




TNO is an independent not-for-profit research & 
innovation organization.

TNO connects people and knowledge to create innovations
that sustainably enhance the competitiveness of
businesses and the well-being of society.

TNO distinguishes itself through its:
• Independent position
• Multidisciplinary knowledge
• And cutting edge infrastructure / facilities
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TNO: Innovation for life
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Highlighted some of our special facilities:

Building Innovation Lab (Delft)

Solar Lab (Petten & Eindhoven)

Castel milieulab (Utrecht)

Nanolab (Delft)
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Powertrains



Battery energy 
storage – why?

TULIPS
Zero emission airside 
operations demo

All-iron flow battery 
performance field 
data

All-iron flow battery 
performance model 
→ Poster



DemonsTrating lower pollUting soLutions for sustaInable airPorts acrosS Europe (TULIPS). [Online].
Available at: https://tulips-greenairports.eu/about/ [Accessed: 7 February 2025].

https://tulips-greenairports.eu/about/


A. Kalkman, “Modelling and simulation of airports current and expected future scenarios” in TULIPS Progress Event:
Accelerating Airports in the Clean Energy Transition, October 10, 2024. [Online] Available at: https://tulips-
greenairports.eu/tulips-progress-event-accelerating-airports-in-the-clean-energy-transition/ [Accessed: 7 February 2025].

https://tulips-greenairports.eu/tulips-progress-event-accelerating-airports-in-the-clean-energy-transition/
https://tulips-greenairports.eu/tulips-progress-event-accelerating-airports-in-the-clean-energy-transition/


1/Energy & 2/Power Management Systems | 3/Distributed 
Energy Resources (DER) → PV – EV charging stations - All-
iron flow battery system | 4/Electrical integration of the 
DER on Medium & Low Voltage systems
Source: Schneider Electric

Microgrid architecture composed of four layers:







Source: Iron Flow Chemistry | ESS, Inc.

https://essinc.com/iron-flow-chemistry/


Source: ESS technical white paper on all iron flow battery – an overview

• The negative reaction involves plating of iron, always accompanied by the hydrogen side-reaction during charging
2H+ + 2e-

→ H2(g)
• Iron plating on the negative electrode, electrolyte crossover through the membrane and electrolyte rebalancing (to manage 

electrolyte pH and SoC over operation) following proton loss via the negative electrode parasitic reaction are important 
aspects.

• Electrolyte health management (rebalancing) is based on capturing and transferring hydrogen from the negative electrode 
and combining it with excess ferric ions (Fe3+) in the positive electrolyte.

https://www.windpowerengineering.com/ess-technical-white-paper-iron-flow-battery-overview/


*Personnal communication: Tj Mcdonald (ESS Tech Inc.)









Roundtrip efficiency 51.68% Roundtrip efficiency 48.05%



Start Date (Central 
European Time)

Discharge 
Duration (hrs)

Avg LVDC 
Discharge 

Power (kW)

Avg LVDC 
Charge Power 

(kW)
LVDC Energy 
Efficiency (%)

Avg POC 
Discharge 

Power (kW)

Avg POC 
Charge 

Power (kW)
POC Energy 

Efficiency (%)

2024-03-21 10:45 0.5 -36.9 73.5 62.5% -18.6 95.6 23.1%

2024-03-21 12:15 1.6 -25.8 31.0 60.4% -16.6 42.7 15.5%

2024-08-14 15:45 1.2 -33.9 43.2 53.3% -25.6 51.4 31.4%

2024-11-20 16:00 2.6 -43.2 68.8 60.9% -36.2 77.7 42.3%

2024-11-22 17:30 2.0 -47.7 53.6 60.1% -40.8 61.9 42.1%

2024-11-26 21:00 0.2 -8.1 7.6 51.0% -4.3 12.4 7.0%

2024-12-05 21:00 0.3 -12.6 8.5 59.6% -7.4 21.6 9.5%

2024-12-10 21:45 0.7 -18.4 30.3 54.6% -12.6 36.4 26.0%

2024-12-20 19:00 0.4 -17.4 29.7 36.3% -11.4 35.4 16.0%



• Safety and low-cost active materials, utilising earth-
abundant iron, salt and water made all-iron FBs an 
attractive solution for RSG towards safe & sustainable 
airport operations and reducing the carbon footprint 
and air pollution.

• The airside electricity demo operated for almost a year; 
more data are needed, however, to evaluate key metrics 
for performance, lifetime, availability of the specific 
BESS.
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This work has been conducted in the framework of the TULIPS project 
that has received funding from the European Union’s Horizon 2020 
research and innovation programme under grant agreement No. 
101036996.
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