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Executive summary

For many years, UK electricity demand, at ca.350TWh per vyear, has been
declining, as energy savings initiatives and lower manufacturing use have been
curbing consumption levels. In time, this scenario may well reverse if the electric
vehicle (EV) market takes off as aggressively as its advocates believe - in which
case, a major rise in the sector’s investment will be urgently required.

Irrespective of plunging share prices in recent days, the UK’s electricity
generation sector is currently undergoing profound change. While, throughout
most of the 20th century, “King Coal” reigned, this is no longer the case. By 2025,
every UK coal-fired plant is due to have been decommissioned. Instead, gas and
nuclear - assuming further new nuclear build after Hinkley Point C takes place -
will be key to meeting base-load demand.

While Combined Cycle Gas Turbine (CCGT) plants are central in providing base-
load power, no new plants, except SSE’s Keadby 2 project, are currently being
built. Indeed, only the 210MW Carrington CCGT plant has been commissioned
since 2013. Tojustify their investment on financial grounds, CCGT plants need to
operate on a base-load - not a mid-merit - basis.

After years of indecision, construction of the ca.£2.2bn Hinkley Point C nuclear
plant is finally under way, but it is unlikely to generate much power before 2030.
Its guaranteed price of £92.50p (2012 and inflation-proofed) per MWh is way
above prevailing power prices. Whether further new nuclear build in the UK takes
place is debatable.

Heavy investment is expected in the rapidly growing renewable generation
sector, which is currently producing around a third of the UK'’s total output. The
ending of subsidies for most new renewable plants from 2017 has curbed some
onshore wind and solar investment, despite far lower operating costs. The
government is expected to announce new initiatives to re-incentivise onshore
wind and solar investment.

Offshore wind is the new “go-to” investment sector. Successive North Sea
auctions have seen rapidly falling bid prices; last year’s hard-fought auction
produced a price of just £39.65 per MWh to develop part of the Dogger Field.

Renewable Energy Infrastructure Funds were analysed in a recent Hardman and
Co publication (5 February 2020), UK Renewable Energy Infrastructure Funds - A
20/20 vision.
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Generation cycles

Oil generation sunk by 1970 price hikes

Rich potential of offshore wind

Introduction

The UK electricity generation sector has operated on a basis of cycles — and especially
recently. Throughout much of the 20" century, coal was the dominant fuel, despite its
pronounced environmental shortcomings and recurring industrial relations problems.

Following the commissioning of the UK'’s first nuclear plant at Calder Hall in 1956,
nuclear power output became material in the 1960s. Subsequently, oil-fired plant
emerged to become a favoured electricity generation resource. However, the
quintupling of oil prices in the 1970s moved oil-fired plant to the margins,
predominantly as peak-load, back-up plant.

The 1970s also saw prolonged - and very damaging - strikes in the coal mining
industry, especially in 1972 and 1974.

In the 1980s, several new nuclear plants were commissioned, but the 1990s will be
remembered as the era of the “dash for gas”, which quickly replaced coal as the base-
load fuel. Over the last decade, renewables have emerged as a credible - and
environmentally-friendly — generation option. Many onshore wind farms have been
built, along with some solar capacity. However, developing the rich potential of the
North Sea offshore wind sector is the industry’s next big challenge.
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Two-thirds of GDP benchmark

A 38-year time line

Electricity supply and demand

For many decades, annual electricity demand tended to rise at around two-thirds of
the level of ayear’s economic growth. However, this long-standing “rule of thumb” has
proved to be inaccurate over the last 15 years, as lower manufacturing use and
widespread energy savings initiatives have dampened electricity demand.

Total UK electricity demand in 2018 was 352TWh, around one-third higher than was
the case in 1980, but 8% lower than the 2010 figure. Indeed, the previous year, 2017,

saw the lowest level of UK electricity demand since 1996.

Around 95% of the 2018 demand figure was met by UK generation sources, with net
imports accounting for just over 5%.

The graphic below shows the pronounced changes over the last 38 years, in terms of
both fluctuating electricity supply and demand, along with very marked changes in fuel
sources.

Electricity supply, 1980-2018
Total supply
O down 8% since
2010

g Renewables
- increase fourfold
since 2010
:'"I'*'““ Fossil fuels down
Fossil fusks 48% since 2010

Source: UK Energy Statistics (DUKES)

The table below provides an illustration of the fundamental changes faced by the UK
generation sector, especially from the late 1980s, when coal-fired capacity began
increasingly to be supplanted by gas-fired plant. More recently, renewable generation
has assumed a far greater role; previously, it was barely on the periphery of UK
generation.

The table below provides a historical analysis of fuel source contributions; “others”
includes renewable generation and imports.

UK generation sources (%)

Source 1970 1980 1990 2000 2010 2020E
Conventional thermal 86 86 78 41 48 4
Nuclear 10 12 20 22 15 18
Gas 0 0 0 35 32 39
Others 4 2 2 2 5 39

Source: White paper 2007, Nigel Hawkins Associates
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The 1,000 pits/1m miners’ era

2025: all coal plants to close

The “dash for gas” in the 1990s

CCGTs need base-load place in the merit

order

Nuclear plants edging towards

decommissioning

Coal

The decline of the coal industry is part of the UK’s national history. Shortly after World
War 1, there were over 1 million miners, working in over 1,000 pits (although not in
the same year).

Coal’s role for most of the 20th century had been pivotal, as the infamous national coal
strikes of 1972, 1974 and 1984 demonstrated. From the early 1990s, though, coal-
fired plant was superseded by more efficient gas-fired plant.

By 2025, the government expects all UK coal-fired plants to have closed. Unlike in
Germany, there are no new UK coal plants, with the appropriate pollution abatement
equipment, to enable production in the longer term. Also, deep coal mining now
belongs to a past era: the last deep coal mine at Kellingley was closed in 2015.

The decline of the coal industry, and of many of the associated coal-fired plants - most
now import their remaining coal needs, although some are still supplied by open-cast
mines - has, indeed, been dramatic. It illustrates the sea-change, predominantly
environmentally inspired, that has overtaken the UK generation sector.

Gas

Prior to the privatisation of the electricity supply industry in the early 1990s, gas-fired
plant capacity was minimal. However, on the back of the technical efficiencies of new
CCGT plants, cheap and accessible gas supplies, and a declining and troubled coal
industry, the “dash for gas” became a reality.

Many CCGTswere built - neither coal nor nuclear investment of any significance took
place between 1995 and 2019 - with the result that gas-fired capacity rapidly became
the UK’s most important base-load generator.

However, for the finances of a CCGT plant to earn adecent return, the plants do need
to operate on a base-load - and not on a mid-merit - basis. In recent years, as
renewable generation has become more available and gas prices less competitive,
CCGTs have been relegated in the merit order.

While several new CCGT plants were commissioned between 2010 and 2013, the
only major CCGT plant currently under construction is the 840MW plant at Keadby
2,aproject led by Scotland’s SSE.

Nuclear

UK nuclear capacity is gradually declining, as the older Advanced Gas-cooled Reactors
(AGRs) are nearing the end of their working lives; all are due to close in the mid-2020s,
although, in some cases, further life extensions may be granted. Most were built either
in the 1970s or in the 1980s. Only Sizewell B, the UK's first and only Pressurised
Water Reactor (PWR), can expect a prolonged life - it was commissioned in 1995.
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Construction has finally started on a new

generation of nuclear plants

EdF and Centrica are nuclear sellers

Renewables’ rising role

Greencoat UK Wind and TRIG are

capitalised at over £2bn each

Drax’s vast US wood imports

Details of the current UK AGR and PWR nuclear plant portfolio are set out below.

UK AGR and PWR nuclear plants

Site Commissioning date Capacity (MW)
Hinkley Point B 1976 1,220
Hunterston B 1976 1,190
Dungeness 1985 1,110
Torness 1988 1,250
Heysham 1 1989 1,150
Heysham 2 1989 1,250
Hartlepool 1989 1,210
Sizewell B 1995 1,188

Source: Hardman & Co Research

After years of debate, construction has finally started on a new generation of nuclear
plants - the combined 3,200MW pair of reactors being built at Hinkley Point C, which
is being led by France’s EdF. These reactors are unlikely to generate power in
meaningful quantities until the end of this decade. Other related nuclear projects have
been put forward, but there must be real doubt as to whether any further new nuclear
build will actually materialise in the UK.

Currently, the UK'’s seven AGRs and the PWR at Sizewell are owned on an 80%/20%
basis by EdF and Centrica. Both companies are planning to reduce their stakes, while
Centrica is seeking a full exit from the nuclear sector.

Renewables

Political momentum - and taxpayers’ subsidies - have been key factors in driving
ahead renewable generation, which, in 2019, met over 26% of the UK’s overall
electricity demand - biomass output is excluded from this figure. From very modest
beginnings outside hydro power, renewable generation has really taken off in the UK
over the last five years.

Indeed, both Greencoat UK Wind and The Renewable Infrastructure Group (TRIG),
the two leading quoted renewable energy infrastructure funds, are now worth over
£2bn each. In time, the UK’s offshore wind capacity is widely expected to soar, given
the very aggressive bidding, in both 2017 and 2019, for electricity supply contracts in
the North Sea.

While there are various renewable technologies, three are especially important in the
UK:

»  First, hydro power has been a key source for SSE - and its predecessors - over many
decades in Scotland, although its deployment is minimal south of the border.

» Secondly,onshore wind has expanded strongly inrecent years, at least until 2017,
when the subsidy regime for new onshore wind plants was ended.

» Thirdly, solar power is now beginning to make inroads, especially in the southern
half of England, with several infrastructure funds investing in solar farms.
Nevertheless, the removal of subsidies in 2017 for new solar plants has, as
expected, curbed investment levels.

Other renewable technologies have been less successful, although the Drax Group
imports a vast volume of wood from the US for use in its eponymous plant, four of
whose six units have been converted to run on biomass products. Marine-based
generation initiatives have proved short-lived, despite considerable R&D efforts.
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Leading UK quoted generators

While much of the UK electricity generation capacity still lies in foreign ownership,
such as Iberdrola’s ScottishPower subsidiary, there are various quoted UK-owned
generators, with a market value of at least £700m. Along with their main generation
sources, they are listed below.

Leading UK quoted generators

Company Main sources Market cap. (Fm)
Centrica Nuclear 2.5
Drax Group Coal, biomass 0.7
Greencoat UK Wind Onshore wind 2.0
SSE Renewables, gas 185
TRIG Onshore wind, solar 2.0

Source: Hardman & Co Research
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Renewables are sector disruptor

Conclusion

Over the years, and especially recently, UK generation has undergone massive
change. Back in the 1960s, the advent of nuclear power and the potential of oil-fired
plant, fuelled by cheap imports from the Middle East, were widely seen as the future,
but coal’'s dominance endured until the advance of CCGTs in the 1990s.

The latest sector disruptor is renewable generation, which - on the back of years of
R&D and of generous subsidies - is now making real inroads.

The electricity generation future for the UK looks likely to be shared between gas and
nuclear for base-load output - assuming that other Hinkley Point C plants are built -
with a surge from renewables, predominantly from the rapid development of offshore
wind farms in the North Sea.

March 2020



HARDMAN&CO.

UK Generation: Undergoing major change

About the author

Nigel Hawkins is the Utilities sector analyst at Hardman & Co.

Nigel is responsible for analysing the UK Utility companies, including those privatised in the
1980s and 1990s, as well as newer arrivals in the sector. He has been involved in the
Utilities sector since the late 1980s, as a feature writer at Utility Week magazine and as an
analyst at Libertas Capital. Prior to that, he was the Telecoms analyst at Williams de Broé.
Between 1989 and 1995, he worked at Hoare Govett as the Water and Electricity analyst.

Between 1984 and 1987, Nigel was the Political Correspondence Secretary to Lady
Thatcher at 10 Downing Street.

Nigel joined Hardman & Co in February 2016. He holds a BA (Hons) in Law, Economics and
Politics from the University of Buckingham. He is an associate of the Institute of Chartered
Secretaries and Administration and a senior fellow of the Adam Smith Institute.

March 2020 10



‘ HARDMANZ&CO.
UK Generation: Undergoing major change

Disclaimer

Hardman & Co provides professional independent research services and all information used in the publication of this report has been compiled from publicly available
sources that are believed to be reliable. However, no guarantee, warranty or representation, express or implied, can be given by Hardman & Co as to the accuracy,
adequacy or completeness of the information contained in this research and they are not responsible for any errors or omissions or results obtained from use of such
information. Neither Hardman & Co, nor any dffiliates, officers, directors or employees accept any liability or responsibility in respect of the information which is subject
to change without notice and may only be correct at the stated date of their issue, except in the case of gross negligence, fraud or wilful misconduct. In no event will
Hardman & Co, its affiliates or any such parties be liable to you for any direct, special, indirect, consequential, incidental damages or any other damages of any kind even
if Hardman & Co has been advised of the possibility thereof.

This research has been prepared purely for information purposes, and nothing in this report should be construed as an offer, or the solicitation of an offer, to buy or sell
any security, product, service or investment. The research reflects the objective views of the analyst(s) named on the front page and does not constitute investment
advice. However, the companies or legal entities covered in this research may pay us a fixed fee in order for this research to be made available. A full list of companies or
legal entities that have paid us for coverage within the past 12 months can be viewed at http.//www.hardmanandco.com/legals/research-disclosures. Hardman may
provide other investment banking services to the companies or legal entities mentioned in this report.

Hardman & Co has a personal dealing policy which restricts staff and consultants’ dealing in shares, bonds or other related instruments of companies or legal entities which
pay Hardman & Co for any services, including research. No Hardman & Co staff, consultants or officers are employed or engaged by the companies or legal entities covered
by this document in any capacity other than through Hardman & Co.

Hardman & Co does not buy or sell shares, either for their own account or for other parties and neither do they undertake investment business. We may provide
investment banking services to corporate clients. Hardman & Co does not make recommendations. Accordingly, they do not publish records of their past
recommendations. Where a Fair Value price is given in a research note, such as a DCF or peer comparison, this is the theoretical result of a study of a range of possible
outcomes, and not a forecast of a likely share price. Hardman & Co may publish further notes on these securities, companies and legal entities but has no scheduled
commitment and may cease to follow these securities, companies and legal entities without notice.

The information provided in this document is not intended for distribution to, or use by, any person or entity in any jurisdiction or country where such distribution or use
would be contrary to law or regulation or which would subject Hardman & Co or its dffiliates to any registration requirement within such jurisdiction or country.

Some or all alternative investments may not be suitable for certain investors. Investments in small and mid-cap corporations and foreign entities are speculative and
involve a high degree of risk. An investor could lose all or a substantial amount of his or her investment. Investments may be leveraged and performance may be volatile;
they may have high fees and expenses that reduce returns. Securities or legal entities mentioned in this document may not be suitable or appropriate for all investors.
Where this document refers to a particular tax treatment, the tax treatment will depend on each investor’s particular circumstances and may be subject to future change.
Each investor’s particular needs, investment objectives and financial situation were not taken into account in the preparation of this document and the material
contained herein. Each investor must make his or her own independent decisions and obtain their own independent advice regarding any information, projects, securities,
tax treatment or financial instruments mentioned herein. The fact that Hardman & Co has made available through this document various information constitutes neither
a recommendation to enter into a particular transaction nor a representation that any financial instrument is suitable or appropriate for you. Each investor should
consider whether an investment strategy of the purchase or sale of any product or security is appropriate for them in the light of their investment needs, objectives and
financial circumstances.

This document constitutes a financial promotion’ for the purposes of section 21 Financial Services and Markets Act 2000 (United Kingdom) (‘FSMA’) and accordingly
has been approved by Capital Markets Strategy Ltd which is authorised and regulated by the Financial Conduct Authority (FCA).

No part of this document may be reproduced, stored in a retrieval system or transmitted in any form or by any means, mechanical, photocopying, recording or otherwise,
without prior permission from Hardman & Co. By accepting this document, the recipient agrees to be bound by the limitations set out in this notice. This notice shall be
governed and construed in accordance with English law. Hardman Research Ltd, trading as Hardman & Co, is an appointed representative of Capital Markets Strategy
Ltd and is authorised and regulated by the FCA under registration number 60084.3. Hardman Research Ltd is registered at Companies House with number 8256259.

(Disclaimer Version 8 - Effective from August 2018)

Status of Hardman & Co’s research under MiFID I

Some professional investors, who are subject to the new MiFID [l rules from 3rd January, may be unclear about the status of Hardman & Co research and, specifically,
whether it can be accepted without a commercial arrangement. Hardman & Co's research is paid for by the companies, legal entities and issuers about which we write
and, as such, falls within the scope of ‘minor non-monetary benefits’, as defined in the Markets in Financial Instruments Directive Il.

In particular, Article 12(3) of the Directive states: The following benefits shall qualify as acceptable minor non-monetary benefits only if they are: (b) ‘written material
from a third party that is commissioned and paid for by a corporate issuer or potential issuer to promote a new issuance by the company, or where the third party firm is
contractually engaged and paid by the issuer to produce such material on an ongoing basis, provided that the relationship is clearly disclosed in the material and that the
material is made available at the same time to any investment firms wishing to receive it or to the general public...’

The fact that Hardman & Co is commissioned to write the research is disclosed in the disclaimer, and the research is widely available.

The full detail is on page 26 of the full directive, which can be accessed here: http.//ec.europa.eu/finance/docs/level-2-measures/mifid-delegated-regulation-2016-

2031.pdf

In ad(dition, it should be noted that MiFID II's main aim is to ensure transparency in the relationship between fund managers and brokers/suppliers, and eliminate what
is termed ‘inducement’, whereby free research is provided to fund managers to encourage them to deal with the broker. Hardman & Co is not inducing the reader of our
research to trade through us, since we do not deal in any security or legal entity.
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