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Glossary of terms 

ASU ï Air separation unit 

BAT ï Best available technology 

BF/BOF ï Blast furnace/basic oxygen furnace, predominant steel production process globally and in the UK, in which 

molten iron flows directly from the blast furnace into a basic oxygen furnace from where carbon and impurities are 

removed. 

Black start ï Turbines used to start power stations in the event of an emergency 

Bound site ï A site of a power station surrounded (e.g. by buildings), leaving limited new access routes or room for 

expansion 

CCR ï Carbon Capture Ready 

CCS ï Carbon Capture and Storage 

CDQ ï Coke dry quenching 

CCGT ï Combined cycle gas turbine 

CEPCI ï Chemical Engineering Plant Cost Index 

CHP ï Combined Heat and Power 

COREX process ï a smelter reduction process for iron making (alternative technology option) 

DUKES ï Digest of UK Energy Statistics 

ECRA ï European Cement Research Academy 

FGD ï Flue gas desulphurisation 

HRSG ï Heat Recovery Steam Generator 

IGCC ï Integrated gasification combined cycle 

LCOE ï Levelised Cost of Energy 

LCPD ï Large Combustion Plant Directive 

Load factor ï the ratio of actual output of a plant to its specified capacity over a specified time period 

MACC ï Marginal abatement cost curve 

NAP ï National Allocation Plan (for the EU Emissions Trading Scheme) 

NSBTF ï North Sea Basin Task Force 

OCGT ï Open-cycle gas turbine 

Re-powering ï Here defined to be the replacement of the steam turbine, gas turbine, and HRSG  

SMR ï Steam methane reforming 

TGR-BF ï Top gas recycling blast furnace (an advanced iron-making process) 

ULCOS ï Ultra low CO2 steel making programme 

WACC ïWeighted average cost of capital 
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Executive summary 

Objectives of study 

This study explores the technical and economic relevance of Carbon Capture and Storage 

(CCS) technologies to the UK industry and natural gas power sectors in the period up to 2050.  

For both sectors, the objectives of the study are to: 

¶ Define technical potential for application of CCS. 

¶ Project how this potential changes in the period to 2050.  

¶ Estimate the costs associated with implementing capture at each facility, and associated 

transport and storage infrastructure. 

¶ Confirm this data with a stakeholder survey, and develop a qualitative understanding of 

the main inputs and constraints around investing in capture. 

¶ Use the above economic data and stakeholder feedback around investment criteria to 

assess likely uptake of CCS in the sector over the period to 2050. 

¶ Explore competing low carbon technologies.  

In addition the gas sector report examines: 

¶ Technical and cost differences between integrated new build CCS plants, capture ready 

plants and retrofit of older plants. 

¶ The impacts on flexible operation of gas power stations due to the application of CCS. 

This analysis has been undertaken in the broader context of the Committeeôs recommendations 

for the level of the fourth carbon budget (2023-2027), to be published in late 2010. However, early 

advice regarding one aspect of the fourth budget recommendations ï the potential for CCS on 

gas ï was delivered to the Secretary of State in June 2010, supported by research contained 

within this report on the potential for CCS on gas-fired plant.  

The sections of this report pertaining to the potential for CCS on industry will be combined with 

other analysis to develop broader scenarios for the decarbonisation of industry post-2020. 

Similarly, the role of gas CCS and unabated gas plant will be analysed in the context of overall 

power sector decarbonisation during the 2020s. These will be presented in full as part of the 

CCCôs fourth budget advice in late 2010. 

The scenarios presented here do not reflect the views of the Committee on Climate Change, but 

rather are an input to the formation of those views. 
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Industry Executive Summary 

Direct emissions from industrial sources were around 125 MtCO2 in 2008, equal to around 

24% of total UK CO2 emissions.  Future emissions are projected to fall to  around 109 MtCO2 

in 2050, based on the assumptions that energy efficiency and other BAT measures are 

increasingly deployed in industry, that UKCS production (and therefore offshore emissions) 

decrease to zero within the next few decades, and that there is no significant leakage of 

industry to other countries. 

The fraction of direct emissions technically available for capture and storage was assessed via 

a quantitative filtering process. A capacity cut-off was introduced to filtering out smaller 

emitters (less than 50ktCO2 for industrial CHP and  200ktCO2 per annum for other sources): 

this reduced capture potential from 125 MtCO2 to 73 MtCO2 in 2008. This cut-off is made on 

the grounds of high costs associated with capture and the transport networks required to 

reach small, highly distributed emitters.  Alternative means of CO2 abatement, such as fuel 

switching to low carbon electricity, are likely to be both technically and economically preferable 

to these smaller industries
1
.  

The final filtered abatement potential also excludes those  sectors where CCS development is 

considered technically difficult due to space restrictions (e.g. the offshore sector) and takes 

into account the percentage of emissions that can be captured at a given site and the capture 

plant efficiency. 

This analysis finds that CCS has the potential to address up to 38Mt of CO2 emissions per 

annum in 2030 (decreasing to 37Mt by 2050) at costs of between £30 and £150 per tonne of 

CO2 abated. The óbase caseô capture and abatement costs assume that the capital cost of 

capture plant is discounted at a rate of 10% over twenty years and that some clustering of 

sources occurs for transport and storage of CO2. Government projections of ócentralô energy 

prices are also assumed.    

Given DECC projections for CO2 prices (£100-300/tCO2 by 2050) we expect that, in all but the 

lowest CO2 price scenario, the full CCS  potential could be taken up cost-effectively by 2050.  

Investors, however, are likely to require a carbon price premium if the uptake is to be market- 

rather than regulation-driven, to cover investment in technologies outside their core 

competence and particularly if the carbon price is seen to be fluctuating or uncertain.   

The level of abatement through deployment of CCS achievable by 2030 will be dependent on 

the date of technology availability, in turn driven by successful demonstration, and the 

incentives available.  The share of the total potential considered economically feasible could 

be as high as 34 Mt CO2 or as low as 1 Mt CO2 per annum depending on the CO2 price 

trajectory achieved. Limitations of build rates are however likely to hamper the ability to deliver 

by 2030 at the upper end of this spectrum. 

Achieving 38 MtCO2 of technical abatement potential would require deployment of capture to 

approximately 80 projects with the bulk of abatement achieved from iron and steel blast 

furnaces, refineries and cement kilns.  These projects have been grouped into several cost 

categories in the marginal abatement cost curve shown below: 

                                                      
1
 Cost modelling assuming transport and storage savings due to clustering of sources was undertaken. 

It did not suggest revising the lower cut-off limit.  
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The lowest cost options for industry CCS consist of, in order of abatement potential: iron and 

steel blast furnaces, larger CHP facilities, and high purity CO2 streams such as those 

produced from ammonia and hydrogen production plants. These can deliver the first 15Mt of 

CO2 abatement below or around £50/tCO2 abated. 

Around 20 MtCO2 of the remaining potential can be accessed at a cost of £100/tCO2 or less.  

The shallow shape of the MACC ensures that there is a high sensitivity of the economic 

potential to the carbon price in the 2030 period.  Under the DECC High CO2 prices scenario, in 

2050 all of the potential could be taken up cost-effectively. The remainder of emissions will be 

hard to access primarily due to the small size of the emitters.   

As a result of the filtering process, even with the highest DECC CO2 price forecast and CCS 

deployment, much of the direct industry emissions remain unabated from CCS in 2050 (as 

shown below). 
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Gas Power Executive Summary 

The UK natural gas power fleet is represented in this work as 31 GW existing (including 

7.5GW of non-CCGT capacity) and 32 GW of new build currently in the planning system. 

Additional new build is added to the fleet to achieve indicative gas power capacity in 2050 of 

40-45GW, defined as an input to the study by CCC based on previous modelling work. 

Technology suitability, site constraints, and transport routes were examined as filtering criteria 

for the applicability of CCS. We estimate that over 85% of the existing CCGT fleet is 

technically capable of accepting CCS. All new build plants are required to be capture ready. A 

breakdown of the stock and its technical suitability for CCS is shown below.  This study 

concentrates on assessing post-combustion capture for CCGT facilities.  Many of the 

constraints considered (e.g. land availability, access), however, also apply to on-site pre-

combustion capture and oxyfuel options.  We recognise the potential in particular, for new 

facilities to fuel switch to coal gasification and pre-combustion capture and for the 

development of a hydrogen or syngas network.  Detailed analysis of this option, as a clean-

coal technology is outside the scope of this project and is recommended for further study.   
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The capital cost for the addition of post-combustion capture equipment to a CCGT facility 

whether capture ready or not, nearly doubles the total capital cost of the plant.  The cost 

premium for retrofit of CCS to a non capture ready plant compared with a capture ready plant 

is small in comparison to the overall cost (a premium of $26,000-$57,000/MW compared to a 

cost of $ 0.9 million -2.2million/MW).  This is also true for retrofit to a CCR plant compared to 

an integrated new build where the premium ranges from $42,000-70,000/MW. 

This capital cost analysis does not take into account the increased outage time for a non-CCR 

plant compared to a CCR facility (estimated here as an additional 1-5 weeks) and additional 

complications of gaining permission for a CO2 pipeline route which, combined with other 

factors is likely to lengthen the overall build time, if not shut-down period.  
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For a CCGT, however, it is typically fuel costs that dominate the levelised cost of energy for a 

plant.  As the CO2 price increases over the period to 2050, this will become an increasingly 

large component of the LCOE. 

Financial viability of capture is strongly dependent on the load factor. Load factors vary 

considerably through the current fleet and, under high wind penetration there may be an 

increased requirement for lower load factor and peaking plant. If CO2 price is high enough, 

(e.g. £100/tCO2) the LCOE for operation of a CCGT plant retrofitted with capture can be lower 

than operation of the equivalent plant without capture, even at a low load factor of 15% (see 

below
2
). 

                                                      
2
 LCOE accounts for capture, transport and storage. 



Potential for Application of CCS 
To UK Industry and Natural Gas Power Sectors  

 

x 
 

 

Load factor

10

20

30

40

50

60

70

80

90

100

15% 20% 25% 30% 35% 40% 45% 50% 60% 70% 80%

C
O

2
 p

ri
c
e

 (
£

/t
)

Median fuel price  - Required CO2 price to compete with incumbent 
vs load factor for a large plant with low  T& S 

20-30

10-20

0-10

-10-0

-20--10

Carbonprice 
sufficientto drive 

CCS

Carbonprice 
insufficient

High
2030
CO2 
price

Medium
2030 
CO2 
price

Low
2030 
CO2 
price

 

The penetration of CCS through the gas fleet is clearly dependent on CO2 price trajectory and 

load factors, but also to technology readiness. In fact, technology readiness may be the 

limiting step in adoption of capture in the 2020-2030 period.  Following this, capture could be 

taken up by the fleet very quickly, under a variety of CO2 price trajectories.   

The rate of deployment of capture plants is unlikely to exceed 3GW per annum, and is likely to 

be closer to 1 GW per annum in the early years of commercialisation.  This constrains the CO2 

intensity for the CCGT fleet is to 200g/kWh or above by 2030, even assuming plants with CCS 

run at higher load factors. 
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Flexibility is already an important concern for existing CCGT plant owners and operators and 

improving flexibility is a priority for suppliers as increased renewable generation joins the grid.  

The ability to provide very fast response (< 5 minutes) is unlikely to be changed significantly 

with the addition of post combustion CCS to CCGT.  There is some concern in relation to the 

ability of pre-combustion power stations to meet UK response requirements unless syngas 

buffers or co-firing can be deployed. 

Post-combustion CCS does not prevent a power station from offering 4 hour ahead reserve 

services, although reduced ramp rates may make their offer less competitive in the 

marketplace. 

The Maximum Generation Service and new offerings by the National Grid to encourage 

technology investment (such as their long term STOR launched last year), may offer alternate 

revenue streams for CCS to cover the impact of a reduction in net output and efficiency. 

This study also identifies that if post-combustion capture is fully coupled to plant start-up (i.e. 

emissions during start up are captured), there is a potential for a slower ramp rate from a 

warm or cold start ï resulting in at least 40 minute or hour delay respectively in reaching 

maximal load relative to an óuncoupledô scenario where emissions in this period are not 

captured but instead are vented to the atmosphere.  Reduction in ramp rates reduces the 

ability of a plant to take advantage of rapidly changing energy prices and may reduce 

competitiveness with non-CCS plants when offering reserve services. 

The flexibility of CO2 compression, individual pipelines and integrated pipeline networks, and 

storage facilities to manage variable throughput was outside the scope of this study and would 

require further analysis.   
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1 Introduction 

1.1 Background 

The UK has committed to ambitious CO2 reduction targets for 2030 (34% reduction) and 2050 

(80% reduction).  This will require both substantial grid decarbonisation and reductions in 

emissions from industry which currently contribute c.24% of UK CO2 emissions. 

The Committee on Climate Change has indicated that in order to be on course to meet the 2050 

target, the UKôs power sector will need to be largely decarbonised by 2030, with a reduction in 

average emissions from the present level of around 560 gCO2/kWh to below 100 g/kWh by 2030 

and below 50 g/kWh by 2050.  This requires contribution from various technology options 

including nuclear, renewables and carbon capture and storage.   

Focus to date has been on the more carbon intensive coal-fired power stations as options for 

CCS.  As the debate develops, however, it is important to understand the opportunity for CCS on 

natural gas fired power generation. 

Industry has also received less attention to date in the literature (and from policy makers) 

although a growing number of studies and R&D programmes have assessed the technical and 

economic feasibility of capturing emissions from large industrial sources such as blast 

furnaces in integrated iron and steel works and clinker kilns in cement plants 

This study considers the potential to reduce emissions across the natural gas power and 

industrial sectors through CCS.  This is by no means the only method of major CO2 reduction in 

these areas, where fuel switching or process change can also play a part, particularly for industry.  

Where competing options exist these will be noted, however, it is beyond the remit of this study to 

examine these technologies to the same level of detail. 

This analysis has been undertaken in the broader context of the Committeeôs recommendations 

for the level of the fourth carbon budget (2023-2027), to be published in late 2010. However, early 

advice regarding one aspect of the fourth budget recommendations ï the potential for CCS on 

gas ï was delivered to the Secretary of State in June 2010, supported by research contained 

within this report on the potential for CCS on gas-fired plant.  

The sections of this report pertaining to the potential for CCS on industry will be combined with 

other analysis to develop broader scenarios for the decarbonisation of industry post-2020. 

Similarly, the role of gas CCS and unabated gas plant will be analysed in the context of overall 

power sector decarbonisation during the 2020s. These will be presented in full as part of the 

CCCôs fourth budget advice in late 2010. 

The scenarios presented here do not reflect the views of the Committee on Climate Change, but 

rather are an input to the formation of those views. 

1.2 Introduction to CCS technologies 

CCS brings together a diverse set of technologies for gas separation, compression, transport, 

injection and monitoring and management in reservoirs or equivalents. Individually these 

elements operate today within existing although largely disparate supply chains.  
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Figure 1 Idealised power station with capture, transport and storage (Image courtesy 
The Bellona Foundation).  

CO2 separation from other gases and compression together make-up the ócaptureô process 

and tend to dominate costs and energy requirements of the complete system. Costs and 

energy requirements are expected to reduce over time through learning by doing, through 

volume production, and as breakthrough technologies emerge from laboratory trials into the 

marketplace.  

Today three approaches - post-combustion, pre-combustion and oxyfuel ï are envisaged to 

capture CO2, as illustrated in Figure 2 and briefly described here.    Further information can be 

found in the appendix, where each technology option is described in more detail along with 

potential future alternatives.   

Within each of these approaches, there are a range of underlying technologies for CO2 

separation that are at different levels of commercial readiness. The technologies still in 

development are well described elsewhere
3
.  

 

                                                      
3 See for example, European Technology Platform for Zero Emission Fossil Fuel Power Plants  Task Force (2009) 
Recommendations for the to support the deployment of CCS in Europe beyond 2020; and IEA (2008) Technology CO2 capture 
and storage: A key abatement option (Energy Technology Analysis series) 
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Figure 2 Dominant approaches to CO2 capture (Image reproduced from IEA (2008) CO2 
capture and storage ï a key abatement option). 

Post-combustion capture using chemical (amine) solvents to separate CO2 from gas mixtures, 

is a commercially available, mature technology. Upon heating, a high-purity CO2 stream is 

produced which can be transported. However, the technology has yet to be fully demonstrated 

at commercial-scale with the flue gases from power plants. Although the post-combustion 

approach can be applied in principle to any source of CO2, there are challenges for different 

sources ï for example, of the requisite supply of steam may not be available at all sites.  

In the future post-combustion capture can look to utilise more advanced amine solutions, 

ammonia and other solvents or move towards static bed adsorption or membrane technology.  

Oxyfuel systems involve combusting fossil fuels in recycled flue gas enriched with oxygen. 

This leads to the production of CO2 and steam. Condensing the steam provides a high purity 

CO2 stream.  . Retrofitting oxyfuel technology requires the replacement of existing turbines as 

combustion in an oxygen atmosphere occurs at 3500°C, higher than a conventional gas 

turbine can accommodate.  Additional space availability is also required for an Air Separation 

Unit.  The use of an oxyfuel system technically removes the capture plant from the CCGT but 

the focus then falls on the Air Separation Unit and its flexibility and reliability. 

Pre-combustion involves a partial conversion of hydrocarbon fuel into a hydrogen and CO 

mixture (or syngas) through gasification (for solid fuels such as coal or biomass) or steam 

methane reforming (SMR) (for natural gas), followed by a shift conversion of CO to CO2. 

Separation of the CO2 at this point means that the outputs from the combustion process are 

primarily steam and nitrogen.  Flexibility and reliability concerns in this case fall on the ASU 

and gasification/SMR units. 
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Industry report 

2 Technical potential for capture: Industry Sector 

2.1 Industry sector CO2 emissions 

Direct emissions of CO2 from fuel combustion and other processes in the industry sector 

accounted for 125 MtCO2 in 2008, equal to around 24% of total UK domestic CO2 emissions
4
 

(531 MtCO2)
5
. Of this total, some 89 MtCO2 of emissions were verified from over 630 

installations covered by the EU ETS
6
, of which good quality combined heat and power (CHP)

7
 

facilities accounted for around 12 MtCO2
8
. The 36 MtCO2 emitted from non-EU ETS activities 

represents a large number of typically small and diverse sources unsuited for capture, 

predominantly in the food and drink, chemicals, rubber and plastics, engineering and textiles 

sectors
9
.  

 

Industry sector CO2 emissions have the potential to represent a large proportion of the UKôs 

GHG emissions across all sectors in 2050 if industry output remains comparable and major 

action is not taken.  The 2050 target of 80% of 1990 levels by 2050
10

 equates to an overall 

budget of 159 MtCO2e across all sectors.  

 

Figure 3 shows industry emissions for 2008 broken down by sector type, with emissions from 

industrial CHP facilities split out as a separate source. It can be seen that just four sectors 

(iron and steel, offshore, refining and chemicals production) accounted for over half of all 

emissions. Iron and steel was the largest contributor with over 20 MtCO2 (primarily arising 

from fuel combustion in blast furnaces in large integrated iron and steel plants).These sectors 

are followed by fuel combustion in (predominantly gas-fired) CHP facilities and process and 

fuel emissions from cement kilns.  Emissions from the remaining third were distributed across 

a wide range of sectors and processes not generally suitable for capture (due to small source 

sizes) including food and drink, textiles, lime, pulp and paper, and other sectors. The category 

indicated as óotherô accounted for around 20 MtCO2 in 2008 and represents a large number of 

small and medium-sized industrial and manufacturing sites inside and outside of the EU ETS 

including e.g. vehicle and machinery production, electrical engineering, mining and quarrying, 

gypsum and plasterboard production and tyre manufacture. 

 

                                                      
4
 All CO2 emissions from within the UK, excluding international aviation and international shipping 

5
 Updated Emission Projections (UEP), DECC 2009; 2008 figure is the sum of the industry and refining categories  

6
 Verified emissions for 2008, EU Community Independent Transaction Log (CITL) 

7
 For Good Quality CHP definition, see http://www.chpqa.com/html/notes.htm 

8
 Based on analysis of UK National Allocation Plan Phase II, Annex I installation-level allocations CHP details table 

9
 {ŜŜ ΨwŜǾƛŜǿ ŀƴŘ ǳǇŘŀǘŜ ƻŦ ¦Y ŀōŀǘŜƳŜƴǘ Ŏƻǎǘ ŎǳǊǾŜǎ ŦƻǊ ǘƘŜ ƛƴŘǳǎǘǊƛŀƭΣ ŘƻƳŜǎǘƛŎ ŀƴŘ ƴƻƴ-ŘƻƳŜǎǘƛŎ ǎŜŎǘƻǊǎΩ Cƛƴŀƭ wŜǇƻǊǘ ǘƻ 

the Committee on Climate Change, AEA, August 2008 
10

 119 MtCO2  equal to an 80% reduction of 593 MtCO2 (1990 UK CO2 emissions) 
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Figure 3: Industry direct CO2 emissions in Great Britain, 2008 
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Ceramics 1%

Pulp & Paper 1%

Total: 125 MtCO2

 

  

Source: UK Phase II NAP data & CITL data (for ETS emissions); AEA Technology, IEA GHG R&D, DECC (for non-

ETS emissions) 

 

Typical installation-level emission sizes vary considerably across industrial sectors. Figure 4 

shows the number of industrial installations within the EU ETS plotted against the total CO2 

emissions for each sector (with industrial CHP emissions split out as a separate category). 

Average installation-level CO2 emissions are also indicated. It can be seen that a small 

number of sectors including iron and steel, cement and refining represent a relatively small 

number of point sources of CO2 whilst accounting for a large share of the total CO2 emissions 

from industry (i.e. per plant emissions of 500,000 tCO2 per year or greater). Similarly, whilst 

sectors such as food and drink, ceramics and pulp and paper represent a much large number 

of installations, their typical plant size is much smaller and their contribution to total GB 

industrial emissions is relatively minor. 
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Figure 4: Great Britain industrial installations in the EU ETS, 2008 
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0.11 0.17

0.02

0.01

0.07

0.03

0.03 0.02

0.09
0.55

1.56
0.23

2.80
2.31

 

Note: figures shown above columns indicate average sector direct CO2 emissions per installation in MtCO2/yr  

Source: UK Phase II NAP data (sector data includes CHP emissions)  

 

Table 1 illustrates the distribution by source size of industry emissions in 2008 (including both 

ETS and non-ETS sources), across key sectors.  

 

Heterogeneous sectors such as chemicals production, which represent a large number of 

processes and products, show a wide distribution of source sizes, as does industrial CHP 

which ranges from very small units of 5-10 MW capacity to large plants of over 300 MW. 

Sources of between 50,000 and 200,000 tCO2 are dominated by CHP emissions, glass and 

offshore activities. 

 

At an industry-wide level, the data indicates that around one third of emissions originated from 

very large sources emitting more than 1 MtCO2 per year (iron and steel, cement kilns, 

refineries) and that around a third originated from very small emissions sources emitting less 

than 50,000 tCO2 per year (comprising of a large range of activities including chemicals, food 

and drink production and various manufacturing and engineering activities). 
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Table 1: Industry direct CO2 emissions in Great Britain, 2008; by source size 

> 1MtCO2 0.5 to 1 MtCO2
0.2 to 

0.5MtCO2

0.05 to 0.2 

MtCO2

< 0.05 MtCO2 TOTAL

Aluminium 2.80                  -                    0.59                  -                    -                    3.39                  

Cement 1.15                  4.68                  2.43                  -                    -                    8.26                  

Ceramics -                    -                    -                    0.14                  0.92                  1.06                  

Chemicals -                    3.75                  0.77                  1.58                  7.10                  13.20                

CHP 2.26                  2.06                  2.63                  3.44                  1.19                  11.57                

Downstream gas -                    -                    -                    0.94                  0.34                  1.28                  

Food and Drink -                    -                    -                    0.16                  7.58                  7.74                  

Glass -                    -                    -                    1.56                  0.12                  1.68                  

Iron & Steel 20.02                -                    -                    0.16                  0.16                  20.34                

Lime -                    -                    1.57                  0.47                  0.01                  2.05                  

Offshore -                    0.53                  10.50                6.71                  0.43                  18.17                

Pulp & Paper -                    -                    -                    0.35                  0.51                  0.85                  

Refineries 13.60                -                    0.22                  -                    0.07                  13.89                

Textiles -                    -                    -                    -                    1.78                  1.78                  

Other -                    -                    -                    0.54                  19.14                19.69                

TOTAL 39.83                11.03                18.70                16.04                39.36                124.96              

Share of total (%) 32% 9% 15% 13% 31% 100%

Sector

Direct emissions 2008 (MtCO2)

 

Note: The majority of Aluminium sector CO2 emissions are represented by the Lynemouth Alcan coal-fired power 

station, which lies outside the scope of this study 

Source: UK Phase II NAP data & CITL data (for ETS emissions); AEA Technology, IEA GHG R&D, DECC (for non-

ETS emissions) 

 

2.2 Industry CO2 emissions forecast 

Figure 5 is a base case forecast of CO2 emissions from industry to 2050. This provides the 

basis for further modelling and results presented in this study. In the absence of a robust set of 

long-term emissions projections for industry
11

, the forecast has been derived from a large 

range of government and sector-specific industry information sources. The overall approach to 

calculating the forecast was largely based on the combination of two principal datasets: 

 

1. Projections of industrial output by sector (e.g. SIC-code level output forecasts as used 

in the UK Energy White Paper 2007 analysis; recent BP and BERR data relating to 

existing and future UKCS oil and gas production; national targets for good quality 

CHP); and 

2. Projections of CO2 intensity of output by sector (e.g. estimates of BAT potential within 

industrial processes from the literature; industry, sector-wide and company-level 

targets for GHG reduction and energy use improvement; assumptions concerning 

existing potential for cost-effective energy efficiency improvements) 

                                                      
11

 Industry forecasts were being revised by DECC at the time of this study, however results were not available in time for 

inclusion in this analysis 
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The forecast is therefore a óbottom-upô estimate of base case emissions reductions and is not 

constrained by CO2 price projections and/or marginal abatement cost analysis. Importantly, 

the forecast is based upon the use of BAT and practices, excluding step changes in fuel use 

and new low-carbon industrial processes (e.g. substitution of electric arc furnace steel 

production based on recycled steel for fossil fuel-fired blast furnaces) and the use of CCS. 

 

Figure 5: Forecast of industry direct CO2 emissions in Great Britain, 2008-2050 
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The base case forecast projects CO2 emissions from industry to fall from 125 MtCO2 in 2008 

to around 120 MtCO2 in 2020 and 109 MtCO2 in 2050, representing a decline of 13% over the 

period 2008-2050. The forecast compares against the UK Low Carbon Transition Plan ócentralô 

projection of industry emissions including refining falling to 120 MtCO2 in 2020
12

. 

 

The principal drivers behind the forecast CO2 reduction include the decreasing carbon 

intensity within key large energy-using sectors such as cement and iron and steel, and also a 

significant decrease in UK offshore oil and gas production through 2050 (and to a lesser 

extent, a decline in textiles manufacture). Improvements in carbon intensity here reflect 

baseline assumptions concerning a range of sector-specific changes in energy use and 

production; for example increased use of materials blending and fuel switching (coke/coal to 

gas and biomass) in the cement sector and investment in energy efficiency equipment and 

use of BAT practises in the iron and steel sector. Note that the increases in absolute 

emissions forecasts for certain sectors (e.g. chemicals and other) are driven by strong 

                                                      
12

 UK Low Carbon Transition Plan, Table 1.2 (DECC, July 2009)  
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projected increases in output for certain SIC product categories including chemicals and man-

made fibres, rubbers and plastics, non-metallic minerals, and vehicles. 

 

2.2.1 Uncertainty in forecast emissions 

In general, there is significant uncertainty concerning the forecast shown, as it is not based 

upon a systematic industry-wide analysis of quantified UK abatement potential.   

 

The assumption regarding ongoing, constant, production levels represents an area of 

considerable uncertainty; for example, relevant (and unknown) factors which may result in 

permanent production loss and/or increased production include future changes in demand for 

products within the UK and elsewhere, demand-price elasticity effects, changes in the capital 

cost of plant and marginal cost of production (which in turn will be influenced by energy and 

carbon costs in addition to labour, insurance etc) and the competitiveness of UK industry 

compared to foreign production. 

 

Predicting future industrial output was not the focus of this work, and the assumptions 

described above are consistent with previous government work including the Low Carbon 

Transition Plan.  

 

In particular it should be noted that UK oil refining capacity is assumed to remain constant 

through 2050
13

. As with UKCS production, there necessarily exists considerable uncertainty 

regarding the future of both refining throughput and changes in demand for refined product.  

While demand for chemical feedstock may remain relatively robust, the demand for road fuels 

is likely to change substantially over the period as we move towards alternately fuelled 

vehicles.   

 

Further discussion on the impact of this uncertainty on the resultant marginal abatement cost 

curve (MACC) can be found in section 3.4.2 

 

2.3 Applying CO2 capture to industry 

Compared to fossil-fuelled power generation, the potential for CO2 capture from industrial 

sources has received less attention in the literature (and from policy-makers). However, a 

growing number of studies and R&D programmes have assessed the technical and economic 

feasibility of capturing emissions from large industrial sources such as blast furnaces in 

integrated iron and steel works and clinker kilns in cement plants. In addition, the capture of 

high-purity CO2 streams associated with the production of ammonia, hydrogen and ethylene 

oxide has been recognised and commercially undertaken for non-CCS purposes (e.g. in the 

production of urea).  

 

CO2 is currently captured from several industrial sites globally, including the removal of CO2 

from high-CO2 natural gas at the Sleipner and Snøhvit fields (Norway) and In Salah (Algeria), 

and the capture of CO2 from a coal-based synfuels plant at Weyburn (US) from where it is 

transported by pipeline to an oil field in Canada and injected to increase the oil recovery yield.  

                                                      
13

 See for example, Review of UK Oil Refining Capacity for the Department for Trade and Industry (Wood Mackenzie, May 2007) 

and PIU Energy Review, Oil Initial Scoping Note (PIU, August 2001) 
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Capture and injection from industrial sectors outside of the oil and gas industry, however, is 

not practised. Although there are currently no CCS projects capturing CO2 from industrial 

sources in Great Britain, some companies in the iron and steel, refining and cement sectors 

are known to have undertaken initial (pre-FEED) assessments of capture technology and 

economics for certain sites. In addition, the Scottish Government and several of the Regional 

Development Agencies have assessed at a high level the capture potential from sites within 

key UK industrial areas as part of work undertaken to evaluate the role of regional CCS 

deployment
14

. 

 

This section draws upon the existing literature and consultation with UK industry to provide an 

overview of the potential applicability of capture technology to industrial sectors and sites in 

Great Britain.   

 

For each sector we consider: 

 

¶ Sector potential for CCS 

¶ Other GHG abatement options 

¶ Potential application to sites in Great Britain 

 

Table 2: Summary of eligible GB industrial capture sites, 2008 

Sector
Number of CCS eligible 

sites

Verified direct emissions 

2008 (MtCO2)
Share of total

Iron and steel 3 20.02 36%

Cement 14 8.00 14%

Refining 8 3.60 6%

Ammonia 2 1.43 3%

Hydrogen 1 0.30 1%

Ethylene 4 2.54 5%

CHP (large) 5 4.32 8%

CHP (medium) 8 2.41 4%

CHP (small) 32 13.44 24%

TOTAL industry 77 56.06 100%
  

 

2.3.1 Iron and Steel 

2.3.1.1 Applicability of CCS technology options 

Blast furnaces at iron and steel plants represent significant sources of CO2 available for CCS, 

which can be captured either pre-combustion (using oxy-fuelling to generate a pure CO2 off-

gas) or post-combustion (using waste heat for chemical absorption). Neither approach 

                                                      
14

 Carbon Capture and Storage ς A Roadmap for Scotland (Scottish Enterprise, 2010); Carbon Capture and Storage in North East 

England (One North East, 2009); A Carbon Capture and Storage Network for Yorkshire and Humber (Yorkshire Forward, 2009) 
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captures all of the CO2 from integrated iron and steel plants, since large volumes are also 

emitted from non-core processes such as sinter plants, basic oxygen furnaces and rolling 

mills. However, CO2 reductions in the core process could amount to 75% of total process 

emissions
15

. 

The application of post-combustion capture to iron and steel plants using chemical absorption 

would require the installation of CHP units to provide additional heat at most sites.  

2.3.1.2 Existing/planned work on CO2 reduction 

In 2004 the European steel industry instigated the Ultra-low CO2 Steel-making programme, 

ULCOS and work continues with the ULCOS II programme starting in 2010. Four iron-making 

processes along with CCS as the principle supporting technology, are being developed further 

in this programme.  The consortium intends to carry out a major demonstration project that will 

include CCS during ULCOS II.  Top gas recycling blast furnace (TGR-BF) is considered to be 

the most advanced iron-making process technology option under review, having already been 

piloted during ULCOS I at the LKAB experimental blast furnace in Sweden. 

2.3.1.3 Other GHG abatement options 

The carbon intensity of iron and steel production varies considerably between the major 

process types, ranging from around 0.4 tCO2 per t steel (for electric arc furnace) to 2.5 tCO2 

per t steel (for coal-fired DRI process); in the UK where steel is produced using the most 

commonly used blast furnace/basic oxygen furnace route, carbon intensity is around 1.7-1.8   

tCO2 per t steel. Improved energy and materials consumption, and fuel and materials 

substitution, account for most of the abatement potential within the sector. A large range of 

BAT options exist for new build or retrofit to existing plant including the use of coke dry 

quenching (CDQ) heat recovery, top gas recycling blast furnace (TGR-BF)
16

 and new coal-

based reactor designs such as the COREX process. Fuel and materials substitution options 

include increased used of gas-fired DRI, increased use of biomass (mainly charcoal) and 

plastic waste injection.  

 

The majority of abatement options available to an existing iron and steel plant would likely 

require a significant CO2 price (i.e. greater than ú25/tCO2) to be incentivised, with only co-

generation and some energy efficiency measures likely to be cost-effective in terms of energy 

savings alone. Most existing assessments of iron and steel abatement indicate that CCS 

represents the least cost-effective of available options (for both new build and retrofit). 

 

2.3.1.4 Potential application of capture to sites in Great Britain 

Verified emissions from a total of 13 iron and steel facilities (excluding CHP) were 20.4 MtCO2 

in 2008. Over 98% of this total was represented by the three large integrated iron and steel 

works operated by Corus, located at Port Talbot, Scunthorpe and Redcar, Teesside. All three 

plants produce steel according to the blast furnace-basic oxygen furnace (BF-BOF) production 

route and emitted 6-7 MtCO2 each in 2008, representing the UKôs largest emitters outside of 

the power sector. All three plants are considered technically available for capture from blast 

furnace emissions. The proximity of the Scunthorpe and Teesside plants to the depleted oil 

fields in the North Sea (and their location within the scope of planned regional CCS clusters) 

                                                      
15

 Energy technology Transitions for Industry (OECD/IEA, 2009) 
16

 TGR-BF technology recycles gas to provide additional process heat, thereby resulting in more efficient use of coke 

and coal fuel inside the blast furnace than is possible with conventional operation. 
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suggests that they are particularly suitable for CCS project deployment, either through the 

retrofit of oxy-firing TGR-BF technology or post-combustion capture with CHP to raise 

additional steam requirements. 

 

Although no decisions regarding project implementation or favoured capture technology have 

been made, it is understood that preliminary engineering and economic assessments have 

been carried out covering retrofit of TGR-BF technology to one of the four blast furnaces at the 

Scunthorpe plant based on the capture of the CO2 using a combination of (vacuum) pressure 

swing adsorption and cryogenic technology, and transport from the site assuming that a 

suitable CO2 network becomes established in the Yorkshire-Humber region. Initial 

assessments of CCS project potential are also planned at the Teesside and Port Talbot plants. 

 

2.3.2 Cement 

2.3.2.1 Sector potential for CCS 

The cement sector is a major contributor to global CO2 emissions. In 2005, direct emissions 

from global cement production accounted for 1,660 MtCO2 - equal to around 6% of global CO2 

emissions
17

. The manufacture of cement involves the production of large volumes of CO2 from 

fuel combustion and calcination of limestone in the kilns, offering potentially suitable sources 

for capture. A growing number of studies have assessed the applicability of capture 

technology at cement plants and the industry is becoming increasingly active in R&D efforts, 

for example through work recently undertaken by the European Cement Research Academy 

(ECRA)
18

. 

 

The applicability of pre-combustion capture is generally considered to be the least suitable 

capture technology to cement production as the CO2 emissions produced from calcination of 

limestone (which typically account for around 60-70% of total plant emissions) would not be 

available for capture. Furthermore the explosive properties of hydrogen would entail significant 

modification to the clinker production process. The role of post-combustion technology has 

received more attention, and is considered potentially suitable for both new-build plants and 

retrofits. Chemical (amine) absorption is considered the most promising post-combustion 

capture process
19

 with CHP providing the steam required for regeneration (unless sufficient 

waste heat were available from adjacent industrial facilities).  

 

The use of oxy-fuelling to produce a pure CO2 stream suitable for capture is also considered 

to be a potentially promising option for new-build cement kilns in the longer term, subsequent 

to successful demonstration in the power sector. From a technical point of view, post-

combustion capture in the cement industry is not thought likely to become commercially 

available before 2020, with oxy-fuel technology deployed in 2025
20

. Significant R&D efforts 

and pilot projects are required over the next decade to demonstrate technology application 

and gain experience. 

                                                      
17

 Energy Technology Perspectives 2008 - Scenarios and Strategies to 2050 (OECD/IEA, 2008) 
18

 See www.ecra-online.org 
19

 Cement Technology Roadmap 2009 (OECD/IEA, 2009) 
20

 Cement Technology Roadmap 2009 (IEA/WBCSD 2009) 
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2.3.2.2 Other GHG abatement options 

Emissions from clinker and cement production can be reduced principally through three 

established abatement measures: (1) energy efficiency improvements, notably in kiln 

technology; (2) Combustion of waste and biomass fuels in the kiln; and (3) increased use of 

clinker substitutes in cement blending. There is also significant R&D effort concerning the 

development of low-carbon cements, based on new production processes. Most studies of 

abatement potential within the cement sector indicate that, in contrast to CCS implementation, 

such options can be (and are) implemented at low or negative cost where possible. However, 

the increased use of alternative fuel and clinker substitutes faces a wide range of complex 

non-economic barriers typically outside the control of the cement and clinker industry, 

including limits to material availability, and existing product preferences and technical cement 

specifications. 

 

 Although the increased use of these abatement options may give rise to significant abatement 

within the sector, step change reductions in CO2 emissions intensity are thought to be possible 

only with CCS deployment.
21

. This assumes production will continue to be based upon the 

current range of commonly used cement products. However, it must be noted that a number of 

low-carbon or carbon-negative cements (e.g.  Novacem, Calera, Calix and geopolymer 

cements) are currently being developed which could potentially give rise to very significant 

sector reductions; there exist numerous barriers to their wider use and there is considerable 

uncertainty regarding their future adoption within the UK and elsewhere.    

2.3.2.3 Potential application to sites in Great Britain 

Verified emissions within the EU ETS for the cement sector (excluding CHP) were 

approximately 8 MtCO2 in 2008, covering 14 cement plants including both dry and wet 

production process and ranging in production capacity size from around 250,000 t clinker 

(Barrington) to 1.8 Mt clinker per year (Rugby). Although kilns of less than 4,000 to 5,000 t 

clinker per day are considered unlikely to be candidates for CCS deployment on the basis of 

their having higher specific costs, retrofit of post-combustion capture technology can be 

considered technically feasible at all plants, subject to plant-specific space availability, and 

their continued operation in future years. However, a number of the largest cement plants (e.g. 

Rugby, Ketton, Hope) are situated inland at some distance from the coast and potentially 

suitable storage sites, and are located outside of identified potential CCS cluster regions. Such 

factors suggest significant barriers in terms of pipeline routing options and/or prohibitively high 

network connection costs. 

2.3.3 Refining 

2.3.3.1 Sector potential for CCS 

CO2 emissions from refineries account for about 4% of global CO2 emissions, close to 1 billion 

metric tons of CO2 per year
22

 .Large oil refining complexes offer a number of CO2 sources 

potentially suitable for post-combustion capture, including heaters, furnaces, boilers, crackers 

                                                      
21

 See Cement Technology Roadmap 2009 (OECD/IEA, 2009); óClimate Change and the Cement Industryô (Cook, G. 

2009); Low CO2 Cements, Draft paper prepared for the UK Carbon Trust. Building Research Establishment Ltd 2007 

BRE (2007), 
22

 Gale, J., 2005. Sources of CO2. In: Metz, B., Davidson, O., de Coninck, H., Loos, M., Meyer, L. (Eds.), Carbon 

Dioxide Capture and Storage. Intergovernmental Panel on Climate Change. Cambridge University Press, New York, 
pp. 75ï104. 
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and utilities. Refineries are typically situated in coastal locations offering potentially close 

proximity to offshore storage sites, and are also often located within large industrial complexes 

where CCS clusters are more likely to develop over time. 

 

Studies have been carried out on the application of post-combustion capture to refineries, and 

are described in detail in the appendix.  This work has been reviewed and updated where 

possible by the authors based on consultation with industry. 

 

2.3.3.2 Other GHG abatement options 

Emissions at refineries can be reduced through a number of routes including the use of 

various cost-effective energy efficiency measures
23

. A number of examples of successful 

energy reduction schemes such as through the construction of cogeneration plants, the 

reduction of flaring and the use of alternative energy sources have been published
24

. Although 

the underlying trend of increasing energy efficiency in refining operations is likely to continue 

on an economic basis, in the absence of CCS deployment absolute global sector emissions 

are forecast to increase significantly with rising throughput (driven by growth in demand for oil 

products) and process complexity
25

. 

 

In a broader context, the increased use of synthetic fuels based on biomass feed-stocks is 

expected to result in significant emissions reductions from processes using refined energy 

products (transport, heating etc). Biofuel production leads to the formation of CO2 from both 

combustion and process sources. The capture of CO2 from these sources has the potential to 

create negative life-cycle emissions through the removal and permanent storage of carbon 

from the short-term biogenic cycle. 

 
2.3.3.3 Potential application to sites in Great Britain 

Verified emissions for the refining sector in 2008 (excluding CHP) were 13.9 MtCO2, covering 

eight major oil refineries, all of which emitted over 200,000 tCO2 per year. Three refineries had 

emissions of over 2 MtCO2 each in 2008; these were the16 Mt ExxonMobil Fawley site, the 11 

Mt Shell Stanlow site, and the 10.5 Mt Chevron Pembroke site. As shown below in Figure 6, 

all major refineries are located at industrial locations on the coast, offering potentially easy 

access to storage locations in the North Sea and Irish Sea (with the exception of Fawley, 

located on the South Coast). 

 

Given their large annual CO2 emissions and proximity to potential storage sites, capture from 

sources at all nine refineries is considered technically possible. The major technical barrier is 

likely to be space restriction on site, particularly in view of the extensive ducting network 

required if numerous sources are to be captured. As indicated by the Shell study, a large 

refinery complex offers a range of potential capture sources with different capture costs: these 

will necessarily vary on a site-by-site basis with capture from all significant CO2 sources 

unlikely to be cost-effective even with very high CO2 prices. The maximum share of site 

emissions considered technically and economically feasible for capture is estimated at around 

                                                      
23

 For example, McKinsey (Pathway to a Low Carbon Economy, McKinsey & Company 2009) estimates around two-thirds of non-

CCS abatement potential in downstream refining to be achievable at negative cost 
24

 The Oil and Gas Industry and Climate Change. June 2007 (IPIECA, 2007). See 

http://www.ipieca.org/activities/climate_change/climate_about.php 
25

 Global sector emissions are forecast to increase from 1.1 GtCO2e in 2005 to 1.5 GtCO2e in 2030; see Version 2 of the Global 

Greenhouse Gas Abatement Cost Curve (McKinsey & Company, 2009) 
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80%, and CCS would likely be applied to an increasing share of emissions sources (i.e. 

phased in) across a refinery complex on the basis of capture cost and economic incentive
26

. 

 

Figure 6: Major oil refineries in Great Britain 

ConocoPhillips Teesside

 

Source: UKPIA Statistical Review, 2009 

 

2.3.4 Chemicals 

2.3.4.1 Sector potential for CCS 

Certain chemicals production processes which produce large flows of CO2-rich flue gases may 

offer opportunities for relatively low cost post-combustion capture. These include the 

production of ammonia, hydrogen, ethanol, ethylene and ethylene oxide. Capture from large 

volume high-CO2 concentration sources such as ammonia and SMR hydrogen plants can be 

achieved at relatively low cost as only compression and drying would be required as major 

additional equipment (as well as pumps, coolers and separators); absorption units and utilities 

to provide heat for amine regeneration would not be required. 

 

Although application of post-combustion capture would not entail a major reconfiguration of 

plant process, the retrofit of equipment would likely be achieved at higher specific cost than 

that for an integrated design. The cost of capture from ethylene plants would likely be 

significantly higher due to the much lower CO2 concentration in the flue gas (requiring 
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chemical absorption units and steam for solvent regeneration).  Details of literature costs can 

be found in section 3. 
 

2.3.4.2 Other GHG abatement options 

Given the diverse nature of the sector, an extremely wide range of abatement options exist 

depending upon the production process. The IEA identifies energy saving and best practice 

technologies within 57 chemicals and petrochemicals manufacturing processes. These include 

the use of process integration and waste heat, combined heat and power (CHP) and recycling 

and energy recovery
27

; significant potential for fuel switching (e.g. oil to gas and coal to 

biomass) also exists in certain processes. The implementation of such options in the short-

term and of new technologies (including the production of bio-based plastics and chemicals) in 

the long-term would enable the sector to significantly reduce both its energy needs and its 

CO2 intensity. 

 Existing studies indicate that implementing BAT practises such as fuel switching to less 

carbon intensive fuels and the use of CHP and other efficiency measures could be achieved at 

low or negative cost. However, a significant amount of abatement potential is thought to be 

potentially available at significantly higher cost through e.g. improvements in ethylene cracking 

and decomposition of non-CO2 greenhouse gases. Analysis suggests that whilst requiring 

significant capital investment, such emissions reduction options are generally available at 

costs below that for CCS deployment. 

2.3.4.3 Potential application to sites in Great Britain 

Verified emissions for the chemicals sector with emissions in the EU ETS (excluding CHP) 

were 13.2 MtCO2 in 2008, covering a total of 78 installations. The source size of most 

production facilities is medium or small scale; of the total 78 sites, 70 emit less than 200,000 

tCO2 per year and 58 less than 50,000 tCO2. The sector covers a wide range of production 

processes and products. 

Excluding CHP units, those installations considered potentially suitable for capture include: 

¶ 2 ammonia plants (Billingham, Ince) 

¶ 4 ethylene plans (Grangemouth, Wilton, Fife and Fawley)  

¶ 1 hydrogen plant (Teesside) 

These plants had combined direct emissions (excluding CHP) of 4.3 MtCO2 in 2008, ranging 

from source sizes of 0.2  to 1 MtCO2. All seven sites are located on or near the coast, of which 

five are located in close proximity to the North Sea (e.g. Billingham, Grangemouth, Fife, 

Teesside, and Wilton). In the absence of any known future plant retirement schedules or 

specific on-site technical limitations, CCS is considered to be potentially technically feasible at 

all seven installations. There is necessarily considerable uncertainty regarding the future 

lifetime of, and/or investment in new equipment at, these plants.  
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 Energy Technology Transitions for Industry; OECD/IEA (2009) 
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2.3.5 Combined Heat and Power 

2.3.5.1 Sector potential for CCS 

Post-combustion capture technology using chemical absorption can applied to a gas-fired 

combined heat and power (CHP) installation as with other gas-fired power plants (see earlier 

sections) at a capture rate of 85-90%. Economic and technical analysis carried out as part of 

this study has considered several illustrative emissions sizes of CHP plant in order to reflect 

scale economies. 

The key cost assumptions and resulting capture cost ranges (across a range of Government 

gas price forecasts) are summarised in section 3. There is a significant decrease in capture 

costs with increased plant size, associated with capital cost scale economies. 

2.3.5.2 Potential application to sites in Great Britain 

A total of 109 good quality CHP installations are included in the UK Phase II NAP and 

accounted for verified emissions of 11.6 MtCO2 in 2008. According to the 2009 edition of the 

Digest of UK Energy Statistics, 71% of CHP capacity in 2008 was gas-fired
28

. Most industrial 

CHP units are relatively small in scale: of the total number, 95 emitted less than 200,000 tCO2. 

Only five installations emitted over 500,000 tCO2 (ExxonMobil Fawley, Shell Stanley, E.ON 

Winnington, INEOS Grangemouth and Fortum Grangemouth). 

 

As shown in Figure 7, the oil refining and chemicals sectors accounted for around 60% of all 

industrial CHP emissions in 2008. In addition to those units located at refineries and chemical 

production plants, major CHP units are sited at food and drink facilities such as the British 

Sugar factories located at Bury St Edmunds in Suffolk and Wissington in Norfolk and at pulp 

and paper installations located in Aylesford and Kemsley in Kent. 

 

Most large-scale CHP facilities in Great Britain are located within industrial sites, on or in close 

proximity to the coast. In addition to geographical and planning considerations, the major 

restriction to capture applicability to CHP units is considered to be plant size. Assuming that 

large-scale post-combustion capture within the power sector has been successfully 

demonstrated within the power sector by 2020, the capture size threshold for potential 

applicability to CHP in the period 2020-2030 is considered to be relatively low compared to 

other industrial emissions sources such as refineries (for the purposes of considering technical 

feasibility only) with all units emitting 50,000 tCO2 or more per year considered applicable for 

CCS. 

 

 

                                                      
28

 Digest of UK Energy Statistics, Chapter 6: Combined heat and power (DECC, 2009). See 

http://www.decc.gov.uk/en/content/cms/statistics/publications/dukes/dukes.aspx 
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Figure 7: Direct CO2 emissions from industrial Good Quality CHP in Great Britain, 2008 

Refineries
35%

Chemicals 
25%

Pulp and paper 
20%

Food and drink
15%

Other 3%

Offshore 2%

Glass 0.4%

Total: 11.6 MtCO2

 
Source: based on UK Phase II NAP and CITL data (verified EU ETS emissions in 2008) 

 

2.4 The technical capture potential 

Direct CO2 emissions from the industry sector were 125 MtCO2 in 2008, and are forecast to 

decrease to around 120 MtCO2 in 2020 and 109 MtCO2 in 2050 (see earlier sections). The 

total technical capture potential in any given year through to 2050, however, will represent only 

a share of this total. The existing and future capture potential from GB industry has been 

calculated according to four basic steps, as follows: 

 

¶ Step 1: Eligible installation sizes. Capture from very small emissions sources is 

considered unfeasible from both an economic and technical perspective. Below a 

certain volume of annual emissions, scale effects for both capture and transportation 

costs become dramatic (as similar sunk investment costs will be required for reduced 

capture volumes). A comparatively low threshold of 200,000 tCO2 direct emissions per 

year has been chosen for most industrial sources
29

; a lower threshold of 50,000 tCO2 

has been chosen for CHP installations. 

¶ Step 2: Eligible sectors and processes. Only certain industrial processes have been 

considered eligible for CCS, including iron and steel BF/BOF production, cement 

production, oil refining, industrial CHP and several chemical processes (ammonia, 

ethylene, hydrogen). In other industrial sectors, emissions sources are considered too 

diffuse across sites or else there is a lack of literature upon which to base capture cost 

estimates.  

Significant omissions include CO2 from the aluminium sector (which in this context 

reflects a large coal-fired power plant outside of the study scope); lime production (for 

                                                      
29

 Note that the choice of this threshold has the most significant effect upon offshore installation exclusion; however, these 

sources (offshore installations) are in any case excluded under Step 2. 



Potential for Application of CCS 
To UK Industry and Natural Gas Power Sectors  

 

19 
 

 

which there is no known evidence in the public domain of CCS application having 

been considered, although post-combustion capture from  quicklime kilns is 

considered to be technically possible) and offshore activities (the combined factors of 

dramatically declining production over coming decades and challenges of engineering 

and space availability suggest there will be very few significant CCS opportunities). 

¶ Step 3: Eligible capture source at site. The share of on-site emissions which can be 

feasibly captured is difficult to quantify even at a high level, owing to plant-specific 

considerations and limitations in the literature considering CCS in industry. The 

maximum available share may range from 75-80% for iron and steel works and oil 

refineries up to 100% for CHP units.  Sector specific percentages have been applied 

to candidate ósitesô in those sectors screened as eligible under Step 2, as detailed in 

the appendix. 

¶ Step 4: Application of capture rate. The final step in calculating technical capture 

potential is the capture rate; a default rate of 90% has been applied in most cases 

unless alternative robust estimates are provided by the literature. 

 

These four steps are illustrated in Figure 8. It can be seen that less than 40% of the total direct 

emissions in 2008 are considered technically feasible for capture i.e.43 MtCO2
30

. 

 

Figure 8: Assessment of capture potential from industry, 2008 

Total direct emissions(2008): 125MtCO2

of which 
eligible installation sizes: 73MtCO2

of which 
eligible sectors & processes: 56MtCO2

of which 
eligible capture sources: 48MtCO2

of which 
capture potential: 43MtCO2

Step 1

Step 2

Step 3

Step 4

 

The sites identified as potential capture sites (i.e. Step 2) are shown in Table 2.Based on the 

above methodology, a forecast of technical capture potential (excluding capture from 

additional capture-related emissions) was calculated, as shown in Figure 9. Unless specific 

plant details were identified demonstrating 2008 emissions data to be unrepresentative, future 

                                                      
30

 Note that this excludes the additional CO2 volumes associated with capture energy requirements which need to be included 

in calculation of transport and storage costs. 
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non-CCS emissions were based on projected 2008 base year data.    This was carried out 

using similar sector-wide assumptions of future carbon intensity improvement to those made in 

forecasting GB industry CO2 emissions as a whole.  

 

No decision was taken regarding the possible future closure or change in output of plants; it 

was assumed that the 77 plants identified as possible capture projects remain operational 

throughout the forecast period (which may include major refurbishment/re-powering etc).   

 

In the absence of modelling possible future scenarios of plant-by-plant retirement schedules 

and/or replacement, the analysis of capture potential and economics is rather based upon a 

simple assumption of CCS deployment at known existing brown-field industrial sites.  See 

section 2.2 for further discussion.  

 

The forecast indicates that the capture potential declines by around 10% by 2050 (from 43 to 

38 MtCO2), largely due to assumptions of marginal improvement in energy use, and 

implementation of BAT (predominantly in cement and iron & steel), see section 2.2. It can be 

seen that the iron and steel and refining sectors account for over half of the technical capture 

potential through 2050; these sources also represent the largest capture sources (including 

post-combustion capture from blast furnaces at the three large integrated iron and steel works 

of Port Talbot, Scunthorpe and Teesside and the major oil refineries). Capture from cement 

kilns and chemical production plants (ammonia, hydrogen and ethylene) represent a further 20 

medium-sized capture sources accounting for a further quarter of the capture potential. CHP 

units located across a range of industrial sectors represent a total of 45 potential capture sites 

and account for the remaining quarter of capture potential. 

 

Figure 9: Technical capture potential from industry, 2008 to 2050 
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3 CCS costs: Industry Sector 

3.1 Methodology 

The abatement costs (£ per tCO2 avoided) associated with CCS deployment in industry have 

been calculated according to the following simple methodology: 

1) Calculation of capture costs. Capture costs were calculated for nine representative 

industry capture project types, based on the existing literature and project team 

analysis. Technical assumptions and cost estimates were adjusted to current prices 

and modelled as far as possible using common economic assumptions e.g. financing 

assumptions and UK energy price forecasts to provide a reasonably comparable set of 

capture costs. 

2) Calculation of transport and storage (T&S) costs. T&S costs were modelled on a plant-

by-plant basis according to capture volume and location; the approach chosen 

assumed transport and storage of CO2 to be operated by a different entity to the 

capture project operator(s) represented by a simple gate fee, and also the evolution of 

regional CCS clusters through to 2050.  

3) Calculation of CCS costs. The cost of CCS has then been calculated by combining the 

capture and T&S costs for each of the 77 identified candidate sites. Both capture costs 

and avoided costs (by calculating annual tCO2 abated compared to an equivalent non-

CCS facility) have been modelled. 

 

Cost-ordered marginal abatement cost curves (MACC) of CCS industry options were then 

generated for the years 2030 and 2050, based on the technical capture volume calculated 

(see Section 0) and the modelled abatement costs (£ per tCO2 avoided) calculated for each 

identified candidate plant. Finally, several sensitivities were modelled, reflecting alternative 

forecasts of UK energy prices and possible project financing options. 

 

This remainder of this section describes in further detail the above methodology and 

associated outputs. 

 

3.2 Capture costs 

Capture costs were calculated for each of the 77 identified installations by modelling costs for 

nine representative candidate project types. 

 

Technical assumptions and estimates of capital and operational costs were derived from the 

literature, with costs adjusted to end of 2008 prices using the Chemical Engineering Plant Cost 

Index (CEPCI) and using one year average (2009) economic exchanges rates
31

. The same 

assumed rates of future capital cost reduction - associated with learning effects and increased 

manufacture ï as those applied to post-combustion amine-based capture from CCGT plant 

were applied
32

. 

 

                                                      
31

 EUR/GBP = 1.2329; USD/GBP = 1.56696 
32

 i.e. 2030 capital cost = 0.68 x 2008 cost; 2050 capital cost = 0.54 x 2008 cost  
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In order to ensure a greater consistency across project type calculations, capture from 

additional CHP units (to produce heat for capture plant, where required) was included
33

. Fuel 

costs were calculated using the most recent Government forecasts of energy prices (see 

Appendix), using the ócentralô price projections for the base case. For the base case, all capital 

costs were discounted at a (real) rate of 10% over a period of twenty years. The range of 

assumptions and capture costs are summarised in Table 3 and Figure 10. More detailed 

descriptions of each project type and the data assumptions chosen are provided in the 

Appendix. 

 

Table 3: Summary of project assumptions and capture costs  

Plant type
Captured CO2        

(MtCO2/yr)

Avoided CO2         

(MtCO2/yr)

Add. Capex                          

(£ million)          

2030

Add. Opex                               

(£ million/yr) 

2030

Fuel 

requirement 

(GJ/tCO2)

Capture cost 

(£/tCO2 

captured) 2030

Capture cost 

(£/tCO2 

avoided) 2030

Ammonia 0.800 0.736 88 2.25 1.42 15 - 27 16 - 29

Hydrogen (SMR) 0.285 0.268 56 1.79 1.06 20 - 33 22 - 35

Ethylene 0.932 0.785 171 4.36 2.81 25 - 46 30 - 54

CHP (large) 0.772 0.664 144 0.94 2.48 23 - 43 26 - 50

CHP (medium) 0.257 0.221 74 0.39 2.48 28 - 51 32 - 60

CHP (small) 0.103 0.089 43 0.25 2.48 34 - 62 40 - 72

Iron and steel 4.328 3.964 1185 30.25 1.50 26 - 42 28 - 46

Cement 0.862 0.633 200 16.96 2.77 39 - 52 53 - 70

Refineries 2.608 1.932 477 12.17 5.27 37 - 71 49 - 96
 

Note: capture costs do not include costs of transport and storage (T&S); capture cost ranges calculated based on ólowô 

ócentralô and óhighô UK industrial energy price forecasts 2030-2050 (HMT, 2009)ô costs apply financial discount rate of 

3.5% and 10% over 20 years 

 

                                                      
33

 This is an assumption, and final decisions as to whether capture from additional power generation 
for gas separation and compression is likely to be made on a site by site basis  
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Figure 10: Range of modelled capture costs in 2030 
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Note: capture costs do not include costs of transport and storage (T&S); capture cost ranges calculated based on ólowô 

ócentralô and óhighô UK industrial energy price forecasts 2030-2050 (HMT, 2009)ô costs apply financial discount rate of 

3.5% and 10% over 20 years. Base case costs are indicated by crosses; note that these values are located towards 

the upper end of the ranges shown because a discount rate of 10%  i.e. a higher cost of capita than at 3.5% is 

assumed in the base case cost calculations. 

 

The base case capture costs (£ per tCO2 captured) calculated for each of the nine project 

types are shown in Figure 11, ordered by cost and broken down into their separate key cost 

components. The cost of capture is seen to vary significantly across the selection of candidate 

project types, ranging from around £25-30 per tCO2 for those industrial sources involving high-

CO2 concentration capture streams with relatively simple capture equipment requirements 

(ammonia, hydrogen) to costs of £50-60 per tCO2 where there are multiple lower CO2-

concentration sources (refinery complex) and/or smaller volumes available for capture (small-

scale CHP). The graph also indicates variations in the relative share of different cost 

components, including for example comparatively high fuel (gas) costs associated with 

capture from a refinery complex - owing to the large energy requirement associated with 

capture from multiple CO2 sources across the facility. 
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Figure 11: Capture cost components, 2030 (base case) 
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Note: capture costs do not include costs of transport and storage (T&S) 

 

The costs have been generated using common assumptions for key cost factors as far as 

possible (e.g. energy prices, financial parameters, conversion to end 2008 prices; rates of 

future capital cost reduction, retrofit adjustments). However, as no robust comparative cost 

study of retrofit of CCS to industrial sources exists, the use of data drawn from the existing 

literature in order to compare costs across projects must necessarily be treated with some 

caution. For example, some cost estimates can be viewed as overly conservative (e.g. the 

cement opex data includes detailed and conservative estimates of plant fixed cost 

components for maintenance, labour, administration, insurance etc) whilst others exclude 

hidden costs or important project costs such as engineering and design costs and investment 

in civil works. Importantly, there is no quantification in the literature of the potential costs 

associated with reduced production during retrofit installation, although such estimates would 

clearly vary widely on a case-by-case basis. 

 

Similarly, capital and operating costs will necessarily vary according to many process- and 

plant-specific considerations (plant size and configuration, on-site space availability, number of 

available capture sources etc).  The range of capture costs presented above should therefore 

be viewed as first-order estimates only although it is worth noting that the figures produced fall 

within the range of existing cost estimates from the literature, summarised in Table 4. 
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Table 4: Summary of existing capture cost estimates 

Sector Cost Source Notes

US$40-50/tCO2 Borlee, J. (2007) Capture cost (excl. T&S costs), based on post-combustion capture from 

blast furnance. Cost excludes any associated changes in blast furnace 

productivity

ϵрлκǘ/h2
McKinsey (2009) Avoided cost to society in 2030 incl. T&S costs; post-combustion capture 

from blast furnaces at large integrated iron and steel plant

US$ 18/tCO2 Gielen, D. (2003) Capture cost (excl. T&S costs)

US$ 25/tCO2 OECD/IEA (2009a) Low range CCS cost estimate from DRI production

US$60-70/tCO2 OECD/IEA (2009b) Avoided cost incl. T&S costs ; post-combustion capture from  blast 

furnaces at large integrated iron and steel plant

ϵнлπтрκǘ/h2 IEA/WBCSD (2009) Capture cost (excl. T&S costs) based on different capture technologies 

and cost factors

US$75-100/tCO2 OECD/IEA (2008) Capture cost range, based on new and retrofit post-combustion

ϵпрπслκǘ/h2 McKinsey (2009) Avoided cost to society in 2030 incl. T&S costs; range reflects new build 

vs. retrofit

US$50-60/tCO2 Simmonds, M. et al 

(2003)

Captured cost estimate based on retrofit of post-combustion capture 

from multiple sources at large UK refining complex not including CHP 

units

ϵфлπмнлκǘ/h2
Stralen, J. et al (2010) Captured cost estimate based on retrofit of post-combustion capture 

from range of sources at large European refinery complex, other than 

(low-cost) hydrogen production facilities

US$130/tCO2 Gerdes, K. (2009) Capture cost (excl. T&S costs), based on retrofit post-combustion 

capture from refinery process heaters only

US$15/tCO2 IPCC (2005) Capture cost (incl. T&S costs) for post-combustion capture from 

hydrogen production plant

ϵолκǘ/h2 Stralen, J. et al (2010) Capture cost estimate from hydrogen production facility at large 

European refinery complex

<  US$50/tCO2 OECD/IEA (2009a) Cost estimate for post-combustion capture from ammonia plants

>  US$50/tCO2 OECD/IEA (2009a) Cost estimate for post-combustion capture from ethylene plants

US$ 25-30/tCO2 OECD/IEA (2009b) Avoided costs for early candidate high-CO2 content capture sources 

(ammonia, hydrogen) incl. T&S costs

US$ 37-74/tCO2 IPCC (2005) Avoided cost range from the literature for post-combustion from gas-

fired power based on existing technology

US$ 53-66/tCO2 OECD/IEA (2009b) Avoided cost range for post-combustion from CCGT incl. T&S costs

Iron and steel

Cement

Refining

Chemicals

CHP (gas-fired)

 

Source: Borlee, J. (2007), ñLow CO2 Steels ï ULCOS Projectò, ETP 2008 Workshop on Deploying Demand Side 

Energy Technologies, OECD/IEA, Paris (October 8-9); McKinsey & Company (2009) Version 2 of the Global  

Greenhouse Gas Abatement Cost Curve; Gielen, D. (2003), CO2 removal in the iron and steel industry, Energy 

Conversion and Management; OECD/IEA (2009a), Energy Technology Transitions for Industry; OECD/IEA (2009b), 

Technology Roadmap: Carbon Capture and Storage; IEA/WBCSD (2009), Cement Technology Roadmap 2009; 

Simmonds, M., P. Hurst, M.B. Wilkinson, C. Watt and C.A. Roberts (2003), A Study of very large Scale Post 

Combustion CO2 Capture at a Refinery and Petrochemical Complex; Stralen, J., Geuzebroek, F., Goodchild, N., 

Protopapas, G., Mahony, L. (2010), CO2 Capture for Refineries, a Practical Approach. International Journal of 

Greenhouse Gas Control; Gerdes (2009) CO2 Capture Overview ï Scale of the Challenges, presentation by Karl 

Gerdes, Chevron Energy technology Company at IEA/CO2 CRC CCS Summer School, 24 August 2009; IPCC (2005); 

Special Report on Carbon Dioxide Capture and Storage; OECD/IEA (2008), CO2 Capture and Storage: A Key Carbon 

Abatement Option. 
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3.3 Transport and storage costs 

Transport and storage of captured CO2 are obviously essential elements of CCS projects. 

Though they are expected to make up less than a third of overall CCS costs, inadequate 

consideration to transport and storage could derail CCS projects. Locations for CO2 storage 

may be highly sensitive to timing and political or commercial drivers over which the CO2 

source may have little control and may or may not be óoptimisedô from the perspective of the 

source or wider society. Likewise a range of CO2 transport solutions may be conceivable for 

connecting sources and sinks and the chosen solution may not be óoptimisedô either from the 

perspective of the source or wider society.  

3.3.1 Transport ï key issues 

Transport modes could potentially include pipelines or ships. Ship transport may be attractive 

when considerable flexibility is required (e.g. because of uncertainties in expected volumes, 

specification or over storage site location/suitability), or when project lifetimes are short. In 

general however where the locations of sources and storage sites are clear, then pipeline 

transport will be most economic, particularly for the larger sources. Pipeline design, routing 

and financing then become the key concerns.  

CO2 pipelines could operate at low pressure (with CO2 in the gas phase) but operation at high 

pressures (with CO2 in the dense or supercritical phase) is expected to be more economic 

because of the smaller pipeline diameters required
34

. However the limited experience of CO2 

pipelines in the UK could delay in implementation.  In a few cases re-use of existing natural 

gas or oil pipelines may be possible, probably on an opportunistic basis.  

3.3.2 Clustering 

In several parts of the UK CO2 sources are clustered together
35

. In these areas, integrated 

pipeline networks, with multiple branches to connect individual sources to a common hub and 

trunkline, might significantly reduce the disruption, and transaction costs and risks associated 

with permitting and installing multiple point point-to-point pipelines. Particularly for smaller 

sources, integrated pipelines could considerably reduce the costs of transport
36

. However 

there are major challenges in commercially financing CO2 pipelines that are initially over-sized, 

particularly in the period before CCS is considered a mature commercial technology and 

before the locations, capacities, timing and technology choices of sources and sinks are fully 

understood. Commercial investors would price in the risk of low utilisation through a higher 

weighted average cost of capital (or complex penalty clauses), resulting in higher tariffs
36

.   

 

3.3.3 Storage ï key issues 

In studies led by the British Geological Survey and Scottish Centre for Carbon Storage the UK 

has more than sufficient ótheoreticalô capacity to satisfy domestic demand for the foreseeable 

future. Much of this capacity has been insufficiently characterised to date, and therefore it is 

                                                      
34 There is considerable experience worldwide of CO2 transport in pipelines, for example in North America for enhanced oil 
recovery or offshore Norway for CO2 storage at the Snohvit facility.  
35 Element Energy (2007) Development of a CO2 transport and storage network in the North Sea: Report to the North Sea Basin 
Task Force, available at www.nsbtf.org 
36 Element Energy (in press) CO2 pipeline Infrastructure:  An global analysis of global challenges and opportunities for the 
International Energy Agency Greenhouse Gas Programme. 
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not clear exactly which sites are technically most suitable, which sites will be matured to a 

point that they are ready for storage, when these will be available, and what lifetime storage 

capacity will be allowed.  

The matching of sources with sinks has been examined in a number of studies
37

. For this 

study, sources were linked with three broad regions of storage potential under (i) the Southern 

North Sea, (ii) Northern and Central North Sea, and (iii) the East Irish Sea. Other areas (e.g. 

south coast or south west coast) of the UK, may ultimately be demonstrated to have storage 

potential, but to date these are poorly studied. For these regions costs were based on the 

assumption that long offshore pipelines could be used to transport CO2, although the viability 

of these or equivalent onshore connection to the Southern North Sea requires much further 

analysis.  

Storage costs will at a minimum include site appraisal, capital and operating costs for physical 

infrastructure for injection (e.g. platforms and wells), ongoing CO2 monitoring costs and 

additional costs to comply with regulations. The costs for CO2 storage will vary between sites. 

For some locations, the potential to re-use of existing data, wells and platforms could reduce 

costs directly (or indirectly, through delayed decommissioning or enhanced oil recovery). For 

other sites the requirements to map in detail a large storage complex, provide new 

infrastructure, especially for facilities in deep water or for deeply buried storage units, or 

remediate a large amount of existing infrastructure could increase storage costs substantially. 

These factors can only be assessed on a site-by-site basis.  

3.3.4 Transport and storage cost modelling 

The diversity of transport and storage options implies a correspondingly wide range of 

transport and storage cost estimates. Furthermore, drawing on the same supply chains, these 

are exposed to the high price and currency volatility associated with international engineering 

markets. The pace of development of CO2 transport and storage infrastructure can follow very 

different trajectories
38

.  

 

For the purpose of a UK-wide study of opportunities out to 2050, in-house models for transport 

and storage were adapted to work with a minimum number of inputs, consistent with the 

quality of data available.  

With high fixed costs, there are significant economies of scale in transport and storage. Indeed 

the costs of individual transport and storage solutions for sources below a 1-2 Mt CO2/year are 

likely to be prohibitively high, and therefore it is assumed that industrial sources would connect 

to a common CO2 transport and storage network.  

Transport costs were calculated for each site on the basis of predicted volumes, and site 

location (which is used to estimate distances onshore and offshore between source and sink) 

and utilisation rate.  This was then multiplied by a factor according to the siteôs clustering 

potential as described below: 
                                                      
37 See for example Element Energy (2007) Development of a CO2 transport and storage network in the North Sea: Report to the 
North Sea Basin Task Force, available at www.nsbtf.org; Yorkshire Forward (2008) A carbon capture and storage network for 
Yorkshire and Humber;  E.On (2009) A vision for a CCS cluster in the South East; One North East (2010) Carbon capture and 
storage in North East England; Scottish Carbon Capture Consortium (2009) Opportunities for CO2 storage around Scotland ς an 
integrated research study; Element Energy et alΦ ΨhƴŜ bƻǊǘƘ {ŜŀΩ ǊŜǇƻǊǘ ŦƻǊ ǘƘŜ bƻǊǘƘ {Ŝŀ .ŀǎƛƴ ¢ŀǎƪ CƻǊŎŜΣ aŀƴǳǎŎǊƛǇǘ 
Accepted for Publication; Poyry, Element Energy and BGS for  IEA Greenhouse Gas R&D Programme (2009) Role of Depleted 
Gasfields for CCS, available at www.ieaghg.org  
38 Element Energy et alΦ ΨhƴŜ bƻǊǘƘ {ŜŀΩ ǊŜǇƻǊǘ ŦƻǊ ǘƘŜ bƻǊǘƘ {Ŝŀ .ŀǎƛƴ ¢ŀǎk Force, Manuscript Accepted for Publication.  

http://www.nsbtf.org/
http://www.ieaghg.org/
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Source Size Clustering 

Potential Level 

Cost multiplier (relative to 

point-to-point) 

All Low 1 

Tier 0 source (>1 Mt CO2/year) Medium 0.75 

Tier 0 source (>1 Mt CO2/year) High 0.7 

Tier 1 source (<1 Mt CO2/year) Medium 0.5 

Tier 1 source (<1 Mt CO2/year) High 0.3 

 

For storage, costs will depend strongly on site-specific issues. The requirement for multiple 

new wells and surface facilities, pressure boosting, remediation of existing infrastructure, 

extensive site development and monitoring would increase costs. Conversely the economic 

benefits from re-use of existing infrastructure, delayed decommissioning or enhanced oil 

recovery could reduce costs substantially. For this analysis a simple flat tariff of £3/t CO2 was 

assumed for all sites. 
39

  

3.3.5 Assessment of costs 

The analysis shows that 24 industrial sources can connect to transport and storage networks 

with tariffs below £5/t CO2, and total of 53 sources, capturing 38 Mt CO2/year in total can 

connect to transport and storage networks below £10/t CO2.  

 

The remainder (24 industrial sources, capturing 8 Mt CO2/year)  have transport and storage 

costs higher than £10/t CO2, reflecting one or more of the following:  

¶ Their smaller volumes, meaning they are unable to take advantages of economies of 

scale in transport . 

¶ There large distance from potential storage sites. 

¶ Sources that do not form part of a plausible CO2 source cluster. 

 

                                                      
39 See for example, McKinsey (2008) CCS - Assessing the Economics; Element Energy (2007) Development of a CO2 transport and 
storage network in the North Sea: Report to the North Sea Basin Task Force, available at www.nsbtf.org; NOGEPA (2008) 
Potential for CO2 storage in depleted gas fields on the Netherlands Continental Shelf Phase 2 ς costs of transport and storage; 
van den Broek et al (2010) Feasibility of storing CO2 in the Utsira formation as part of a long-term strategy for CCS in the 
Netherlands; International Journal of Greenhouse Gas Control Vol 4, Issue 2, 351-366.  

http://www.nsbtf.org/
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Figure 12: Distribution of T&S costs for industrial sources in 2030 (cluster scenario) 
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Table 5: Distribution of T&S costs in 2030 (cluster scenario) 

0 to 5 5 to 10 10 to 20 20 to 40 > 40 TOTAL

No. of sites 24 29 13 8 3 77

Volume (MtCO2) 20.28 17.87 6.86 1.19 0.29 46.50

Share of total % 43.6% 38.4% 14.8% 2.6% 0.6% 100%

2030
T&S cost (£/tCO2 stored)

 

 

The table above shows the distribution of transport and storage costs calculated for each of 

the 77 potential capture sources identified. Note that the cumulative capture volume shown on 

the x-axis is greater than the capture potential shown earlier for 2030; this is due to the 

inclusion of additional CO2 volumes captured from additional on-site utilities (for capture plant 

energy requirements).    

 

The graph indicates that over 80% of the total potential CO2 capture volume (covering 53 

installations) could be transported and stored for a cost to the capture plant operator of £10 

per tCO2 or less; a further 17% of the total potential (covering 13 installations) is assumed to 

be available at a cost of £20 per tCO2 or less. Only around 3% of the potential is assumed to 

have a cost greater than £20 per tCO2 (covering 11 installations).  

 

The costs shown are highly dependent upon both location and the size of potential CO2 

capture. The lowest costs within the range shown are associated with the largest emissions 

sources (iron and steel works, oil refineries, large-scale CHP plants) located at industrial sites 
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on the coast with close proximity to offshore storage sites; the highest costs are associated 

with the smallest source sizes (small-scale CHP) located inland. 

 

 

3.4 Marginal Abatement Cost Curves 

3.4.1 Methodology 

The capture costs were combined with the calculated T&S costs to arrive at CCS cost 

estimates for each of the 77 candidate installations identified. Marginal abatement cost curves 

(MACC) were then generated for 2030 and 2050 in order to illustrate a cost-ordered series of 

increasing abatement potential from CCS deployment in industry. Note that CCS MACC 

calculations are based upon avoided emissions, rather than captured emissions
40

.  

Avoided emissions take into account those emissions not captured, including the proportion of 

non-captured emissions from additional energy requirements (see appendix for further 

details)
41

. This relationship can be represented as follows
42

: 

 

Avoided CO2 = captured CO2 / CE * [effnew / effold ï 1 + CE]  

 

where CE = fraction captured; effold = energy efficiency of plant without capture (%); effnew = 

energy efficiency of plant with capture (%) 

 

For ease of presentation, installations were grouped on an abatement cost basis: each of the 

77 installations was allocated into one of three cost categories (A, B and C) assigned to each 

of the nine capture project types i.e. a maximum of 27 CCS cost categories. Note that in the 

case of iron and steel, each category therefore reflects an actual plant, and that also only two 

ammonia plants and one hydrogen plant were identified (see Section 2.3 for details). 

 

                                                      
40

 The definition of abatement in the context of CCS is in terms of avoided emissions.  This is the basis for CCS recognition under 

the EU ETS. 
41 Typically emissions from additional energy requirements (such as CHP) are assumed to be captured at a 90% rate 
42

 CO2 capture and storage: A Key Abatement Option (IEA.OECD, 2008) 
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3.4.2 Results 

3.4.2.1 Base case 

Figure 13 presents a base case marginal abatement cost curve for CCS applied to industry in 

Great Britain for the year 2030. The corresponding data are provided in the Appendix.  

The curve shows a total technical abatement potential of around 38 MtCO2, available at a wide 

range of costs increasing from around £30 per tCO2 (ammonia) to around £150 per tCO2 

(small-scale CHP). As described earlier, the capture cost elements reflect a variety of factors 

including capture equipment requirements based on flue gas CO2 concentrations, energy 

penalty rates and scale-effect capital costs whereas the T&S cost elements reflect geographic 

factors as well as potential source capture volumes. The graph does not take into account 

technology readiness or likely deployment rates which will be considered as part of the uptake 

scenario analysis. 

 

Figure 13: Marginal Abatement Cost Curve for Industry in 2030 (BASE CASE) 
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It can be seen that around one third of the abatement potential is estimated to be achievable 

at around £50 per tCO2 or less and includes capture from high-CO2 stream ammonia and 

hydrogen plants, the three integrated iron and steel works and the majority of large-scale 

industrial gas-fired CHP capacity). A further third of the potential is available for around £80 

per tCO2 or less (capture from ethylene plants and most medium-scale CHP units and cement 
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kilns), and the remaining third at higher cost from oil refineries sector and certain other plants 

with high unit T&S costs (e.g. inland small-scale CHP units). 

 

Note that the differences between tranches of the same sector (for example the three refinery 

tranches) stem from differences in plant output and therefore size of capture kit installed and 

differences in transport and storage costs based on plant location and emissions. 

 

Figure 14 compares the MACCs calculated for 2030 and 2050. Although there is a noticable 

reduction in abatement costs associated with real capital cost reductions 2030-2050, the effect 

is not dramatic; it is assumed in the capital cost reduction rates chosen in the analysis that the 

most significant equipment cost reductions occur in the period 2010-2030 e.g. the 

demonstration and early commercial deployment stage
43

. Note also that there is a marginally 

smaller volume of total capture (and therefore abatement potential) in 2050 compared to 2030; 

this is attributable to assumptions of increased energy performance in certain sectors through 

2050 (e.g. increased materials blending rates and energy efficiency in GB cement 

manufacture). The degree of uncertainty regarding both future capital cost reduction and CO2 

available for capture is clearly very high and will be dependent upon many factors highly 

international in nature, including for example the rate at which CCS technology is successfully 

deployed worldwide over the next decade and the future competitiveness of GB industry 

(which in turn will be influenced by a range of economic drivers, some of which are related to 

carbon costs). 

 

 

                                                      
43

 Note also that potential future improvements in capture energy requirements are not modelled 
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Figure 14: Marginal Abatement Cost Curve for Industry in 2030 and 2050 (BASE CASE) 
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3.4.2.2 Sensitivity analysis ï uncertainty in fuel price and financing 

In order to assess the potential range of abatement costs associated with CCS applied to 

industry sector, a sensitivity analysis was conducted by producing six alternative MACCs on 

the basis of the following economic scenarios: 

¶ Low energy price forecast (using discount rates of 10% and 3.5%) 

¶ Central energy price forecast (using discount rates of 10% and 3.5%) 

¶ High energy price forecast (using discount rates of 10% and 3.5%) 

 

Real discount rates of 10% and 3.5% were chosen to reflect typical illustrative rates within the 

private and public sectors respectively. These values have been used to reflect high- and low-

risk investment decision making in MACC analysis presented in several recent Government 

studies
44

. A value of 10% was found to be in alignment with typical values for a real corporate 

weighted average cost of capital (WACC) suggested by industry through consultation, which 

ranged from 7-15% for large scale industrial projects implemented in the EU or UK. Clearly, 

the presence of high project risk associated with e.g. uncertain regulatory environment, CO2 

                                                      
44

 {ŜŜ ŦƻǊ ŜȄŀƳǇƭŜ Ψ.ǳƛƭŘƛƴƎ ! [ƻǿ /ŀǊōƻƴ 9ŎƻƴƻƳȅΩ ό/ƭƛƳŀǘŜ /ƘŀƴƎŜ /ƻƳƳƛǘǘŜŜΣ нллуύ .ƻȄΦ оΦс ŀƴŘ ǘƘŜ нллт ¦Y 9ƴŜǊƎȅ ²ƘƛǘŜ 
Paper  
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price volatility, unproven technology etc would increase lending rates significantly. The MACC 

chosen as the base case was calculated using a commercial discount rate of 10% and the 

ócentralô energy price forecast was used.  

 

The resulting set of MACCs is shown in Figure 15 for the year 2030. The sensitivity of CCS 

cost to both energy prices and financial discount rate is seen to be significant. For example, 

the increase in abatement cost between the ólowô and óhighô energy price scenarios is in the 

order of around 40%, the exact rate for each project being depending upon the share of fuel 

costs in the total CCS abatement cost (highest for oil refining). The increase in abatement cost 

between the application of 3.5% and 10% discount rates scenarios is in the order of around 

20%, varying according to the relative contribution of capital cost in the overall CCS cost. The 

variability of these two factors between different project types can be seen in the fact that the 

relative (cost) order of some CCS options changes across the six curves. 

 

To the extent that industrial CCS projects in Great Britain will only be incentivised by market 

CO2 prices (i.e. EUAs), the potential rate of CCS deployment is likely to be highly sensitive to 

energy prices and/or the cost of capital. For example, under the most favourable MACC 

scenario presented here (low energy prices; discount rate of 3.5%) an EU ETS Phase III 

allowance price of £50 per tCO2 would incentivise around 22 MtCO2 of CCS abatement 

whereas the least favourable MACC scenario would incentivise less than 2 MtCO2. This 

highlights the importance of CO2 prices - and investor expectations of their future price 

changes - to potential CCS deployment within industry in the medium-long term. 

 

 



Potential for Application of CCS 
To UK Industry and Natural Gas Power Sectors  

 

35 
 

 

Figure 15: Marginal Abatement Cost Curves for Industry in 2030 
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3.4.2.3 Sensitivity - industrial output projections 

This MACCs produced are based upon the industrial emissions forecasts presented in section 

2.2 . As discussed earlier, the emissions projections for those specific sites identified as 

potential captrue sources  - i.e. a total of 77 instalations -  reflect the (industrial output and CO2 

emission) forecasts made for each industrial sector fo the GB as a whole, except where 

alternative plant-level information is known. The emissions forecast of the CCS-eligible plants 

are therefore based upon a fairly constant GB industrial output projection (with the execption 

of certain sectors such as offshore O&G production and textiles). Future changes in GB 

industrial output are necessarliy highly uncertain and will be driven by a large range of macro-

economic and site-specific factors including e.g. changes in demand for industrial products, 

national and international economic growth,and  relative competitveness of GB industry 

(including potential impact from leakage impacts associated with differential carbon costs).   

 

Future changes in industrial output will either: 

¶ Reduce (or increase) the load factor for those plants currently operating; or 

¶ Remove (or add) plants from the current fleet e.g. to meet falling (or increasing) 

demand  
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The latter case will essentially have the effect of removing the relevant tranches entirely from 

the MACC with little or no impact on the remaining tranches, except potentially to reduce the 

economic benefits available from developing local clusters of capture sources.  In the former 

case, reducing load factors will both decrease the total volume of CO2 potentially available for 

capture and increase the abatement cost of a given project (because with part-loading, the 

investment cost results in a relatively lower CO2 saving over the project lifetime). The latter 

effect may in practise be differential across and between sectors and plants, depending on 

those technical and economic factors determining the marginal cost of capture. 

3.4.2.4 Sensitivity ï Filtering sites based on annual emissions 

Filters applied earlier in the process restricted the application of CCS to sites with emissions 

greater than 200ktCO2 per annum, or 50ktCO2 per annum in the case of CHP.  If sites are re-

located to be in close proximity to other potential CCS sites (e.g. a power station or large 

cement works), there is opportunity to increase the overall abatement potential by merging 

streams prior to capture.   
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4 Industry CCS deployment scenarios 

4.1 Primary sensitivities variables 

Given the purpose of this study is to examine the likely deployment rate of capture 

technologies in industry and power sectors, we have identified key input sensitivities that have 

the greatest effect upon this outcome.  

4.1.1 Technology readiness 

Despite the maturity of CO2 separation and ñcaptureò in some industrial processes (the drinks 

industry is an example) the scale of capture here is at least an order of magnitude less than 

what would be required for ñcommercial deploymentò i.e. at the 100MW ï 1GW scale. As a 

result the industry standard view is that capture technology is not technically ready, and needs 

to be proven at the demo and pre-commercial scale before it achieves this status.  

Moreover, ñBest Available Technologyò (BAT) is a commercialisation indicator used to indicate 

if a technology could (or should) be taken up by the market. In this context ñavailableò requires 

the technology to have been demonstrated successfully at a commercial scale and in an 

economic environment which is similar enough to that of the target plant.  

For industry and later for the gas sector, we use two example technology readiness dates: 

¶ Early: Which reflect the earliest practicable availability given the requirement for 

demonstration and pre-commercial deployment phases. Typically this is in the time 

period 2020-2025. 

¶ Slow: Which assumes that the pre-commercial deployment phases are more 

problematic and that capture reaches technology readiness ca. 10 years after the 

earliest date. 

Technology readiness (TR) dates are used as a trigger for investments in capture. No 

investment in commercial deployment is allowed before the TR date, however we do allow 

decisions regarding capture to be taken immediately at the TR date. The asset specific 

construction time then defines when the asset, with capture, is on-line.  

It is recognised that the choice of technology readiness does affect other variables within the 

model. Most important is the technology cost; specifically the assumptions about the learning 

rate for capture. Problems with deployment will interrupt the assumed cost reduction 

trajectory. For transparency we have assumed a single learning rate trajectory.  

4.1.2 Economics 

There has to be a viable business model to underpin investments in capture. Both the gas 

power and industry sector models utilise economic viability tests before permitting capture to 

be added to each facility.  

The industry MACC curve identifies for each facility the price of CO2 required to give the 

required return on investment. Three CO2 price trajectories are taken from DECC projections, 

and these are used for comparison against the industry MACC curve to identify economic 

investments. 
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For the purposes of simplicity and transparency, investment in capture is triggered when the 

market CO2 price is equal to or greater than the levelised cost of abatement in a given year 

(subject to technology readiness and the limits of technical availability). Implicit in this 

approach is the assumption that CO2 prices in subsequent years would remain at the same 

level or increase; no foresight is assumed involving likely projections of CO2 prices. In 

practise, it is understood that investment decisions and financing structures are more complex 

and will account for risk factors such as CO2 price volatility and uncertainties concerning future 

policy support; such factors may result in an investment decision requiring needing a the 

prevailing market CO2 price to be higher than the abatement by a certain margin; however, 

there is no robust data to determine this margin and such decisions commonly involve a range 

of complex economic and non-economic factors. 

4.1.3 Other variables 

WACC/discount rate:  Set at a constant of 10% 

Fuel price:   DECC central price projections used. 

4.2 Summary of deployment scenarios 

A summary of the industry deployment scenarios is show below.  

Technology 
Readiness 

CO2 Price trajectory 

Low Medium High 

Early (2020) A1 A2 A3 

Late (2030) B1 B2 B3 
 

Some industrial processes are expected to be earlier adopters of capture technology, for 

reasons which include the purity of the CO2 stream, and the number of individual CO2 source 

emitters at a single facility. We reflect this within each TR scenario by allowing immediate take 

up of the technology in some sectors, and delaying it in others, see below. 

Figure 16: Commercial technology readiness dates for scenario set A, across sectors 
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5 Potential for CCS: Industry Sector 

The base-case MACC
45

 is used to define the realistic potential for CCS over the period to 

2050.  For each installation: 

1) The date at which the technology can be commercially applied at large-scale in the 

sector is defined according to the scenario as described above.   

2) The abatement cost is compared to the CO2 price in any given year, as defined by the 

scenario. 

Uptake of CCS by a plant can therefore occur at any time beyond the technology readiness 

date provided the CO2 price exceeds the abatement cost.  In reality such uptake is likely to be 

tied to refurbishment schedules for some industry sectors.  Consultation responses indicated 

the complexities and often modular nature of such schedules which prevented the application 

of over-arching assumptions across a sector/sectors to predict uptake.   

Descriptions of the refurbishment cycles are summarised in the Appendix. 

5.1 Results 

5.1.1 Industry-wide analysis 

Figure 17 highlights the impact on CCS potential in UK industry from CO2 prices and the 

global rate of CCS development. The uptake profiles for the scenarios shown are a 

consequence of a relatively shallow baseline MACC (as shown in section 3.4) and steep 

trajectories for CO2 price predicted by DECC. 

 

In the most optimistic scenario (A3), where CCS is proven early and CO2 prices are high, then 

the abatement potential reaches 35 Mt CO2/year in 2030.  Deployment occurs over a narrow 

timeframe reaching a maximum of 37.5 Mt CO2/year by 2032.  This corresponds to a capital 

investment of ca. £7.7 bn over the seven years from 2025 and 2032 (Figure 17). 

 

Conversely, in scenarios A1 and B1, where CO2 prices are low, uptake starts later and 

proceeds more slowly. Abatement is only ca. 1 Mt CO2/year in 2030, rising to 34 Mt CO2/year 

in 2050. . In these scenarios investment is delayed and is spread over a much longer period, 

i.e. £6 bn over 15 years.   

 

By the time the CO2 price has reached the medium case, the price is sufficient to drive 

investment at the rate shown by scenario A2.  Technology development inhibits the equivalent 

case (B2) and scenario B3, causing an identical steep step-like trajectory.  Uptake occurs as 

soon as technology becomes available as it is already economic to deploy.   

 

Although CO2 price and CCS development rates are important prior to 2035, after 2045, the 

annual abatement potential is similar across the six scenarios, i.e. differences in CO2 price or 

impact on total abatement from an initial fast or slow rollout of CCS are small.  This is a result 

of the minimum CO2 price prediction from DECC of £100/t, which is sufficient to drive 

investment across the board.   

                                                      
45 Central fuel prices, 10% real discount rate 
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Figure 17 CO2 abatement in industry for different CCS development and CO2 price 
scenarios.  
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Figure 18 Capital investment profile for CCS in industry for the six scenarios. 
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5.1.2 Sectoral contributions to abatement and costs.  

The sensitivity of the breakdown of the CCS projects by sector for the six scenarios has been 

analysed. For simplicity, the two extreme rates of CCS development are shown in Figure 19, 

i.e. scenarios A3 (most optimistic, i.e. high CO2 prices and rapid CCS technology 

development) and B1 (most pessimistic, low CO2 price and delayed CCS technology 

development).  

Irrespective of scenario, iron and steel, CHP and refineries provide the dominant opportunities 

for CO2 emissions abatement in 2050. Before this however, the absolute contribution from 

each sector is dependent on timing and the scenario. Capture from ammonia plant is available 

soonest but is of low magnitude. Capture in industrial CHP and iron and steel industries each 

provide material abatement in ca. 2030 in scenario A3 but in B1 this is delayed until ca. 2040. 

Capture at refineries, ethylene and the cement sectors begin to contribute in A3 from 2030, 

but are negligible even in 2040 in B1. Indeed refineries only contribute materially from 2045 in 

scenario B1.   
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Figure 19: Contrast in the number (upper panels) and abatement potential (lower 
panels) of capture projects for the most optimistic (left hand panels) and most 
pessimistic (right hand panels) scenarios for CCS deployment in UK industry.  
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5.1.3 Emissions 

The impact upon CO2 emission levels, of these uptake trajectories, is shown in the two graphs 

below. The upper graph shows the baseline emission trajectory for the industry fleet, without 

CCS. The lower graph shows the lower emissions following scenario A3. 
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Figure 20: Industry direct emissions with and without CCS over the period 2008-2050 
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5.1.4 Summary 

With very diverse assumptions on the rate of CCS technology development and CO2 prices, 

the captureable emissions from industrial sources is estimated in the range 34-37 Mt CO2/year 

in 2050, with capital investment in the region £6-8 bn.  

The dominant contributions to abatement in 2050 come from the iron and steel, industrial CHP 

and refining sectors.  

There is significant uncertainty over the economic potential of CCS in industry and relative 

contributions from different sectors in the period 2025 to 2045, with CCCôs alternative CO2 

price forecasts resulting in very different CCS uptake levels. The rate of CCS technology 

development has a significant impact at higher CO2 prices but has negligible impact under the 

lower CO2 price forecasts.  

With plausible uncertainties of ca. 10 years on when uptake becomes relevant, it will be 

challenging to engage industry in preparing for CCS. For cement and refining, the uncertainty 

in economic uptake exceeds 20 years.  
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Gas Report 

6 CCS application to the gas power sector 

6.1 Size and composition of the existing and planned gas fleet 

Existing databases (including the Digest of UK Electricity Statistics óDUKESô, the National 

Allocation Plan for the ETS, and IEA emitters database) were used to develop a database 

listing the capacities, start dates and current emissions for  the current fleet of gas-fired power 

generation. Current emissions are proportional to a number of factors, including plant load 

factors, efficiency and the type of gas-fired plant.  

The current fleet in the database has a nominal rated capacity of 31.2 GW and comprises 

predominantly CCGT, a small number of OCGT, gas/oil, CHP and Cogeneration units, as 

shown in Figure 21. The current fleet is predominantly smaller, sub-1000MW units.  

A database of future gas plant plans was developed using an in-house database of potential 

CCGTs and planned or proposed CCGTs that are in the planning process or have made a 

planning/section 36 application. The planned capacity is in excess of 30GW, however typically 

a number of proposed projects are likely to fail for financing or planning reasons. In particular, 

projects developed by independent developers are generally less successful than those 

developed by larger utilities.  The recession has also impacted the demand for electricity, 

decreasing the likelihood that planned capacity will go ahead according to its original 

timescale.  For completeness all proposed plants are considered here.   
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other 

Totalexisting: 31.2 GW
Total in planning: 32.3 GW

 

Figure 21: Current UK Gas-fired Generation 2009 (blue and red) and CCGT plant in 
planning, pending or under construction (green) 
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70% of planned CCGT capacity is in larger units each in excess of 1000 MW.  This trend is 

likely to continue into the future as even larger plants (up to 1.8GW) join the grid in the future. 

 

6.2 Repowering and replanting of existing fleet.  

Plant age and refurbishment requirements determine operation and plant economics of a 

particular plant.  Typically plant óre-poweringô, i.e. replacement of turbines and heat recovery 

steam generator (HRSG) occurs 20-30 years after construction.  Repowering typically involves 

downtimes of several months. The extent of plant refurbishment during órepoweringô will 

depend on site-specific issues ï such as compatibility of existing infrastructure with the new 

turbine(s). Future gas fleet potential capacity can be estimated using assumptions on 

repowering timelines and overall demand. A baseline assumption for this study is that, unless 

the site is mothballed, repowering can occur 20 years after plant construction to extend 

lifespan by 20 years. After 40 years it is assumed that a new plant can be built on site from 

scratch. 

Please note that grid requirements determine the functioning of the system as a whole but in 

some locations impact operational parameters of plants.  This is not considered further in this 

report as significant changes to the grid are expected by the 2030-2050 period. 

6.3 Shortlisting sites for CCS relevance. 

The gas fleet list contains plants that differ in their CCS relevance, based on plant type, annual 

plant emissions, plot availability for capture, site pipeline access, access to storage sites. 

Technology and market evolution may result in unexpected additional opportunities for capture 

from the gas power sector, but cannot be relied upon.  

 

6.3.1 Plant type 

The types of plant identified in the database include systems used solely to provide heat 

and/or power in industry, CHP/cogeneration plants, multi-fuel units, Open Cycle Gas Turbines 

(OCGT), black start power units as well as óconventionalô combined cycle gas turbines 

(CCGT).  

Units used for industrial heat and/or power are excluded as their potential has been described 

in the preceding chapters.. With the exception of Peterhead power station for which gas with 

CCS has already been proposed by industry, multi-fuel, gas/oil and IGCC sites are excluded 

from the site shortlist which is focused on the gas power fleet.  IGCC represents a fuel-

switching option from natural gas fired power to coal gasification, rather than as gas-fired 

power generation with CCS and will therefore be treated accordingly. 

Black start facilities (used to start power stations e.g. in the event of grid failure) are removed 

as these are viewed as part of the parent coal fired station and tend to be gas/oil units with 

very low load factors. 

6.3.2 Plant size 

The majority of the UK gas-fired power generation is above 50,000 t CO2/year. Sources below 

this level of annual emissions are excluded as the costs and challenges of CO2 transport are 
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likely to rise significantly with smaller volumes
46

. Removing small generators removes 37 

sources corresponding to emissions of 0.7 Mt CO2/year.  

6.3.3 Plant pipeline access 

Unless a natural gas supply can be substituted by a hydrogen supply from elsewhere, and the 

existing gas pipeline and gas turbine adapted or replaced to ones that can run on hydrogen, 

on-site CO2 capture requires access for a pipeline to transport CO2 away for storage,. Even if 

ship transport is used offshore transport is still required away from the site to dockside.  

For some power stations, there are residential, social or industrial developments adjacent to 

the sites. Some sites are ñboundò, i.e. where the surroundings effectively barricade the site in 

question and no pipeline path is evident, without redevelopment. Consider the example of 

Enfield CCGT. 

Figure 22: Enfield CCGT, example access problem 

 
 
Here the site is almost fully bound. Access to the South, West and North is via industrial or 

residential areas severely limiting pipeline access. To the East is a reservoir.  There is a very 

narrow route in the North-East.  

For new sites the CCR requirements are such that the access to the site must be identified, 

and the degree to which rights of way are secured for use are under discussion. 

6.3.4 Plot 

The footprint for an onsite carbon capture plant, compressor and pipeline installation is 

significant and varies considerably on the technology involved and the operational 

requirements. The economies of scale and impacts of future technology development are 

potentially significant. The IEA report CO2 Capture Ready Power Plants (2007/2) identifies the 

                                                      
46 See for example, Amec and Gastec (2006) IEA Greenhouse Gas R&D Programme Report 2006-4.   


