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Executive summary

This report by AEA provides projections of the possible value to UK business of coal-related carbon
abatement technologies (CATs) to 2030 under different scenarios. This project has been undertaken
under the Emerging Energy Technologies programme.

A spreadsheet model has been developed to estimate the value to the UK of new coal generation
plant to be built worldwide, including carbon capture and storage (CCS) technologies, and of CCS
retrofits. The model uses existing projections of new coal generation to come on line between now
and 2030, estimates of the proportion of this new plant that represents different technologies,
estimates of new plant costs and the breakdown between main plant items, estimates of the
breakdown of these investment costs between different types of business (design, construction etc.)
and finally estimates of the share that UK industry might attain of these future markets. The
technologies addressed in this way were:

Advanced pulverised fuel combustion (PF) plant, with and without CCS

Integrated Gasification Combined Cycle (IGCC), with and without CCS

Oxy-fuel with CCS

CCS retrofit

There are clearly many uncertainties in this sort of analysis, and much of the benefit of such a study
comes from exploring scenarios and sensitivities rather than from the numbers generated by the base
case run of the model. We have also used the assumptions and early results from our modelling to
discuss future scenarios with key stakeholders from industry, which has provided a better
understanding of the complexities of issues such as likely technology choices and timing, the extent to
which a plant can be considered “capture ready” and how the operations of a multi-national Original
Equipment Manufacturer (OEM) cut across geographical borders.

There are a number of other possible sources of value to the UK from CATSs, including the
manufacture of biomass co-firing plant, engineering consultancy associated with pre-feasibility and
feasibility studies on new coal plant, financial and legal services, and environmental consultancy. This
report provides some quantitative information on the future value of these markets to the UK, which
again are very uncertain at this time.

We have not considered the possible value associated with advanced power generation technologies
and/or CCS for gas-fired generation plant, maintaining or replacing equipment for existing coal
generation plant or financial markets trading in emissions savings or green investment portfolios.
Neither have we tried to quantify the possible value of carbon credits from cleaner coal projects, the
disbenefits from efficiency losses associated with CCS or the wider environmental and social benefits
associated with reducing greenhouse gas emissions.

The figures below show the base case results from the modelling of future value of CATSs to the UK,
split by technology type and geographical region, respectively.

Because the base case assumptions for technology choice were taken from the IEA’s modelling
scenarios, there is a high proportion of IGCC technology in the generating mix. This has the effect of
reducing the estimated value to the UK, as the main plant items for IGCC plant are more likely to be
manufactured overseas. The geographical split suggests that only about 5% of the total value is
expected to come from new UK plant or CCS retrofits over the period to 2030, even accounting for the
higher UK share of such markets. By 2030 the greatest value is expected to come from markets in
China and North America. This re-inforces the message from industry stakeholders about the
importance of early and decisive action on a UK demonstrator to establish the UK as global leaders in
these technologies and thereby improve the UK’s chances of getting a bigger share of future overseas
growth.
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The table below shows how the total estimated value to the UK is expected to break down by type of
business/activity for 2010, 2020 and 2030. These figures are based on modelling results using an
assumed split of value by type of business, coupled with estimates of how current markets for biomass
co-firing and project feasibility studies might develop.
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Future Value of CAT to UK Industry

Category Business/activity UK GVA (Ebnlyr)
2010 2020 2030
New coal generation plant | Project management 0.13 0.16 0.25
(including CCS where Engineering (e.g. design) 0.29 0.35 0.52
fitted) Manufacturing/procurement 0.46 0.55 0.82
Construction 0.07 0.11 0.18
Commissioning 0.07 0.10 0.17
Financial & legal services 0.05 0.07 0.18
Total new plant 1.08 1.34 2.12
CCS retrofits to existing Project management 0.00 0.01 0.12
generating plant Engineering (e.g. design) 0.00 0.01 0.18
Manufacturing/procurement 0.00 0.02 0.33
Construction 0.00 0.00 0.09
Commissioning 0.00 0.00 0.06
Financial & legal services 0.00 0.01 0.11
Total CCS retrofitting 0.00 0.05 0.90
Consultancy Feasibility projects 0.01 0.01 0.01
CO, storage Management of storage sites’ 0.00 <0.01 0.01
Biomass co-firing 0.03 0.02 <0.01
Total GVA (£bnlyr) 1.12 1.42 3.05
CCS related jobs 0 2,097 25,003
Total CAT related jobs * 18,410 23,689 50,825

The largest market is new coal generation plant, followed by CCS retrofitting, with related services and
biomass co-firing making a much lower contribution to the total. The total value to the UK is expected
to increase from about £1.1bn to over £3.0bn between 2010 and 2030, an increase of 170%, largely
because of the uptake in CCS technology (both new build and retrofit).

Scenario and sensitivity analyses have been carried out to explore the effects of different assumptions
about new plant build rate (UK and globally), technology choice including CCS uptake, and UK market
share. The results are shown in the table below, each compared to the base case for new coal plant
build and CCS retrofitting.

GVA in 2030 Difference Difference
£bn® from base from base
case £bn case %
Base case 3.02 - -
Scenario A: Higher new coal plant build 3.92 +0.89 +29%
Scenario B: Slower CCS uptake 1.91 -1.12 -37%
Scenario C: Slower IGCC uptake 291 -0.12 -4%
Scenario D: Lower UK share of global markets 1.78 -1.25 -41%
Sensitivity 1: No UK manufacture 1.87 -1.15 -38%

This shows, as might be expected, that our results are relatively sensitive to assumptions about the
capacity of new coal plant built, the rate at which CCS (and CCS retrofit) is introduced, and the UK
share of global markets. There appears to be a low sensitivity to the rate of IGCC uptake, which is
somewhat surprising. This can be partially explained by the relatively high cost of IGCC, so that the
lower UK share is compensated by the higher overall value per GW installed.

The main conclusions from this study are:

The value to the UK from global markets for new advanced coal-fired power generation plant,
including that fitted or retrofitted with CCS, is estimated at £1-2 bn/yr by 2020 and £2-4 bn/yr
by 2030. This equates to £20-40 bn in total between 2010 and 2030. These ranges reflect
the uncertainties explored by scenario analyses and also the different interpretations that

! Estimated from IPCC report — other sources suggest this may be underestimated.
2 Estimated from values of sectoral GVA per employee as detailed in Section 4.
® Excludes consultancy and biomass co-firing from the GVA values given in the previous table.
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could be placed on stakeholder estimates of value to the UK. We also note that the value
could be many times greater than this if expressed in terms of total potential contracts value
(turnover) for UK companies and subsidaries, including those who manufacture overseas.

This level of activity will sustain a total of about 30,000-60,000 jobs in the UK in 2030. Of this
total about 50% will be jobs associated with existing CAT businesses activities (e.g. boiler and
steam turbines design and manufacture), which are expected be sustained through the
capability to offer CCS, and 50% will be jobs associated with CCS services (e.g. design and
manufacture of capture, transport and storage facilities).

The UK is expected to take a much bigger share (30-35%) of the market for UK plant, and
only about 2-3% of global markets. However because the UK market is relatively small on a
global scale, UK sales are only expected to account for 17% of total UK value by 2030.

The UK has particular strengths in project management, engineering and financial & legal
services, and is expected to capture a greater share of these markets, both in the UK and
overseas. There is considerable uncertainty over the share that the UK might attain of
manufacturing, as much of the actual manufacture is expected to be done outside the UK
under licensing agreements.

The results are sensitive to assumptions about the share of coal in new electricity generation
capacity worldwide, the rate of uptake of CCS and the market share that might be achieved by
UK companies. We have tried to make assumptions based on reputable literature and expert
stakeholder views but we recognise that the uncertainties are still substantial.

The other markets for CAT and associated services are relatively small, totalling perhaps £2bn
between 2010 and 2030. The biggest component of this is the anticipated market for biomass
co-firing equipment in the period to 2015.

Based on the relative projected uptake of CCS in coal and gas-fired plant to 2050 from the IEA Energy
Technology Perspectives 2008 report, one might expect the inclusion of gas-fired CAT to increase the
total value to the UK by perhaps 40%. However this implicitly assumes that the UK share of gas-
related technology investment is the same as that estimated for coal-related technology investment,
which has not been tested in this project.

vi
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Glossary

ACT ACT Scenario — one of the future scenarios used by the IEA
APS Alternative Policies Scenario — one of the future scenarios used by the IEA
ASU Air Separation Unit

BERR Department for Business, Enterprise and Regulatory Reform
CAT Carbon Abatement Technology

CCs Carbon Capture and Storage

CoO, Carbon Dioxide

CO.eq Carbon Dioxide equivalent

DECC Department of Energy and Climate Change

Defra Department for Environment, Food and Rural Affairs

DTI Department of Trade and Industry

ETP Energy Technology Perspectives (an IEA publication)

FEED Front-End Engineering Design

GVA Gross Value Added

IEA International Energy Agency

IGCC Integrated Gasification Combined Cycle

IPCC Intergovernmental Panel on Climate Change

MMV Measurement, monitoring and verification

MtCO, Million tonnes of CO,

NETL National Energy Technology Laboratory (US)

OEM Original Equipment Manufacturer

OSPAR Oslo Treaty and Paris Treaty regarding prevention of marine pollution
P&ID Process and Instrumentation Diagram

PF Pulverised Fuel combustion

R&D Research and Development

RD&D Research, Development and Demonstration

USDOE United States Department of Energy

WEO World Energy Outlook (an IEA publication)
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1 Introduction

This report by AEA provides projections of the possible value to the UK of coal-related carbon
abatement technologies (CATs) to 2030 under different scenarios. This project has been undertaken
under the Cleaner Fossil Fuels Programme.

1.1 Objectives

The main purpose of this work was to provide a forecast of the potential future value of coal-related
CATs to UK business to advise DECC (previously BERR) on strategy development in this area.
Through the use of scenarios it has also been possible to explore how this value might differ if
different assumptions are made about technology choice, the uptake of carbon capture and storage
(CCS) and the UK share of overseas markets.

1.2 Scope and Approach

This study has used a spreadsheet model to estimate the potential future value to the UK accruing
from sales worldwide of:
- New advanced pulverised fuel combustion (PC) plant, with and without CCS
New Integrated Gasification Combined Cycle (IGCC), with and without CCS
New Oxy-fuel plant with CCS
CCS retrofit

The study has also addressed other possible sources of value to the UK from CATSs, including the
manufacture of biomass co-firing plant, engineering consultancy associated with pre-feasibility and
feasibility studies on new coal plant, the operation of CO, storage facilities and financial and legal
services

We have not considered the possible value associated with advanced power generation technologies
and/or CCS for gas-fired generation plant, maintaining or replacing equipment for existing coal
generation plant or financial markets trading in emissions savings or green investment portfolios.
Neither have we tried to quantify the possible value of carbon credits from cleaner coal projects, the
disbenefits from efficiency losses associated with CCS or the wider environmental and social benefits
associated with reducing greenhouse gas emissions.

Based on the relative projected uptake of CCS in coal and gas-fired plant to 2050 from the IEA Energy
Technology Perspectives 2008 report, one might expect the inclusion of gas-fired CAT to increase the
total value to the UK by perhaps 40%”. However this implicitly assumes that the UK share of gas-
related technology investment is the same as that estimated for coal-related technology investment,
which has not been tested in this project.

Further details on the scope and approach adopted for the project are given in the next section.

* Estimated from Table 2.5 in ETP2008, which gives global electricity generation by type in TWh/yr in 2050.
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2 Methodology

This section comprises three parts: an overview of the study approach; a description of the
methodology used to determine projections of coal-fired electricity generation plant markets and CCS
retrofit markets; and a description of the methodology used to estimate the value to the UK of these
markets and other relevant markets.

2.1 Overall approach

2.1.1 Scope and definitions
Section 1.2 outlines the overall scope and approach of the study. Key points to note are:

The study only considers markets associated with coal-fired electricity generation and
biomass co-firing with coal; CCS for gas-fired plant and industrial CCS are not addressed.

The study only considers the value associated with new plant sales, CCS retrofit sales,
engineering consultancy associated with pre-feasibility and feasibility studies, the operation
of CO, storage facilities, financial and legal services, and R&D".

The two key definitions in the report are those of “Carbon Abatement Technologies” and “Future Value
to the UK”.

In defining “Carbon Abatement Technologies” (CAT) we have taken the view that all coal-fired plant
built from 2010 onwards will be advanced to some extent, and so should be considered CAT, along
with CCS and biomass co-firing].

Defining “Future Value to the UK” has proved somewhat challenging. There are two possible
definitions and they give quite different results. The first possible definition is the value to the UK in
terms of economic activity and employment; this is driven by how much work (manufacturing,
consultancy etc.) is done in the UK — this is the Gross Value Added or GVA. The second possible
definition is the turnover of UK industry, which may include the value of contracts headed by UK
companies or subsidiaries even when much of the work is delivered outside the UK. Under this
second possible definition, all or most of the value of a contract delivered by a UK-owned or perhaps
UK-based Original Equipment Manufacturer (OEM) would be included even if the bulk of the
manufacture were done in the Far East, and would therefore not reflect job or wealth creation for the
UK.

In deriving the results shown in Section 4, we have sought to use the first (GVA) definition of value to
the UK. However we recognise that some stakeholders answering the question “What market share
might UK industry expect to attain for new coal power plant projects?” may have interpreted the
guestion differently, even after verbal guidance from a member of the study team, and so in practice
our GVA estimates may be slightly over-estimated. This uncertainty is reflected in the range of future
value estimates given in the conclusions to this report.

2.1.2 Spreadsheet model

Figure 1 shows the basic structure of the spreadsheet model developed for this study. This model
estimates the value to the UK of new coal generation plant to be built worldwide, with and without
CCS, and of CCS retrofits. It uses existing projections of new coal generation to come on line
between now and 2030, estimates of the proportion of this new plant that represents different
technologies, estimates of new plant costs and the breakdown between main plant items, estimates of
the breakdown of these investment costs between different types of business (design, construction
etc.) and finally estimates of the share that the UK might attain of these future markets.

® Current CAT-related R&D expenditure is considered in this report; future values of R&D expenditure are not included in the total estimates of the
future value of CAT technologies to the UK.
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Figure 1: Structure of Spreadsheet Model
2.1.3 Data sources

The key data sources used for the base case in the spreadsheet model are shown in Table 1 below.
The inputs shown in orange boxes in Figure 1 are primarily from literature review, with some expert
validation, while the inputs shown in yellow boxes derive from stakeholder consultation, again with
some expert validation.

Table 1: Key data souces for model

Sources Comments
New coal generation IEA World Energy Outlook 2006 | IEA Alternative Policy Scenario or
capacity by region Energy Technology ACT Scenario

Perspectives (ETP) 2008 UK low coal (5GW) scenario

UK Coal Forum paper

Split of new coal generation | IEA World Energy Outlook 2006 | ETP2008 used for proportion fitted

capacity by technology IEA CCS prospects study 2004 | with CCS
ETP2008
Investment costs per GW USDOE/NETL report on CCS in | Also consulted IEA GHG Capture-
geological formations ready report and other sources
Value by plant component Stakeholder consultation Consultation with individual experts
Value by industry sector Stakeholder consultation Questionnaire + follow-up
% market shares for UK Stakeholder consultation Questionnaire + follow-up

A simple 2-page questionnaire (see Appendix 1) was distributed to ACCAT members, UK Coal Forum
Future Power Generation subgroup members and other selected experts. This questionnaire sought
information on percentage value splits between different types of business and potential UK market
shares. In most cases members of the study team followed up questionnaire responses with a
telephone interview to confirm our understanding of the data provided and to explore variances
between different stakeholder views.

Other key data sources for the study included:
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CO, storage site operation: stakeholder consultation.

Biomass co-firing markets: stakeholder consultation plus analysis based on data provided for
Drax power station.

R&D: analysis of budgets for current and planned funding schemes.

Conversion from UK Gross Value Added (GVA) to UK jobs: estimated using UK National
Accounts (Blue Book).

Sections 2.2 and 2.3 give further details of the data sources used at each stage of the work, and a full
list of references is provided in Section 7.

2.1.4 Scenarios and sensitivities

The following scenarios and sensitivities have been investigated to provide further insight into possible
future markets and the associated value to the UK.

Table 2: Scenarios and sensitivities

Comments

Scenario A Higher new coal plant build Using a different IEA scenario

Scenario B Slower CCS uptake CCS uptake moved back by one 5-year period
compared to the base case

Scenario C Slower IGCC uptake CCS uptake moved back by one 5-year period

compared to the base case

Scenario D Lower UK share of global markets | Based on lower bound of stakeholder responses

Sensitivity 1 | No UK manufacture Shows how the total value would be affected if all
manufacturing was assumed to take place
overseas

2.2 Electricity generation from coal to 2030

This section describes the data and assumptions that went into estimating the value of markets for
new coal-fired electricity generation plant and CCS retrofit. In each case we are interested in total
sales of this equipment and so new capacity includes replacement plant as well as additional capacity.

2.2.1 New coal-fired electricity generation plant

The IEA publishes a range of reports on future scenarios for energy technologies, including electricity
generation and new plant capacity by fuel. Unfortunately it doesn’t publish exactly the data we require
for this study, i.e. MW installed of new coal plant by year or 5-year period and by geographical region
for a scenario where climate change concerns drive a high enough carbon price for CCS to be a viable
technology choice. Accordingly we have had to build up the projection by:

Taking the IEA’s previous total projections of new electricity generation plant to be built over the
period 2005-2030 in the reference case, by region, from World Energy Outlook 2006 (we have no
equivalent data from the latest IEA projections).

Using the split of electricity generation by fuel and region in 2030 in the WEO reference case to
determine how much of this new generation capacity is coal-fired (note: this isn't perfect as one
relates to new capacity while the other relates to generation by new and pre-existing plant).

Assuming this new capacity is added steadily through the time period.

Adjusting these new coal capacity figures downwards using the ratios of electricity generation from
coal in 2030 in the Alternative Policy Scenario (APS) and the Reference Case, by region. Both
the APS and the Reference Case were taken from World Energy Outlook 2006 (WEO2006). The
Reference Case represents business as usual with no new government action while the APS
assumes countries around the world adopt a package of policies and measures to reduce
greenhouse gas emissions. The APS provides a better basis for our projections than the
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Reference Case because it is broadly consistent with the assumptions used later on technology
choice and CCS uptake (no CCS is built under the reference scenario).
This gives the following break-down of new coal plant capacity by region.

Table 3: New coal plant capacity projected to be bu ilt 2005-2030, by region (GW)

Region Total new coal New coal
capacity 2005- capacity per
2030 (GW) year (GW/yr)
EU25 97 3.9
North America 225 9.0
China 608 24.3
India 148 5.8
Rest of the World 168 6.8
World 1246 49.8

We recognise that in practice there will not be an even spread of investment across all time periods,
as some countries, like the UK and US, have an aging fleet of coal-fired power stations and/or nuclear
plant which will require replacement in the next 10 years (although not necessarily by new coal plant).

Figures for new UK coal-fired electricity generation capacity were taken from a study undertaken by
the UK Coal Forum rather than IEA figures. This was done for two reasons - the IEA does not break
down its projections by individual EU25 Member State, and the UK Coal Forum study provides a more
credible picture of actual new capacity taking into account the likely decommissioning dates of existing
plant and future generation needs. The UK Coal Forum report provides four different cases — Zero,
Low (5GW), Medium (10GW) and High (15GW) coal plant capacity addition by 2016. We used the
Low (5GW) case on the advice of stakeholders, who felt this was most realistic. The UK Coal Forum
paper didn't consider new plant build after 2016. For this analysis we have assumed new coal plant
are built in the UK at a reduced rate of 0.5GW per year from 2016 onwards, reflecting the fact that new
nuclear plant may come onstream from around that date.

This gave the following projections for new capacity additions.

Table 4: New coal plant capacity projected to be bu ilt 2005-2030 in the UK (GW) °

Time period New coal
capacity per
year (GW/yr)

2005-2010 0

2011-2016 1.0

2017-2030 0.5

2.2.2 Choice of generation technology

The above Section provides data on the rate at which new coal-fired electricity generation plant are
built. The next key question is the choice of technology. Will these new plant be conventional
pulverised fuel (PF) power plant, integrated gasification combined cycle (IGCC) or Oxyfuel plant, and if
they are conventional PF plant will they use advanced technologies such as super-critical or ultra-
critical? Also will they be built with CCS, as capture-ready plant or as conventional plant unsuited to
later retrofit with CCS?

In order the keep the analysis relatively simple and transparent, we have restricted our technology
choices to five:
Advanced Pulverised Fuel combustion (PF) plant, with and without CCS

® Recent policy initiatives on carbon capture readiness and proposals on CCS demonstration could mean that these assumptions are too
optimistic, particularly in the 2011-2016 period. However, this will not cause a large inflation in the estimates of the value of CATs to the UK
because the UK market accounts for less than 20% of UK business.
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Integrated Gasification Combined Cycle (IGCC), with and without CCS
New Oxy-fuel plant with CCS

Our assumptions on generation technology selected for new coal-fired electricity generation capacity
installed, by region, are shown for OECD countries in Table 5 and for non-OECD countries in Table 6.
The choice of technology (PF vs IGCC vs oxyfuel) is based on data in the 2004 IEA report on CCS
prospects and the projections in WEO2006, and so includes a relatively high proportion of IGCC take-
up. Recent discussions with IEA staff suggest IGCC will not be so prominent in the new IEA
projections. However the ETP2008 publication says that new coal plant “are largely IGCC based”,
and so perhaps this change will not be implemented in the projections until the new report on
prospects for CCS is published in the Autumn’. Therefore in the absence of a new dataset we have
kept with our original WEO2006-based assumptions and used a slower IGCC uptake scenario to
investigate the sensitivities to these assumptions.

Table 5: Assumed choice of generation technology fo r new coal plant in OECD countries (%)

2005 2010 2015 2020 2025 2030

PF without CCS 100% | 95% 84% 70% 40% 0%
PF with CCS - - 1% 5% 10% 20%
IGCC without CCS - 5% 10% 15% 10% 0%
IGCC with CCS - - 5% 10% 35% 70%
Oxyfuel with CCS - - - - 5% 10%

Table 6: Assumed choice of generation technology fo r new coal plant, non-OECD countries (%)

2005 2010 2015 2020 2025 2030

PF without CCS 100% | 95% 90% 74% 48% 10%
PF with CCS - - - 1% 2% 10%
IGCC without CCS - 5% 10% 20% 35% 35%
IGCC with CCS - - - 5% 10% 35%
Oxyfuel with CCS - - - - 5% 10%

223 Retrofit of Carbon Capture & Storage

We have assumed all plant built after 2010 will be capture ready, and a certain proportion of these
new plant will then be retrofitted with CCS an average of ten years later. The proportion that is
retrofitted will vary with geographical region and over time. The assumptions we used are shown in
Table 7. These assumptions, together with those used for new coal plant (Table 5 and Table 6), give
total CCS deployment levels in 2030 consistent with the ACT scenario in ETP2008, i.e. 35% in OECD
countries and about 10% in non-OECD countries.

Table 7: Proportion of 10 year old coal plant assum  ed to be retrofitted with CCS (%)

2005 2010 2015 2020 2025 2030

OECD 0% 0% 0% 10% 25% 100%

Non-OECD 0% 0% 0% 0% 10% 20%

" This report “CO2 Capture and Storage -- A Key Carbon Abatement Option” has now been published and is available from the IEA web site
www.iea.org. It was not possible to incorporate any information into this study as it was published just as our report was being finalised.
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2.3 Estimation of value to the UK

This Section explains how we have estimated the potential value to the UK associated with the
projected new coal-fired generation plant and CCS retrofit plant detailed above. It also provides
information on the methods used for estimating the value from managing CO, storage facilities,
consultancy services, biomass co-firing and research, development and demonstration activities.

As explained in Section 2.1.1, in each case we have endeavoured to define “value to the UK” in terms
of economic activity and employment, i.e. driven by how much work (manufacturing, consultancy etc.)
is done in the UK. There are alternative definitions, such as turnover to UK-based industry, which
would give different results.

2.3.1 New coal generation plant

For new coal generation plant these calculations are done in the spreadsheet model in four stages:

1. Estimate cost of new plant ($/kW), split by main plant component (boiler, gasifier etc.)

2. Further split the costs associated with each main plant component by the type of the work
undertaken, e.g. commissioning.

3. Estimate the UK share of each activity, e.g. the share the UK might attain of the
commissioning of boiler plant for new PF plant in China. This is closely linked to the likelihood
that a UK OEM will be contracted to deliver the boiler plant in question.

4. Multiply the UK share by the value of that activity and then aggregate to give the total value for
different plant types or for different activity types.

All plant costs were assumed constant over the period to 2030.

New plant costs were taken from a USDOE/NETL report on CCS in geological formations, following
advice from AEA’s in-house experts and stakeholders. We also cross-checked the figures with a
range of other literature values, in particular from various IEA reports - Energy Technology
Perspectives 2006 (ETP2006), the CCS Prospects Study (2004) and the 2007 study on CO, Capture
Ready Plant. The costs of transporting and storing CO, were taken from a 2005 DTI report “The Role
of Fossil Fuel Carbon Abatement Technologies in a Low Carbon Energy System 8and validated by
discussions with the IEA GHG programme.

Initial estimates of the split of costs associated with each main plant item were provided by AEA’s
experts. We then validated and amended these estimates though consultation with stakeholders from
OEMs and engineering companies. All costs were assumed constant across all time periods to 2030,
and so do not take account of the higher costs associated with early demonstration plant.

We recognise, but were not able to take account of, the fact that costs of all plant have escalated
recently, due to materials and skills shortages and the rising prices of energy and raw materials. This
should not affect the relative costs of different plant, and hence the conclusions from our senstivity
analyses, but it will have the overall effect of making the UK value results more conservative.

The total plant costs were split by main plant component and activity, using a break-down suggested
by Mike Farley of Doosan Babcock and illustrated in Figure 2. This figure shows how boiler costs can
be sub-divided into project management, engineering, procurement, manufacturing, construction and
commissioning. The same division was assumed for other plant items such as gas and steam
turbines. In practice it was very difficult for stakeholders to say whether components would be
manufactured in-house or procured, for reasons of business confidentiality, and so the manufacturing
and procurement categories were rolled together.

8 See www.berr.gov.uk/files/file19834.pdf
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Customer
Consultant Engineer, Legal
& Financial
EPC EPC EPC EPC
Contractor Contractor Contractor Contractor
Boiler Carbon Capture Steam Turbine Gas Turbine
Project Engineering Procurement Manufacturing Construction Commissioning
Management (e.g. pipes, fans, pumps,
mills, air heaters)
Figure 2: lllustration of split of new plant capita | costs by plant component and activity

The total cost and cost breakdown by component for each type of plant is shown in Table 8. This
breakdown excludes financial and legal costs, which are added later as a percentage of total plant
costs (see Table 9). The data for Table 9 came from stakeholders responding to the questionnaire
shown at Appendix 1. A conversion rate of $1 = £0.51 was used throughout.

Table 8: Capital costs for new coal-generation plan  t (E/kW)

Standard plant Capture-ready New plant with
plant CCS
% £/KW % £/kW % £/kW
PF Boiler 30% 239 29% 239 16% 239
Steam Turbine 30% 239 29% 239 16% 239
Capture 0% 0 0% 0 39% 425
Balance of Plant/civils 40% 319 43% 358 28% 554
Total 797 836 1457
IGCC Gasifier 22% 204 26% 255 20% 255
Steam Turbine 26% 242 24% 242 19% 242
Gas Turbine 26% 242 24% 242 19% 242
Air Separator Unit 22% 204 21% 204 16% 204
Shift Reactor (capture) 0% 0 0% 0 21% 267
Balance of Plant 5% 48 5% 48 5% 64
Total 939 990 1273
Oxyfuel | Boiler 25% 374
Steam Turbine 25% 374
Air Separation Unit 12% 179
Clean-up & compression 5% 75
Balance of Plant/civils 33% 493
Total 1494
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Table 9: Costs for financial and legal services ass  ociated with new plant (% of total plant costs)

Cost of financial &
legal services (%)
PF plant without capture 2%
PF plant with capture 1%
IGCC without capture 1%
IGCC with capture 1%
Oxyfuel with capture 6%
CO, capture facility 8%

The estimates in Table 9 are taken directly from stakeholder responses and it is likely that these were
influenced by the extent to which a technology is already established in the UK. Initially it may be
more difficult and expensive to raise finance and get planning approval for a new technology like
IGCC, but in the longer term there is no reason to believe financial and legal costs would be
substantially higher for IGCC without capture than PF without capture. Similarly the financial and legal
costs associated with Oxyfuel with capture may not be substantially higher than the equivalent PF and
IGCC plants with capture.

Our assumptions on how the costs associated with each plant component split by activity are shown in
Table 10 . The different activity categories generally reflect the different stages in the design and
manufacture of new plant — first engineering design, then manufacture and procurement of
components, then construction and finally commissioning of the new plant. There will also be an
ongoing role throughout this process for the project manager. These cost breakdowns were derived
from stakeholder responses to the questionnaire (see Appendix 1) and the expert judgement of the
study team when resolving differences in opinion between stakeholders.

Table 10: Break-down of component value by activity for new generating plant (%)

3 (o))

5 2 | <5 | § S

e = g € 5 n

sy Q@ =5 = IS

o 8 £ 23 & £

o 2 g 2 5 5

a= i =a O o

Boiler 5% 10% 55% 25% 5%
Steam Turbine 5% 15% 60% 10% 10%
Gasifier (For IGCC) 5% 15% 60% 10% 10%
Gas Turbine (for IGCC) 5% 15% 60% 10% 10%
ASU (for Oxyfuel and IGCC) 5% 10% 60% 15% 10%
Shift Reactor (For IGCC +CCS) 5% 15% 60% 10% 10%
Balance of Plant 10% 15% 50% 15% 10%
Carbon Capture 10% 15% 50% 15% 10%
Carbon Transport 10% 10% 45% 30% 5%
Carbon Storage 15% 10% 50% 15% 10%

2.3.2 CCS retrofit

CCS retrofit costs were estimated at £1200/kW, comprising £750/kW capture, £350/kW transport and
£100/kW storage. The transport and storage costs were assumed to be the same as for new build,
while capture costs were estimated from the USDOE/NETL report. The capture costs assume that the
plant is originally built capture-ready; retrofit would be more expensive if not. For simplicity we have
assumed a common value for capture costs for PF and IGCC plant, based on the assumption that
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most retrofit will be to PF plant. In reality retrofit to IGCC may be possible at lower cost, particularly if
the gasifier is over-sized when the plant is first built.

2.3.3 UK Market Share

Table 11 and Table 12 show our estimates, based on questionnaire responses, of the potential UK
share of new coal-fired plant markets in the UK and overseas, respectively. These figures were
obtained from critical analysis of questionnaire responses and follow-up interviews with respondees.
The interviews suggest that most respondees were considering UK share in terms of actual work or
jobs in the UK, while others were considering the total value to companies based in the UK. The value
to UK-based companies could be significantly higher, as UK-based OEMs would expect to handle
large contracts for plant which will be manufactured, constructed and commissioned overseas.

Table 11: UK Market Share of UK Market by Plant Com  ponent and Type of Business

Project Engineering | Manufacturing | Construction | Commissioning
Management &
Procurement
Boiler 50% 50% 25% 75% 75%
Steam Turbine 20% 10% 5% 20% 20%
Gasifier 20% 10% 5% 20% 20%
Gas Turbine 20% 10% 5% 20% 20%
Air Separation Unit 20% 10% 5% 20% 20%
Shift Reactor 20% 10% 5% 20% 20%
Carbon Capture 50% 50% 40% 50% 50%
Balance of Plant 50% 50% 40% 50% 50%
Carbon Transport 50% 50% 50% 50% 50%
Carbon Storage 35% 35% 35% 35% 35%

Table 12: UK Market Share of Overseas Markets by Pl ant Component and Type of Business

Project Engineering | Manufacturing | Construction | Commissioning
Management &
Procurement
Boiler 5% 5% 2% 1% 2%
Steam Turbine 5% 5% 2% 1% 2%
Gasifier 4% 5% 1% 1% 2%
Gas Turbine 4% 5% 1% 1% 2%
Air Separation Unit 4% 1% 2% 1% 2%
Shift Reactor 4% 5% 1% 1% 2%
Carbon Capture 4% 5% 2% 1% 2%
Balance of Plant 4% 5% 2% 1% 2%
Carbon Transport 3% 1% 2% 1% 2%
Carbon Storage 5% 5% 2% 1% 3%

These are important assumptions and they merit some further exploration. The first and most obvious
observation is that the UK would expect to gain a much bigger share of UK markets than overseas
markets. This is partly because UK companies are better equipped to compete here and partly
because construction and commissioning work is based where the plant is built, often using locally-
based labour. This second reason also accounts for the relatively high UK share of UK carbon
transport markets and relatively low UK share of overseas carbon transport markets.

Looking at the UK market (Table 11), it is interesting to see that stakeholders expect the UK to have a
large share of the boiler market, perhaps reflecting Doosan Babcock’s ambitions in this area, and
rather lower shares of markets for steam turbines and for IGCC components. This seems reasonable,
given current industrial strengths and locations, although a 25% share of manufacturing/procurement
of boiler plant looks high given Doosan Babcock’s stated intention to manufacture in the Far East.
The UK is expected to take about half of the UK carbon capture market, excluding shift reactors for
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IGCC plant, and a third of the UK market for carbon storage facilities associated with UK CCS plant.
Overall the assumptions about UK share of UK markets look fairly bullish, particularly if they truly
reflect work undertaken in the UK rather than by UK-based companies. The exception here is
construction, where UK-based subcontractors may to be employed by overseas contractors.

Looking at overseas markets (Table 12) the expectations are much more modest with no share above
5%. The UK share of project management and engineering markets is higher than for other markets,
partly because they are less location-dependent and partly because the UK has several successful
project engineering companies with staff based in the UK. There is surprisingly little difference
between the figures given for different technologies, e.g. the share of the boiler market is only 1%
higher than the share of the markets for components such as gas turbines and air separation units.
This may suggest some lack of consistency between the way questions about UK markets and
overseas markets were answered. No distinction was made between markets in different non-UK
countries in order to keep the questionnaire short and simple.

In responding to the questionnaire, many stakeholders commented on the difficulty in assigning
market share values, both because of the uncertainties involved and for confidentiality reasons. As
can be seen from the sensitivity analysis described later in Section 5, the estimation of value to UK
business is sensitive to assumptions about share of global markets. Our estimates of UK market
share could vary by perhaps +40% depending whether one takes the upper, lower or average values
provided stakeholders. Several stakeholders noted that future value to UK business associated with
CCS was heavily dependent on the UK establishing an early and strong track record and reputation in
the technology, e.g. through the planned demonstration project.

234 Qualifying, licensing and managing CO  , storage facilities

The opportunities for value creation in the UK associated with CO, storage include the initial
qualification and licensing of storage sites as well as the ongoing management of sites. The latter
includes the ongoing measuring, monitoring and verification (MMV) of the fate of CO, stored to ensure
that it is not leaking out or likely to do so in future.

Qualification and licensing

There is expected to be a consultancy market associated with qualifying and licensing sites for CO,
storage. The costs for these activities are very uncertain and will be highly dependent on the site. We
understand that it might cost £1-10m° to do all that is needed to apply for a license for gas and oil
fields that already have some exploration data, and rather more for “virgin” saline aquifers. Thisis a
wide cost range and we have been unable to confirm the figures using literature values. Therefore we
have not included value accruing from qualification and licensing of CO, storage sites in the overall
value to the UK reported in Chapter 4.

Ongoing management of CO , storage sites

We have had differing views from stakeholders on the potential value to the UK of managing CO,
storage facilities. Such storage sites would store CO, captured from UK power stations and possibly
CO, transported from outside the UK for storage. Currently the London Protocol and OSPAR
Convention, which govern what can be done with CO, in UK territorial waters, do not allow the UK to
take CO, from other countries bordering the North Sea and store their CO, in geological locations
beneath UK territorial waters. However this may change in future and there may also be value to the
UK in measuring, monitoring and verifying emissions from CCS storage sites overseas.

The ongoing value of managing a storage site is difficult to estimate, and is expected to be small
compared to the value associated with capital expenditure on plant and equipment. For example, a
technology report from the Global Energy Technology Strategy Program (GTSP, 2006) states:

“Current estimates of the cost of employing the technologies needed to measure, monitor, and verify
(MMV) the fate of CO, injected into deep geologic formations suggest that these costs will be small
when measured on a per-ton-of-CO,-stored basis, perhaps as low as a few pennies per ton. Planned

° Personal communication, Jonathan Pearce, BGS
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and future CCS field demonstrations and early commercial CCS deployments should help to validate
these assumptions about the cost of MMV.”

The IPCC special report on CCS (IPCC 2005) provides a figure of 0.1-0.3 US$/tCO, injected for
monitoring and verification of geological storage. Taking the midpoint of these values translates to a
value to UK industry of about £10m in 2030 if we make the following assumptions:
- A 2GW coal-fired plant such as Ratcliffe-on-Soar generates about 10 MtCO,/year.

CO, would be captured with a 90% capture efficiency.

There would be an efficiency penalty of 25%, i.e. 25% more coal would need to be burned to

generate the same power.

UK organisations might be expected to win 50% of the market for CO, monitoring for

emissions sourced from UK CCS plants and 5% of the global market (estimated).

We understand from personal communication that the IPCC maximum of 0.3 US$/tCO, injected may
be an underestimate, and that the figure could be as high as six times that', i.e. up to £50-60m total
value in 2030. We note this for information but have used the IPCC data for our calculations as this is
the main referenced source.

2.3.5 Consultancy services

Prior to the stage at which a main contractor, turnkey contractor or OEM organisation is appointed to
construct a plant, there are a number of studies that will have been undertaken. Initially, depending on
the novelty of the technology envisaged for deployment, there may be a conceptual study. Here, an
understanding will be developed and confidence established that the technology will work in the
context to which it is to be applied. Following this, or as a first study if a conceptual study is not to be
undertaken, will be a pre-feasibility study. At this stage, the application will be specified and a scoping
of the techno-economic case made. This will be followed by a feasibility study, where a more detailed
investigation of the application will be undertaken. Current prices of all items will be compiled and
checked. Return on investments will be estimated and a detailed risk assessment made. Following,
or in parallel with the feasibility study, licenses for the use of specific items of equipment will be
acquired and Section 36 consent will be sought.

These stages comprising the conceptual study, the pre-feasibility study and the feasibility study are
likely to take around a year and may cost between £1m and £2m all together.

Next comes the front-end engineering design or FEED stage. Here detailed P&ID diagrams will be
drawn up, the detail for the turnkey contract bids will be prepared and the project finance will be put in
place. This stage may take from 8 months to 1 year and may cost anywhere up to £10M.

Finally, the turnkey contractor is appointed and plant construction gets underway.

There are likely to be many studies undertaken for each successful project that proceeds through to
the FEED stage. Some estimates suggest that the number of unsuccessful attempts for each project
that proceeds to completion is between 20:1 and 40:1.

The UK is recognised as particularly strong in the area of engineering design and consultancy,
precisely the types of organisation that are engaged to carry out these studies. Each of the
consultations undertaken reinforced this. Companies of the stature of MW Kellogg, AMEC, Jacobs
Engineering, Foster Wheeler, and more, have well-staffed and well-respected design offices in the UK.
These companies have international reputations that mean they are in demand to satisfy the
international market for undertaking this work.

For the purposes of estimating the value of these activities to the UK now and in the future we have
assumed:

UK consultancies currently pick up 10 contracts per year for conceptual, pre-feasibility and
feasibility studies, at an average value of £0.5m each, i.e. the total value is £5m/year.

19 personal communication, Jonathan Pearce, BGS
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No value is attributed to FEED studies as these are assumed to be part of the engineering
support provided to capital projects, i.e. the value is already captured in the spreadsheet
modelling under the “engineering” category. Implicitly we are assuming that the vast majority
of projects that proceeed to the FEED stage go on to be capital projects.

Although the type of plant will change over time, the average cost of a study will not and
neither will the market share. This means the value to the UK from this activity will remain
constant over the time period to 2030.

The value to the UK estimated in this way is a measure of GVA rather than turnover, as it
reflects jobs in the UK.

2.3.6 Biomass co-firing

One of the three technology areas covered by DECC'’s definition of CATs is fuel switching, which
includes the co-firing of fossil fuels with biomass. All 16 major coal-fired power plants on mainland UK
have co-fired biomass to some extent. Drax, Ferrybridge and Fiddlers Ferry have been major users of
biomass, whilst the other stations have been engaged to varying but lesser extents.

Whilst the experience to date has seen biomass co-fired at an average of 3% based on electrical
output, Drax has recently announced plans to raise this to 10%, ie for 400MWe output to come from
biomass from 2011. It is anticipated that some other stations will also scale up their interest. Factors
that will influence the degree of investment will include the Large Combustion Plant Directive (LCPD)
opt in/opt out decisions taken and the Government's policy on Renewable Obligation Certificates
(ROCs).

Not being privy to the investment decisions to be taken by plants other than those announced by Drax,
a number of assumptions have been made in reaching an annualised value to the UK from co-firing.

Equment required to fire biomass includes:
Dedicated processors - these may be required for firing at low levels but generally only
needed to expand volumes and varieties of biomass
Storage facilities
Weighbridge
Dedicated or modified burners

Following consultation (Private Communication with N Burdett), the level of investment likely for Drax
to the end of 2009 is estimated at around £70m. If a similar level of investment was assumed for the
other plants that tend to co-fire to a larger extent, Fiddlers Ferry, Ferrybridge and Aberthaw might be
investing, say, £35m, £35m and £25m, respectively. If we then assume a relatively high estimated
spend of, say, around £10m for the other UK plants, this raises the total capital expenditure to around
£300m. Once this investment is made, it is then unlikely that there would be further significant
investment in subsequent years. Much of the investment is likely to be made over the period 2005 to
2015.

The assumption has been that the UK will only derive value from co-firing that takes place in the UK.
The UK share of build in the rest of the world is likely to be very small. If anything, flow of revenue
might be the other way as, for example, Germany and Netherlands have both expertise and
technologies. However, we have assumed that the majority of UK investment in equipment/services
will be procured from firms with a base in the UK and that value will accrue to the UK. The
CAPEX/investment figures include consulting fees, such as those for design engineers.

Operation and maintenance costs of the co-firing facilities for Drax are assumed to be £0.5m/yr, and
£0.25m/yr for the other plants. The total costs for the 16 power plants, at £4.25m/yr, have been
assumed to be active from 2005.

There will also be a number of on-site jobs associated with plant operation and maintenance. For

example, Drax currently have 20 full-time staff dedicated to biomass co-firing, with the level expected
to double by 2010. Let us also assume that Ferrybridge and Fiddler’'s Ferry have around 15 full-time
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staff each, with the rest of the UK plants employing 3 dedicated staff. At a salary of £30k per
employee, this equates to £2.7m/yr to 2010 and £3.3m/yr thereafter.

Generally, the prospects for co-firing in UK are likely to diminish over time with less investment being
made. There may well, of course, be greater adoption of dedicated plant and small-scale
domestic/CHP.

2.3.7 Research, development and demonstration

There was some debate as to whether R,D&D monies should be defined as additional funds or
whether they are actually a reallocation of existing income. In the end it was decided that RD&D
funding would not be included within the estimate of future value to the UK. However, here we assess
the magnitude of existing CAT-related R,D&D funding from different sources.

1. Research Councils

The UKERC Research Register, provides information on funding by research councils such as the
Engineering and Physical Sciences Research Council (EPSRC). A search of funding of relevant
technology areas over the past seven years reveals that there has been a shift in the balance of
funding with support growing substantially in some areas, for example CO, capture, transport and
storage, whilst support had reduced for coal combustion and conversion. There is currently some
£15m of projects supported in CCS research and capacity building and around a further £15m set
aside to commit to new activities for 2009.

2. Technology Strategy Board

Between 2004-7 the TSB funded 16 CAT projects with a total value of £11m. Examples include
projects covering:
- Retrofitting CATs to existing fossil plant

700 T steam power plant developments (supporting participation in EU programme)

Advanced burners for coal-fired boilers

Biomass co-firing

Oxyfuel firing

CCs

Hydrogen combustion

3. Energy Technologies Institute

Funds for the Energy Technologies Institute (ETI) come from a 50:50 public/private partnership. With
currently committed funds of £0.6 billion over 10 years, the ambition is to create a £1 billion Institute
over 10 years. Public investment to the ETI comes jointly from the TSB and the EPSRC. The ETI will
provide funds across a range of energy technologies and the development of CCS is likely to be
supported. But we have no indication yet of the extent of funding to CATs/CCS.

4. Hydrogen, Fuel Cell and Carbon Abatement Technol ogies (HFCCAT) Demonstration
Programme

The HFCCAT Demonstration Programme was initially launched as a stand-alone programme in 2005,
but has now been subsumed into the UK's Environmental Transformation Fund (ETF). The ETF was
established as a joint BERR/Defra fund, intended to bring forward the demonstration and deployment
of low carbon energy and energy efficiency technologies. £50m total grant funding was committed to
HFCCATSs, with £35M of that for CATs. The funding was due to be released over a 4-year period
commencing April 2007.

5. Investment from Industry
In addition to the major private investment to the ETI, consultation with industry as part of the Phase 1
study revealed significant levels of private investment being made to the CAT sector. Some of the

major UK power generators claimed to have invested between £1m and £2m in 2007, which grew
from very little indeed just a few years ago. The same companies are expecting higher levels of
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funding to be invested going forward, with substantial funding anticipated from companies involved in
the UK CCS demonstrator. Consultation suggested that, in 2007, the utilities sector in the UK might
have invested around £7-8m in CATSs.

Companies with a design and manufacturing focus also claimed large levels of investment, which
again have grown significantly in recent years. Doosan Babcock, for example, are building an Oxyfuel
firing Test rig at their site in Renfrew — supported via the HFCCAT scheme. BP claim to have invested
around £40m in the cancelled Peterhead hydrogen production/ CCS plant.

6. UK CCS Demonstrator Competition

In November 2007 the Government launched a competition to design and build a full-scale
commercial demonstration of the entire carbon capture, transport and storage chain. When
operational, in 2014, this project is likely to be the first of its kind with post-combustion capture
technology on a coal-fired power station.The BERR web site gives further information on this
competition (see http://www.berr.gov.uk/whatwedo/energy/sources/sustainable/ccs/ccs-
demo/page40961.html).
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3 Global Markets for CATs

This section presents results and analysis on the estimation of total global market values for CATSs.
The likely UK share of these markets is then addressed in Section 4.

The value to the UK associated with other markets — engineering feasibility studies, CO, storage site
management and biomass co-firing — has been estimated in a different way, looking specifically at the
UK situation rather than estimating global markets and then scaling by the UK market share.
Therefore we do not present estimates of the value of global markets for these services here.

Figure 3 shows the global market value in £bn/yr split by plant type, including CCS retrofitting. The
total global capacity (GW) of new coal plant installed is assumed to be constant through the period as
it is based on IEA projections which do not distinguish between time periods, as discussed in Section
2.2.1. Therefore the rising value of the global market is due to the switch to more expensive
technologies, primarily those fitted with CCS, and to CCS retrofitting. These figures are based on
2006 plant costs and so do not fully take account of recent rises in the price of plant and equipment.
They should therefore be considered conservative.

Figure 3: Global market value for coal-related CATs broken down by plant type (£bn/yr)
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The breakdown by plant type in Figure 3 reflects our assumptions about the trend towards new, more
efficient plant and CCS. These assumptions are detailed in Section 2.2.2.

Figure 4 presents the global market value for new coal generation plant and CCS retrofitting broken
down by region. This shows the dominance of developing countries, particularly China, and the
relatively small value associated with capital investment in the UK and the rest of the EU25. This is
important when we come later to estimating the value to the UK, as UK companies can expect to
achieve a much bigger share of the UK markets than overseas markets.
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Figure 4: Global market value for coal-related CATs broken down by plant type (Ebn/yr)
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4 Value to the UK (base case)

In this section we present the results from our analysis of the estimated value to the UK of coal-related
CATs and associated services to 2030.

The headline results are shown below in Table 13. The dominant contribution is from new coal
generation plant, followed by CCS retrofitting, with related services and biomass co-firing making a
much lower contribution to the total. The total value to the UK is expected to increase from about
£1.1bn to over £3.0bn between 2010 and 2030, an increase of 170%, largely because of the uptake in
CCS technology (both new build and retrofit).

Table 13: Value to the UK of coal-related CATs and  related services (Ebn/yr)

Category Business/activity UK GVA (Ebnlyr)
2010 2020 2030
New coal generation plant | Project management 0.13 0.16 0.25
(including CCS where Engineering (e.g. design) 0.29 0.35 0.52
fitted) Manufacturing/procurement 0.46 0.55 0.82
Construction 0.07 0.11 0.18
Commissioning 0.07 0.10 0.17
Financial & legal services 0.05 0.07 0.18
Total new plant 1.08 1.34 2.12
CCS retrofits to existing Project management 0.00 0.01 0.12
generating plant Engineering (e.g. design) 0.00 0.01 0.18
Manufacturing/procurement 0.00 0.02 0.33
Construction 0.00 0.00 0.09
Commissioning 0.00 0.00 0.06
Financial & legal services 0.00 0.01 0.11
Total CCS retrofitting 0.00 0.05 0.90
Consultancy Feasibility projects 0.01 0.01 0.01
CO, storage Management of storage sites 0.00 <0.01 0.01
Biomass co-firing 0.03 0.02 <0.01
Total GVA (£bnlyr) 1.12 1.42 3.05
CCS related jobs 0 2,097 25,003
Total CAT related jobs 18,410 23,689 50,825

Estimates of associated jobs were made by dividing the estimates of value added by figures for the
value added per emplyee for the relevent business sectors. A value of £60,000/employee was used
for engineering procurement, manufacture and commissioning based on data for the production
industries sectors (SIC Code C-E), and £33,000 was used for construction based on the construction
sector (SIC Code F). A value of £90,000/employee was used for project management and financial
and legal services, which is greater than the average of £55,000/employee for the most relevent
sector in UK economic statistics; financial intermediation (SIC Code J-K). This higher value was used
because it is expected that work on CATs will involve higher value added than the sector average, and
therefore using the sector average would lead to an over-estimate of the jobs sustained™.

Further information on the results for each of these categories is presented in the following sections.

The value to the UK associated with new coal generation plant and CCS retrofitting in 2030 is broken
down in greater detail in Table 14. Again we note the pre-eminence of IGCC-related markets here,
due to the use of IEA technology projections. If the rate of uptake of CCS was kept the same and a
higher proportion of PF technology compared to IGCC technology was assumed, this would increase
the value to the UK. This is because the UK is expected to attain a greater share of markets for the
design and manufacture of the main plant items associated with PF technology, e.g. boilers.

* All values are in £(2008) to be in line with GVA estimates.
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Table 14: Value to the UK of coal-related CATs in 2 030, broken down by component and activity (Em/yr)

Project Eng. Proc. & | Constr, | Comm. | Fin. & Total
M'ment Manuf. Legal
Power plant/capture:
New PF 10 21 33 5 5 3 76
New PF + CCS 40 77 125 28 24 29 322
New IGCC 28 85 111 14 25 25 289
New IGCC + CCS 70 212 262 43 69 92 748
New Oxyfuel + CCS 25 52 97 20 17 33 245
CCS retrofit 75 134 210 46 45 114 624
Total power plant/capture 247 581 838 156 185 296 2303
Carbon transport 73 92 244 106 27 # 543
Carbon storage 46 30 71 13 20 # 179
Total all components 366 704 1153 275 232 296 3025

# Financial and legal costs for transport and storage included within power plant/capture costs

4.1 New coal generation plant and CCS retrofitting

Figure 5 shows the estimated value to the UK of new coal generating plant and CCS retrofit broken
down by plant type. This shows the same trend as Figure 3 — the global market trend — except that
the upward trend is even more marked. This is because the UK is expected to have a greater market
share for CCS technology than conventional power plant, and because the related financial and legal

services, another strength for the UK, are proportionally higher.

Figure 5: Value to the UK of new coal-fired generat

ing plant and retrofit, by plant type (Ebn/yr)
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Figure 6 shows the same total broken down this time by region. This time there is a significant
difference between this chart and the equivalent one for total market size (Figure 4) because the UK is
expected to have a much bigger share of the UK market than overseas markets. Even so, the UK

market only represents 17% of the UK's total market in 2030, with China at 32%.
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Figure 6: Value to the UK of new coal-fired generat  ing plant and retrofit, by region (Ebn/yr)
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4.2 Management of CO , storage facilities

As stated in Section 2.3.4, the costs of measuring, monitoring and verifying emissions (MMV) from
ongoing CO, storage has been estimated at £10m in 2030. . We have been unable to quantify the
value associated with qualification and licensing of sites and so this figure underestimates the total
market opportunity for the UK from CO, storage.

4.3 Biomass co-firing

The assumptions described in Section 2.3.6 give the following summary results for the value to the UK
to accrue from biomass co-firing. It should be noted that indirect benefits such as the development of
the biomass industry to supply the product has not been covered and would be additional.

Table 15: Value to the UK from biomass co-firing (E  bn/yr)

UK turnover (Ebn/yr)
2010 2020 2030
Capital expenditure 0.03 0.15 0
Operating expenditure 0.004 0.004 0.004
Total 0.03 0.15 <0.01
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5 Value to the UK (scenarios and
sensitivities)

This section describes scenario and sensitivity analyses carried out to explore the effects of different
assumptions about new plant build rate (UK and globally), technology choice including CCS uptake,
and UK market share. The headline results are shown in Table 16 below, each compared to the base
case. The base case here refers only to the value associated with new plant build and CCS retrofit,
i.e. it excludes related services, biomass co-firing and RD&D.

Table 16: Scenario and sensitivity results

GVA in 2030 Difference Difference
£bn from base from base
case £bn case %
Base case 3.02 - -
Scenario A: Higher new coal plant build 3.92 +0.89 +29%
Scenario B: Slower CCS uptake 1.91 -1.12 -37%
Scenario C: Slower IGCC uptake 291 -0.12 -4%
Scenario D: Lower UK share of global markets 1.78 -1.25 -41%
Sensitivity 1: No UK manufacture 1.87 -1.15 -38%

This shows, as might be expected, that our results are relatively sensitive to assumptions about the
capacity of new coal plant built, the rate at which CCS (and CCS retrofit) is introduced, and the UK
share of global markets. There appears to be a low sensitivity to the rate of IGCC uptake, which is
somewhat surprising. This can be explained by the relatively high cost of IGCC, so that the lower UK
share is compensated by the higher overall value per GW installed. It could also be questioned
whether the UK market share figures given by stakeholders were optimistic given UK capabilities and
experience in IGCC technology.

The approach used to derive the results for each scenario/senstivity was:

Scenario A: Higher new coal plant build: New coal generation plant build rate based on the IEA
reference case rather than the Alternative Policy Scenario. This is inconsistent with the rate of CCS
uptake in the model, since the reference case has no CCS. However the scenario results do give a
feel for the likely value if coal generation continues to grow rapidly in developing countries and at the
same time CCS is taken up to reduce carbon emissions.

Scenario B: Slower CCS uptake: CCS is taken up 5 years later than in the base case, throughout,
including retrofitting.

Scenario C: Slower IGCC uptake: IGCC is taken up 5 years later than in the base case, with PF
preferred instead.

Scenario D: Lower UK share of global markets: Based on the low end of the range of UK market
share estimates given by stakeholders. We chose the low end of estimates on a case-by-case basis
depending on the range of values given by stakeholders. In general the lowest value given was
chosen as the low end estimate, with the odd exception where this appeared to be an outlier. We
have no reason to believe that stakeholders were unduly optimistic in their estimates, and so it would
have been equally valid to consider an alternative scenario where the UK has a higher share of global
markets.

Sensitivity 1: No UK manufacture:  considers the total value to the UK from all business activities

except manufacture and procurement. This is not a scenario as such since it is very unlikely there
would be no value from these activities, even if the bulk of manufacturing is done overseas.

AEA 21



URN 09/738 Future Value of CAT to UK Industry
AEA/ ED02733478/Version 1

6

Conclusions

The main conclusions from this study are:

The value to the UK from global markets for new advanced coal-fired power generation plant,
including that fitted or retrofitted with CCS, is estimated at £1-2 bn/yr by 2020 and £2-4 bn/yr
by 2030. This equates to £20-40 bn in total between 2010 and 2030. These ranges reflect
the uncertainties explored by scenario analyses and also the different interpretations that
could be placed on stakeholder estimates of value to the UK. We also note that the value
could be many times greater than this if expressed in terms of total potential contracts value
(turnover) for UK companies and subsidaries, including those who manufacture overseas.

This level of activity will sustain a total of about 30,000-60,000 jobs in the UK in 2030. Of this
total about 50% will be jobs associated with existing CAT businesses activities (eg. boiler and
steam turbines design and manufacture), which are expected be sustained through the
capability to offer CCS, and 50% will be jobs associated with CCS services (eg design and
manufacture of capture, transport and storage facilities).

The UK is expected to take a much bigger share (30-35%) of the market for UK plant, and
only about 2-3% of global markets. However because the UK market is relatively small on a
global scale, UK sales are only expected to account for 17% of total UK value by 2030.

The UK has particular strengths in project management, engineering and financial & legal
services, and is expected to capture a greater share of these markets, both in the UK and
overseas. There is considerable uncertainty over the share that the UK might attain of
manufacturing, as much of the actual manufacture is expected to be done outside the UK
under licensing agreements.

The results are sensitive to assumptions about the share of coal in new electricity generation
capacity worldwide, the rate of uptake of CCS and the market share that might be achieved by
UK companies. We have tried to make assumptions based on reputable literature and expert
stakeholder views but we recognise that the uncertainties are still substantial.

The other markets for CAT and associated services are relatively small, totalling perhaps £2bn
between 2010 and 2030. The biggest component of this is the anticipated market for biomass
co-firing equipment in the period to 2015.

Based on the relative projected uptake of CCS in coal and gas-fired plant to 2050 from the IEA Energy
Technology Perspectives 2008 report, one might expect the inclusion of gas-fired CAT to increase the
total value to the UK by perhaps 40%. However this implicitly assumes that the UK share of gas-
related technology investment is the same as that estimated for coal-related technology investment,
which has not been tested in this project.
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Future Value of Carbon Abatement Technologies to th

e UK — Stakeholder Survey

Please fill in your best estimates in the white spaces in the following tables and send the completed

form to Dan Ulanowsky at dan.ulanowsky@aeat.co.uk. Our initial estimates are shown in italics

alongside the spaces.

Many thanks for your help with this important project.

Q1: How would you expect the value of each major c
project to split between different areas of busines

Shown as percentage of total project cost; values in a row should add up to 100%

omponent of a new coal power plant
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Boiler 10% 10% 20% 40% 10% 10%
Steam turbine 10% 10% 20% 40% 10% 10%
Gas turbine (for IGCC) 10% 10% 20% 40% 10% 10%
ASU (for Oxyfuel and IGCC) 10% 10% 20% 40% 10% 10%
Balance of plant 10% 10% 20% 40% 10% 10%
Carbon capture 10% 10% 20% 40% 10% 10%
Carbon transport 10% 10% 20% 40% 10% 10%
Carbon storage 10% 10% 20% 40% 10% 10%

Any comments, e.g. reasons for answers given; likely differences by geographical region or over time?

Q2: What proportion of the total new coal power pl
on associated financial and legal services?
Shown as percentage of total project cost

ant project cost you would you expect to go

g § § Any comments, e.g. reasons f_or answers given;
5SS g-é I|_kely differences by geographical region or over
=) o) time?
L —1

Conventional power plant 1% 1%

Conventional plant with CC 1% 1%

IGCC plant 1% 1%

IGCC plant with CC 1% 1%

Oxyfuel 1% 1%

Carbon storage facility 2% 2%




Q3: What market share might UK industry expect to attain for new UK coal power plant
projects?
Shown as percentage of individual markets; values in a row or column need not add up to 100%
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Boiler 50% 50% 50% 50% 50% 50%
Steam turbine 50% 50% 50% 50% 50% 50%
Gas turbine (for IGCC) 50% 50% 50% 50% 50% 50%
ASU (for Oxyfuel and IGCC) 50% 50% 50% 50% 50% 50%
Balance of plant 50% 50% 50% 50% 50% 50%
Carbon capture 50% 50% 50% 50% 50% 50%
Carbon transport 50% 50% 50% 50% 50% 50%
Carbon storage 50% 50% 50% 50% 50% 50%

Any comments, e.g. reasons for answers given; likely differences over time?

Q4: What market share might UK industry expect to attain for new overseas coal power plant
projects?
Shown as percentage of individual markets; values in a row or column need not add up to 100%

o g
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Boiler 5% 5% 5% 5% 5% 5%
Steam turbine 5% 5% 5% 5% 5% 5%
Gas turbine (for IGCC) 5% 5% 5% 5% 5% 5%
ASU (for Oxyfuel and IGCC) 5% 5% 5% 5% 5% 5%
Balance of plant 5% 5% 5% 5% 5% 5%
Carbon capture 5% 5% 5% 5% 5% 5%
Carbon transport 5% 5% 5% 5% 5% 5%
Carbon storage 5% 5% 5% 5% 5% 5%

Any comments, e.g. reasons for answers given; likely differences by region or over time?
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