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Executive summary 
 
 
This paper summarises insights from ETI’s work on energy system modelling, the UK Storage 
Appraisal Project (UKSAP) and modelling of CO2 transport and storage systems. It follows up ETI’s 
contribution to the CCS Cost Reduction Task Force. 
 

 Deploying CCS in the UK is vital to cutting the costs of meeting carbon targets – saving up to 
1% of GDP on the costs of low carbon energy by 2050. A successful CCS sector depends on 
the creation of national infrastructure for CO2 transport and storage. 

 Informed decisions about locating CCS infrastructure will be critical to keep costs and risks low.   

 It is important to site new power stations with CCS close to demand centres (e.g. on populous 
estuaries close to potential offshore stores). This is because electricity transmission capacity 
looks more costly than pipeline transport of CO2 (based on current data per MWh, particularly 
for gas power).   

 A relatively simple but integrated network of around 3000 km of pipeline and fewer than 20 key 
stores is capable of handling UK demand to 2050. The cost of the required offshore 
infrastructure is estimated to be  less than £5 billion (for context, this compares to investment of 
over £12 billion this year in North Sea oil and gas).  

 Significant cost savings can be achieved by developing shared and integrated infrastructure. 
This could be through four point to point systems launched from four separate shoreline 
terminals. Fewer strategic shoreline hubs will help realise economies of scale and high 
utilisation of offshore infrastructure. 

 The levelised cost of transport and storage starts at a high level (circa £80 per tonne) in early 
phases of deployment, dropping below £20 per tonne around 2030-35. Total levelised costs of 
£13 - 17 per tonne could be potentially achieved. 

 Further work is needed to develop the policy framework for decisions about CCS location. This 
includes assessing: 

 the potential for a national planning or policy statement for CCS,  
 the application of the capture-readiness requirement,  
 the environment for promoting efficient collaboration in cluster development,  
 the options for promoting and shaping offshore activity in storage appraisal and 

de-risking (e.g. use of leasing rounds, structuring of licences and leases). 
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1. Introduction 

1.1 Purpose & overview 
 

This paper aims to explore the current evidence and understanding of the issues in optimising the 
location of CCS investments and infrastructure in the UK. It is published to follow up ETI’s 
contribution to the CCS Cost Reduction Task Force. 

CCS offers unique potential for cutting the UK’s CO2 emissions. Our energy system analysis 
suggests that deploying CCS can reduce the annual cost of meeting carbon targets by 0.5 to 1% of 
GDP1 by 2050, compared with a scenario where there is no deployment of CCS.   

Decisions about the location of CCS are likely to be critical to the successful development of a UK 
CCS sector. Major sources of emissions and sites for CO2 storage will need to be linked efficiently 
to keep costs and risks low. New CCS power generation would ideally be sited close to both 
potential CO2 stores and centres of demand for power. But some trade-offs will be needed, and 
decisions should be informed by good data and the right incentives.  

This paper is based on our CCS programme which helps build knowledge around the role of CCS 
in moving the UK energy system to a low carbon future. It draws on evidence from on a number of 
ETI initiatives including: 

 Energy system modelling using the ETI’s Energy System Modelling Environment (ESME) 
model. ESME is an optimisation model that simulates future optimal technology choices, 
taking account of the spatial and temporal characteristics of the UK energy system, the 
characteristics of different technologies, and (in probabilistic mode) the inherent uncertainty 
in a wide range of factors influencing future energy technology characteristics, costs and 
resources. This is a powerful tool for understanding the full potential role that CCS can play 
in the future low carbon UK energy system.   

 Our UK Storage Appraisal Project which comprehensively draws together the currently 
available evidence base on the location, capacity, risk and estimated cost profiles of the 
potential UK CO2 storage resource base. This is available on licence under the brand name 
of CO2 Stored – www.co2stored.co.uk 

 Our ongoing work on modelling the size and shape of potential CO2 transport networks 
which would be capable of meeting the CO2 storage demands of a fully developed UK CCS 
sector. 

 Work to explore questions around the market and regulatory framework for delivering 
efficient investment and effective arrangements for CO2 transport and storage, drawing 
upon analysis of potential market failures and a range of tools and mechanisms used in 
analogous sectors.   

                                                            
1 Current expenditure in the UK on energy and its distribution is around 9% of GDP 
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Sections 2 to 4 - sets out our key insights and evidence drawn from this range of work.   

Section 5 - draws together the key points from this evidence base, notes key knowledge gaps and 
considers whether and why location decisions are important for CCS.   

Section 6 - considers the current policy framework for CCS location decisions  

Section 7 - sets out key questions in moving towards a coherent strategy for decisions about 
locating CCS capture, transport and storage facilities.  

 

1.2 Overview of CCS potential role in the UK energy system 
 

ESME is a powerful tool for analysing the potential of CCS because it models the full energy 
system (including electricity, heat, industry, transport and infrastructure) and incorporates 
representation of UK geography and demand in both spatial and temporal dimensions to help meet 
UK emissions targets. ESME modelling points clearly to a central future role for CCS in efficiently 
cutting UK CO2 emissions, provided the policy and investment environment enables CCS to fulfil 
its full potential. In particular analysis using ESME2 suggests that: 

 CCS could play a key role in decarbonisation – it could reduce the annual cost of the 
energy system in 2050 by over £30 billion (or around 0.8% of projected GDP) compared 
with a scenario where no CCS is deployed.   

 An optimised CCS sector delivering maximum value to the UK energy system would be 
storing around 100 million tonnes of CO2 per year by 2030 under most scenarios. 

 Realising the potential of CCS is not just about the power sector, it involves a range of 
applications in industry, gasification and bioenergy to power with CCS. 

 Most scenarios suggest that a rapid scale up of CCS in the power sector up to 2030 would 
be efficient. This would involve applying capture to generation based on a combination of 
gas (particularly Combined Cycle Gas Turbines (CCGT), coal and biomass) and on 
industrial emissions; followed by an increasing emphasis on flexible gasification and 
bioenergy CCS applications in the period to 2050.   

 

1.3 Implications of current power investment 

 

Current planned investments in electricity generation include significant amounts of new gas 
generation capacity, which will have lifetimes extending into the 2030s. These may well need to be 
retro-fitted with CCS under an optimal transition of the UK energy system (although by the late 
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2020s new CCGT plants may be built with integral CCS capability). Recent new build and future 
plans for new CCGTs are widely dispersed including some locations (e.g. Pembroke and 
Carrington) remote from potential storage sites in the North Sea or East Irish Sea and at locations 
where significant new onshore CO2 transport infrastructure would be required (e.g. West Burton 
near Retford).  

This points to the need for a clear framework for decisions about the location of significant CCS 
facilities well before 2020. There is a significant risk of locating new plant in areas which will make 
CCS more difficult to implement or costly to operate in the future. 

1.4 Issues in optimising CCS location 
 

In considering the location of CCS we assume that the power generation sector will be the main 
application for CCS, at least during its initial development in the 2020’s. This reflects the likely 
scale economies in power generation and its lower exposure to international competition. In pure 
economic terms the optimal location of CCS applications in power generation will reflect the 
interplay of: 

 Location and distances between major centres of demand for energy, CO2 storage sites 
and sources of primary energy inputs (e.g. imports or other sources of fossil fuels, sources 
of biomass etc.)  

 Transport costs for electricity, gas and CO2 using wires and pipes 
 Economies of scale which might arise from clustering and establishment of networks 

(including the potential for extending into industrial CCS)  

 

Costs of new facilities will also be significantly influenced by infrastructure siting and routing 
considerations (such as the relative ease of planning, consenting and staffing brownfield stations 
on existing power station sites, together with existing access to cooling water, the grid and other 
infrastructure). The location of other major sources of generation capacity (e.g. location of new 
nuclear and major renewables capacity) may also be relevant, since this will affect the regional 
supply/demand balance. 

Typically, the trade-off for a new CCS power plant might be between locating close to final demand 
(lower electricity transmission costs, higher CO2 – and possibly fuel - transport costs) or close to 
CO2 storage sites (higher electricity transmission costs, lower CO2 pipeline costs)3. 

 

 

                                                            
3 The ETI is currently contracting with Buro Happold to develop a deeper understanding of the costs for new 
long term energy infrastructure (pipelines, powerlines etc) to build a better understanding of implications for 
future energy strategy. 
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2. Insights from energy system modelling 

2.1 Regional patterns of CCS deployment in ESME modelling 
 

ESME offers insights into optimising the location of power plant and other applications served by 
capture facilities, with some high level insight into the location of storage and transport facilities.  
ESME modelled scenarios take account of both CO2 transport costs and power transmission costs 
at a high level, and deploy CCS optimally in terms of location and sectoral applications.   

This modelling points to a number of key aspects of the spatial deployment of CCS, summarised in 
the table below. The figures are modelled (based on an average of 100 simulations using ESME 
version 3.1), but limited weight should be placed on precise values. 

Technology 
Modelled regional distribution in 
2030 (with approx Mt/pa CO2 vol) 

Modelled regional distribution in 
2050 (with approx Mt/pa CO2 vol) 

Overall regional 
pattern of CCS 
deployment (all 
applications) 

Fairly widely dispersed with the 
Midlands and London dominating: 
East of England (30-35 Mt/pa), 
West Midlands (~20 Mt/pa), 
London (15-20 Mt/pa), Yorkshire 
(10-15 Mt/pa), East Midlands 
(~10 Mt/pa), Scotland (~10 Mt/pa) 

East of England (15-20 Mt/pa), 
Scotland, West Midlands (10-15 
Mt/pa) and East Midlands (~9 
Mt/pa) have highest deployment.  
High deployment in East of 
England (points to importance of 
proximity to both demand and 
offshore storage). This may also 
reflect restricted nuclear sites, 
the main alternative source of 
low carbon base load. 

CCGTs with CCS 
 

London (15-20 Mt/pa) 
West Midlands (10-15Mt/pa) 
Yorkshire & Humber (~4Mt/pa) 
North East of England (~4Mt/pa) 

London (5-10 Mt/pa)  
West Midlands (~3 Mt/pa)  
Low deployment in the North 
East of England (may reflect 
relatively low population) 

Bioenergy with CCS  
Scotland (5-10Mt/pa, based on 
biomass gasification) 

Bioenergy with CCS widely 
dispersed in regions with good 
biomass potential (Scotland 10-
15 Mt/pa, arable England (East 
Midlands 5-10 Mt/pa, and East of 
England 5-10 Mt/pa). 
(This may reflect the fact that 
ESME does not allow for 
movement of biomass between 
regions) 
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Technology 
Modelled regional distribution in 
2030 (with approx Mt/pa CO2 vol) 

Modelled regional distribution in 
2050 (with approx Mt/pa CO2 vol) 

Coal with CCS  
 

East of England (25-30 Mt/pa) 
West Midlands (5-10 Mt/pa) 
East of England domination 
appears to be driven by proximity 
to both sinks and markets. 

East of England  

Industrial  
South East England, Yorkshire, 
Wales, North West of England 

 

These results should be interpreted with caution because of simplifications inherent in the 
geographic representation and modelling assumptions. 

2.2 ESME modelling approach 
 
 
ESME spatial representation is relatively coarse, at the level of 12 government regions, and use of 
two generic storage sites (Southern and Central North Sea, with the Eastern Irish Sea to be added 
in future updates), and there are a number of significant limitations arising from the modelling 
approach as follows:   
 
• The geographic representations within ESME are relatively crude at region level.  It does 

include representation of current network capacity, albeit at a relatively low resolution. 
 
• ESME does not take account of real world constraints that would apply to the routing of 

new infrastructure (e.g. it assumes overland pipeline routing is unconstrained) or the siting 
of new power stations (e.g. the location of new non-nuclear generation in London) 

 
• ESME costs assume clustering of stores to achieve economies of scale in infrastructure. 
 
• The low resolution of representation of storage options within ESME means that the 

modelling does not take account of the different cost and risk profiles associated with 
particular store development. This is explored more through ETI’s storage appraisal work 
set out in section 3. 

 
• ESME does not represent potential benefits from the deferral of the decommissioning of 

existing offshore oil and gas infrastructure, or from enhanced oil recovery. These benefits 
could have an important impact. 

 
• ESME assumes that input fuels are available at a given (but uncertain) market price 

regardless of location within the UK. It therefore does not represent any further transport 
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costs that might arise for input fuels (e.g. the costs associated with the inland location of a 
power station dependent on imported coal or transport costs for sources of biomass). In 
relation to gas, ESME does not model the costs of incremental gas transmission capacity 
requirements relating to the siting of new gas power stations (if that were required and 
material). Given that most scenarios involve declining volumes of gas in future decades, it 
may be reasonable to assume that incremental gas transmission costs will not be material, 
or will be capable of being funded within the price of delivered gas.  

 
• ESME uses simplified assumptions about the availability of hydrogen storage (which is 

restricted to regions with the suitable geology: principally the North West of England and 
Yorkshire & Humber). 

• ESME uses simplified assumptions about the costs of transporting syngas or hydrogen 
from production sites to locations of final usage (via pipelines). 

 
2.3 Interpretation of ESME results 

 

While there are clear limitations to the analysis of this issue using ESME, some key points emerge: 

 Location of power capacity close to demand appears to be important, particularly for gas 
CCS (the dominant power sector application). This reflects the underlying economics of 
CO2 transport compared with electricity transmission – based on the relative costs of CO2 
pipes and electricity transmission wires. The costs for offshore transport of CO2 from a 
CCGT with CCS work out at about a third of the electricity transmission costs for its output 
on a per km basis (at a high load factor).4 

 This suggests that new CCGT’s located on populous estuaries (particularly South East 
England estuaries (e.g. Thames, Medway or Stour) closer to major centres of demand in 
the UK, with access to North Sea storage) deliver a system-wide cost advantage.  

 This also suggests that work to prove Eastern Irish Sea storage is highly valuable – to 
enable ‘close to demand’ locations for CCS facilities on western estuaries serving 
populated parts of the North West of England, the West Midlands and Wales. 

 These points could be affected by extra costs that may be required in onshore CO2 
transport pipes (the original source of ESME costing’s – the 2005 IPCC special report on 
Carbon Dioxide Capture and Storage does not appear to assume overland costs). Where 
overland CO2 pipelines are expensive and complex to install this would push up the costs 
of CO2 transport relative to the costs of electricity transmission.  

                                                            
4 This analysis is based on ESME version 3.1. Initial analysis using the latest version of ESME points to the 
potential value of using of waste heat from power stations for district heating networks. This would tend to 
reinforce the advantages of locating power stations close to centres of demand, since heat networks are 
unlikely to be efficient over longer distances. 
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Simplified comparison of CO2 and electricity transportation costs for CCGT with CCS5 

Item 2010 cost 2050 cost 

Electricity transmission line: 
220kV, 300MVA overhead line £1.16 / kW km (50 year life) £0.92 / kW km 

CO2 transmission pipe 
(offshore):26'' pipe, 10^7 tonnes 
per year 

£0.12 per tCO2/yr km £0.12 per tCO2/yr km 

Costing of transport costs (capital expenditure only):  
Typical CCGT unit produces approx 0.4 tonnes CO2 per MWh & 850 MW electricity output 

Annual cost per km 

CO2 per annum: = (850 MW * 365 * 24* 0.85 load factor * 0.4 
tonnes per MWh) = approx 2.5 m tonnes CO2 pa  
ESME capex cost = £0.12 per tCO2/yr km (in a fully 
networked system) 
Convert to annuity @ 10% over 50 years = £0.012  
Add opex (pumping) costs of £0.004 per tCO2/km (approx.)  
So annual cost of CO2 transport capacity per km = £0.016 x 
2.5 m = £40k 

Electricity transmission costs: 
ESME capex cost = £1.16 per kw km  
Convert to annuity @ 10% over 50 years = £0.12 per kw km 
Annual transmission cost / km = £0.12 * 850 * 1000 = £102k 

 

  

                                                            
5 These figures are based on ETI’s best available estimates, and are intended to provide a stylised 
comparison. We welcome feedback and debate on this analysis. 
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2.4 Current knowledge of transport costs 

 

The basic component costs of CO2 pipelines are relatively well understood, with several sources 
(McKinsey, GCCSI, Ecofys etc) all in reasonable agreement and similar to published costs for gas 
pipelines. Steel cost is of course a sensitivity.   

Similarly, the basic components of electricity transmission costs are fairly well understood. In 
practice, however, marginal transmission investment is likely to be highly site dependent. We 
intend to continue building a detailed understanding of the infrastructure cost implications of 
developing a sizeable CCS sector, partly through an ongoing project with Buro Happold.   

Key knowledge gaps are set out below. 

Pipeline routing and consenting 

 Relatively little is understood about the issues that are likely to arise in consenting onshore 
CO2 pipelines and the costs of likely precautions that will be required. 

 Onshore pipelines, even with way leaves the same as high pressure natural gas lines, will 
involve extensive routing issues and the experience with CO2 pipelines is so far limited. In 
addition to underground pipelines there will be pumping stations and valve access points 
above ground. Routing pipelines offshore is much more straightforward, but there may be 
potential conflicts to clarify and resolve with a range of offshore activities including oil and 
gas infrastructure and offshore wind projects. 

Decommissioning & Enhanced Oil Recovery (EOR) considerations  

 There is a need to increase understanding of the potential to realise benefits for the UK 
economy by deferring the decommissioning of oil and gas fields, and by enabling EOR.  Oil 
and Gas UK estimate expenditure of circa £29bn on decommissioning from 2012, with 
around £10 bn of this projected before 2020 (around £3bn in the Central North Sea).  
These estimates also suggest that the scope for decommissioning benefits is likely to be 
greatest in the Central North Sea (where the expected spend is greatest). Oil and Gas UK 
state: ‘The large integrated platforms, high number of active and suspended wells, and the 
maritime conditions, together with continued interest in potential new developments in 
these areas, all combine to make the Central North Sea and Northern North Sea the main 
areas for decommissioning expenditure.’ 

 Greater understanding of this potential and its spatial dimensions would help inform 
locational decisions for onshore CCS applications. 

o We have not studied this area, but accept that these considerations could be material. 
o Work by Scottish Enterprise and Scottish Carbon Capture and Storage points to the 

potential for EOR in the Central North Sea and the Northern North Sea. 
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3. Understanding the geography of UK storage resources  
 

Our UK storage appraisal project (UKSAP) is the first comprehensive assessment of the UK’s 
potential CO2 storage resource base, and provides a unique evidence base about its distribution 
and characteristics. This has now been licensed to The Crown Estate and the British Geological 
Survey to further develop and is commercially available as CO2  Stored – www.co2stored.co.uk 

3.1 Overall storage resource base 

 

UKSAP confirmed that the UK has ample potential storage resources with the greatest quantity 
available in the Central North Sea (CNS) (see figure 1 below), along with substantial amounts in 
the North and Southern North Seas (NNS and SNS), together with useful storage in the Eastern 
Irish Sea (EIS).  

Figure 1: Spatial distribution of stores and emitters 
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In total almost 600 potential CO2 stores, including both depleted hydrocarbon fields and saline 
aquifers, were identified in the UK continental shelf. A total potential capacity of 78 Gtes of CO2 
storage was identified, although much of this looks prohibitively expensive today, or has technical 
issues which are not easy to manage. Nonetheless it is clear that there is sufficient storage for the 
nation’s needs, which are estimated by our modelling to be around 3 Gtes by 2050.   

Figure 2: Distribution of Storage by Type 

 

 

3.2 Store types 

 

Potential stores occur in varying geological formations (rock layers), each with different properties 
and this makes some more favourable than others for storage purposes. The quality of the cap 
rock which will form the impermeable roof of the store, the aquifer thickness, the rock permeability 
and the number of faults for example all affect store viability. Store depth, water depth, permeability 
and distance from shore all affect the likely costs.  

The two main categories of store are saline aquifers (highlighted in blue in figure 2) and depleted 
oil and gas reservoirs (DOGRs). Saline aquifers are rock layers which contain water (brine). As 
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CO2 is injected water is displaced, and CO2 occupies spaces in the rock, and is slowly dissolved in 
the water. DOGRs are rock layers, which due to their shape and sealing cap rock have trapped 
buoyant hydrocarbons (for hundreds of thousands of years). Man has removed the hydrocarbon, 
and the depleted reservoir could be filled with CO2. 

DOGRs have the advantage of proven cap rock integrity and minimum extra appraisal costs, as 
the oil and gas industry will know much about the rock structure and how fluids behave in it. Some 
will offer additional redundant infrastructure which, at least in the short term or for demonstration 
purposes, could be advantageous. These stores tend to be relatively small  and some have 
numerous well penetrations which will be costly to assess and reclose if necessary, and could 
present a risk of future leakage. Some old wells will not be accessible and so cannot be reclosed. 

Saline aquifers carry more risk in that the cap rock has not been tested by years of hydrocarbon 
storage, so more appraisal expenditure is required. However, some of these stores are very large, 
offering economies of scale, and there is considerably more total capacity of this nature (there is 
only 8 Gtes of potential hydrocarbon storage available, and much of this is still in use or costly, 
compared to 68 Gtes of potential saline aquifer storage). 

 

Figure 3 : Regional distribution of storage (unrisked stores) 
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3.3 Evidence on spatial distribution of storage risks and potential costs 

 

UKSAP provides a high level security assessment of each store, including the extent to which 
geological issues (faults, poor cap rock) or lack of information affects its attractiveness.  

UKSAP also developed injectivity scenarios for each store to inform cost estimates which were 
built up on a £ per tonne of CO2 basis, using known cost curve relationships. These take account 
of required infrastructure (wells, platforms, shoreline compression and transportation facilities) and 
assume that this is purpose built (use of existing infrastructure could reduce costs, where this is an 
option). In these cost estimates, each store has its own pipeline from the shore, but no allowance 
is included for onshore pipelines.   

Stores cost estimates are shown per region in figure 4 below. This allows us to begin to draw some 
initial insights on the distribution of the potentially lowest cost and risk storage resource. Of course, 
these ‘standalone’ estimates do not show how transport costs could evolve as infrastructure is 
created, opening up opportunities to access particular areas at lower incremental costs. It is also 
worth noting that current evidence suggests that costs over £25/te for CO2 transportation and 
storage would not be consistent with power costs below £100/MWh.   

Key finding 

 Stores in the SNS and EIS make up the majority of lower cost sites, reflecting a 
combination of shallow water, shallow wells, proximity to shore and to the major emitters. 

   

Figure 4 : Distribution of Transportation and Storage costs by region 
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Understanding risks  

UKSAP also categorised stores according to the risk factors observed for each one. This allows for 
the filtering and mapping of stores with lower cost and risk profiles. One example of this approach 
is given below: 

 

Figure 5 : Stores with lower cost (higher risk / lower confidence stores removed) 

This approach shows that the largest share of stores, which appear to be low in cost and low in 
risk, is in the SNS, with important potential also existing in the Eastern Irish Sea. Removing the 
higher risk/lower confidence stores from consideration removes many large, potentially low cost 
aquifers, particularly from the CNS. This highlights the value of funding studies, appraisals and de-
risking exercises on these potential sites. 

The key headlines arising from UKSAP are: 

 Current knowledge points to the potential of the Southern North Sea for early development of 
offshore storage. This is due to likely cost advantages in developing the stores themselves as 
well as relatively lower lengths for CO2 transport infrastructure. 

It is  also worth noting that the availability of storage needs to be proven before CCS projects can 
take final investment decisions. So, given investment lead times, there is a need for early action 
and decisions to appraise and prove around 2 Gtes of storage by 2025, to enable CCS to meet its 
full 2050 potential.  
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3.4 Further detail on SNS and CNS 
 
Southern North Sea  
The aquifer which incorporates the stores of the Southern North Sea (the Bunter Sandstone 
Formation in the Bacton Group) has an excellent cap rock. However, many of the stores have 
geological faults which make them unattractive at first sight. If these stores are eliminated, this still 
leaves useful quantities of clustered storage which can be supported by an enormous number of 
depleted gas reservoirs, which generally lie hundreds of metres below. The gas fields of the SNS 
are, with a handful of exceptions, in a different formation (the Rotliegend Group) below, also 
offering independent secure storage. Even if we decide not to appraise all of the Bunter 
Sandstone, or do not find all of it suitable in operation, most of the potential DOGRs storage 
capacity which will become available to 2050 is likely to be in the SNS. The SNS is in shallow 
water, has relatively shallow stores, reasonable permeability (Bunter) and lies a short distance 
from emissions which helps keep cost low. 
 
Central North Sea  
The Central North Sea also has important potential storage. Although UKSAP lists an impressive 
quantity of storage in this area, lower confidence is currently expressed in much of this because 
some are chalk (low porosity), some are in highly faulted formations, and much, in spite of the oil 
and gas activity, is insufficiently understood to develop without further study. Some CNS aquifers 
cover a very large area (open unstructured aquifers), requiring expensive appraisal and posing 
licensing issues. Many are deep, which adds security, but is likely to add additional cost. 
Nevertheless there are still several attractive formations (e.g. Wick Sandstone, Brae) that contain 
stores potentially of national importance in this area.  
 
The East Irish Sea has lower quantities of potential storage, but still offers significant potential at 
low cost. 

The development of all regions is shaped by the prioritisation given to hydrocarbon production, and 
making sure that this is not impaired by storage activities. However, as all hydrocarbon reservoirs 
will be exhausted eventually, this issue is likely to diminish with time. 
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4. Evidence on CO2 networks 

We commissioned Element Energy to carry out further work to understand the economics of 
potential CO2 transport and storage networks, building on the insights developed through UKSAP 
and our ESME modelling of the broader role of CCS.  

This involved constructing a techno-economic model, allowing the modelling and exploration of 
plausible national offshore networks capable of handling specified volumes of CO2, linking 
shoreline terminals with specified CO2 sinks. 

4.1 Constructing a plausible national CO2 network 

 

We have undertaken a “national planning” exercise to examine the key features and challenges of 
creating a national network based on current knowledge. Fuller details of this are set out in a 
companion paper ‘A picture of CO2 storage in the UK’ (2013). 

ESME modelling was used in a pathway mode to give estimates of CO2 captured for each UK 
region for 2020, 2030, 2040 and 2050. Emissions could be pointed towards pre-selected shoreline 
hubs in line with their regional make up. (Onshore pipeline infrastructure was not included in the 
modelling, although this would clearly be an important influence on costs and constraint on inland 
location decisions.) The emission profile was smoothed as follows: 

 

Figure 6 : Assumed CO2 storage profile (ESME informed) 
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In this exercise store selection at the planning stage was restricted to assets which were fully 
evaluated in the UKSAP database, had “reasonable” security prospects and had storage costs (as 
opposed to combined transportation and storage costs) below £22/te. This was to ensure that the 
infrastructure used was consistent with current evidence on risks and costs.    

A number of stores in the database had incomplete data or cost estimates through lack of data 
availability or legitimate disqualification (too small, extreme pressure etc). These were eliminated 
from selection providing a map similar to figure 5 above.  

The key findings emerging from this exercise were as follows: 

 A relatively simple but integrated network of around 3000 km of pipeline and around 15 key 
stores is capable of meeting UK demand to 2050 and for several years thereafter. 

 Significant cost savings are achieved by developing shared and integrated infrastructure. 
 The early development of a network takes the form of four point to point systems launched 

from four separate terminals. These are initially over-sized, with increasing capacity utilization 
over the period to 2030. 

 The network complexity increases after 2030, with a growing number of pipelines and an 
additional two terminals. This complexity is caused by the conservative down selection of 
stores –  more isolated stores are chosen. Substantial cost savings will occur if the appraisal of 
more stores is successful. 

 Costs of offshore infrastructure are estimated at less than £5 billion (NPV). 
 The levelised cost of transport and storage starts at a high level (circa £80 per tonne) in early 

phases, dropping below £20 per tonne around 2030-35. Total levelised costs of £13 - £17 per 
tonne could be achieved. 

 

4.2 Key insights from CO2 network modelling 

 

The scenario based analysis using this in-house model for exploring CO2 offshore network designs 
has produced the following insights: 

 Bundling projects into packages (time wise) to enable pipeline economies of scale makes 
economic sense. 

 Projects need to “fill” longer pipelines quickly – extended pre-investment in long, well oversized 
pipes is not likely to be the best economic choice. 

 Network pipelines need a specified pressure of operation – not all stores operate at the same 
pressure, so offshore local pressure management will be required. 

 At storage level, single large stores with high economies of scale are important to enhance the 
value of an entire network.  
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 Extending existing pipelines to new stores can deliver considerable cost savings, and places 
CCS down the path of decreasing costs over time. Smaller stores, which could not be justified 
as stand-alone investments, can be bundled into the network, lowering costs of redundancy. 

 How we plan shoreline “hubs” is important – greater numbers of shoreline hubs will make 
realising economies of scale more difficult and restrict high utilisation of offshore infrastructure 

 Even if we restrict the stores in this way, the nation’s needs to 2050 can be met by no more 
than five shoreline hubs and around 15 stores, with the offshore infrastructure costing less than 
£5bn. 

Onshore costs have not been modelled in detail (beyond the simplified level of representation 
within ESME), but coastal locations in the East of England and South East England for power 
stations, carbon intensive industries and CO2 hubs appear to have obvious advantages. 
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5. Drawing together the current evidence base	
 

5.1 Key points from ETI work 

 

Taken together a number of key points emerge from our work, as follows: 

The extent and distribution of capture volumes 

 Energy system modelling suggests that fully realising the potential of CCS would result in the 
location of capture facilities and CCS applications across a number of regions, with several 
regional emissions clusters producing volumes of CO2 of 10+Mt pa from 2030. The scale of 
investment required in CCS transport and storage infrastructure is significant but is, for 
comparison, less than one year’s current capital investment in North Sea Oil and Gas (£11.4 
bn in 2012).  

The economic advantages of optimising location 

 There are significant advantages by optimising the location of both onshore applications and 
capture facilities; and offshore transportation and storage infrastructure, including: 

o containing the upfront investment costs in storage derisking and development by 
focusing on stores in low risk and low cost locations,  

o reducing the length of CO2 pipelines required (both by developing stores close to 
existing emissions clusters and by locating new fossil fuel generation capacity in areas 
with easy access to them) and  
o containing the need for further investment in electricity transmission infrastructure 

(by locating CCS power generation close to centres of demand) 
o opening up the pathway to realising economies of scale in CO2 transport and 

storage and optimal use of infrastructure assets, through the phased development 
of integrated network facilities 

o maximising opportunities to realise benefits from enhanced oil recovery and / or 
decommissioning deferral.  

 

   



 

23. 

   

The relative costs of electricity and CO2 transmission infrastructure 

 
 Outline relative costings for electricity transmission and (networked) CO2 transportation 

infrastructure point towards advantages in locating gas fired CCS power projects close to major 
demand centres.  This effect is likely to be significantly reduced for coal-fired plant. CO2 
transmission costs for gas-fired generation looks relatively low cost, making it arguably less 
spatially constrained than other key sources of low carbon electricity (nuclear & renewables), 
although sites remote from viable stores are likely to be uneconomic.    

The extent and distribution of the UK storage resource 

 Sufficient UK storage resource is available to meet national needs:  
o The lower cost, lower risk sites appear on current evidence drawn from UKSAP, to be 

predominantly located in the Southern North Sea  
o The Central North Sea also offers important potential capacity and further work to 

characterise the resource, particularly on potentially major aquifer stores, would offer 
high value 

o The Eastern Irish Sea offers some low cost potential capacity, whose location close to 
emissions clusters in the North West could prove strategically important 

o Further work to derisk and prove storage sites throughout the UKCS will be necessary. 

Offshore infrastructure networks 

 Early modelling of the offshore infrastructure requirements suggests that relatively simple, but 
integrated networks offer the best value and are potentially capable of meeting storage 
demand for a fully realised UK CCS sector. 

 There is also value in optimising timing of infrastructure development to enable it to move 
rapidly to full efficient levels of utilisation. 

Maximising advantage in location of new plant 

 Taken together the evidence points to the value of developing CCS clusters in industrial 
estuary locations close to potential clusters of low cost and low risk stores. The power sector is 
likely to provide the anchor point for future clusters, so developing new CCS power plant in 
industrial locations close to both potential storage and power demand offers increased value by 
minimising both CO2 and electricity transmission infrastructure costs. 
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5.2  How important is optimising CCS location? 
 

Most analyses of the costs of CCS suggest that the majority of the costs will lie in the capture part 
of the process. That leads naturally to the question of just how important is the location of CCS – or 
are there more important considerations in enabling CCS? 

While the costs of CO2 transport and storage are likely to be a small part of the overall cost of CCS 
in the medium term, they loom large in the short run, and there are a number of reasons why 
location decisions may be disproportionately significant. 

 Investment in new infrastructure will be a major cost item for early projects, particularly 
those which form the first anchor point for emerging regional clusters. It will be particularly 
challenging to finance the ‘over-sizing’ of infrastructure in early projects, even though this is 
likely to make economic sense in the medium term. So there is an important premium to 
containing costs and risks at a stage when the sector is proving itself. Enabling and 
supporting early CCS projects in the most advantageous locations will be important to 
containing costs, and building confidence. 
 

 Upfront investments in CCS infrastructure are likely to pay back only over time horizons of 
at least 10 years, and potentially double that. Work by the ETI and the Ecofin Research 
Foundation6 on mobilising private sector capital for CCS highlighted the financing 
challenges, with storage identified as a particularly risky area. This points to the importance 
of investing in storage risk reduction, as a pathway to reducing the overall financing costs of 
CCS. But early decisions need to be taken about which storage sites to derisk. 
 

 The importance of networks, scale economies and risk sharing in the transport and storage 
function is likely to introduce a strong degree of path dependency into the development of 
the UK CCS sector. This places a high premium on getting early location decisions right, 
and in the medium term on effective regional planning or on putting in place a market 
framework which accurately reflects locational aspects of value. 
 

 Our ESME modelling points to the potential for CCS development across a wide range of 
regions and applications. In particular CCS appears to offer major potential value in 
industrial applications and in combination with biomass, which points to the importance of 
location and regional development dimensions in determining the wider (non-power) role 
that CCS can play in UK decarbonisation. Industrial CCS looks likely to be particularly 
difficult to finance, due to weak carbon prices for the foreseeable future.  But early location 
decisions on power sector projects could shape opportunities for later industrial CCS. 

 

                                                            
6 Mobilising private sector finance for CCS in the UK 
(http://eti.co.uk/downloads/literature/Ecofin_CCS_Report.pdf) 
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5.3  Key uncertainties / gaps in economic understanding 
 

In considering the location of CCS (capture facilities, transport infrastructure and stores) there are 
number of significant knowledge gaps:  

 Although there is now some experience with the planning and consenting of onshore CO2 
pipelines, this is relatively limited. The costs, routing and acceptability challenges of 
onshore CO2 infrastructure will be a key determinant of the locational flexibility of CCS, 
particularly CCGTs with CCS. 
 

 We are not aware of any comprehensive analysis of the potential interactions with 
hydrocarbon exploitation on the UKCS. A more comprehensive understanding of potential 
positive and negative interactions between CCS and the UK oil and gas sector would be a 
key input to optimising location decision-making. This would take account of potential EOR 
opportunities, infrastructure re-use opportunities and decommissioning deferral synergies.  
 

 We are looking to further develop analysis of the issues around UK biomass production, 
logistics, transportation and processing, given the potential value of the negative emissions 
when combined with CCS that this route could provide. 
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6.  Policy issues 
 
 
The analysis set out above points to the importance of locational decisions in enabling CCS to play 
its full potential in the UK. This raises a range of questions around which policy instruments and 
tools should be used to shape efficient decision making around the location of CCS, including the 
relative reliance on markets or policy interventions to drive CCS locations. This section considers 
questions relating to the current and potential policy environment for decisions about potential CCS 
location. 
 

6.1 National planning policy for CCS (including carbon capture readiness) 
 

The approach to assessing planning applications for major energy infrastructure is set out in 
national policy statements. There is an overarching policy statement which covers all energy 
infrastructure and a separate document focused specifically on fossil fuel generation plant. 

The Department of Energy and Climate Change (DECC) has also published a specific guidance 
document on carbon capture readiness which is referred to in energy national policy statements.  
In principle the policy and guidance appears fairly robust, but there are persistent doubts about the 
application of ‘capture readiness’ in practice. The guidance requires new combustion plant to 
demonstrate: 
 
 that sufficient space is available on or near the site to accommodate carbon capture equipment 

in the future; 
 the technical feasibility of retrofitting their chosen carbon capture technology; 
 that a suitable area of deep geological storage offshore exists for the storage of captured CO2 

from the proposed combustion station;  
 the technical feasibility of transporting the captured CO2 to the proposed storage area; and 
 the economic feasibility within the combustion station’s lifetime of the full CCS chain, covering 

retrofitting, transport and storage. 

The guidance requires developers to identify feasible routes for CO2 pipeline infrastructure to the 
nominated storage site.  In principle the requirements appear fairly thorough and should drive 
developers to give considerable focus to the future of CCS in their locational decision-making.  
However the practical application of the carbon capture readiness guidance in any planning 
decision may not be thorough enough to shape locational decision making strongly enough.  There 
may also be scope to strengthen the guidance itself to promote greater attention to clustering and 
co-ordination across projects.  
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6.2 Offshore leasing by the Crown Estate 

 
The Crown Estate plays a key role by awarding leases for the storage of CO2. The highlighted text 
below from its website sets out its broad approach: 

The Crown Estate awards rights for CO2 storage through three documents: an Agreement 
for Lease (AfL), a lease and a pipeline lease (if necessary). The AfL grants to the holder a 
time limited exclusive option to proceed through to a pre-agreed lease once a number of 
conditions have been met, including obtaining a storage permit from DECC. 

The holder of a carbon storage AfL or lease may not interfere with the rights of petroleum 
licence holders operating in the same area of the continental shelf. Therefore, in some 
situations, holders of a carbon storage AfL or lease and petroleum licence holders in the 
same area of the continental shelf may need to reach agreement on how their rights can be 
exercised consistently with each other. 

The Crown Estate understands from the carbon storage industry that the AfL gives the AfL-
holder a basis for negotiations with holders of overlapping petroleum licences before any 
carbon storage lease is actually granted. This means that agreement with the petroleum 
licence holder may be reached earlier and so may enable the carbon storage project to 
advance more quickly once a lease is granted. 

The Crown Estate is actively considering how it approaches its role in awarding leases. In principle 
there is scope for this function to be used actively in a range of ways to shape the spatial 
development of offshore storage development in a strategic manner. The Crown Estate has taken 
a pro-active approach in developing the UK offshore wind sector, and a similar pro-active role 
could be envisaged in offshore CO2 storage. This could include, for example:  

 Helping to shape the market spatially through ‘leasing rounds’ or other co-ordinated processes 
for allocating rights to promising areas of the UKCS in ways that support optionality and/or 
lower cost infrastructure deployment  

 Investing in activities (or facilitating investment by others) to derisk economically promising 
parts of the UKCS as part of a strategy to realise long term value from its estate for CO2 
storage   

 Considering whether leases can be structured commercially in ways that support spatial 
collaboration and/or risk sharing in opening up advantageous storage areas (for example, 
leasing terms could be structured to share both up and downside risks, or be linked to future 
wider measures of the CCS market) 
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6.3 Offshore licensing – role of DECC 
 

The government has set out its regime for permitting the offshore storage of CO2 following its 
consultation in 2010. Broadly DECC’s approach distinguishes between the regulatory permitting 
carried out by itself and the property rights granted by a lease. Storage operators will require both 
a storage licence which will be based on a two dimensional plan area, authorising activity within 
that area and projecting downward (this is similar to petroleum licences), and a storage permit 
issued prior to storage operations (the permit will have a 3 dimensional specification).  

Among the issues considered in the consultation, those relating to the potential impact of CO2 
storage developments on neighbouring interests, whether petroleum or other CO2 storage activity, 
were prominent. Other issues related to the three dimensional definition to be used, the handling of 
extensions and arrangements if CO2 migration beyond the licensed area occurs. DECC confirm a 
broadly precautionary approach to licensing, including requiring evidence that operational and 
liability agreements have been made, where licensed activities may potentially interact. 

Recent work by the CCS Cost Reduction Task Force suggests that the concept of storage hubs 
may be important in reducing storage related risks, for example, by allowing switching between 
stores if operational issues arise.  

Three issues may be worthy of exploration in considering the impact of the licensing regime on the 
location of CCS: 

 Is the precautionary approach set out by DECC, which essentially requires evidence that 
any existing petroleum or CO2 storage developments will not be detrimentally affected, 
likely to inhibit the development of storage in promising locations?  

 Does the licensing regime effectively allow for, or promote, the development of storage 
hubs to pool storage risks, and to enable economies of scale? 

 Is there a case for offering licence terms which are particularly attractive to promote 
investment in derisking storage in particularly promising areas? 
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6.4 Third party access 
 

Under the CCS Directive the UK is obliged to ensure that third parties can gain access to CCS 
infrastructure on transparent and non-discriminatory terms. The Directive also requires that 
arrangements are put in place for independent resolution of disputes. DECC has consulted on this 
and introduced regulations to give effect to the CCS directive.   

It also undertook to develop guidance on the approach that would be taken in determining access 
disputes – but this has not yet been published. There is a difficult balance to strike in this area, 
given the current risks involved in developing CCS projects.   

There is a risk that third party access could incentivise a form of ‘free riding’ where projects rely on 
the third party access regime to gain access to lower risk transport and storage provision, at lower 
cost if access were to be priced at marginal cost. This could inhibit upfront collaboration and co-
operation. It could also have the effect of limiting the size of advantage that ‘early movers’ gain, 
potentially inhibiting early investment in derisking promising storage sites. Care needs to be taken 
to promote efficient collaborative approaches and risk-sharing between parties who may share 
infrastructure.  

 

6.5 Electricity Market Reform (EMR) and framework for Contract For 
Difference (CFD) Feed In Tariffs 
 

The government’s approach to electricity market reform provides the key mechanism for the 
foreseeable future for rewarding CCS projects in the power sector. While contracts will be awarded 
through ‘administrative’ or negotiated processes in the early stages, the intention is clearly to move 
to competitive processes for CFD allocation. Given the characteristics of CCS discussed earlier in 
this paper, the allocation of contracts for difference will clearly play a central role in shaping the 
spatial development of the sector.   

This raises two key questions: first, whether recognition of impacts on the development of clusters 
or potential for projects to provide the anchor for subsequent developments should feature in the 
allocation of CFDs, and if this were to be the case, then what criteria would apply? Second, 
storage appraisal and development takes place over a different time horizon and with different 
participants than power generation so how can CfDs be allocated in a way that provides early 
funding for these activities? 
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7.  Moving towards a strategy for CCS location? 
 

Optimising the location of CCS facilities and investment in infrastructure is likely to be key in 
developing the sector. By making the right choices the country can make best use of the national 
storage resource base, contain costs and open up pathways to realise economies of scale, 
efficient sharing of infrastructure and pooling of risks. Making the right choices about where to site 
facilities and infrastructure and which storage sites to develop will be especially important in the 
early stages of developing the sector, because of the burden of upfront cost and risk, and because 
early choices will shape subsequent opportunities. 

To a large degree market forces will drive sensible decision making. But there is also a need to 
ensure that the policy and institutional environment can best be aligned to shape the choices of 
project developers. In this context key questions include: 

 Could a national planning or policy statement for CCS play a useful role in promoting 
efficient location of CCS? 
 

 Does the application of the capture-readiness requirement need to be strengthened to 
maximise potential?  If so, how? 
 

 Could the institutional environment for promoting efficient business collaboration in cluster 
development be strengthened? 
 

 Should more be done to promote investment and shape offshore activity in storage 
appraisal and derisking, perhaps by improving the incentives for ‘early movers’ in promising 
areas and by structuring the storage opportunity in a more attractive way? 
 

 Do electricity transmission charges send the right signals for location of new CCS 
generation capacity?   
 

 What further work would help to understand the issues better in arriving at a coherent set of 
national plans and policies? 
 

 What needs to be done in terms of information sharing to inform strategy development? 

 

 

 

The ETI has published this paper to inform the ongoing debate about how best to realise the 
unique potential that CCS offers to the UK. We welcome feedback on the content of this paper 
(please send to George.day@eti.co.uk). 
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Further information 

 

1. Potential for CCS in the UK – a summary insights report by the Energy Technologies 
Institute, 2013 

http://eti.co.uk/downloads/related_documents/ETI_CCS_Insights_Report.pdf 

2. The system wide value and impact of CCS (Presentation at All Energy by George Day, ETI 
Head of Economic Strategy, May 2013) 
 

3. ETI Chief Executive Dr David Clarke presents 'If the answer’s gas, the question must be 
CCS...' to the Scottish Oil Club, April 25th 2013.   

http://eti.co.uk/downloads/related_documents/Scottish_Oil_Club_presentation_April_25th_2
013.pdf 

4. ETI CCS Programme Manager Andrew Green presented at the Advanced Power 
Generation Technology Forum on 21st February.  
 
http://eti.co.uk/downloads/related_documents/ETI_CCS_Overview_APGTF_2013_A_Green
.pdf 
 

5. Mobilising private sector for CCS in the UK. Report by Ecofin Foundation and ETI, 
November 2012 

http://eti.co.uk/downloads/literature/Ecofin_CCS_Report.pdf 

6. ETI CCS Strategy Manager Dennis Gammer presented on 'CCS: Exploiting the opportunity' 
as a part of the CCS session 1 discussions at All Energy 2012 in Aberdeen on May 23.  
http://eti.co.uk/downloads/related_documents/All_Energy_Den_Gammer_-
_CCS_Exploiting_the_Opportunity.pdf– 
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