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	01
	Technical experience in the TCP area. 

	
	01a – Understanding of the sector in the UK and internationally

1. Energy storage in general, for Alternate Delegate
The analysis below draws on a number of reports/papers I have written or co-authored:
· for the Energy Storage Supergen - [REDACTED] ([REDACTED]) (currently being updated), 
· for the Energy Research Partnership ([REDACTED]), 
· submitted as evidence to Select Committee inquiries (Gluyas et al, 2021; Harrisson and Radcliffe, 2022)
· on market and regulatory barriers (Castagneto Gissey et al, 2018), and 
· on the economics of energy storage, across both short and longer duration (Uddin et al, 2017; Xie et al, 2018). 

1.1 Opportunities 
The key attribute of energy storage is to balance supply and demand, when both are varying. Energy storage provides system flexibility and resilience across multiple scales of time and geography. Different technologies can help at different timescales, though there is overlap, and our current understanding may change as technologies mature:
Seconds: Renewable generation introduces harmonics and affects power supply quality, with reduced system inertia due to less rotating machinery from fossil fuel generation. Rapid response can be provided from ES technologies such as batteries, supercapacitors and flywheels.
Minutes - hours: Variations in supply from variable renewables (wind, PV) due to weather changes; and expect future electricity demand profiles to be altered as Electric Vehicles and Heat Pumps are deployed at scale. Batteries are covering part of this need. Thermal storage can also help balance when heating/cooling services are being delivered.
Days - weeks: large scale weather patterns will affect supply from renewables, and demand, either positively or negatively (e.g. winter high pressure systems with low wind and cold temperatures; or warm, windy periods in spring/autumn). Medium duration ES, in particular, thermo-mechanical systems, are well suited to this scale.
Months – seasons: Increased deployment of heat pumps through the 2020s will lead to strong seasonal electricity demand profile. This will be countered by a positive correlation with winter wind generation, but the opposite from solar PV. Hydrogen storage (for electricity generation), or long-term thermal storage (potentially underground), are possible technology options, though neither is currently deployed commercially at scale.
Geographically, energy storage could be placed:
· on transmission or distribution networks to manage constraints and avoid infrastructure reinforcements,
· integrated with generation to provide ‘firm’ power output,
· behind the meter, to manage consumer demand according to price tariffs, or integrate with onsite renewables. 

1.2 Challenges
I categorise challenges into six key areas:
Technology cost and performance: other technologies are currently cheaper than ES for providing flexibility and resilience at longer timescales (more than a few hours), though batteries are being deployed in the current market for shorter timescales.
Uncertainty of value: the future value of storage could be dependent on local contexts, where renewables are being deployed, and/or network constraints.
Business: capturing multiple revenue streams can be difficult to establish, both for a potential business and the market in which it will operate. Stacking revenue is done by ES at shorter timescales now, but it’s unclear how that would be feasible for longer duration ES or whether single services (hence revenue stream) would be necessary.
Markets: the true value of energy is not reflected in the price in the current market; more fundamentally, the future long-term value of storage is not recognized in today’s market.
Regulatory/policy framework: many barriers, such as double-charging and planning, have been (or are being) addressed, which has improved conditions for deploying shorter timescale ES. It is not clear how deployment at scale of ES, when coupled to EV and HP roll-out, will be affected by policy and regulation – this is a gap in our knowledge. 
Societal: wider community acceptance has not yet been considered in detail. There is a risk of a backlash if publics are not engaged. 

2. System flexibility from Medium-Duration Energy Storage (MDES)
As noted in section 1, energy storage spans a wide range of scales along the dimensions of energy, power and time. Very different solutions are appropriate for distributed energy storage than are suitable for centralised storage and it is similarly true that very different solutions apply for the different timescales. It tends to be that distributed ES solutions are smaller in scale (a few 10’s of MW maximum) and address shorter timescales (<10hrs) whilst the more centralised ES solutions are large monoliths addressing longer timescales (>10hrs). 
In a number of different presentations (including the document presenting the case for the new Annex on MDES), I have presented a graphic explaining why there are really four distinguishable time-ranges for energy storage. Very short duration energy storage (VSDES) is dominated by considerations of extremely high turnaround efficiency, virtually unlimited cycle count and low cost per unit of power-slew-rate (£/(MW/s)). Short duration energy storage (SDES) is the category owned by batteries and this demands high round-trip efficiency (>85%), reasonable cycle life and low cost per unit of power (£/MW). Long duration energy storage (LDES) is best handled by fuels because the over-riding concern is cost per unit of energy storage (electricity output) (£/kWh) and hydrogen storage in caverns is the key option here for territories such as the UK fortunate to have bedded salt resources underground. The round-trip efficiency may be very low because relatively little energy actually passes through the LDES stores in a cost-optimal framework. The MDES technologies fall between SDES and LDES because they combine reasonable round-trip efficiency with reasonable costs per unit power and per unit energy. The natural tendency for policy-makers is to regard MDES
The MDES technologies are predominantly mechanical in nature. The main MDES candidates comprise: compressed air solutions (with underground, underwater and tank-based pressurised air stores), pumped thermal plant (including liquid air) and pumped hydro installations. All of these tend to be characterised by the same features: (i) strong scale dependency in most cases, (ii) naturally very long service lifetimes and long development cycles, (iii) high degrees of sustainability and (iv) they are naturally endowed with grid-forming capabilities in nearly all cases – meaning that they can actually address many of the requirements of VSDES also.
The requirements for energy storage stem mainly from the non-constant nature of our renewable resources. Some rough numbers outline the importance of MDES in the context of a cost-optimal zero-carbon UK (drawn from the forthcoming Royal Society report on Energy Storage to which Prof. Garvey has contributed significantly on MDES)
· Renewables will generate ~30% more energy in the average year than consumers take out – with around half of that being turned-down and the other half lost in storage operations
· ~25% of all energy consumed will have passed through storage
· Approximately two thirds of all energy emerging from storage will have passed through MDES and most of the remainder through H2.
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