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Energy storage

Energy storage systems: definition and operation
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Main characteristics of energy storage systems

= Storage capacity C

= Rated power (charging and discharging) P
= Energy and power density E/V, P/V

= Round-trip efficiency n

» Rated discharge time t = C/P

= Response time t,




Energy storage in different energy sectors

( Power ( Heat
sector sector

Thermal
storage®

Power
storage *

e.g., pumped hydro e.g., solar thermal hot

batteries water storage, PCM,
supercaps zeolites
Charge:  power-to-X Charge:  heat-to-X
Store: X Store: X
Discharge: X-to-power Discharge: X-to-heat
Transport
sector
Fuel e.g., oil tank, fuel tank
PS
storage Charge: Crude oil/Biomass-to-X
P Primary energy storage Store: Tank, X
S Secondary energy storage Discharge: X-to-shaft power

Sterner M., Bauer F. (2019) Definition and Classification of Energy Storage Systems. In: Sterner M., Stadler I. (eds) Handbook of Energy Storage. Springer, Berlin, Heidelberg.
DOI: 10.1007/978-3-662-55504-0_2.



Interactions among different energy sectors through energy storage
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Interactions among power, heat and transport sectors through energy storage
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Power-to-Gas using hydrogen in a hydrogen-only infrastructure

Material or
energetic use:
- inthe industry

- for heat
Wind - for transport
Solar Gas turbine,
Fuel cell
Other
Renewables Electricity generation

Cavern storage

Electricity storage

Electrolysis, 2
H,-tank

Source: Sterner & Stadler - Handbook of Energy Storage Power'tO'gaS Charglng unit

© Springer-Verlag Berlin Heidelberg 2019 L

Sterner M. et al. (2019) Chemical Energy Storage. In: Sterner M., Stadler |. (eds) Handbook of Energy Storage. Springer, Berlin, Heidelberg.
DOI: 10.1007/978-3-662-55504-0_8.



Power-to-Gas using hydrogen in the existing gas infrastructure
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Power-to-Gas using methane
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Power-to-Liquid
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Sector coupling (electricity, heat, transport) through P2G/P2L
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Efficiency, capacity rating and rated discharge time of selected energy storage technologies

Technology Efficiency Capacity rating MW | Time scale
Pumped hydro storage 70-85 % 1-5,000 Hours—months
Li-Ion battery pack 80-90 % 0.1-50 Minutes—days
Lead acid battery 70-80 % 0.05-40 Minutes—days
Power-to-Gas?® 30-75 % 0.01-1,000 Minutes—months
Compressed air 70-75 % 50-300 Hours—months
Vanadium redox battery 65-85 % 0.2-10 Hours—months
Sodium sulfur (NaS) battery 75-85 % 0.05-34 Seconds—hours
Nickel cadmium (NiCd) battery | 65-75 % 45 Minutes—days
Flywheel 85-95 % 0.1-20 Seconds—minutes

M. Lehner, R. Tichler, H. Steinmdller, and M. Koppe, Power-to-Gas: Technology and Business Models, 1st ed. Cham: Springer International Publishing, 2014.



Classification of energy storage systems

Classification
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Classification of energy storage systems
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Energy storage systems: stationary applications

= Time-shift or energy arbitrage
(energy applications)

— peak shaving
— load levelling
— seasonal storage
= Transmission and distribution grid investment deferral

» |ntegration of non-dispatchable renewable energy
sources

= Grid ancillary services
(power applications)

— frequency control
(primary, secondary, tertiary)

— power quality control
— black start

— contingency reserve
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Power requirement versus discharge duration for some applications in today’s energy system
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Hypothetical deployment of storage assets across an electric power system
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Classification of electrical energy storage systems

= Mechanical
— Pumped Hydro (PHS)

— Compressed Air (CAES)

— Flywheel (FES) §
= Electrical :
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Energy storage systems: discharge time vs. storage capacity
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Current global installed grid-connected electricity storage capacity (MW)

Lithium-ion 100

Lead-acid 70
_ Nickel-cadmium 27
Sodium-sulphur Flywheel 25
304 (== |
PSH 140 000 ther 976 _Redox-flow 10
CAES 440

IEA, Technology Roadmap - Energy Storage, 2014



Pumped Heat Energy Storage (PHES)
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Pumped Heat Energy Storage with transcritical CO, cycles
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