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Interest in renewables started by ‘70’s oil crisis, CCS by climate change



The Gleneagles Communiqué

CCS first gets major political attention

14. We will work to accelerate the development and
commercialization of Carbon Capture and Storage technology



The G8 2005 Gleneagles Communiqué

http://www.g8.utoronto.ca/summit/2005gleneagles/communique.pdf

14. We will work to accelerate the development and commercialization of
Carbon Capture and Storage technology by:

(a) endorsing the objectives and activities of the Carbon Sequestration
Leadership Forum (CSLF), and encouraging the Forum to work with broader
civil society and to address the barriers to the public acceptability of CCS
technology;

(b) inviting the IEA to work with the CSLF to hold a workshop on short-term
opportunities for CCS in the fossil fuel sector, including from Enhanced Oil
Recovery and CO, removal from natural gas production;

(c) inviting the IEA to work with the CSLF to study definitions, costs, and
scope for ‘capture ready’ plant and consider economic incentives;

(d) collaborating with key developing countries to research options for
geological CO, storage; and

(e) working with industry and with national and international research
programmes and partnerships to explore the potential of CCS technologies,
including with developing countries.


http://www.g8.utoronto.ca/summit/2005gleneagles/communique.pdf

http://www.ccsassociation.org.uk/docs/2007/Monday%201415%20-
%20Jane%20Paxman.pdf

FEED announced 30 June 2005,
Demonstrate CCS quickly for G8 initiative

Pre-combustion
capture on natural gas,
separate from existing
plant (low risk but
uneconomic)

No clear funding
mechanism except
carbon price

Design completed but
project ended mid 2007


http://www.ccsassociation.org.uk/docs/2007/Monday 1415 - Jane Paxman.pdf

Gas spot price sets opportunity cost for running gas power plants

‘Dash for coal’
As gas prices rise

!

https://www.erce.enerqgy/graph/uk-natural-gas-nbp-spot-price



https://www.erce.energy/graph/uk-natural-gas-nbp-spot-price

Response to the ‘Dash for coal’ 2007/2009
CCS Competition 10 November 2007



Tilbury - 2x 800MW
Capture ready- photo montage

(some details omitted)

Richard Hotchkiss, RWE npower R&D, RECENT DEVELOPMENTS IN CARBON CAPTURE AND STORAGE
COMBUSTION DIVISION OF THE COAL RESEARCH FORUM . 17 April 2007, http://www.coalresearchforum.org/pastmeetings.html






CAMPAIGN FOR NO NEW COAL

without carbon capture and storage?

9 October 2007

Protesters who evaded police and spent the night on a power
station chimney were served with an injunction by helicopter
demanding that they come down.

Eighteen demonstrators were
arrested on Monday night,
but the five remaining
members of the group
painted "Gordon" down the
side of the 656ft (200m)
chimney (as part of “Gordon
bin it”, to Gordon Brown, then
Prime Minister).



http://www.conservatives.com/News/Speeches/2007/12/David Cameron Speech at Chongging University in China.aspx

David Cameron: Speech at Chongqing University in China

Rt Hon David Cameron, Thursday, December 20 2007

For my country, which led the Industrial Revolution, this means that today we must lead the Green Revolution in the
new technology of renewables, energy efficiency and decentralised energy.

Both Britain and China have large reserves of coal. Yet, today, burning coal for electricity is a huge contributor global
warming.

But we are on the brink of accessing a technology that could change all that.
Carbon Capture and Storage.
Right now, at least a dozen CCS pilots are ready to launch around the world.

But even though we have the depleted oil and gas fields that are ideal for testing this technology, not a single pilot is
yet taking place in Britain. We cannot afford this kind of delay.

So | can announce that developing green coal will be a priority for a Conservative Government: we will do what it
takes to make Britain a world leader in this crucial field.

All existing coal-fired power stations should be retro-fitted with CCS, and all future
coal-fired power stations should be built with CCS.


http://www.conservatives.com/News/Speeches/2007/12/David_Cameron_Speech_at_Chongqing_University_in_China.aspx

6 August 2008

Climate Camp at Kingsnorth
Power Station



https://www.gov.uk/guidance/
uk-carbon-capture-and-
storage-government-funding-
and-support#ccs-knowledge-

sharing

Kingsnorth Carbon
Dioxide Capture and
Storage Demonstration
Project, Key Knowledge
Reference Book
February 2011

But new Kingsnorth
power plant plans
shelved, 7 October
2009

E.ON withdraws
Kingsnorth from
Competition, 20
October 2010


https://www.gov.uk/guidance/uk-carbon-capture-and-storage-government-funding-and-support#ccs-knowledge-sharing

October 11,2009



18th October 2009 Ratcliffe Power Station



DECC — The Energy Act 2010

http://www.legislation.gov.uk/ukpga/2010/27/contents

The Queen’s Speech on November 18, 2009 included Energy Bill with funding for CCS. Initially to be CCS on coal only
but fuel neutrality was proposed by Conservatives in the Committee stages and adopted by the Labour Government.
The Bill was passed with cross-party support just in time before the 2010 General Election.

On 8 April 2010 the Energy Bill received Royal Assent becoming The Energy Act 2010

The Act introduced a new levy of up to £11bn on electricity to fund all types of power station CCS demonstration
projects and to support the retrofit of additional CCS capacity to those projects should it be required at a later date.

But the CCS measures were never put into force when a Conservative/Liberal Democrat coalition government came
to power and plans for all new coal power stations by utility companies were abandoned as a result of the recession.


http://www.legislation.gov.uk/ukpga/2010/27/contents

Gas spot price sets opportunity cost for running gas power plants

Recession collapses gas ‘ And gas prices held down as
prices and electricity demand shale gas develops in US

!

https://www.erce.enerqgy/graph/uk-natural-gas-nbp-spot-price



https://www.erce.energy/graph/uk-natural-gas-nbp-spot-price

14 July 2010

SSE chief executive lan
Marchant said: “If long-
term targets for
reducing emissions are
to be met, CCS
technology is going to
have to apply as widely
as possible. This means
gas-fired power stations
as well as coal.

| believe Peterhead represents the best site in the UK for a gas CCS project
and | hope that our submission to the government will be successful.”



Final Phase 2 Project — Retrofit to the existing Longannet Sub-Critical Plant

Cancellation announced 19 October 2011
UK Carbon Capture and Storage Demonstration Competition SP-SP 6.0 - RT015 FEED Close Out Report, April 2011, ScottishPower CCS Consortium

Approx 300MW out of 2.4GW

https://www.gov.uk/

guidance/uk-carbon-
capture-and-storage-
government-funding-
and-support#ccs-
knowledge-sharing



https://www.gov.uk/guidance/uk-carbon-capture-and-storage-government-funding-and-support#ccs-knowledge-sharing

UK CCS 1st Competition Timelines
CCS Competition

New Kingsnorth power plant plans shelved

http://www.thequardian.com/environment/2009/oct/07/eon-cancels-kingsnorth-power-station

Decision hailed by groups who staged Climate Camp protest
Lower electricity demands due to recession cited as reason

Royal Assent for Energy Act 2010 and £11bn CCS levy

FEED contracts awarded

E.ON withdraws Kingsnorth from Competition

But FEED study continues

Negotiations terminated
National Audit Office report on Competition

DECC CCS Commercialisation Programme (with £1bn)

10 November 2007
7 October 2009

8 April 2010
12 March 2010
20 October 2010

19 October 2011
16 March 2012
3 April 2012


http://www.theguardian.com/environment/2009/oct/07/eon-cancels-kingsnorth-power-station

UK CCS 24 Competition Timelines (Original)

DECC CCS Commercialisation Programme (with up to £1bn funding)
Four projects shortlisted

Two preferred bidders announced

Signature of FEED contracts with 2 projects

Energy Bill (for EMR & FiT CfD) Royal Assent

Final Investment Decisions on up to 2 projects

Projects to become operational

3 April 2012

31 October 2012
20 March 2013
Summer 2013

18 December 2013

Early 2015
(later became early 2016)

2016-2020



https://www.gov.uk/
guidance/uk-carbon-
capture-and-storage-
government-funding-
and-support#ccs-
knowledge-sharing

New standalone power plant at the existing Drax Power Station site near Selby,
State-of-the-art coal-fired power plant with the potential to co-fire biomass.
426MWe (gross) oxyfuel power and carbon capture and storage

90% of all CO, emissions captured

Capturing approximately 2 million tonnes of CO, per year

Anchor project for Yorkshire CO, transportation and storage network htp://www.whiteroseccs.co.uk



http://www.whiteroseccs.co.uk/
https://www.gov.uk/guidance/uk-carbon-capture-and-storage-government-funding-and-support#ccs-knowledge-sharing

Gas spot price sets opportunity cost for running gas power plants

Gas prices held down as
shale gas develops in US
Gas power with CCS cheaper
than coal power with CCS

https://www.erce.enerqgy/graph/uk-natural-gas-nbp-spot-price



https://www.erce.energy/graph/uk-natural-gas-nbp-spot-price

Peterhead CCS Project

Shell UK Limited and SSE

Post-combustion capture on one of three existing GT units
Approximately 400MW equivalent capacity

and 1MtCO,/yr

http://www.shell.co.uk/gbr/environment-society/environment-tpkg/peterhead-ccs-project.html
https://www.pressandjournal.co.uk/fp/news/north-east/peterhead/534697/milestone-plans-for-revolutionary-peterhead-energy-project-revealed/

https://www.gov.uk/

guidance/uk-carbon-
capture-and-storage-
government-funding-
and-support#ccs-
knowledge-sharing



http://www.shell.co.uk/gbr/environment-society/environment-tpkg/peterhead-ccs-project.html
https://www.pressandjournal.co.uk/fp/news/north-east/peterhead/534697/milestone-plans-for-revolutionary-peterhead-energy-project-revealed/
https://www.gov.uk/guidance/uk-carbon-capture-and-storage-government-funding-and-support#ccs-knowledge-sharing

https://www.spe-uk.org/aberdeen/wp-content/uploads/2014/01/Spence-SPE-Talk-25Mar15.pdf

Hidden absorber, long ducts and connection to stack

Extensive water treatment plant



UK CCS 2"d Competition Timelines (Actual)

DECC CCS Commercialisation Programme (with up to £1bn funding)
Four projects shortlisted

Two preferred bidders announced

Signature of FEED contracts with 2 projects

Energy Bill (for EMR & FiT CfD) Royal Assent

Office of Budgetary Responsibility says Levy Control Framework overspent
Government withdraws £1bn capital grant for 2"9 CCS Competition

2"d National Audit Office report on a failed CCS Competition

3 April 2012

31 October 2012
20 March 2013
Summer 2013

18 December 2013

July 2015
28 November 2015
January 2017



1st COMPETITION 2ND COMPETITION

NAQO % f \

National Audit Office

KEY FACTS

https://www.nao.org.uk/report/carbon-capture-and-storage-lessons-from-the-competition-for-the-first-uk-demonstration/

G J

https://www.nao.org.uk/press-release/carbon-capture-and-storage-the-second-competition-for-government-support/



https://www.nao.org.uk/press-release/carbon-capture-and-storage-the-second-competition-for-government-support/
https://www.nao.org.uk/report/carbon-capture-and-storage-lessons-from-the-competition-for-the-first-uk-demonstration/

A series of UKCCSRC meetings in 2016 engaging
with CCS stakeholders in the regions appears to
have contributed to the development of the
present CCS landscape based on clusters.

https://ukccsrc.ac.uk/delivering-cost-effective-ccs-in-the-2020s/

_____
-

-
——————

Also options to ship
to North America or
Middle East for EOR

@ Portfolio Store
() Potential Build Out Site
@ UK FEED Study Site



http://www.eti.co.uk/programmes/carbon-capture-storage/strategic-uk-ccs-storage-appraisal
https://ukccsrc.ac.uk/delivering-cost-effective-ccs-in-the-2020s/

An independent assessment of the UK’s Clean
Growth Strategy - From ambition to action
Committee on Climate Change, January 2018

Committee on

https://www.theccc.org.uk/publication/independent-assessment-uks-clean-growth-strategy-ambition-action/

 The Clean Growth Strategy sets out three illustrative pathways to 2050, one of which excludes carbon
capture and storage (CCS).

 The Government should not plan to meet the 2050 target without CCS.

A ‘no CCS’ pathway to even the existing 2050 target is highly challenging and likely to be much more
costly to achieve.

 Furthermore, deeper reductions requiring the deployment of CCS will be needed to meet the aims of
the Paris Agreement, whether by 2050 or subsequently.

* Although the Strategy states an ambition to deploy carbon capture use and storage (CCUS) in the 2030s,
the level of detail and funding (which is directed at innovation only) are not commensurate with its
importance.

 The Government should set out plans in 2018 that kick-start a UK CCS industry in the 2020s.


https://www.theccc.org.uk/publication/independent-assessment-uks-clean-growth-strategy-ambition-action/

CCUS Cost Challenge Taskforce report delivered in July 2018

https://www.gov.uk/government/groups/ccus-cost-challenge-taskforce

The Taskforce has four key messages for Government

1.

3.
4.

We need to recognise the CCUS opportunity and the urgency of acting now in order to
deliver CCUS at scale, at lowest cost. Project lead times are long, and time is limited if
we are to deliver CCUS on the scale which may be necessary by 2050, with potentially
well over 100 million tonnes of carbon dioxide per year needing to be stored. This can
be achieved with joint industry and Government vision, supported by the first
projects becoming operational from the mid-2020s and an industry pipeline of
financeable projects.

CCUS can unlock value across the economy to enable low carbon industrial products, decarbonised
electricity and gas, a hydrogen economy, greenhouse gas removal, and new industries based around
utilising CO,.

We need viable business models to move the technology to a sustainable commercial footing.

We believe that CCUS can already be deployed at a competitive cost.

Project concepts being proposed are comparable on cost with other first of a kind low carbon technologies.
Our approach is to focus on deploying CCUS in clusters, with the cluster stakeholders identifying how the
value of CCUS can best be secured to benefit their local economies and needs.


https://www.gov.uk/government/groups/ccus-cost-challenge-taskforce

Government funding to deliver on CCUS announced at COP 24, 13 Dec 2018

Claire Perry, Minister of State for Energy and Clean Growth, announced £170M funding for an Industrial
Clusters mission under the Industrial Strategy with the objective ‘We will establish the world’s first net-zero
carbon industrial cluster by 2040 and at least one low-carbon cluster by 2030’.

Critically for CCUS, ‘in at least one cluster, by 2030, the low-carbon infrastructure needed to support
industrial decarbonisation will be in place and operational’

https://www.gov.uk/government/news/world-first-carbon-net-zero-hub-of-heavy-industry-to-help-uk-seize-global-economic-opportunities-of-clean-growth



https://www.gov.uk/government/news/world-first-carbon-net-zero-hub-of-heavy-industry-to-help-uk-seize-global-economic-opportunities-of-clean-growth

Extinction Rebellion,
Oxford Circus,
London, 19 April 2019

By Netherzone - Own
work, CC BY-SA 4.0,
https://commons.wiki
media.org/w/index.ph
p?curid=82188002



Committee on Climate Change Net
Zero report, May 2019

https://www.theccc.org.uk/publication/net-zero-the-uks-contribution-to-stopping-global-warming/

Carbon capture and storage (CCS) in industry, with bioenergy (for
GHG removal from the atmosphere), and very likely for hydrogen
and electricity production. CCS is a necessity not an option. The
scenarios involve aggregate annual capture and storage of 75-175
MtCO, in 2050, which would require a major CO, transport and
storage infrastructure servicing at least five clusters and with
some CO, transported by ships or heavy goods vehicles.
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https://www.theccc.org.uk/publication/net-zero-the-uks-contribution-to-stopping-global-warming/







Budget Report — March 2020

1.226 As part of this, to help meet the challenge of net zero and ensure that the UK is at the forefront of
new decarbonisation technologies, the Budget commits to at least double the size of the Energy
Innovation Programme.

1.237 HM Treasury will also publish two reviews this year — one into the economic costs and
opportunities of reaching net zero, the other led by Professor Sir Partha Dasgupta into the economics of
biodiversity.

1.241 Carbon capture and storage will be important to decarbonising both power and industry. It can
provide flexible low carbon power and decarbonise many industrial processes, whilst also offering the
option for negative emissions at scale. The Budget announces a CCS Infrastructure Fund to establish CCS
in at least two UK sites, one by the mid-2020s, a second by 2030. Using consumer subsidies, the
government will also support the construction of the UK’s first CCS power plant.

https://www.gov.uk/government/publications/budget-2020-documents/budget-2020



https://www.gov.uk/government/publications/budget-2020-documents/budget-2020

Budget Speech

Madam Deputy Speaker,
| can make one further announcement on green growth.

Carbon Capture and Storage is precisely the kind of exciting technology where Britain can lead the world
over the next decade.

| can announce today that we will invest at least £800m to establish two or more new Carbon Capture and
Storage clusters by 2030.

Once up and running, these clusters will store millions of tons of carbon dioxide that would otherwise be
released into the atmosphere.

The new clusters will create up to 6,000 high skill, high wage, low carbon jobs in areas like Teesside,
Humberside, Merseyside or St Fergus in Scotland.

It’s levelling up in action.

https://www.gov.uk/government/publications/budget-2020-documents/budget-2020



https://www.gov.uk/government/publications/budget-2020-documents/budget-2020

Industrial Decarbonisation Challenge e s fad s

Delivery

* Total Budget: £170m (public funding) + £260m (industry matched funding)

* 3 Workstreams:
(1) Deployment (£132m via Innovate UK)
(2) Cluster Plans (Roadmaps) (£8m via Innovate UK)
(3) Research and Innovation Centre (£20m via EPSRC)

* Stage 1 projects are in progress for each strand, with Stage 2 competitions
following in mid 2020.

https://ukccsrc.ac.uk/wp-content/uploads/2020/04/UKCCSRC Webseries Bryony Livesey Presentation.pdf



https://ukccsrc.ac.uk/wp-content/uploads/2020/04/UKCCSRC_Webseries_Bryony_Livesey_Presentation.pdf

https://ukccsrc.ac.uk/wp-content/uploads/2020/04/UKCCSRC Webseries Bryony Livesey Presentation.pdf



https://ukccsrc.ac.uk/wp-content/uploads/2020/04/UKCCSRC_Webseries_Bryony_Livesey_Presentation.pdf

et [LH ukesearen
Deployment = Workstream 1 (Innovate UK) * .

* Deployment funding — £132m

* Demonstrate and validate at-scale decarbonisation of an industrial cluster:

* FEED, permits and business plans.
 Demonstration of cost-effective technologies and processes.
* Core infrastructure in place for further decarbonisation.

* Supply chain, jobs and skills creation.

https://ukccsrc.ac.uk/wp-content/uploads/2020/04/UKCCSRC Webseries Bryony Livesey Presentation.pdf



https://ukccsrc.ac.uk/wp-content/uploads/2020/04/UKCCSRC_Webseries_Bryony_Livesey_Presentation.pdf

& INDUSTRIAL UK Research
= STRATEGY and Innovation

Cluster Plans (Roadmaps) = Workstream 2 (Inn'-ovate UK)

* Roadmaps funding — £8m

* Overcome barriers to different 2030 decarbonisation and 2040 net-zero
options for UK industrial clusters:
* Technology, infrastructure and policy gaps.
* Business plans, regulatory and financing models.
 |dentification of skills and training needs
* Formation of a broad coalition of support

https://ukccsrc.ac.uk/wp-content/uploads/2020/04/UKCCSRC Webseries Bryony Livesey Presentation.pdf



https://ukccsrc.ac.uk/wp-content/uploads/2020/04/UKCCSRC_Webseries_Bryony_Livesey_Presentation.pdf

https://ukccsrec.ac.uk/wp-content/uploads/2020/04/UKCCSRC Webseries Bryony Livesey Presentation.pdf



https://ukccsrc.ac.uk/wp-content/uploads/2020/04/UKCCSRC_Webseries_Bryony_Livesey_Presentation.pdf

Report by the Comptroller and Auditor General, Department for Business, Energy & Industrial Strategy NAO

Carbon capture and storage: the second competition for government support,
HC 950 Session 2016-17 20 January 2017 National Audit Office

https://www.nao.org.uk/wp-content/uploads/2017/01/Carbon-Capture-and-Storage-the-second-competition-for-government-support.pdf

Key findings - The role of CCS

CCS could make a significant contribution to decarbonising the economy, but there are challenges which increase the costs
to deploy it in the UK. CCS has the potential to contribute to the decarbonisation of the power, industrial, transport and
heating sectors. Together these make up around 83% of the UK’s CO, emissions.

Recommendations
In developing its next phase of supporting CCS, the Department should:

a. Maximise the potential value from the competition by incorporating the lessons it and the key stakeholders have
learned into any new CCS strategy.

b. Ensure it understands, from the outset, the position of CCS developers and their ability or willingness to carry certain
risks and applies this in its approach.

c. Assess options for how it can make early projects more affordable to taxpayers and consumers.
d. Agree early with HM Treasury any affordability constraints.
More generally, the Department should:

e. Work with HM Treasury to establish and use a consistent way of measuring the value of investments in different
generating technologies that enable meaningful comparisons.

HM Treasury sets out guidance for departments in its Green Book on evaluating the costs and benefits of different
programmes and projects. Some metrics that can be used to compare energy generation projects, such as the strike price,
are not appropriate for comparing the costs and benefits of technologies at different stages of development and with
different characteristics. Compared to established technologies such as wind power, CCS requires additional spending to
build supporting infrastructure but could provide additional benefits, such as availability of power when it is needed.


https://www.nao.org.uk/wp-content/uploads/2017/01/Carbon-Capture-and-Storage-the-second-competition-for-government-support.pdf

Report by the Comptroller and Auditor General, Department for Business, Energy & Industrial Strategy NAO

Carbon capture and storage: the second competition for government support,
HC 950 Session 2016-17 20 January 2017 National Audit Office

https://www.nao.org.uk/wp-content/uploads/2017/01/Carbon-Capture-and-Storage-the-second-competition-for-government-support.pdf

Key findings - The role of CCS

CCS could make a significant contribution to decarbonising the economy, but there are challenges which increase the costs
to deploy it in the UK. CCS has the potential to contribute to the decarbonisation of the power, industrial, transport and
heating sectors. Together these make up around 83% of the UK’s CO, emissions.

Recommendations
In developing its next phase of supporting CCS, the Department should:

a. Maximise the potential value from the competition by incorporating the lessons it and the key stakeholders have
learned into any new CCS strategy.

b. Ensure it understands, from the outset, the position of CCS developers and their ability or willingness to carry certain
risks and applies this in its approach.

c. Assess options for how it can make early projects more affordable to taxpayers and consumers.
d. Agree early with HM Treasury any affordability constraints.

More generally, the Department should:

e. Work with HM Treasury to establish and use a consistent way of measuring the value of investments in different
generating technologies that enable meaningful comparisons.

f. Regularly revisit its commercial strategy and the value-for-money case in light of the evolving understanding of the
delivery environment and market conditions.

g. Consider the possible consequences of, and its risk appetite for, scenarios that are outside its central forecast or
expectation when it develops a new project or programme.


https://www.nao.org.uk/wp-content/uploads/2017/01/Carbon-Capture-and-Storage-the-second-competition-for-government-support.pdf

Q. What does success look like? A. A new industry sector!

https://www.gov.uk/government/news/offshore-wind-energy-revolution-to-provide-a-third-of-all-uk-electricity-by-2030

https://ore.catapult.org.uk/app/uploads/2019/06/UK-Offshore-Wind-Realising-the-Sector-Deal-Opportunity-Miriam-Noonan-ORE-Catapult-v3.pdf

The Offshore Wind Sector Deal, March 2019 - status report in June 2019

There are sufficient projects commissioned, and in the pipeline, to meet the Sector Deal’s ambition of 30GW by 2030.

The recent Government announcement that regular CfD auctions will be held throughout the 2020s is a big positive for

the industry: it will encourage investors to make long-term commitments to the UK and have projects ready to develop
beyond 2030 to continue growth.

Our ongoing analysis indicates that 30GW by 2030 and 75GW by 2050 is not only achievable but could also generate
significant value for the UK economy.

Offshore wind project costs continue to fall, and we expect these to be on a par with wholesale electricity price by 2030
(if not earlier).

With co-ordinated action between industry and Government, the UK offshore wind supply chain will develop into an
even more thriving industry.

Our strengths in research and development and innovation will create further opportunities for UK companies to excel
in new areas of the domestic and global markets, capitalising on the UK’s world-leading position.

Q. How, and when, does CCS get there? A. To be discussed!


https://www.gov.uk/government/news/offshore-wind-energy-revolution-to-provide-a-third-of-all-uk-electricity-by-2030
https://ore.catapult.org.uk/app/uploads/2019/06/UK-Offshore-Wind-Realising-the-Sector-Deal-Opportunity-Miriam-Noonan-ORE-Catapult-v3.pdf

