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Introduction and summary

Decarbonising our energy supply is at the heart of the
challenge to prevent the worst impacts of climate change.
This report shows that it is possible to have a clean, green
energy supply in Scotland. By 2030 renewable energy

can meet between 60% and 143% of Scotland’s projected
annual electricity demand, depending of the level of
investment in energy saving and new renewables.

The analysis also demonstrates that it is entirely plausible
that no large-scale fossil fired generating capacity would
remain online by 2030.

Climate change has been identified as the greatest threat facing humanity during the twenty-first century.
To prevent the worst impacts of climate change, annual global emissions of greenhouse gases such as carbon
dioxide urgently need to be reduced if we are to stay below the widely recognised dangerous threshold of

2 degrees warming. Scotland’s Climate Change legislation commits us to cutting overall greenhouse gas
emissions by at least 80% by 2050 and interim emissions reductions targets of at least 42% by 2020°.

Given that the power generation sector is the largest single source of carbon dioxidel, it is vital that Scotland’s
electricity generating capacity is almost completely ‘decarbonised’ over the coming decades. The Scottish
Government’s Climate Change Delivery plan promises a “largely de-carbonised electricity generation sector by
2030, primarily using renewable sources for electricity generation with other electricity generation from fossil
fuelled plants utilising carbon capture and storage”.

This summary paper outlines five scenarios developed in our full report, from ‘business as usual’ to alternative,
low carbon futures for electricity generation in Scotland. Using these cases, we have sought to:

Develop likely and practical scenarios for the supply of Scotland’s electricity needs up to 2030;

Assess the likely need for large-scale conventional nuclear or Carbon Capture and Storage
(CCS)-equipped fossil fired thermal plant to deliver security of supply in such scenarios;

Identify and assess alternative means of delivering security of supply by 2030 without reliance
on nuclear or fossil-fired thermal plant.

Decommissioning large, centralised generation capacity at Cockenzie, Hunterston B and Torness will not
compromise Scotland’s energy security, and the projected supply mix in 2030 will ensure that Scotland’s
electricity needs will be met even if the supply of electricity from variable sources of renewable energy falls to
zero during a period of peak demand.

The base scenarios assume increased energy consumption and stable peak demand. However, this should be
viewed as a worst case situation as it is now recognised that a sustainable approach means we must reduce our
energy consumption and manage peak demand. Additional security of supply, reduced carbon emissions and
significant financial savings can be achieved by taking action to manage and reduce our demand for electricity
through energy efficiency measures, and by electrification of some degree of heat and transport demand.

While the bulk of Scotland’s electricity will be supplied from sustainable, low-carbon sources by 2030, some
scenarios include a role for fossil-fuelled power generation for the foreseeable future. If Scotland is to achieve
the carbon emissions reductions targets embedded within the Climate Change (Scotland) legislation under these
scenarios, it is essential that by 2020 a significant share of existing fossil capacity must be closed or fitted with
CCS; and by 2030 virtually all existing, and any replacement fossil capacity must feature full CCS. In these
circumstances new unabated fossil capacity, especially coal-fired, would severely compromise the likelihood of
delivery of our climate targets.
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However, combining increased development of offshore renewables with a realistic programme of demand
reduction means that Scotland’s renewable resource can meet, and exceed, our annual electricity demand, even
when a significant proportion of heating and transport demand are electrified. Under such a scenario, it is
entirely feasible for all centralised thermal generation to be closed by 2030, with our security of supply relying
on interconnectors, storage and deferrable demand. Investment in new or replacement thermal plant with CCS
could provide additional security and increase export capacity, but would be primarily justified by the global
need for the development of such technology.

Summary of cases

1. Even the ‘business as usual’ case where we meet existing policy targets in Scotland (Case 1)
does not require any new fossil or nuclear capacity (other than replacement for Peterhead or
Longannet if required) to maintain security of supply. However, it does not deliver the required
degree of decarbonisation without the deployment of CCS, and requires significant investment in
interconnection, and potentially new storage, after the other existing thermal stations are closed.

2. If there is continued growth in renewables capacity during the 2020s (Case 2), primarily in the
offshore wave and tidal sector, net exports are maintained and two large fossil-fired generating
stations could remain on the system. To achieve high levels of decarbonisation requires either
closure of these stations or the implementation of fully operational CCS. Analysis suggests that in
this Case, closure would be technically feasible, albeit reliant on increased interconnector capacity to
allow significant short-term imports.

3. If neighbouring administrations were also pursuing similar policies (Case 3), then substantial
investment in storage, deferrable demand and despatchable renewables would be needed.

4. In scenarios where energy efficiency and demand management lead to Scotland’s annual energy
demand falling significantly (Case 4) security of supply is much more easily maintained. When
combined with the additional offshore generating capacity of Case 2, it enables renewable sources
to generate up to 143% of Scotland’s annual electricity demand. As a result, Scotland could export
significant amounts of clean energy each year.

5. The electrification of a proportion of Scotland’s heat and transport demands (Case 5) would add a
notable amount to Scotland’s annual electricity demand. However, the storable and deferrable nature
of such loads, and the fact that periods of high heat demand tend to coincide with high renewables
output, mean that security of supply is unlikely to be compromised.

6. Under Cases 4 and 5, Scotland’s renewable output comfortably exceeds our annual electricity
demand. While some thermal plant may be retained as peaking capacity, it is entirely plausible that
no large-scale fossil fired generating capacity would remain online by 2030. Security of supply
would be maintained by moderate and practical investments in grid upgrades, interconnectors,
deferrable demand and storage.




Relevant policy targets and positions

The following have been taken into account in the development and analysis
of the cases:

* Climate Change (Scotland) Bill includes targets for Scotland to cut its
emission of greenhouse gases by at least 42% by 2020 and at least 80%
by 2050".

* Renewable electricity targets: the Scottish Government has increased
the 2020 renewable electricity target to 50% with an interim target of
31% by 2011". In September 2008, the Government announced that it
was on track to achieve the 2011 milestone target™.

* The European Union has set a 2020 target for 20% of final
consumption of energy to come from renewable sources and for a 20%
reduction in projected energy consumption through energy efficiency.

* The current SNP Government has made clear its opposition to the
construction of new nuclear power stations.

* The UK National Energy Efficiency Action Plan produced in 2007
includes targets for an 18% reduction in delivered energy by 2030,

* The EU policy also asks all member states to work towards having
CCS technology deployed in all new fossil fuelled power plants by
2020. Both the UK and Scottish Governments are currently consulting
on CCS requirements.

* Phase three of the EU Emissions Trading Scheme (2013 to 2020)
requires electricity generators in all but a small number of member
states to buy all their emissions permits at auction. This is intended to
stimulate the development of low-carbon electricity generation.

* Both the UK and Scotland are committed to ‘the almost complete
decarbonisation’ of electricity by 2030.

* Scottish Government policy to deliver renewables without
environmental harm.
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Electricity generation and consumption today

At the beginning of the 21st century, the conventional model of large, remote
electricity generation had led to Scotland being dependent on just five power
stations - coal-fired Cockenzie and Longannet, gas fired Peterhead, and nuclear
stations at Hunterston and Torness - for the overwhelming bulk (around 90%) of
its electricity needs.

But Figure 1 shows how by 2007 (the last year for which we have reliable data), the mix had begun to shift
quite dramatically. Large-scale conventional and nuclear generation was still dominant, but its share had
fallen to 80% while the proportion of our electricity coming from renewables had almost doubled to around
20%. Most significantly, non-hydro renewables had seen their contribution rise from 0.6% to '7.3%, virtually all
of which was from onshore wind farm developments encouraged by the Renewables Obligation (Scotland).

The overwhelming bulk of the reduction in large-scale generation was in the nuclear sector - its share of
electricity generation fell from over 33% in 2000 to 25% in 2007'i. This was largely due to planned and
unplanned outages and reductions in nuclear generation. To deliver Scotland’s climate change targets, if
fossil-fuelled stations are to continue to operate rather than be replaced by renewables, carbon capture and
storage technology will be essential.
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Note 1: ‘Wind and wave’ is virtually entirely wind generation.
Fig 1 Electricity generation in Scotland subdivided by source, 2000-2007
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Case 1: Meeting current targets

This case sets out the likely course of events under plausible ‘business as usual’
assumptions, meeting those current targets or aspirations in EU, UK and Scottish
policies that are receiving significant investment and political attention.

Analysis by Garrad Hassan shows that by 2030, in such a scenario, renewable electricity sources are
likely to make up:

* 68% of Scotland’s generating capacity
* 58% of our total electricity generation and
* 64% of our domestic electricity demand.

The Scottish Government’s renewable electricity targets for 2011 and 2020 are met, with more than 7GW of
additional capacity bringing the total to over 10GW in 2020. However, this case assumes, very conservatively,
that very little further renewable capacity is built after 2020, with the total in 2030 being just 10.8GW.
Moreover, in this scenario it is assumed there is continued growth in demand, despite aspirations to the
contrary. In practice, demand reduction could have a significant effect on targets for 2030, and this is
examined in more detail in Cases 4 and 5.

Even in this ‘business as usual’ case which meets only some existing policy targets, Scotland does not require
any new fossil or nuclear capacity (other than replacement for Peterhead or Longannet, if required) to
maintain security of supply. However, it does not deliver the required degree of decarbonisation without the
deployment of CCS, and after the closure of Cockenzie, Hunterston, and Torness it would require significant,
although entirely practical, investment in transmission, interconnections and potentially new storage capacity.
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Figure 2 Electricity production to 2030, Case 1
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Case 2: Continued growth in renewables

This scenario assumes that renewable energy generation capacity continues to
increase further beyond 2020. For purposes of analysis an assumed target for 2030
is adopted for renewable electricity production in Scotland to meet 90% of gross
domestic consumption.

If this additional generating capacity were to come from technologies such as onshore wind, offshore wind,
wave and tidal, then additional renewable capacity of the order of 4.1 GW would be required - at an annual
rate of construction similar to that required in the 2010s. This brings the total renewable capacity in 2030
from 10.8 GW to 14.9 GW. This volume of renewable capacity is well within Scotland’s identified renewable
resource potential, even when avoiding development on sensitive wildlife, landscape areas and MOD low fly
zones™. Garrad Hassan’s analysis assumes that additional capacity is made up of wave and tidal generation, but
it may also include a wider mix of sources, including significant additional microgeneration capacity.

This alternative case developed by Garrad Hassan would mean that renewables make up:

* '75% of Scotland’s generating capacity
* 6'7% of our total electricity generation and
* 93% of our domestic electricity demand.

Comparing 2014 and 2030 in Figure 3 above, it can be seen that total Scottish electricity production is very
Figure 3 also makes it clear that Case 2 assumes that thermal generation output remains unchanged from 2019
onwards. In effect, as renewables would meet 90% of Scottish gross consumption by 2030, it is assumed that
virtually all this thermal generation output would be exported. In reality, it is likely that the thermal generation
output would be reduced to some extent. It is possible that some or all of the thermal generation would close.
This would not affect achievement of the 2030 renewable electricity target but would help meet carbon emissions
reduction targets. To achieve high levels of decarbonisation requires either closure of these stations or the
implementation of fully operational CCS. Analysis suggests that in this Case, closure would be technically
feasible, although in those circumstances there would be periods in which Scotland would be a significant short-
term importer of electricity. In this case substantial interconnector capacity would be required.
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Case 3: Growth in renewables outside Scotland

Case 3 differs from Cases 1 and 2 in that it assumes that the electrical systems to
which Scotland is connected will be following a similar path, i.e. decarbonising
their electricity supply via a rapid expansion of renewable capacity. Should this be
the case, the assumptions made for the first two scenarios, that Scotland would be
able to export significant amounts of electricity during periods of excess supply,
and rely on imports when demand exceeds domestic supply, can no longer be relied
upon to the same extent.

Instead, measures such as additional peaking capacity (probably gas-fired) or developing renewables that

are either despatchable (e.g. biomass) or which incorporate a storage function (e.g. tidal barrage) would be
required alongside investment in deferrable demand in order to provide security of supply. However, there is
no reason to suppose that the rest of the UK is in fact pursuing a generation scenario identical to Scotland;
instead, the generation mix in England and Wales is more likely to be based upon a combination of renewables,
thermal generation with CCS, and baseload nuclear.

Case 4: Reducing demand

Previous cases were based on the assumption that Scotland’s annual electricity
consumption would increase significantly to 2030. This assumption could be seen
as unduly pessimistic; both Scottish and UK energy policy aims for a significant
reduction in electricity demand, and the Scottish Climate Change Act puts
Scotland’s energy efficiency action plan on a statutory footing.

Rather than the increased demand of earlier scenarios, Case 4 adopts projections of electricity demand
reduction and compares them with projected supply. The Department for Business, Enterprise and Regulatory
Reform (DBERR) in 2008 predicted an 8% reduction in demand to 2020, which then remains constant to 2030.
This relatively unambitious or ‘modest’ scenario puts the annual demand at 38.6 TWh/y in 2030. Modelling by
Poyry Energy Consultants in 2008 analysed three scenarios, of which the medium scenario is adopted here.
This assumes an elevated level of action delivering a demand reduction of 20% by 2020 and 26% by 2030. This
would give an annual demand of 31.1 TWh/y in 2030.

70000
60000
L)
>
& & 50000 ———— — 1 T
=1 B "
(7]
! O 40000+ s F
o 4
.E opf
€ 30000 - 3 F
o 9
o~
o g 20000
]
53
a g 10000
S g
q
o
Case 1
m Hydro (non-ps) mPumped storage Biomass Energy from Waste
W Waste/Tidal m 0ffshore wind M Onshore wind Thermal

Figure 4: 2030 electrical output scenarios from Cases 1 and 2 compared with three different demand scenarios

8 The Power of Scotland Renewed - Clean, green energy for the nation’s future

In figure 4 opposite the three demand projections (the increase assumed for Cases 1 and 2 (line 1), and the
modest and more ambitious reductions considered in Case 4) are shown as numbered horizontal dashed lines
against the Case 1 and Case 2 generation scenarios.

It can be seen that for Case 1, that even with modest demand reduction, we would still require a certain
amount of thermal generation capacity, while the more ambitious demand reduction more or less coincides
with the renewable output. However, Case 2 provides enough output to comfortably meet annual demand in
either of the demand reduction scenarios.

While it is possible that some thermal generation might be retained to provide peaking capacity, it is more
likely that operators would not find this economically viable under such demand reduction scenarios. Even
so, security could be maintained with moderate investments in deferrable demand and storage, and Scotland
would be able to make substantial net exports.
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Case 5: Electrification of heat supply and transport

Electricity generation is responsible for only a small proportion of energy related
greenhouse gas emissions. Transport and, to a greater extent, heat make up the
majority of Scotland’s greenhouse gas emissions. Thus many advocate a transition
to increase use of low carbon electricity to substitute for fossil fuel in heat and
transport uses.

Case 5 examines the implications of electrification of 10% of the current demand for heating. This would add
between 2.5 and 7.8 TWh/y to Scotland’s projected electricity demand, depending on the extent of uptake of heat
pumps and the level of home energy demand reduction. While electrification of heating demand places an additional
burden on the electricity supply, it is both storable and deferrable and generally coincides with periods of high
renewables output. For these reasons, it should act to improve the security of supply.

This case also examines electrification of 10% of transport. While this currently represents some 5 TWh of energy
each year, electric transport is many times more efficient than that powered by fossil fuels, so the additional
electricity demand is only in the region of 1 TWh per year. This relatively modest addition to Scotland’s annual
demand should present little difficulty to our system of electricity supply, and the storage function provided by a
fleet of electrical vehicles provides both for deferrable demand and for a reserve function in the event of capacity loss
elsewhere on the system.
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Conclusions

The analysis carried out by Garrad Hassan demonstrates that there is enormous
potential to increase the generation of electricity from renewable sources during the
next two decades, and that by 2030 renewable energy can meet between 60% and 143%
of Scotland’s projected annual electricity demand, depending on the level of investment

in energy saving and new renewables.

As the proportion of electricity derived from variable energy sources such as wind, wave and tidal power increases,
care must be taken to ensure that security of supply is not compromised. Measures to increase the proportion of
demand that can be deferred, such as smart meters and smart appliances are expected to be rolled out, with the
effect that in no scenario is peak demand expected to rise, even when overall consumption rises. The analysis
indicates that under either the base case or Case 2, the worst-case situation (minimal output from variable sources of
renewable energy coinciding with a period of peak demand) would not result in power shortages, although Scotland
might be forced to rely upon imports of electricity from elsewhere in the UK.

The system can be made more secure by increasing the capacity of interconnectors to England and Wales, Northern
Ireland and elsewhere in Europe, enabling electricity to be exported during periods of excess production and
imported when very low (or extremely high) winds mean that Scotland’s variable renewable sources are not
operating. This remains true, although less effective, even if the rest of the UK pursues a decarbonisation strategy.

Achieving the considerable potential to manage and reduce electricity demand (Case 4) would result in an even
greater margin of safety. In these cases the adoption of deferrable demand measures could reduce peak demand even
faster. And, somewhat counter-intuitively, a moderate level of electrification of heat and transport would most likely
enhance security by increasing the proportion of demand that can be deferred.

Decommissioning large, centralised generation capacity at Cockenzie, Hunterston B and Torness will not
compromise Scotland’s energy security, especially if Scotland takes measures to reduce our demand for electricity
through energy efficiency measures, and by electrification of some degree of heat and transport demand.

However, combining increased development of renewables with a realistic programme of demand reduction means
that Scotland’s renewable resource can meet — and exceed — our annual electricity demand, even when a significant
proportion of heating and transport demand are electrified. Under such a scenario, it is entirely feasible for all
centralised thermal generation to be closed by 2030, delivering almost complete decarbonisation, with our security
of supply relying on interconnectors, storage and deferrable demand.

This report shows for the first time that a truly sustainable energy future is achievable for Scotland. Rather than
burdening future generations with an inefficient, uneconomic and carbon intensive model of electricity production,
we can demonstrate that a healthy, modern economy can be powered by electricity that doesn’t cost the earth.
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Friends of the Earth Scotland exists to help people
in Scotland look after the planet for everyone’s future.
Friends of the Earth Scotland is an independent Scottish
charity, number SC003442.

RSPB Scotland is part of the RSPB, the UK charity that
speaks out for birds and wildlife, tackling the problems
that threaten our environment. The Royal Society for the
Protection of Birds (RSPB) is a registered charity: England
and Wales number 207076, Scotland number SC037654

The World Development Movement tackles the
underlying causes of poverty. We lobby decision makers to
change the policies that keep people poor. We research and
promote positive alternatives. We work alongside people in
the developing world who are standing up to injustice.

WWF Scotland is part of the largest environmental
organisation in the world. WWF’s global network is in
action around the clock, working to find solutions to
environmental problems to help people and nature. WWEF-
UK is a registered charity number 1081247 and registered
in Scotland number SC039593.
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