO2) capture in recent years. However the technologies continue to evolve and are 
not yet mature. There are several pilot plants already in operation investigating a 
number of capture technologies and different fuel. Further scale up phases will be 
required before these technologies are ready for commercial deployment. The main 
industry focus has been on CO2 capture with coal as the fuel, although CO2 capture 
on gas is also being investigated. 
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Coal is the main fuel for Power Generation, and also accounts for the largest share of 
CO2 emitted worldwide (Figure 1). 

Figure 1: CO2 emissions from power generation by fuel and region (2006)3 
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According to the IEA World Energy Outlook 20084, future emissions from oil based 
power generation plants are expected to decrease by c.1% per annum on a global 

 

* Including oil shale and waste  
** Including petroleum coke and other liquid hydrocarbons 
*** Including coking coal, peat, coke oven coal, etc 
3
 CO2 Emissions from Fuel Combustion © OECD/IEA, 2008; L.E.K. Analysis  

4
 IEA, World Energy Outlook 2008, 2008 
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basis between 2006 and 2020, whereas power generation emissions from natural 
gas and coal are expected to increase by at least c.2.5% per annum over the same 
period (Figure 2). 

Figure 2: Evolution of CO2 emissions from power generation by fuel type (2006-
2020)5 
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The three major types of coal (bituminous, sub-bituminous and lignite) will all 
contribute to the increase of coal emissions over 2006-20206 (Figure 2): 

• Bituminous demand will be driven by the construction of new coal plants, 
which are increasingly relying on coal imports (bituminous coal being the 
most traded coal), and by strong demand from fast-growing countries using 
mainly bituminous coal, such as China and India;  

• Sub-bituminous coal consumption should also grow. This will be driven 
particularly by increasing consumption in Western states in the U.S.A., as well 
as South East Asia and potentially Africa, which are likely to exploit their 
reserves more intensively in the coming years; and 

• Lignite will remain an important coal type, particularly in certain countries 
such as Germany. There is also significant upside potential from regions such 
as North East China, which could start using its untapped lignite reserves in 
the search for additional and potentially cheaper energy resources.  

 

5
 L.E.K. Analysis; adapted from [CO2 Emissions from Fuel Combustion] © OECD/IEA, [2008]; [World 

Energy Outlook 2008: Reference Scenario, World] © OECD/IEA, [2008] 
6
 L.E.K. Research, Interviews and Analysis; further information about coal can be found on the 

following websites (non exhaustive list): German Coal Importers Federation (www.verein-
kohlenimporteure.de), DEBRIV (www.braunkohle.de), World Coal Institute (www.worldcoal.org) 
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L.E.K. has identified the major technology blocks for each capture technology, and 
determined which of these still need to be successfully demonstrated, i.e. validated, 
in order to allow commercial deployment by 20207. 

For each capture technology, a preferred minimum project size was then determined, 
based on consideration of the identified technology bottlenecks and the required 
scale-up ratio to reach commercial scale for that capture technology.  

For capture technologies in the Power industry, L.E.K. has based its analysis on 
discussions with key players in the CCS field, as well as the Zero Emission Platform’s 
(ZEP) work8. ZEP’s Matrix of Technologies was finalised in 2008, and key CCS 
players are generally in agreement with the minimum project sizes listed in this 
document; however stakeholders interviewed by L.E.K. did not express a consensus 
view regarding post-combustion technology.  

The required level of validation varies by technology. However across all capture 
technologies, overall process integration remains a major bottleneck, as it cannot be 
properly tested before large demonstration projects are in place. Integration is a key 
element as, once validated, it could significantly improve the performance and cost of 
capture technologies.  

Pre-combustion 

The key technology blocks for pre-combustion are the gasifier and the H2 turbine 
(Figure 3).  

Many gasification units are in operation worldwide, especially on bituminous and sub-
bituminous coals, hence gasification on this fuel is close to being fully validated at 
commercial scale (although there is still a need for more reliable dry feeding systems 
to increase overall efficiency). 

Gasification on lignite is only partially validated as gasifiers more likely to be 
applicable to this coal type (fluidized-bed or moving bed processes) require scale-up 
to commercial scale, and increased operational efficiency is also required. In 
addition, fuel handling for lignite (and biomass), such as fuel drying to remove high 
water content, also requires a demonstration project to be validated at commercial 
scale.  

Large F-class H2 turbines have been tested and proven with dilution of hydrogen with 
waste nitrogen. However, there are some adjustments to be performed on dilution 

 

7
 800MW for PC on bituminous and sub-bituminous coals; 1,000MW for PC on lignite, 500MW on 

CFB, 700-800MW for IGCC for 60Hz and 50Hz respectively, 550-730MW for NGCC for 60Hz and 
50Hz respectively (MW electric gross) 
8 ZEP, CO2 Capture and Storage – Matrix of Technologies, 2008 (http://www.zero-
emissionplatform.eu/website/docs/ETP%20ZEP/ZEP%20Technology%20Matrix.pdf) 




