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Key points
•

Winter 2021 saw unprecedented volatility in the UK electricity system; real-time prices
reached a record £4,000/MWh at one point in January

•

Declining domestic firm power capacity, and an over-reliance on imports and variable
power sources risks undermining our energy security and climate goals over the next
decade

•

A wind ‘drought’ in March 2021 led to increased carbon emissions as natural gas and
coal kept the lights on; prolonged interconnector outages this winter highlight the
dangers of relying too heavily on imports

•

Nuclear is the only proven, low-carbon firm power source that can ensure resilience
without raising emissions, even during extreme weather events
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Electricity system instability has been increasing
The UK’s electricity system has become increasing volatile and more challenging to
manage over the past few years. This past winter saw the Electricity System Operator
(ESO), National Grid, issue an unprecedented six Electricity Market Notices (EMNs)
warning of tight margins on the electricity system, the first time such a notice has been
issued since 2016. 1
Another indicator of these growing challenges is the rising volatility of real-time electricity
prices. 2 Real-time prices reached a record high of £4,000/MWh at one point on January 8th
2021, and have exceeded £500/MWh nineteen times during peak hours in the first four
months of this year, compared with just twice in the same period last year, and zero times
in the three years before that (see chart below). 3
There are a number of reasons for this growing volatility, but a key factor is the declining
availability of domestic ‘firm power’ sources – i.e. sources of electricity that are available
when we need them and are not dependent on weather conditions or the availability of
imported electricity. When real-time prices spiked in January, this coincided with a period of
prolonged outages at several nuclear power stations, a reduced amount of coal power on
the system, and outages of two key interconnectors (the cables that import power from
European countries).
Whilst the volatility and tight margins witnessed this winter may seem exceptional, they
should be seen as a warning about the direction of energy policy and the declining
resilience of our power system.

1
Electric Insights, Quarterly Reports, Q1 2021 (https://reports.electricinsights.co.uk/q1-2021/cold-weather-and-tightmargins/)
2
‘Real-time’ prices, also called system sell/buy prices, refers to the prices charged by the ESO to market participants
who are long/short in the market (i.e. have excess supply or demand).

Prospect analysis of Elexon data on system sell/buy prices (https://www.elexonportal.co.uk/); peak hours are defined
as 4pm to 9pm.
3
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Why ‘firm power’ is important to complement
renewables
The reduction in domestic firm power capacity is part of a longer-term trend; unless there is
a change in policy direction, by the end of this decade we will be increasingly dependent on
variable sources of power and imports to keep the lights on. According to modelling by
National Grid, as part of the annual Future Energy Scenarios exercise, by 2030 firm power
could fall by half as a proportion of our total electricity capacity, and imports and weatherdependent power sources could constitute around two-thirds of our total electricity system. 4

4

National Grid, Future Energy Scenarios 2020 (https://www.nationalgrideso.com/future-energy/future-energy-scenarios)
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The risks to a system that is overly dependent on weather conditions has been made clear
this year. Wind output throughout the winter quarter has been significantly below average,
with a median output of 29% of capacity, compared with an average of 40% in the same
quarter in the previous five years. The first nine days of March this year saw a prolonged,
severe wind ‘drought’ where output was extremely low and we had to rely heavily on
natural gas and coal power to keep the lights on. 5

Prospect analysis of electricity system data from Elexon & National Grid (https://www.bmreports.com/;
https://data.nationalgrideso.com/)
5
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Our growing reliance on imported power is also an increasing risk. As noted above,
outages of two interconnectors contributed to tightening power supply margins earlier this
year. Partly because of these outages, during peak hours in the first four months of this
year, median net imports of electricity were only 56% of maximum interconnector capacity
making them less reliable than domestic firm power sources. 6

Interconnector imports are also sometimes coming from countries, such as Ireland and the
Netherlands, whose electricity systems have a much higher carbon intensity than our own.
Between 2016 and 2020, an average of almost 40% of electricity imports came from these
two countries and the weighted average carbon intensity of those imports was 70% higher
than the UK’s own electricity. 7 In essence, the UK has been ‘offshoring’ emissions by
importing electricity from polluting plants in Europe, improving our official carbon emissions
figures which only count domestic sources.
The risk that interconnectors could exacerbate rather than aid supply shortfalls is likely to
increase by the end of this decade. Aurora Energy Research pointed out in 2018 that as
the rest of Europe adds more weather-dependent renewables to their respective power
systems, and as the differential between carbon prices in the UK and Europe is eroded,
interconnectors could actually end up exporting power to the continent during periods of
system stress. A more recent 2021 academic study of interconnection between Britain and
Europe reached similar conclusions. 8

6

Prospect analysis of National Grid data (https://data.nationalgrideso.com/demand/historic-demand-data)

Prospect calculations using National Grid historic demand data (https://data.nationalgrideso.com/demand/historicdemand-data) and EU data on national electricity carbon intensity (https://www.eea.europa.eu/data-andmaps/indicators/overview-of-the-electricity-production-3/assessment-1)

7

AER, ‘Energy Security in an Interconnected Europe’, May 2018; Energy Policy 151, 2021 “The impact of
interconnectors on the GB electricity sector and European carbon emissions”
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How nuclear can help ensure stability during
adverse weather
A simple modelling exercise shows how a credible new build programme, coupled with a
substantial build-out of renewables capacity, could have significantly reduced our reliance
on fossil fuels and imports during the March 2021 wind drought (March 1st to 9th). The
actual outcome this year was that low-carbon sources (renewables and nuclear) made up
less than a third of our power, whilst almost 60% came from natural gas and coal, with
imports making up the remainder. This resulted in much higher carbon emissions and left
us vulnerable to sudden changes in the availability of overseas power sources.
If this same wind drought occurred in a hypothetical 2030 scenario where a much higher
level of renewables capacity was balanced with a substantial amount of nuclear firm power,
the outcome would have been very different. In a 2030 where we had completed the
original nuclear new build programme, which would have delivered six new nuclear stations
with a combined total of just over 17GW of capacity, coupled with a substantial build out of
renewables, then our reliance on fossil fuels and imports would have been more than
halved, even during an extreme wind drought like we saw in March. 9

Even with a smaller nuclear programme that included just three new nuclear stations
(Hinkley Point C plus two others) our reliance on fossil fuels and imports would have been
greatly reduced. Clearly other options for meeting demand may exist by 2030, including
new storage technologies, hydrogen power, and carbon capture and storage to mitigate the
9
Simple modelling exercise assumes original new build programme complete, offshore wind target of 40GW is met, and
50% increase in other renewables capacity
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emissions of fossil fuel plants. But, unlike nuclear, none of these technologies are currently
proven to work at scale or be economically viable.
In the case of some commonly-cited alternative solutions, such as battery storage, there
are real question marks over their environmental and social sustainability. Batteries depend
on highly resource-intensive extraction processes, often in countries with very poor labour
standards. According to a recent UN report, each tonne of lithium, a key component in
current battery technologies, requires 1.9 million litres of water to produce. Half of global
supplies of cobalt, another important battery component, are found in the Democratic
Republic of Congo, where child labour is common in the mining sector. 10
Unlike some of these alternatives, nuclear is proven to work, is safe and reliable, and can
efficiently deliver high volumes of low carbon power when we need it. And, relative to the
huge amounts of low carbon power that each nuclear power station can produce over its
lifetime, the emissions involved in developing new nuclear are very small. According to UN
data, whole lifecycle emissions for nuclear power are lower than most other low carbon
technologies. 11

A system with a strong base of nuclear firm power is resilient during wind droughts or other
adverse weather events, and is not dependent on volatile imported sources of power. No
other available technology can produce large amounts of power when it is needed with
minimal carbon emissions. The case for urgently moving forward with a new generation of
nuclear power stations is therefore compelling.

UNCTAD, July 2020 (https://unctad.org/news/developing-countries-pay-environmental-cost-electric-car-batteries); see
also, Institute for Energy Research, November 2020 (https://www.instituteforenergyresearch.org/renewable/theenvironmental-impact-of-lithium-batteries/)
10

11

UN IPCC Fifth Assessment Report, 2014 (https://www.ipcc.ch/assessment-report/ar5/)
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