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Energy System Modelling
Environment - overview

A national energy system design tool,
integrating power, heat, transport and
infrastructure

Modelling approach

Least cost optimisation (policy neutral)

Back-casting from 2050
Probabilistic treatment of uncertainty
Spatial & temporal factors

Informed by ETlI members/advisors

Internationally peer reviewed
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ESME: credible & used by the ETI,
its members, government &
partners

Inform policy work by DECC
and CCC on a range of issues

Academic research projects
ongoing
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UK energy system today
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‘Optimal’ 2050 energy system
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Impact of CCS on annual cost of
energy system (£bn eswea.1)
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~£32bn ——

Net saving
1 ~£13bn

Net saving
~ £20bn

® Transport
®m Fuel / resources

m Power & conversion
® Infrastructure

m Industry

® Buildings & heat

Fuel costs are higher, but there is less need for expensive hybrid vehicles, building retrofits,
alternative (intermittent) generation capacity & transmission infrastructure, resulting in net

savings which grow over time.
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Why is CCS so valuable?

ETI energy system modelling points to ‘energy system-wide’ value of CCS
extending beyond low carbon electricity generation

Low carbon CCS with Seeliesian CCS on

electricity from ) o industrial
oIy biomass applications o
fossil fuels emissions

‘Ne_gative Flexible low carbon fuels
emissions’ (hydrogen, syngas)

Enables continued use of fossil fuels
where very expensive to replace

Low carbon energy diversity, portfolio of flexible low carbon energy vectors,
option value & robustness in meeting carbon targets
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Mobilising private sector investment
to realise this value?

Create
rewards

" « UK will be
Mitigate compating
and for

Enabling
regulation
and

governance

manage investment * complex

risks for confidence

new value
chains

* Inter-
dependency
of projects —
networks &
clusters

and clarity
Rewards for
non-power
applications
2

investors
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Financing pathway to
a low cost industry

DECC Competition
» B
3
‘Eé’o High cost of capital Moderate cost of capital Low cost of capital
E Industry / Equity
:2 Visibility of future return profile SOlv_ed fOI’. Indus_try /
S o Length & structure of CfD Equity delivery risks

contract
Confidence in stable long term
policy
Technology risks — insufficient

Project finance

Integration/supply chain risks Solved for Project
Reduce technology and value Finance risks
chain risks

No credit rating

reward for being a first mover
relative to the risk being taken
Counterparty risk especially for
those in CO, storage and
transportation

Construction cost overrun
Uninsurable risks (storage
liabilities)

Carbon market risks Long term debt market

* Proven technology (maintenance

cycle)
* Credit rating achieved

>

Time / Visibility required over future returns

Strategic Motivations

Key players with strategic interest

in a CCS sector in the long term
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The way ahead

Early stage ;
Non commercial, high WACC i

‘follow on’
projects

Weighted cost of

capital
Starts high — needs to be put
on a path to progressive

reduction

Level of financing

Public sector

Equity (strategic)
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High but rapidly declining WACC

Fully commercial
Step down to low WACC

Early commercial

Long-term
debt market

Lower cost of capital
while refinancing allows
recycling of equity

Project Finance

Rapid growth required after first projects,
followed by consolidation as more long term
debt moves in

Equity
Essential in early stage to reducing technology and policy risks
in order to induce more entrants and equity availability

Time

12



The scale of investment to deploy CCS

£ml/yr
6000

Outline investment profile for CCS development in the UK
(total approx £65 bn to 2050)

5000

4000

3000

2000

m Storage
® Transport

1000 - m Capture

2013 2018 2023 2028 2033 2038 2043 2048
Year

Overall investment required for a CCS sector capable of delivering maximum value (storing
100M tonnes pa) is ~ £65 bn by 2050.
Upfront investment to 2030 is ~ £40 bn (peak ~ £5bn pa in late 2020s).
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Potential evolution of a UK CCS
sector

Pre-commercial Early roll out Mature

 Full chain  Follow on projects * Integrated networks
* Power sector * Industrial emitters * Clusters

« Emerging « Storage hubs

infrastructure * Cross border
networks & clusters movement

The profile of projects likely to evolve as a CCS sector develops to maturity — needs a
strategic approach to policy and business models/structures likely to evolve.
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Value chain components — differing
characteristics

Capture Transport Storage

Geographically specific,
high risk, geological
externalities.

Interaction with hydro-
carbons (EOR &
decommissioning)

Eventual state liability

May require strategic
shaping

Geographically specific,
integrated transport
networks

Shared access to
infrastructure

May require co-
ordination, regulation or
governance

Competing capture
technologies and
multiple applications
served by a global
supply chain

©2013 Energy Technologies Institute LLP - Subject to notes on page 1



Spectrum of market & regulatory
models for transport & storage

“Planned

“Tightly

economy” regulated”

* Public sector
mandates &
invests

 Statutory
monopoly /
contracting
authority
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“Free market”

“Co-ordinated”

 Variety of co-
ordinated
contracting
models

 Leave market to
drive efficient
contracting & co-
ordination




Storage needs: we need serious
appraisal activity now

Cumulative CO, stored

3!500 7 Appraisal
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Immediate need is for a business
model to drive investment in storage
appraisal

ETI modelling suggests rapid ramp up of CCS
volumes in the 2020s is optimal for UK energy
system

Saline aquifer storage is needed to give
sufficient capacity — but up to 10 years lead
time for appraisal & development

We need investment to start flowing now
« to start proving major saline aquifers

Market failures and regulatory issues could
block this if not resolved
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Evolution of CCS support - IEA policy
strategy view
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Current reward mechanisms for CCS
in UK

Low and volatile, politically risky
UK floor price (only electricity sector)

Feed In

Premium for low carbon electricity

tariffs

Other
revenues

EOR / other industrial uses?




Detail of approach to contracting for
CCS electricity will determine risk
allocation (& shape business models)

Key contract terms EMR ‘delivery plans’

Resource Signals to

allocation market &

between supply
technologies chain

Strike and
reference
prices

Length of

contract Risk mitigants?

Fuel price § Commission § Despatch -
indexation -ing risk risk Others?

Learn lessons from network utility regulators - have developed
sophisticated tools to limit long-term exposure to unpredictable risks,
while retaining incentives on operators
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Creating an enabling framework for
CCS in the UK

* Design in long term reliability to incentives

Manage & m|t|gate  Ensure risk profile is acceptable to investors
risks for investors

» Adapt CFD mechanism to risks and strategic value of
particular projects (cf. oil & gas fields)

 Adapt risk mitigant tools from utility regulation?

* For industrial: subsidy or tax breaks funded through carbon
floor tax proceeds (cf UK Climate Change Levy)?

Create rewards * For BECCS: premium CFD, tax breaks or tradable
instrument?

I I » More active government role in shaping & enabling
Enab“ng reQUIatlon transport & storage investment (cf. offshore wind), &
& governance

creating governance arrangements
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To conclude: key immediate needs

Use EMR to drive Attract investment
early ‘post- Into storage
competition’ appraisal &
projects derisking

» target strategic value » Make the storage
to CCS sector not opportunity more
simply lowest £/MWh attractive

 Address market
failures

©2013 Energy Technologies Institute LLP - Subject to notes on page 1

Recognise the
high value &
strategic role of
CCS

« Cut annual cost of low
carbon energy by up
to 1% of GDP!

« strengthen signals of
policy commitment
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For all general enquiries
telephone the ETI on
01509 202020.

For more information
about the ETI visit
www.eti.co.uk

For the latest ETI news and
announcements email
info@eti.co.uk

The ETI can also be
followed on Twitter at
twitter.com/the_ETI



