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Our mission is to accelerate the C¢RRUBSOTN
move to a low carbon economy

We cut carbon emissions now

> By providing business and the public sector with advice, finance
and accreditation

> By stimulating demand for low carbon products and services

We cut future carbon emissions

> By developing low carbon technologies through project funding
and investment, expert advice and collaboration

> By identifying market failures and practical ways to overcome
them
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The Carbon Trust plays a key role in CARBON

supporting innovative technologies

z

TRUST

Since 2001 we have...

Screened over 1,800 research proposals and
supported 166 projects, with 65% of completed projects
going on to generate patents, investment, funding or sales

Incubated 82 early stage companies, who have gone
on to raise £84m in private investment

Invested in 12 companies as a venture capitalist

Committed over £100m to accelerate progress,
leveraging over £200m further in private investment

Collaborated with over 700 companies on projects
relating to technology development and demonstration

Published over 50 reports relating to low carbon
technology and innovation
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Innovation challenge is to reduce cost

Technology

cost
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t Fuer cells, 3rd Illustrative!
generation PV
Solar PV (pre-commercial Solar PV (or other off-grid
against retail prices) micro-generation) becomes
cost competitive
___________ Retail price of
_____________________ electricity
Offshore Renewables (on-grid)
wind become cost competitive
Cost of electricity Orz\.;;i/r;%re
generation Biomass
Time &
Energy efficiency experience
R&D Pre-commercial Commercial
Technical risk Technical and political risk Market risk

Small money

Public £, no returns or :

VC £, 30-40% returns

Big money Huge money
Public support + Corporate and utility
VC £ + returns

Finance, 15-20% returns
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Low carbon technology is new, deployed in caArsoN

new markets driven by new regulation

TRUST

Basic Applied Early Demo Full Demo Marketable Warranted
TeChnOIOQV Research Research product product
journey (Proof of (Proof of (Proof of (Proof of (Proof of (Proof of

principle) concept) viability) scalability) value) quality)

El or 2 Form venture Bring in first Recruit Grow 30+
Compa ny individuals or nhew unit) outsider specialists operational employees
journey (sw_eat (Friends & (Angel or seed (Venture staff (Revenue)

equity) family) Capital) (IPO)

. : Markets Market Field Early adopt- Rational Technology
Market interaction identified trial ers & niches economic & market
journey (Technology (Indifference) // (Recognition) (Benefit PUGCELIEEG evolution

quantified) (Market pull (Feedback)

Regulation
journey

General General Specific General General
Regulation Regulation Regulation Regulation Regulation
neutral or neutral positive positive neutral or
negative positive
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In our experience, low carbon innovation =~

needs progress on four parallel Yjourneys” 7trusT

Basic Applied Early demo Full demon- Marketable
Technology research Research stration stration product
journey (Proof of (Proof of (Proof of "

principle) Concept) viability) sqgala

Warranted
product

Proof of
quality)

lor2 Form venture Bring in firs \ Recruit Grow 30+
Company individuals or new unit) outsider .‘ specialists operatio employees
journey (sweat (Friends & (Angel opseed (Profit)

equity) family)

No
Market interaction -
journey (Technology
push)

Early adopt- Rational Technology
exs & niches economic \& market
A e purchase evolution
ntified) (Market pull (Feedback)

High risks limit ability to
Y finance demonstration

Rdgulati ation Regulation
pqsitive positive neutral or
positive

General
Regulation

Regulation
journey




The challenge for the UK to meet EU 2020 renewable energy targets

Under a reasonable set of assumptions ——

need 29GW of offshore wind CARSON
40% renewable electricity scenario
by 20201 Wind power is essential
On- and offshore wind likely to
TWh make up >70% of renewable
1201 _  High generation, even with a significant
scenario contribution from tidal
100 e Limited scope for contributions from
Base case other technologies by 2020 due to
80 resource constraints and shortage of
scalable technology solutions
60 - Low
scenaro Offshore wind the most ‘flexible’
40 technology in providing additional
capacity; in extreme circumstances
20 I I could range between 19GW and
I - 36GW
O I
Offshore Onshore Wave Hydro  Solar Other
Implied and tidal
bc;speaggzé 29 1 2 2 1 nh
(GW)

1. Landfill, cofiring, hydro, wave, solar and other projections from BERR, ‘Renewables Obligation Consultation: Updated Modelling for Government Response’, January 2008

Source: BCG analysis —




Reduce UK cost of deploying offshore = __—
wind by £14 billion with £600 million of carsoN
public RD&D TRUST

Cost of deploying 29GW of .
offshore wind power in the UK Increased RD&D funding
¥ Increased innovation and

economies of scale will
£16bn reduce the cost of offshore
wind deployment by £14bn

£14bn ¥ Requires £600 million in
public funds and £1.2 billion
£75bn in private funds

2 Government’s £405m low

carbon investment fund
£45bn stimulus is in the right
direction — a good portion to
applied by
Q1 2011
» Need to fulfil the RD&D
X X2 O funding gap - including
<<®<\~<>°(\ Q}?\d .Qﬁ"}\ beyond 2011
© QN
Q/+Q O @4@

Source: BCG, Carbon Trust
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Offshore Wind Accelerator (OWA) to
reduce cost by 10% with RD&D
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Program objective: Catalyse a 10% reduction in the cost of offshore
wind power through a targeted set of RD&D activities.

Consortium structure

Collaboration between Carbon Trust and
major offshore wind farm developers
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CARBON
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DONG

ENErgy

PP Airtricity

SCOTTISHPOWER RWE StatoilHydro
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The energy to lead

Budget and timescale

Provisional total budget of £60m to which
Carbon Trust will contribute up to £20m
Launched October 2008, 4-6 years

2013 provide commercial options for R3

z

Four RD&D work-streams

Offshore foundations: develop more cost
effective designs for deeper water sites
that feature lower capital and installation
costs than current methods

Wake effects: detailed investigation of
wake effects in large arrays to improve
accuracy of electricity yield predictions

Electrical systems: systemic
re-engineering of electrical systems to
minimise losses and reduce costs of both
intra-array and transmission to shore

O&M Access, logistics & transport:
Develop more cost-effective and safer
turbine access systems to maximise
operational availability
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There are a number of barriers to full- P

scale offshore wind deployments CARBON
TRUST

Technology: Large-scale deployment of offshore
wind requires cost reduction through development
(Phase 1) and deployment (Phase 2) of
underdeveloped technologies

OFFSHORE WIND ACCELERATOR

, Phase 1: Feasibility studies in four key
areas

Foundation solutions

Wake effect modelling

Electrical systems concepts: HVDC vs AC
Access, logistics and transport solutions

Phase 2: Deployment

Funding Partners
Market: Stimulate the development of the >  Airtricity
market and supply chain; partnership with, and
active involvement from, five major offshore
developers is key to delivering this

Dong Energy
RWE Innogy
Scottish Power
StatoilHydro
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First cut identification of highest
priorities — from 73 to 19 initiatives

initiatives B

Government controlled
Review of grd policy for renewables. 8
Support and accelerate the evaluation of Round 3
Additional resources 1o help expedite the approvals process

® 73 initiatives

1
2

3

4 Offer alower cost insurance product to the indusiry

5 Support development of Supergrid

6 Revisit3m depth requirement for undersea cables.

7 Develop stable government policy fo revenue support
8
9

Formation of a agency for Denmark
Publiceducation role 1o develop public Support for renewables.

Long lists

Industry Stage of Development
1 Faciiate o of vessels

2 Development of 10 better all ks and time.
3 Faciitating and co-ordinating industry and government collaboration

4 Provide good information handbook’on offshore wind
5
6
7

Encourage greater industry co-operation through application of resources to working groups.

Further studes on the application of learning from the O&G industry.
Provide greater supply chain
8 Supply chain optimisation studies
Greater information sharing among developers (consenting)
10 Co-operation regarding the investment
11 Co-operation operaiing processes
12 Future industry planning (information, nsights into future designs, market sizes etc.)
13 Investment by developers in underwiting port capacity to allow UK portinfrasiructure development
bout R&D

15 CT Investment in a network of met masts to assist developer understanding of conditions.
16 CT Investment in bird survey data o assist developer understanding of issues
17 Navigational sk studies

FEASIBILITY
(Additionality, UK Economic Benefit, CT ‘Doability’)

Feasibility /
importance
evaluation

Application of
evaluation
criteria in this
context

High

IMPORTANCE
(Scale, Acceleration)

Low

Low

High

Develop stable government
policy for revenue support

Extend onshore grid
infrastructure

Build offshore grid hub

Review of grid policy for
renewables

Support and accelerate the
evaluation for Round 3

Formation of a single
streamlined agency for the
consent process

Provision of additional resources
to expedite the approvals
process

Offer a lower cost insurance
product to the industry

Progressive construction of a
“Supergrid”, the primary
purpose of which would be to
connect different European
markets

Change the DTI requirement that
subsea cables be buried to a
depth of 3 metres

Increased public education role
to develop support for renewable
energy in general, and for
offshore wind energy in
particular

® Higher feasibility /

importance ideas
taken forward

Refinement to 19
initiatives
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Second cut identification of highest CARBON

priorities — from 19 to 8 initiatives TRUST

Definitions applied

Scale of Benefit ® Scale of the benefit in the long term

Acceleration ® \Would the initiative (whether taken by the CT or
another party) lead to benefit occurring sooner?

19 initiatives Additionality ® |[s theinitiative something that either no-one else is 8 initiatives
doing or would not undertake in the near term?

UK Economic ® For publicly funded initiatives, how large is the
Benefit potential benefit to the UK in terms of jobs and IP?

® Overall feel as to CT fit of the initiative, including:

Carbon Trust - whether the CT is a 'legitimate’ leader of the
‘Doability’ initiative given other organisations’ activities
- ability to obtain partner commitment to the
initiative
T T~ — —

Evaluation of initiatives against criteria (High, Mid, Low)
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Phase 1 Delivery structure CARBON

TRUST
Key:
. OWA Partners
St . C it e Strategic direction
eering Committee
. Carbon Trust e Budgetary control
Third party
contractors
P1 Programme management
Carbon Trust Management Team * 9 9
e P2 Development
e Project management
e Project reporting
Foundations Wake Effects Access Systems Electrical .
Technical Technical Technical Technical o Data gathering

Delivery Consultant| |Delivery Consultant| |Delivery Consultant| |Delivery Consultant

Technical
Working Group e Technical support

e Data provision

Technical Technical Technical

Working Group Working Group Working Group

Foundation Engineering Software Modelling Access System Electrical * Technical delivery

Designer Design House Partners Consultant Design Consultant Consultant e Data analysis

L ————
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Phase 2 Demonstrations CARBON
TRUST

2009 2010/2011 2012/2013

T BT

Foundation
Prototype

Foundations
Prototype

Feasibility Studies Foundations
e Foundations Prototype
e Wake Effects

* O&M Access, Logistics \ Wake
and Transportation Effa £
¢ Electrical Systems et

Electrical
System

Access
System
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OWA collaborative structure allows CARBON
IP sharing and benefits all industry TRUST
| m— _
CARBON Collaborative structure
TRUST > With project developers due to focus
B on cost reduction in short-med term
P> Alirtricity E.g,:\‘ G ® Activities are prioritised according to
‘ industry needs; co-funders provide

IS?'_C_C__’TT'_.S_HF’D.WER RWE StatoilHydro route to market for results

"Z AN > Key benefits to co-funders are
shared costs/risks and access to
additional technical resources

The energy to lead

Carbon Trust Co-funding partners

Up to £10m Collectively £20m+ » Benefits to Carbon Trust are
- J leverage, direct industry
Y engagement and accelerated carbon
Offshore Wind Accelerator reductions
£30m provisional total budget » IP sharing across work programme -
| where benefits all of industry. (Not
Thirdioartyiconactons sharing knowledge on IP sensitive

areas)

[ [ [ [
I I I I
Project 1 Project 2 Project 3 Project 4
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Opening future markets: technology CARBON
acceleration TRUST

Z

Technology accelerators focused on addressing barriers to
technology development

Technologies may be pre-commercial or require significant
adaptation to a new environment

Emphasis on cost reduction - faster than normal

Collaborate with industry partners — to achieve co-funding and IP
/ knowledge sharing that benefit all of industry

Current accelerators include:
- Offshore wind
- Marine Energy
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Technology commercialisation: CARBON

) . TRUST
directed research acceleration

> Directed Research Accelerators target innovation gaps

> Aim to overcome technical barriers to development of specific low
carbon technologies

> Established in commercial Special Purpose Vehicles to capture IP
> Invest up to £10m over 3-5 years
» Current research accelerators include:

— Advanced Photovoltaics

— Algae biofuels
— Pyrolysis oil




Questions?

www.carbontrust.co.uk



Opening future markets: technology /C A RBON

acceleration TRUST
Marine Energy

Opportunity

> Supply up to 20% of UK’s electricity needs from
marine energy

Challenge
» Reducing cost of wave and tidal stream devices

Solution

* £3.5m programme to accelerate cost reduction
focusing on:

— New device concepts
— Component technologies
— Installation, operation & maintenance

> £22.5m grant programme to support the deployment
of the leading wave and tidal stream devices
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Marine Energy Accelerator will reduce CARBON

investment to achieve cost-competitiveness 71rusT

Strand A: — Current costs
: (MEC Mid
New device case)
concepts s
X — Impact of
< Strands A, B
Strand B: S and C
Component 8 ~. = — -—Targetinc.
' - S~ LECs and 2 x
technologies 5 T~ Rocs
§ 5 i T Wholesale
Strand.C: 0 price
Operatlons & 10 100 1,000 10,000 10 1(:;Jr|élg)ate

maintenance

Installed capacity (MW)
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Technology commercialisation: CARBON
- - TRUST
directed research acceleration

Advanced Bioenergy: Pyrolysis oil for transport

Opportunity

> Develop pyrolysis oil to replace fossil fuels in existing transport
infrastructure delivering greater than 80% carbon savings

Challenge

> Upgraded high quality pyrolysis oil for use in conventional
refineries

Solution

> Research accelerator to speed
development

> Up to £20 million investment
> Focus on waste biomass
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Technology commercialisation: CARBON

directed research acceleration TRUST

Advanced Bioenergy: Algae biofuels

Opportunity
> Potential for CO2 savings >80% relative to fossil fuels

> 6-10 fold increase in biomass yield per hectare compared with
conventional biomass feedstocks — without need for fresh water

Challenge

> Develop low-cost, high productivity production systems
at scale

Solution
» Phase 1: 3-year £3-6 million R&D project

> Phase 2: 5-year £10-20 million large-
scale demonstration project




Technology commercialisation: directed
research acceleration

Organic Solar Photovoltaics

Opportunity

> Deploy 1GW of organic solar PV by 2017, which
could deliver CO2 savings of over 1 million tonnes

per year.

Challenge
> Halve the cost of organic solar PV technology

Solution
> £5 million Advanced PV accelerator

> Partnering with Cambridge University and The
Technology Partnership

> Catalyst to move projects through “valley of
death” from research through to attractive
investment for strategic buyers

| m—

CARBON
TRUST

BB UNIVERSITY OF
4P CAMBRIDGE
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