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Avalon overview
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Avalon manufactures commercially
proven, low-cost Vanadium Flow
Batteries for the rapidly growing
stationary energy storage market

Avalon’s mission is make
renewable energy reliable,
eliminating barriers to adoption by
delivering clean power on demand.

Avalon’s 4 MWh install base has
proven unmatched durability,
reliability, safety and value to
commercial customers in Asia and
North America.



Product Characteristics



Avalon’s battery system is based on vanadium flow 
technology with superior performance

4

Avalon’s flow battery

• Proprietary vanadium flow battery technology

• Thermal management system 

• Battery management system

• Integrated safety (spill containment)

• Indoor / outdoor enclosure system for 
“plug-and-play” installation 

• Power conversion

Systems 
includes

Technical 
parameters

• >20,000 cycles, zero capacity fade

• Safe, external fault tolerant operation

• Exceptionally low fire risk

• Arrays from 5 kW to 5 MW 

• Round trip energy efficiency: 80%

• 100% depth-of-discharge, every cycle

Avalon AFB3.10
Rated power, continuous 10 kW
Energy Storage, Nominal 40 kWh

Energy Storage, Duration 3+ hours
Lifetime 25 years

Module Size (L x W x H) (1.8x1.2 x 2.0)
Mass 3400 kg

Ambient temperature -25°C - 45°C



Avalon’s proprietary technology performs with low cost, 
long durability and a high level of safety 
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1) Levelized cost of storage; 2) Management calculated LCOS (cost per kWh discharged minus cost per kWh for generation/charging) includes cost of efficiency 
losses, equipment, maintenance, and financing. Assumes Avalon battery with 4 hour duration in 2018 and 8 hour in 2025; 2) DNV GL, “Independent 
Engineering Review of Avalon Battery”, June 2017; 3) Energy Response Solutions, Inc., “Energy Storage System Safety: Vanadium Redox Flow vs Lithium Ion”, 
June 2017

Why Avalon
not 

lithium-ion?

Low cost: Avalon’s LCOS1 is 0.08 USD/kWh today and is expected to be below 0.03 USD/kWh
by 20252. Lithium-Ion is 61% higher today, and is expected to be 238% higher by 2025

Long lifetime: >25 years, >20,000 full discharge cycles. Durability quantitatively proven in the
field, at scale3

Inherently safe: No risk of fire caused by thermal runaway4

Why Avalon
not

other flow 
chemistries?

Experience with commercial installations and operations: Vanadium flow batteries have a
proven track record of deployments at scale; non-vanadium flow generally at earlier stage

Reliable and simple chemistry: Vanadium/Vanadium battery invented to avoid shorter life
and higher maintenance of non-Vanadium flow batteries; e.g. no stripping cycles, electrolyte
“polishing” or continual pH adjustments needed to maintain performance

Why Avalon 
not other 
vanadium 

flow?

Proven, stable product: Avalon’s customer testing and independent assessments have
verified stable performance with near-zero maintenance and high availability3

Low-cost installation: Fully assembled turn-key product, quality controlled at the factory,
delivered complete to the customer, for fast, low cost installation
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Li-ion LCOS 61% higher than Avalon – a cost advantage 
expected to increase to 238% by 2025
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Key differentiator: Low cost – Overview

Avalon Li-ion Avalon Li-ion
2018 2025

+238%

+61%

Levelized cost of storage (LCOS, USDct/kWh)1

• LCOS quantifies the price per kWh of energy 
discharged from the battery over the project lifetime 

• Avalon’s low and decreasing LCOS is competitive 
advantages over other battery players and opens 
huge market via more economically viable projects 

Cost drivers and product development roadmap

CAPEX/BOM: Low and decreasing 
rapidly with next generation products 
due to technology and manufacturing 
improvements, economies of scale and 
other levers 

Maintenance cost: Robust, fault tolerant 
VFB chemistry requires minimal 
maintenance, decreases O&M.

Residual value: Vanadium in the 
electrolyte can be easily recovered at 
end of project life

Round trip efficiency: Avalon patented 
improvements increase efficiency, 
decreases O&M.

Lifetime: Exceptional lifetime already 
verified as > 10 years, work to measure 
and extend further underway.  

1

Deep-dive on next slides

1) ) Management calculated LCOS (cost per kWh discharged minus cost per kWh for generation/charging) includes cost of efficiency losses, 
equipment, maintenance, and financing. Assumes Avalon battery with 4 hour duration in 2018 and 8 hour in 2025
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Avalon: Product shows near-zero degradation after 
>20,000 hours operation and >2500 cycles, at scale, 
in the field. Projected life: 25+ years.

Key differentiator: Low cost – low degradation

Avalon’s very long lifetime is a key driver for the overall cost 
advantage

Lithium data from ITP Renewables Australian Lithium Battery Test Centre, Lithium Ion Battery Test – Public Report 5, September 2018.

Tesla, LG, Samsung, Sonly Lithium batteries: Between 
10% and 20% degradation after 1000 cycles. 
Projected life: 5 years.



Avalon’s battery is extremely safe – in particular with 
respect to flammability, toxicity and reactivity 
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Key differentiator: Safety

Li-ion

Avalon

ERS2: “…Vanadium flow battery systems offer significant advantages to lithium-ion…”

3

0
0

Flammable3 Highly 
reactive3

Toxic 
compounds3

Corrosion 
risks3

• No short circuit hazard
• No limitation on storage and operation
• No specific fire response
• Non flammable and non reactive

Chemical1
Hazards 

Chemical1
Hazards 

Corrosion 
risks3

ü

1) NFPA 704 standard: 0–4 indicates level of hazard, blue for health hazard, red for fire hazard, yellow for instability and white for specific 
hazard (W indicates unusual reactivity with water); 2) ERS Safety Report, Vanadium Flow Batteries, June 2017; 3) Required placards for 
each battery type - Workplace Hazardous Materials Information System



Vanadium flow batteries – and Avalon’s technology in 

particular – are mature and proven in the field

Key differentiator: Demonstrated commercial installations and operations
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Vanadium-flow technology has 

been proven in the field for many 

years 

3 x 27 kWh in Pomona, US, 

by Avalon (2017)

5 x 27 kWh in Fremont, US, 

by Avalon (2017)

2 x 25 kWh in Fremont, US, 

by Avalon (2016)

1.2 MWh in Zhangbei, China, 

by Prudent (2010)

160 kWh in Roskilde, 

Denmark, by VRB Power, 

(2008)

Examples of vanadium flow battery 

installations in the field:
Avalon’s AFB1 NEXTracker Trial, Fremont US:

• Continuous cycling operation

• Outdoor install 

• >20 years equivalent life operation to-date

9

Avalon exhibits stable performance with <2% 

degradation over 20 years’ equivalent charge-

discharge cycling.
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Avalon’s reliable and simple chemistry provides robust, 
simple operation that reduces risk of down time.

Several causes of frequent maintenance and/or 
down time in other flow batteries do not apply to 
Avalon:
• No plating at anode or cathode (Zn/Br, Fe/Fe, 

Zn/Fe) that limits repeated charge / discharge 
• No stripping cycles required  (Zn/Br)
• No dendrite growth (Zn/Br, Fe/Fe)
• No electrolyte “polishing” (Zn/Fe)
• No continual pH adjustment (Fe/Fe) needed to 

maintain performance
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Key differentiator: Reliable and simple system and chemistry

Proven performance 

Reduced risk of down time

VFB – the only chemistry that utilizes the same 
active material in both positive and negative 
portions of a cell to eliminate capacity 
degradation caused by species cross over in 
other flow batteries

Vanadium flow battery



Fast, low-cost installation of fully turn-key product
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Key differentiator: Fast, low-cost installation

• Turn key product with factory-integrated electrolyte, stacks and 
electronics

• Minimal site preparation and standard installation equipment 
requirements mean fast, low cost installation up to multiple MWh 
scale
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Other 
players

• Extensive site preparation required for 
many competitors (concrete pads, 
spill berms, etc.) 

• More on-site construction required for 
many (tank and piping, cable trays, 
chillers, etc.)



Lithium-ion

Ford EcoBoost M-6007-35T
• Power: 365 hp
• Cost: 9,600 USD

• Specific cost: 26 USD/hp
• Design life: 3,500 hr

Different use cases require different products – Avalon better 
suited than lithium-ion for renewable firming and time shift
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Analogy illustrating superior performance of Avalon for long-duration use cases 

• Established product with good bankability  
• Short life in terms of cycles and years 
• Cost competitive for short-duration applications

► Best suited for power-focused applications 
like frequency response

• Emerging product with improving bankability 
• Long life in terms of cycles and years 
• Cost competitive for longer-duration applications

► Best suited for the energy-focused 
applications targeted by Avalon1

Caterpillar CATC 1.1
• Power: 20 hp
• Cost: 4,000 USD

• Specific cost: 200 USD/hp
• Design life: 100,000 hr

Suitability and cost of a technology always depend on the specific application – Avalon’s technology is optimized 
for the long storage durations required by its targeted key use cases

Analogy from the motor world 

1) See previous slides

► Best suited for power-focused applications 
like fast acceleration of passenger vehicles

► Best suited for energy-focused applications 
providing long-term power



Vanadium flow batteryPV plantLi-ion Battery

Long lifetime of vanadium flow batteries matches PV project 
life – competitive advantage for large share of use cases
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Impact of matching lifetime of the systems coupled

10 20 20Lifetime of 
the systems

2023

12,300

40%
11%

2026
39%

2020

12%
13%34%

41%4,600

30,500

RE ramping/smoothing Generation capacityT&D asset optimizationFrequency regulation

Battery lifetime not matching PV project lifetime Battery lifetime matching PV project lifetime

Substantial share of storage use cases 
requires match with long lifetime of 

generation projects  

Annual energy storage market by application 
(global, MW)1

1) Navigant (2017)



Avalon’s competitive advantages confirmed through 

partnership with PV industry leader and 3rd party evaluation
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• NEXTracker, the global #1 PV tracker supplier1,

selected Avalon through an RFP

• Avalon and NEXTracker have jointly developed

PV plus storage turn-key solution

• NEXTracker: “The Avalon battery … has seen

an equivalent of 6.5 years of use at 100% DoD,

and we still cannot measure any degradation”2

• “Flow batteries exhibit far greater capacity

retention and less performance degradation

over time than lithium-ion batteries, and this

system has quantitatively proven that.”

• “The system is inherently safer as the

electrolyte … poses no issues with thermal

runaway”

NEXTracker partnership:
NEXTracker is Avalon’s lead solar PV customer, 

with >1MWh deployed across 3 sites to date.

Assessment by DNV GL:
Recent review by global independent engineering 

company confirms product performance

1) GTM Research, “The Global PV Tracker Landscape 2016”, October 2016; 2) NEXTracker, “Smart solar-and-storage solution poised to displace baseload 

power and decapitate the duck curve”, August 2017



Commercial Application



Avalon has built, tested and delivered more than 4 MWh 
in North America and Asia
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Current Avalon’s installations 

Vancouver, BC
• 2015–2018
• 125 kWh

Qinghai, China
• 2018
• 2 MWh

Daejeon, Korea
• 2017
• 27 kWh

California 
• 400 kWh
• 2016–2018

Iowa
• 1 MWh

• Cumulative capacity: 4 MWh 
installed to date

• Main customers: Manufacturing 
plants, distribution facilities and solar 
PV generators

• Main applications: Demand charge 
management, PV self-generation 
and supply shifting

• Vanadium supply: Purchased or 
rented from globally diverse supply 
base

Western Australia
• 2018
• 150 kWh



Avalon commercial traction: Growing opportunities across 
jurisdictions as demand for durable, multi-hour storage grows.
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North 
America

Key drivers:
• Utilities adding storage to 

distributed generation
• Storage-as-a-service 

models maturing
• Large industrials adopting 

behind-the-meter storage

Near-term opportunities:
• 500kW to 1MW C&I
• Growing 1MW+ DG pipeline
Future growth:
• 20MW+ utility-scale projects
• Standardized service models

China

Key drivers:
• Limitations on renewable 

project interconnection 
and transmission

• Mandates for 10% storage 
on renewable generation

Near-term opportunities:
• 600kW PV integration (in progress)
• 5MW wind-coupled, Q4 2018
Future growth:
• 100MW nuclear power stabilization
• 100 to 300MW renewable-coupled 

projects

Australia

Key drivers:
• Utility challenges with high 

renewables penetration
• Diesel-fueled remote sites

Near-term opportunities:
• 5 x 200kW remote mine stations
• Local utility distribution bottlenecks
Future growth:
• 500MW+ mine site electrification
• Utility-scale renewable integration
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Commercial Case 1: Utility-Scale Generation, Qinghai, China

Project Characteristics:
• Solar-plus-storage deployed on utility-scale site

• DC-coupled with NEXTracker PV array

• Shifts energy to avoid local grid capacity constraints

Key Specifications:
• 64 Avalon AFB2.5 units

• 320 kW x 1920 kWh

• Commissioned September 2018
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Commercial Case 1: Example Economics
Utility-scale PV and storage - China

Battery Equipment Cost $  29,927,007 
Installation Cost $    1,496,350 
Total Capex $  31,423,358 

Incremental Generation, MWh 36,500 
PPA Rate, $/MWh $    149 
Annual Incremental Revenue $    5,435,036 

Maintenance and Operating Cost $        98,540 
Total Annual Benefit $    4,836,496 

Project Returns, 20 year IRR 14.3%
Payback Years < 7

Example: 25MW, 100MWh battery to improve 
integration of storage on site with limited transmission 
access.

Overall project Pro Forma
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Commercial Case 2: Factory Microgrid, Santa Cruz, CA

Project Characteristics:
• Solar-plus-storage microgrid

• Grid independent operation of industrial facility

• Avoided costs of grid defection yields >140% IRR

Key Specifications:
• 3 Avalon AFB2.10 units

• 30 kW x 90 kWh plus 74kW PV

• Powering facility 24/7 since November 2018
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Overall project Pro Forma

Commercial Case 2: Customer Economics
Microgrid - USA

Summary: 30kW, 90kWh battery, connected to 70 kW 
solar PV and a 30 kW gas generator, will allow a 
commercial building in Santa Cruz to operate 
independent of the electric grid.

Equipment, Batteries $      46,000 
Equipment, Other $      91,000 
Installation $      27,500 
Interconnection $        5,000 
Total Construction Costs $   169,500 
Tax Benefits $   (83,895)
Net Capex $      85,605 

Avoided Interconnection Cost $   (80,000)
Net Project Cost $        5,605 

Annual Utility Bill Savings $        7,855 

Project Returns, 20 year 140%
Payback, Years 0.7
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Commercial Case 3: MW-Scale PV-plus-Storage, Fairfield, IA

Project Characteristics:
• Solar-plus-storage behind the meter

• DC-coupled with NEXTracker PV array

• Reduces demand charges for university

Key Specifications:
• 35 Avalon AFB2.5 units

• 35 kW x 1050 kWh

• Commercial operation December 2018



Commercial Case 3: Representative Economics
Utility-scale renewables plus storage, USA
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Battery Equipment Cost $   5,120,000 
Installation Cost $       960,000 
Tax Benefits $ (3,100,800)
Total Capex $   2,979,200 

Incremental Generation, MWh
From POI Optimization 2946
From Curtailment and Clipping 4152

PPA Rate, $/MWh $     68 
Annual Incremental Revenue $       482,664 
Maintenance and Operating Cost $       102,400 
Total Annual Benefit $       380,264 

Project Returns, 20 year IRR 11.25%
Payback Years < 8

Overall project Pro Forma

Summary: 4 MW, 16 MWh battery on a wind and 
solar PV site; reduces clipping and curtailment, while 
using fast regulation to improve POI throughput.
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Commercial Case 4: Industrial Facility, Pomona, CA

Project Characteristics:
• Solar-plus-storage behind the meter

• AC-coupled on existing PV array

• >130% of expected demand charge savings in year 1

Key Specifications:
• 3 Avalon AFB2.10 units with Avalon DCM controller

• 10 kW x 90 kWh

• Operational since October 2017
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Savings to date have been 30% 
higher than customer expectations

Commercial Case 4: Savings Achieved
Behind-The-Meter Solar plus Storage - USA

Summary: 30kW, 90kWh battery, exceeding expected 
demand charge reduction service at California Medical 
Innovations, Pomona, CA.

Batteries, Installed $   103,183 
Solar PV, Installed $   192,500 

Total Construction Costs $   295,683 
Tax Benefits $ (176,937)
State Incentives $   (29,160)
Net Capex $      89,586 

Annual Utility Bill Savings $      20,119 

Project Returns, 20 year 22.1%
Payback, Years < 5



Vanadium Electrolyte Rental



Partnership for lease

Vanadium Supply for the Sandbar Project

27

AvalonElectrolyte 
supplier

Purchase of 
electrolyte

AvalonLessor partner
Sandbar 
Electric

Sale of VFBs
- Outright sale of batteries 
- Electrolyte physically delivered, but title to 
electrolyte not transferred

Transfer of 
electrolyte 
ownership

10 year 
electrolyte lease, 
with extension 
option

Partnership for lease
• Partnership leases the electrolyte to the end customer for an annual fee, tied to 

vanadium market price

• Partnership takes position on residual value of V2O5 at the end of the lease term
• The lease terms are based on other precedents in the market

• Future opportunity for ETF-like structure to hold vanadium assets and lease to a 
wide range of suppliers in the battery storage market.



Sandbar Electric Electrolyte Lease
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Electrolyte Lease Terms

Lessee • Sandbar

Leased 
product

• 4,260 liters of Vanadium electrolyte, which contains 
1,550 lbs of Vanadium Pentoxide

Lease term • 10 years, with possible extension to 20 years

Lease 
payment

• $2,556 per year
• Equates to $0.60 / liter of electrolyte per year, or $1.65 

/ pound of V2O5 per year

Operating 
requirements

• Operate battery in accordance with Avalon O&M 
specifications

• Do no remove battery from premises or electrolyte 
from battery without permission

Buy out 
option

• From year 3 onward, the Lessee may purchase the 
electrolyte at the greater of historical cost or market 
price

Return of 
product

• At end of term, Lessor collects the electrolyte from 
Lessee’s facility

Electrolyte lease for 3 AFB2 units
• Avalon customer Sandbar Electric (www.sandbarsolar.com) has installed a microgrid at their new facility in Santa 

Cruz, CA

• The solar PV + natural gas generator + storage microgrid will include 3 of Avalon’s AFB2 30 kWh batteries

Sandbar Facility Location

http://www.sandbarsolar.com/
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Electrolyte Financing – Lessee Cash Flows

Sandbar Electric opportunity – lessee cash flows
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Reduction in up front payment: $32k reduction in initial capex
Negative int. rate financing: Finance $32k, with total payments of $25.5k. Negative int. rate of -3.9%  

Cumulative 
payments

Savings of $6,390 vs 
purchase, or negative 
3.9% interest rate 



Sandbar Electric opportunity – lessor cash flows
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Current yield: 8.0% per year
Total return: IRR of 6.6%, with significant upside in Vanadium price / long term residual
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Avalon Battery
3070 Osgood Court
Fremont, CA 94539

connect@avalonbattery.com
www.avalonbattery.com


