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Introduction. On 4-5 November 2015, there 
were widespread media reports about a 
shortage of available electricity generating 
capacity in the GB system. In particular, there 
was concern that this issue in early November 
meant a particularly high chance of generation 
shortfalls at time of peak demand later that 
winter2, implying risk of involuntary customer 
disconnections. There was also a similar but 
less widely reported incident at the end of 
October 20163. This comes against a 
background of concern that the risk of 
available generation being insufficient at the 
time of annual peak demand has increased 
over the last few years. This article describes 
what happened on 4 November 2015, taking 
this as a basis from which to describe the 
different types of events which can cause 
customer disconnections. 
 

‘What happened on 4 November 2015?  
Low wind. The output from wind farms across 
GB was very low on that day (at time of daily 
peak a few hundred MW from a total capacity 
of over 13,000 MW4). Low wind output 
certainly does not help balance supply and 
demand, as it reduces the generating capacity 
which might be available to the system 
operator. However, if the wind is low, and 
correctly forecast to be low, as long as other 
generation is available this does not in itself 
create a problem in balancing the system – an 
absolute shortfall of capacity would typically 
be the result of at least two out of high 
demand, low conventional generation (i.e. 
gas, coal, nuclear, hydro and similar) 
availability and low wind availability.  
 
Moderate demand. The absolute level of 
demand was not very high on that day at a 
little over 47 GW5 (National Grid’s central 
estimate of peak demand at the start of the 

winter was 54.2 GW6; if 2015-16 underlying 
demand patterns were projected onto a cold 
winter such as 2010, the highest demand 
would have been about 56GW). It is thus 
unlikely, even with little wind available, that 
there could have been a shortage of 
generating capacity on 4 November due to 
mechanical breakdowns alone, without some 
additional units being offline for planned 
maintenance. 
 
Conventional generation and operating 
reserve. 
It was widely reported7 that multiple 
conventional generating units were 
unexpectedly mechanically unavailable at this 
time, and there was also a media report of 
demand being unexpectedly high8 compared 
to the forecast made a few hours previously.  
 
In system operation, demand is largely not 
controllable, and wind generation is only 
controllable in one direction (i.e. it is possible 
to reduce the wind power used at a given time 
by curtailing wind farm outputs to below that 
which is available, but a wind farm’s output at 
any given time is limited by how windy or 
otherwise it is.) 
 
The key question for National Grid as the 
electricity System Operator in balancing 
supply and demand is thus how much 
conventional capacity should be available to 
meet the difference between demand and the 
available uncontrollable (wind, solar etc.) 
supply. Most decisions on this are taken 
internally by generating companies who trade 
energy ahead of time in a market which is not 
managed by National Grid. However National 
Grid must contract extra capacity a few hours 
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ahead of real time, in order to ensure that not 
only is there enough capacity available in case 
their central estimates of demand and 
available supply are realised, but also to 
provide “operating reserve” above this to 
manage uncertainty in forecasts of demand, 
available wind resource, and conventional 
generation mechanical availability. This 
operating reserve must be set ahead of time, 
as most controllable fossil fuel generation 
takes some time to start up (a few hours for 
gas, as much as a day for coal). 
 
The level of reserve contracted by National 
Grid strikes a balance between reducing 
operational risk, and the cost of having 
additional plant on standby which is very 
unlikely to be needed. If an unusual number of 
scheduled generating units break down as 
real time approaches, combined with wind 
being substantially lower and/or demand 
substantially higher than the central forecast, 
then there can be pressure on margins without 
an absolute shortage of mechanically 
available capacity – there might be other 
generating units which are mechanically 
available but not scheduled as operating 
reserve. 
 
Time of year. It may be significant that this 
event occurred in early November. There is a 
sudden increase in daily peak demand after 
clocks go back at the end of October due to 
the increase in use of lighting in the early 
evening, and as Alastair Martin of Flextricity 
says9 there can be pressure on operating 
margins at this time of year if there are 
planned outages remaining at the end of the 
summer maintenance season. It is also 
possible that failure rates of some generating 
units may be higher than usual in early 
November if they have not been used for 
several months over the summer when 
demand is lower. 
 
National Grid’s system warning. National 
Grid issued a system warning (Notification of 

Inadequate System Margin, NISM) at 1330 on 
4 November10, effective for the period 
between 1630 and 1830. This was cancelled 
at 1740. A NISM was the lowest level of 
system warning11, the others being High Risk 
of Demand Reduction (HRDR) and Demand 
Control Imminent (DCI) – DCI means that an 
instruction to local network operators to 
reduce demand either by reducing voltage 
level (giving a temporary reduction in heating 
and lighting demand) or disconnecting some 
customers entirely, is imminent. There was 
thus uncertainty a few hours ahead as to 
whether in real time National Grid would be 
able to maintain their usual operating margin – 
however as an HRDR was not issued 
following the NISM it seems that National Grid 
did not come very close in real time to 
ordering involuntary demand reductions. The 
response to the NISM, and other actions taken 
by the National Grid control centre, are 
described in detail in a letter12 to the Chair of 
the House of Commons Chair of the Energy 
and Climate Change Committee. 
 
Was there an elevated risk last winter, and 
is there one this winter? National Grid 
published its annual Winter Outlook on 15 
October 201513. In this they indicate how they 
procured extra capacity in order to ensure that 
their assessment of the risk of shortfalls fell 
within the GB system’s security of supply 
standard (which is specified by the 
government). The additional 2.43 GW of 
capacity procured in order to mitigate risk was 
divided between generation (2.29 GW) and 
demand reduction (0.13 GW), as described in 
the Winter Outlook.  
 
The 2016/17 Winter Outlook was released on 
14 October 2016. The estimated risk of 
capacity shortfalls entering the winter was a 
little lower than in the 2015/16 report, and 
comfortably within the GB Security of Supply 
Standard. As with previous reports released 
by National Grid or Ofgem in which risks were 
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two of high demand, low wind availability, and 
an unusually high capacity of conventional 
generation being broken down – this is the 
kind of event which is usually referred to in 
current concerns that “the lights will go out”. 
Another possibility would be insufficient gas or 
coal supply for fossil fuel stations – under 
normal circumstances these have access to 
all the fuel they need. 
 
National Grid have various options for 
managing such an event. There are 
emergency actions which can be taken 
without involuntary disconnections: voltage 
reduction (which temporarily reduces some 
demands such as electric heating and 
incandescent light bulbs), ‘maxgen’ 
(generators temporarily exceeding their usual 
maximum output), and emergency support 
from interconnectors. If these are insufficient 
and it comes to involuntary disconnections 
these could probably be done in a controlled 
manner, would be of limited duration (most 
likely for a small number of hours over the 
early evening demand peak) and could be 
rotated round areas. While this is undesirable, 
it is not the case that the entire country would 
be without power at any point in time. 
 
The limited contribution of wind generation to 
mitigating the risk of capacity shortages is 
commonly referred to in media debate. It is 
certainly the case that a given capacity of wind 
generation makes a smaller contribution to 
securing demand than the same capacity of 
conventional generation, due to the possibility 
of near-zero output from the fleet of wind 
generation across an entire system – there is 
a vanishingly small chance of all conventional 
plant in a system by chance being 
mechanically unavailable at the same time15. 
Nevertheless, this limited contribution of wind 
generation needs to be represented correctly 
in any risk assessment – while the wind might 
not be blowing, on the other hand it might be, 
and it is likely that for there to be an overall 
shortfall low wind would have to coincide with 
very high demand and low conventional plant 

deemed to be relatively low, this winter’s 
report received little media attention. 
 
The mechanisms used to procure additional 
capacity have been referred to in the media as 
emergency measures. Without entering the 
debate on whether it is desirable that we 
should need such measures, it is important to 
be clear on what they are. For the last few 
years, National Grid has procured this 
capacity in early summer so that the 
anticipated operational risk in the following 
winter is at an appropriate level14. The 
demand reduction component means 
companies entering into voluntary agreements 
to reduce demand in exchange for a level of 
payment which they are comfortable with – it 
is unlikely that any such companies entered 
into agreements which would have a negative 
effect on their business. 
 
In the previous paragraph I have very 
deliberately not said “eliminate the risk of an 
emergency”. Whatever quantity of generation 
capacity is installed, the possibility of bad luck 
with high demand and coincident low 
generation availability means that there 
remains a risk of not being able to support full 
demand. It is not possible to eliminate the risk 
of generation shortfalls entirely, and there is 
thus an economic balance to be struck 
between investment in generation resources 
(and consequent costs to consumers) and the 
risk of shortfalls. 
 
Causes of customer disconnections 
While the individual events which can lead to 
customer disconnections are very varied in 
nature, they can be grouped into several 
broad classes, which are described below. 
 
Absolute capacity shortages. These are 
events where even if all mechanically 
available generating units were operating, 
supply would still be insufficient to match 
demand even after all available remedial 
actions by the system operator. In GB this 
would probably mean a coincidence of at least 
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event. The most recent such event in GB was 
on 27 May 2008 when (by pure coincidence) 
two large generating units failed within two 
minutes, and a limited number of automatic 
disconnections occurred17 in order to preserve 
generation-demand balance and keep the 
system as a whole functioning. The most 
famous recent incident is the NE USA 
blackout of August 2003 when around 50 
million people were without power, some for 
an extended period18. 
 

Contribution of interconnectors 
The contribution of interconnectors to other 
systems to mitigating supply shortfalls is an 
active topic within debates on security of 
supply. Currently GB has about 4 GW of links 
to its neighbours (2 GW to France and 1 GW 
each to the Netherlands and to Ireland). 
 
It is very likely that, provided the system at the 
other end of the interconnector is not 
simultaneously under stress and thus has 
spare capacity which it can export (and the 
interconnector is mechanically available), the 
full capacity of an interconnector will be 
available to GB at time of GB shortfall. What 
happens if both systems are under stress 
simultaneously is accounted for to an extent in 
current security of supply modelling by 
assigning a probability of interconnector 
capacity being unavailable, however the 
nature of interconnection’s contribution under 
these circumstances is not fully understood – 
this is partly because it depends on the detail 
of contractual arrangements, and partly 
because it involves analysis of availability of a 
few GW on the margin of the 500 GW 
continental European system (and modelling 
uncertainties associated with the 500 GW 
system will make it challenging to specify with 
any confidence a probability model for what 
might be available across the 3 GW of 
interconnectors). 
 
Generally mechanical availability of 
interconnectors is high, however following an 
incident in stormy sea conditions half of the 
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availability. 
 
This class of event is the primary subject of 
this article, as it is the main focus of political 
and media attention on security of supply. The 
other classes of event will be summarised 
more briefly. 
 
Shortages of operating reserve. As 
discussed above, in system operation an 
unusually large combination of wind/demand 
forecast error and conventional plant 
breakdowns can create a shortfall which must 
be mitigated in a similar way. This occurred on 
February 11th 2012, where a small forecast 
error was combined with an unusual number 
of conventional plant failures16. The incident 
was managed through controlled 
interconnector actions and voltage reduction. 
 
There is a grey area between operational 
events and absolute capacity shortages if 
scheduled maintenance of generating plant 
contributes to a shortfall – the extent to which 
maintenance can be rearranged if a capacity 
shortfall is anticipated is generally not well 
understood by analysts outside generating 
companies and network operators. 
 

Local distribution network issues. Few 
customers in GB have experienced 
disconnections due to generation shortfalls at 
national level, but most have experienced 
power cuts due to faults in local distribution 
networks. When there is a local network fault, 
customers may be without power until either 
the network is appropriately reconfigured, or 
until the fault is repaired. 
 
Immediate consequences of sudden fault 
events. National system operators such as 
National Grid run transmission networks in 
such a way that after any of a list of so-called 
“credible” fault events the network will 
continue to operate without any effect on 
customers. If a more severe fault happens, or 
the system does not respond as it should, 
then customers may lose supply (possibly in 
large numbers) immediately following the 
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case even if the total number and duration of 
customer disconnections was significantly less 
than occurs year-in, year-out due to local 
network faults. There is an active debate in 
the relevant industry and policy community as 
to whether this should be regarded as an 
irrational feature of public debate; whether it 
should be accepted that the disconnection risk 
arising from national events must be kept 
much lower than that from local events, due to 
the value to society of having high confidence 
in the reliability of the national system; or 
whether this particular emphasis on national-
level events is simply a political reality which 
must necessarily be taken into account in 
political-level decision making. 
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capacity of the France interconnector will be 
unavailable19 for the peak demand season of 
winter 2016-17 – this followed a failure of the 
500 MW “East-West” interconnector to Ireland, 
which similarly will be unavailable for the 
whole of the 2016-17 peak demand season20. 
These might be seen as ‘interconnector’ 
issues in terms of security of supply, however 
in reality their effect on security of supply is 
little different from any other long term outage 
of a supply resource (e.g. an extended outage 
of a nuclear station, or the 2007 collapse of 
the conveyor belt feeding coal to the 
Longannet station21). The possibility of such 
long term outages needs to be taken into 
account in assessing the overall security of 
supply risk profile in a system – there is a 
great difference between a resource being 
unavailable for 10 days each winter, and for 
100 days in a concentrated period every 10 
winters, though the long run average 
unavailabilities might be the same (note that 
this example is illustrative and the numbers 
are not intended to represent a particular real 
world scenario.) 
 
Political consequences of blackout risk 
It is striking that of these four categories, it is 
only the first which receives significant 
attention in political debate and the general 
media. At something like their current level, 
the possibility of local network faults is broadly 
accepted, although clearly they are not 
regarded as being desirable. Operational 
issues rarely become political issues, or cause 
significant long term reputational damage to 
the utilities involved, unless there is a 
perceived failure in operational, planning or 
policy processes which led to the problem. 
 
Absolute capacity shortages might well be 
perceived as precisely such a failure of 
planning, and become a major political issue 
causing significant reputational damage to 
National Grid, Ofgem, the government and 
Great Britain as a whole if they occurred 
regularly – or possibly even if there was a one 
off event on a single day. This would be the 
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Endnotes 
 

1. Chancellor’s Fellow and Reader in Industrial Mathematics, School of Mathematics, University of 
Edinburgh; Associate Fellow of Durham Energy Institute at Durham University see 
www.durham.ac.uk/dei/. The Maxwell Institute is the combined Mathematics departments of Edinburgh 
and Heriot-Watt Universities, see www.maxwell.ac.uk  

2. Annual peak demand in GB occurs on cold days (when heating load is high) between late November and 
mid-January (near the shortest day of the year when lighting load is highest). 

3. See here for one of very few media reports: https://www.theguardian.com/business/2016/oct/31/national-
grid-capacity-market-notice-british-summer-time 

4. Historic data are available for download in a convenient format from http://www.gridwatch.templar.co.uk/ 
5. See http://www.gridwatch.templar.co.uk/ 
6. See National Grid’s Winter Outlook at http://www2.nationalgrid.com/UK/Industry-information/Future-of-

Energy/FES/Winter-Outlook/ 
7. e.g. http://www.ft.com/cms/s/0/b395d762-83cb-11e5-8095-ed1a37d1e096.html#axzz3rIXOoqPB 
8. See http://www.dailymail.co.uk/news/article-3304011/National-Grid-pays-factories-NOT-use-electricity-

multiple-breakdowns-power-stations-leads-winter-shortage.html although no details are given 
9. http://www.theguardian.com/business/2015/nov/05/national-grid-spent-more-2-5m-prevent-power-

shortages 
10.  http://www.bmreports.com/bsp/additional/system_warnings_historic.php#systemwarnings  
11.  See http://www2.nationalgrid.com/UK/Our-company/Electricity/Managing-the-network/  for information 

on system warnings. The first level of warning has now been renamed from NISM to ‘Electricity Margin 
Notice’ (EMN), the motivation being to provide greater clarity over the meaning of these warnings - see 
www2.nationalgrid.com/WorkArea/DownloadAsset.aspx?id=8589936797 and 
www2.nationalgrid.com/WorkArea/DownloadAsset.aspx?id=8589935829, the latter probably also 
providing the most detailed easily accessible description of the available system warnings. 

12.   Available at https://www.parliament.uk/documents/commons-committees/energy-and-climate-
change/Costs-of-NISM-Nov-2015-NATIONAL-GRID-to-CHAIR.pdf  

13.   Available at http://www2.nationalgrid.com/UK/Industry-information/Future-of-Energy/FES/Winter-
Outlook/  

14.   From winter 2017-18 onwards a new system of year-ahead “T-1” capacity auctions will supersede this 
interim mechanism which has been available for the last few years, see e.g. 
https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/504217/March_2016_Con
sultation_Document.pdf  

15. For those who find this document insufficiently mathematical, there is a technical explanation of this point 
in Section III-A and V-B of the paper by Dent and Zachary at http://dro.dur.ac.uk/12937/  

16. See http://www.nationalgrid.com/NR/rdonlyres/AD95408D-7FFF-4CAB-8EC1-
D861AF0D2327/51852/04_Sat_11_Feb_2012.pdf for details. 

17.   See http://www.nationalgrid.com/NR/rdonlyres/E19B4740-C056-4795-A567-
91725ECF799B/32165/PublicFrequencyDeviationReport.pdf . While on both 11 Feb 2012 and 27 May 
2008 there was controlled demand reduction by voltage reduction, it was only in the 2008 incident where 
there were automatic disconnections immediately following a severe sudden fault event. 

18.   See http://energy.gov/sites/prod/files/oeprod/DocumentsandMedia/BlackoutFinal-Web.pdf  
19. http://www.powerengineeringint.com/articles/2016/11/capacity-problem-looms-as-main-uk-

interconnector-damaged.html  
20.  See http://www.eirgridgroup.com/customer-and-industry/interconnection/  for the official website, and 

http://www.independent.ie/irish-news/broken-power-line-between-ireland-and-britain-to-spark-electricity-
bills-rise-35094500.html for a media report 

21.  See http://news.bbc.co.uk/1/hi/scotland/edinburgh_and_east/6285063.stm  
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