
 

Impacts on electricity generation, transmission and distribution 

Peak Demand 

 Why is there such a significant range in peak demand scenarios (between 3.6 and 24 GW by 2050)? What 
can be done to narrow these down to give a more accurate indication of required investment and installed 
capacity? 

Our Future Energy Scenarios 2019 report provides a 30 year view of electricity demand over two important variables, 
decentralisation and decarbonisation in order to produce four scenarios for demand in 2050 at the electricity 
transmission level. As we can’t predict with great accuracy the impact that technology and behaviour changes will 
have on electricity demand between now and 2050 our four scenarios are not meant to determine the future, but to 
provide an envelope of realistic futures.  

The reason for the range in peak demand therefore depends on the extent to which demand is met at the distribution, 
rather than transmission level as we move towards 2050. Total demand and installed capacity across both the 
distribution and transmission levels will likely be more consistent across the four scenarios by 2050, however this is 
not what FES seeks to outline. 

Each year the FES scenarios are used to support our shorter term publications, the Electricity Ten Year Statement 
and the Network Option Assessment. These documents use FES scenarios to manage short term challenges, whilst 
ensuring that long term needs can still be supported as we get closer to 2050. 

 How much installed capacity would be required to deliver this demand? What reserve margin (the safety 
margin of generation over peak demand) would this deliver? 

Each year we produce a FES workbook to set out our view of the required installed capacity that would be required by 
2050. This data is based on our understanding of existing technology and their efficiencies, as we move towards 2050 
these calculations will change as technology improves. 

An important example when considering future installed capacity is the extent to which renewable electricity will 
become the predominant fuel source within our generation mix and whether flexible solutions, such as storage 
technologies can be developed to ensure that by 2050 we are able to utilise renewable energy 24/7 rather than just at 
times of generation. 

Great Britain has a Reliability Standard of 3 hours loss of load expectation (LOLE) per year for security of supply. This 
is set by UK Government as part of Electricity Market Reform (EMR). The GB capacity market is the main mechanism 
to ensure this standard is met. Capacity market auctions are held annually to secure capacity up to four years ahead. 
When developing the FES, we assume that we will continue to meet a Reliability Standard of 3 hours LOLE and this is 
considered in our future projections for installed capacity. Our analysis continues to reflect changes to the generation 
mix such that the contributions from different types of generation (e.g. renewables, storage) are appropriate. An LOLE 
of 3 hours per year corresponds to a de-rated margin of around 4%, although since the introduction of the GB capacity 
market in 2017/18, de-rated margins have been much higher (typically around 10%). 

 

 What rate of increase is being anticipated in peak demand and installed capacity to deliver this? Is it 
linear? Does it correlate with decarbonisation scenarios in heat and transport? 
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We expect that installed capacity will increase as we move towards 2050, however there is a clear link between the 
need for installed capacity and decarbonisation of heat and transport. How these sectors decarbonise and the fuel 
sources they will require will have a significant impact, which may not necessarily be linear. 

Technology 

 How realistic is it to expect battery-to-grid / smart technology to play a part in balancing networks? When 
might this technology play a part, and what needs to happen to enable this? 

As set out in our 2019 Future Energy Scenarios report we see energy storage playing a considerable role in balancing 
networks in future depending on investment. To meet net-zero requirements by 2050 both smart charging and battery-
to-grid need to see rapid growth in adoption from the early 2030s (Community Renewables scenario). The extent to 
which electricity decentralises in future will impact the role of vehicle-to-grid technology, as resilient systems at both a 
transmission and distribution level will allow EV owners to tap into the capacity of their vehicle’s battery to help power 
their home at different times of the day. Whilst technology advancements are needed to support these steps, there 
also needs to be a change to supplier business models to support and encourage EV users to utilise their batteries to 
power both their homes and to provide balancing services to network operators. We do not envisage a world where 
EV users will need to manually direct their EVs to share electricity to the grid, so we will need to see an increase in 
aggregators and other service providers capable of utilising EV batteries at scale over neighbourhoods and 
communities to both support network balancing and to deliver financial benefit to EV users when it is cheapest to 
charge.  

 Are there any technical limitations to EVs storing electricity and feeding it back into the networks at peak 
times? 

One of the major challenges to vehicle to grid charging at peak times will be seen at the DNO level, as there will be 
greater strain on these networks to manage local supply and demand at these times. Charging equipment also needs 
to be v2g compatible to allow this to take place. At low demand periods, particularly overnight we envision v2g playing 
a significant part in grid management, as it will allow EV batteries to be used as flexible storage to match output from 
overnight wind, so that for the most part the normally excess wind will be used to charge EVs at a low price and if 
needed these EVs could then power parts of the network, for those periods where the wind drops below demand. 

 How should the balance between low-power (slow) charging and high power (rapid) charging be struck? 
What are the implications for the electricity system? What are the implications for the consumer? 

As set out in chapter four of our 2019 FES report there are a number of different options for charging that provide 
different options for consumers. Realistically charging both at home and work are likely to be concluded over several 
hours, making slower charges rated between 3Kw-22Kw the most suitable option in terms of installation cost and 
usage. From a network perspective, these lower power chargers would contribute to a less drastic decline in supply 
and demand caused by disconnection and would require more limited reinforcements of existing DNO infrastructure to 
support. Aggregated across the country and equipped with smart vehicle-to-grid technology, these slower chargers 
would provide network operators with cheap storage options for excess renewable generation, as well as providing 
scalable storage support to meet spikes in energy demand throughout the day. Higher power Slow/Fast chargers (≤22 
kW) and Rapid chargers (≥43 kW) will most likely be used in public areas, with Slow/Fast chargers reserved for areas 
where people already leave their vehicles for a considerable time, such as supermarkets, large car parks etc. Rapid 
chargers would most likely adopt the role currently filled by conventional filling stations, and would allow consumers to 
quickly top up their EV’s on long journeys in minutes rather than hours. 

 

Security of Supply and Constraints Payments 

 How interconnectors can contribute to security of supply? Can they adequately replace indigenous 
generation?  

GB currently has five interconnectors with a total capacity of 5 GW. Four additional interconnectors are either currently 
under construction or have taken final investment decision, which will increase the total capacity to 9.8 GW and result 
in GB being connected to six different markets. This diversity helps support GB security of supply providing access to 
wider sources of generation. Interconnectors are currently allowed to participate in the GB capacity market, although 
this will change in the next few years when generation located in neighbouring markets will be able to participate 
directly. National Grid ESO undertake pan-European analysis to assess how interconnectors can contribute to security 
of supply. This considers different weather patterns and supply scenarios in Europe, such that we can be confident 
that they can deliver the necessary power when needed.  

http://fes.nationalgrid.com/media/1409/fes-2019.pdf
http://fes.nationalgrid.com/media/1409/fes-2019.pdf
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The role of interconnectors will become increasingly important as we move towards 100% generation from zero 
carbon sources. There will be times when different weather patterns across Europe will mean that we will need to 
import power from elsewhere or export surplus generation in GB. Therefore, as we decarbonise, it may not be 
appropriate to consider interconnectors as replacing indigenous generation, but rather that they will help us balance 
the system over a larger geographical region to maintain security of supply as the generation mix changes. 

Interconnectors provide us with secure, cheap and reliable forms of electricity. As we move towards 100% generation 
from zero carbon they will become increasingly important as they will allow us to import electricity from Europe at 
times when weather patterns may be affecting our ability to generate electricity from renewable sources. 

As with our current generation mix, the focus should not be to have a single technology provide 100% of generation 
but to support a mix of different generation sources to ensure that we can ensure security of supply. 

 Should regulation replace market mechanisms (known as market coupling) to ensure that supplies are 
available when margins are tight? 

Market coupling provides the most efficient mechanism for interconnector trade across national networks. Other 
options exist and may become a reality based upon Brexit negotiations, however these could potentially reduce 
efficiency and potentially increase costs for consumers.  

 What role could battery / storage technology play in both transmission and distribution grids, and in 
mitigating constraints payments? 

We see battery and storage technology as an important part of the future energy network and expect them to play a 
crucial role in delivering our ambition for zero-carbon operation of the transmission network by 2025 and long term 
decarbonisation of electricity. As part of our 2025 ambition we will look to utilise storage solutions, so that we can 
maximise our use of low-carbon electricity generation, particularly from renewables. By placing batteries and other 
storage solutions close to renewable generators we will be able to store their output, allowing us to continue to rely on 
low-carbon sources, even when the sun is not shining or the wind is not blowing. 

The placement of storage solutions will also allow us to manage constraint issues, as the storing of electricity will allow 
us to reduce the burden on transmission lines, particularly at network boundaries, where we currently have to 
constrain excess generation. 

 Do constraint payments apply equally to all generating technologies? How do they compare across 
technologies? What is the cost of constraint payments per customer? 

Based upon the terms of their generating contracts, generators are compensated for the loss of money they would 
have received if they had not been constrained. There are a variety of reasons for constraints to be made, as set out 
on our website. As with all actions taken by the ESO in the balancing mechanism, constraining of generation is based 
on a price merit order, rather than a consideration of technology. The cost to generate therefore has an impact on 
which generators are asked to constrain their output, with wind generation access generally prioritised over 
conventional plants due to the cost of generation. 

Constraint payments are one of several balancing tools available to the ESO and therefore only form a part of overall 
balancing costs undertaken by the ESO. In 2016/17 total balancing costs equated to around 1.3% of the average 
consumer bill of £554. 

 

https://www.nationalgrideso.com/transmission-constraint-management
https://www.nationalgrideso.com/transmission-constraint-management
https://www.nationalgrideso.com/about-us/breaking-down-your-bill
https://www.nationalgrideso.com/about-us/breaking-down-your-bill


FES 2019 

      2050 compliant Non-2050 compliant 

    5 Year Forcecast 
Community 
Renewables 

Two Degrees 
Net 

Zero 
Steady Progression Consumer Evolution 

  Units 2018 2020 2023 2018 2030 2050 2018 2030 2050 2050 2018 2030 2050 2018 2030 2050 

Gas annual demand (excl. 
exports and shrinkage) 

TWh 804 700 672 804 487 204 804 534 585 406 804 689 716 804 718 651 

Gas 1 in 20 peak demand  GWh 5,191 5,486 5,345 5,191 3,873 2,068 5,191 4,394 3,301   5,191 5,594 5,615 5,191 5,697 5,077 

Electricity (underlying) annual 
demand (excl. losses) 

TWh 285 285 282 285 283 413 285 300 422 491 285 299 376 285 288 370 

Electricity (underlying) peak 
demand (incl. losses) 

GW 59.6 58.9 58.9 59.6 57.4 72.4 59.6 63.8 82.5 115 59.6 63 74.9 59.6 59.8 68.7 

% split of annual elec 
demand supplied from Tx 
and Dx plant 

% 20:80 26:74 29:71 20:80 37:63 39:61 20:80 30:70 23:77   20:80 24:76 23:77 20:80 33:67 39:61 

Electricity TX annual demand 
(see notes) 

TWh 255 242 235 255 193 211 255 240 299   255 255 322 255 226 273 

Electricity TX restricted peak 
demand (see notes) 

GW 47.6 44.1 43 47.6 25.3 8.4 47.6 42.7 40.9   47.6 47.2 45.7 47.6 37.2 23.1 

Installed Nuclear Capacity GW 9.2 9.2 7.1 9.2 4.6 7.9 9.2 4.6 16.6 19 9.2 7 9.6 9.2 2.9 4.6 

Total Road Vehicles Million 38.1 38.3 38.7 38.1 39.6 39 38.1 39.6 39.2 39.2 38.1 39.6 41 
38.1 

M 
39.6 

M 
41 M 

EVs numbers (Vehicles) Million 142 K 362.7 K 1M 142 K 12 M 
38.1 

M 
142 K 

11.9 
M 

38 M 38 M 142 K 2.4 M 
36.2 

M 
142 K 2.3 M 36 M 

Natural Gas vehicles Million 2 K 13 K 26 K 2 K 18 K 51 K 2K 3 K 29 K 0 2 K 111 K 386 K 2 K 111 K 381 K 

Hydrogen Vehicles Million 0.3 K 1.8 K 5.4 K 0.3 K 32 K 830 K 0.3 K 35 K 1.2 M 
1.2 
M 

0.3 K 16 K 118 K 0.3 K 16 K 118 K 

EV vehicle annual demand TWh 0.4 0.9 2.4 0.4 23.9 95.8 0.4 22.6 89.5 89.5 0.4 5 68.1 0.4 4.7 67 

EV peak demand (no V2G) GW 0.1 0.2 0.5 0.1 3.2 12 0.1 4.7 15.1 15.2 0.1 1.1 11 0.1 0.9 8.1 

EV peak demand (inc. V2G) GW 0.1 0.2 0.5 0.1 2.6 1.8 0.1 4.2 6.9 6.9 0.1 1 3.4 0.1 0.8 -1.4 

Natural Gas vehicle annual 
demand 

TWh 0.1 0.9 1.8 0.1 1.3 3.8 0.1 0.3 2.3 0 0.1 7.6 29.9 0.1 7.6 29.3 

Hydrogen Vehicle annual 
demand 

TWh 0.01 0.03 0.08 0.01 0.7 31 0.01 1.1 48.7 51.6 0.01 0.1 1.6 0.01 0.1 1.6 



Non-Hybrid Heat pumps Million 141 K 155 K 190 K 141 K 3.2 M 
10.7 

M 
141 K 2.6 M 5.9 M 

8.6 
M 

141 K 248 K 900 K 141 K 328 K 2.0 M 

Hybrid Heat pumps Million 16 K 24 K 47 K 16 K 1.5 M 7.1 M 16 K 1.1 M 2.7 M 
3.9 
M 

16 K 115 K 833 K 16 K 190 K 4.0 M 

Total installed generation 
capacity 

GW 108 114 116 108 154 233 108 158 227 271 108 140 175 108 131 176 

% of overall generation 
capacity that is decentralised 

% 29 30 32 29 45 58 29 31 38   29 27 35 29 39 55 

Electricity interconnector 
import capacity 

GW 4 7 8 4 17 17 4 20 20 20 4 15 15 4 12 12 

Total electricity storage 
capacity 

GW 4 5 6 4 13 38 4 12 31 31 4 8 21 4 7 27 

Offshore wind (capacity) GW 8.5 10.4 14 8.5 30 45.9 8.5 33.6 54.1 67 8.5 26.1 37.7 8.5 20.9 26.6 

Onshore wind (capacity) GW 12.4 12.9 13.5 12.4 23.3 41 12.4 20.4 24.6 24.5 12.4 17.1 18.2 12.4 17.1 26.1 

Gas TX (CCGT +OCGT +  
CHPs) 

GW 31.1 31.4 29.9 31.1 9.7 1.8 31.1 22.9 4.4   31.1 33.3 24.2 31.1 28.5 19.2 

CCUS capacity GW 0 0 0 0 0 0 0 0.9 12.1 49.9 0 0 6.7 0 0 0 

Decentralised contribution at 
peak (difference between 
Total demand and Tx 
demand). Of which: 

GW 9.4 12.3 13.2 9.4 26.2 55.9 9.4 15.6 33.5   9.4 12.9 25.7 9.4 19.9 41.2 

•         Wind   1.2 1.2 1.3 1.2 2.1 5.6 1.2 1.4 1.8   1.2 1.3 1.3 1.2 1.6 3.1 

•         Thermal + hydro   7.8 9.6 10.2 7.8 17 24.1 7.8 10.2 15.2   7.8 9.3 11.8 7.8 15.8 20.4 

•         Storage   0.4 1.5 1.8 0.4 6.5 16 0.4 3.5 8.2   0.4 2.3 4.9 0.4 2.4 8.3 

•         Pure DSR   1 1 1.1 1 4.5 6.7 1 3.5 6.7   1 1.4 2.1 1 1.9 2.9 

•         V2G at peak   0 0 0 0 0.6 10.2 0 0.5 8.3   0 0.1 7.6 0 0.1 9.5 

Total installed decentralised 
capacity. Of which: 

GW 30.9 34.7 37.2 30.9 70.3 146 30.9 48.8 95.1   30.9 38 68.5 30.9 51 106.2 

•         Solar   12.7 13.3 14.4 12.7 29.5 51.6 12.7 22.5 41.1   12.7 15.5 26.3 12.7 18.7 34.7 

•         Wind   6.3 6.5 6.8 6.3 11.2 28.8 6.3 7.8 10.6   6.3 6.8 7.7 6.3 9.3 17.8 

•         Thermal   6.4 7.8 8.2 6.4 12.6 14.2 6.4 7.3 8.4   6.4 7.4 8.1 6.4 13.2 15.9 

•         Storage (no V2G)   0.7 1.8 2.1 0.7 7.7 29.3 0.7 3.9 11.4   0.7 2.8 5.9 0.7 3.2 11.4 

•         V2G Total   0 0 0 0 1.3 20.4 0 1 16.6   0 0.2 15.2 0 0.2 19 



Carbon intensity of power 
generation, annual average 
(g of CO2 per KWh)* 

gCO2/
KWh 

248 102.9 88.7 248 24.9 17.1 248 27.5 13.9   248 74.3 47.1 248 112.7 95 

 

 

(GB) Electricity Underlying demand – Residential, industrial and commercial demand. No interconnector, station or pumping demand. 

(GB) Electricity Tx Annual Demand – Demand on the Tx system. No interconnector, station or pumping demand (National Demand).  Note this is 

a “headline net” figure only and does not measure movement of electricity around the transmission system e.g. export of solar or wind. 

(GB) Electricity Tx Restricted Peak Demand - Demand on the Tx system. No interconnector, station or pumping demand. Includes reduction by 

Triad avoidance (Restricted National Demand). Note this is a “headline net” figure only and does not measure movement of electricity around 

the transmission system e.g. export of solar or wind. 

(GB) Total installed generation capacity includes storage, interconnection and V2G. 

DSR – Pure demand side response (not including generation) currently around 1GW and expected to grow in the scenarios. 

Annual Gas Demand for Net Zero does not include exports.  

Data as per FES document and workbook 25.7.19 
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