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17 Services that ESS can provide
Across Transmission, Distribution, Generation and Behind the meter applications, ESS needs to “stack” services.

Electric Supply

1. Electric 
Energy Time 

Shift

2. Electric 
Supply Capacity

Ancillary 
Services

3. Load 
Following 

4. Area 
Regulation

5. Electric 
Supply Reserve 

Capacity

6. Voltage 
Support

Grid System

7. Transmission 
Support

8. Transmission 
Congestion 

Relief

9. Transmission 
& Distribution 

Relief

10. Substation 
on-site Power

Renewables 
Integration

11. Renewables 
Energy Time-

shift

12. Renewables 
Capacity Firming

13. Wind 
Generation Gird 

Integration

End User/Utility 
Consumer

14. Time-of-use 
Energy Cost 

Management

15. Demand 
Charge 

Management

16. Electric 
Service 

Reliability

17. Electric 
Service Power 

Quality

MRS, 2022, Othman, Hisham. Energy Storage Applications in Transmission and Distribution grids



Grid Scale Energy Storage Requirements
High power and/or high energy requirements are needed for grid scale storage applications

High Power High Energy

Seconds HoursMinutes

• Power Quality
• Improved Grid Resilience

• Energy Management
• Decouple Generation From Demand

Grid Scale Energy Storage Applications

Discharge Duration

• Voltage & Frequency 
Regulation

• Transient Smoothing
• Reactive Power Control

• Synchronous Reserve
• Uninterrupted Power 

Supply
• Black Start

• Load Levelling
• Peak Shaving
• Energy Trading
• Island Operation
• RE Integration

MW/MWh



Pumped Storage is not new & growing
Pumped storage can meet both power and energy requirements, but are location specific

High Power High Energy

• Of the 80 pumped storage 
projects under construct 
above 1,000MW, 73 of 
them are in China.

https://en.wikipedia.org/wiki/List_of_pumped-storage_hydroelectric_power_stations



https://www.ionenergy.co/resources/blogs/lithium-ion-battery-types/
modified

Are Li-ion BESS the solution?
Li-ion ESS are modular making them easy to scale to specific application however each have limitation

35000 10C No thermal 
runaway

https://www.ionenergy.co/resources/blogs/lithium-ion-battery-types/


https://batterytestcentre.com.au/wp-content/uploads/2022/06/Battlab-Report-12-Final.pdf

https://www.storlytics.net

How are (certain) Li-ion ESS the solution?
Real world Li-ion applications are showing much shorter life expectancies than specs and significant fire risk

Variable Value

DoD 75-90%

SoC 50-80%

RTE 70-85%

Cycles 5-7000?

SoH @ Xyrs ????



Where are LTO ESS developments?
The application of LTO technology is developing providing exceptional infrastructure value.

Imagine a BESS that can:
Guarantee 35,000 cycles over a 30-year warranty

USD $0.04 to $0.05/kWh LCOS / LCOE
100% DoD | 100% SoC | 98.5%TRE
Provide 10C charge /discharge rate

Zero thermal runaway risk / wide operating temperature
Minimal degradation over time / stable & reliable

Can integrate both supply side management and DSM



Real-time, real-world testing 
Arvio have an ultracapacitor LTO ESS working to around 14,000 cycles with close to zero degradation

18th July 2020

• Around 14,000 cycles at 1C (charged/discharged over 1 hour), 100% SoC, cycled once daily under standard operating conditions provides a life span of over 37 years.

The image above shows one of the first days cycling the ESS 13 times on the 18th July 2020 until 14th June 2023.

14th June 2023



Utility Scale Solar + BESS

Years 

St
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 %

14,000 cycles @ 1C
@ 2x cycles per day 

Arvio ultracaps
30,000 cycles

Li-ion @1.2 cycles per day
4,000 cycles

<-0.06%

-2.5%

The only ESS solution to match a solar PPA and still have significant State of Health / capacity there after, guaranteed.

PV Degradation rate

Li-ion Degradation rate

Actual Arvio Titan Degradation rate

Potential Arvio Degradation rate
Arvio Performance Guarantee

Lost kWh to Li-ion Degradation

Potential kWh gain from
Arvio ultracapacitor batteries

-1.3%

• There will be considerably less 
curtailment losses using LTO

• Much better system stability, 
resilience and flexibility with LTO

• Significant less thermal runaway 
risk with LTOs



Frequency Regulation
Grid Ancillary Services

The energy storage is charged / discharged in response to 
an increase or decrease, respectfully of grid frequency. 
Given the requirement for extremely fast delivery of MW 
power requirements for milliseconds to multiple minute 
requirements, this is a particular attractive option due to its 
rapid response time and emission-free operation.

Service

ü Increase reliable operation of the grid
ü Improve flexibility of the grid
ü Reduces the need for additional generation facilities 

which are expensive to operate and maintain

Arvio Benefits

üUp to 10C charge/discharge rate allows for a smaller ESS
üMultiple cycles per day allow for constant 

charge/discharge
üMinimal performance degradation over the warranty 

period means the State of Health and thus performance 
will remain constant

60.05

60.00

59.95



Spot Market Arbitrage
With 35,000 cycles and a 10C rate, new LTO ESS can work within a 5-minute trading interval
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Sum of total_demand (MW)

Sum of price (PhP/MWh)

1. 2. 3. 4. 5.

Generator Weighted Average Price for April 12th 2023

Generator Weighted Average Price for April 10 to 16, 2023

Sum of Total Demand (MW)
Sum of Price (PHP/MW)

Buy over 5-minute trade
Sell over 5-minute trade

• 35,000 cycles over 20 years is 
4.79 cycles per day

• A 10C ESS can charge and 
discharge in 6 minutes.



Conversion of 2Ø to 3Ø operation
Turn 2Ø phase, poor power quality, edge of grid power supply to stable and reliable 3Ø supply 

The cost to extend an existing 3Ø to an area will be a multiple compared this solution.



Flexibility & Resilience-as-a-Service
An electrical power system ready for the Energy Transition needs to allow for flexibility & provide resilience

The future energy system will require stacked services from BESS solutions.

https://www.energynetworks.com.au/news/energy-insider/controlled-chaos-why-the-grid-of-the-future-will-need-new-standards/


