
• Short term – lithium ion & sodium ion batteries, 

supercapacitors, flywheel；
• Medium term – liquid air, compressed air, thermal energy 

storage, pumped hydro, pumped heat  electrical storage, 

redox flow batteries, 

• Long term - hydrogen, ammonia, thermochemcial
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forecast in reality. The reverse case of a period of 20 years of mean deficit also needs to be 

considered in sizing the energy supply system. 

 
     Figure 5.  Multi-year annualised residual power & cumulative residual energy for the period 1980-2016 

 Also, a Fourier analysis of the 37-year residual power profile is given in Appendix A. It shows the 

expected daily, annual, and multi-year cyclical peaks with a broad level of activity in the periods of 

weeks and months, mainly driven by chaotic wind fluctuations. 

 

5.2 Characteristics of renewable energy systems 

The effect of the fluctuations in demand and in supply on renewable energy system is significant. 

Currently the renewable share in the UK is about 20%. As this share increases the mismatch between 

supply and demand becomes larger. This is illustrated by Figure 6 below which shows for increasing 

amounts of renewables, for 2050 levels of demand (600 TWh), how much of the renewable supply is 

coincident with demand and can therefore be used. The range of year to year variations in supply is 

also shown. Though not modelled, there are annual variations in demand due to variations in mean 

temperature that would account for a further 7% in supply variability25.  

At low renewable shares (up to about 200 TWh – 33% of demand) all of the renewable supply can be 

utilised. As renewable generation increases above 66% less of supply can be used because it is not 

coincident with demand. When renewable supply matches demand, about 150 TWh (25% of 

demand) cannot be used. Increasing renewable generation further leads to diminishing returns as 

mismatches lead to increasing levels of spillage or curtailment, without fully meeting demand. 

                                                           
25 Barrett (2020) 

UK: 1980-2016 supply-demand difference
(R) = (D) – (S) – (W)

Llewellyn Smith (2020) The Need for Energy Storage in a Net Zero World, ERA Presentation

UK Approximately 20% solar + 80% wind (70% offshore
– 30% onshore) could meet the demand

Pumped 
Hydro:
185 GW

Other:
21.1 GW Mechanical *

2.6 GW

Thermal:
14.0 GW

Batteries:
4.5 GW

• UK Energy storage needs:  270-330GW / 38-
47TWh
• Short term: 100-120GW/100-200GWh
• Medium term: 100-130GW/2-6TWh
• Long term: 70-80GW/35-40TWh

• Global needs: 27-33TW / 3800-4700 TWh
• Short term: 10-12TW/10-20TWh
• Medium term: 10-13TW/200-600TWh
• Long term: 7-8TW/3500-4000TWh

• More attention needed for medium and long 

duration

• Whole system approach beyond energy sector

• Multi-energy-vector services

• Cross-sector coupling

• Heating and cooling decarbonisation

• Circular economy approach and cross-sector 

coupling

• Skilled engineers in shortage, which will become 

more and grave in the future


