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Flow Battery vs Li-lon Battery

—I AC/DC Inverter

Low energy density, solutions

]

1

[T |

11

[ |

1

!

—

i 9,

i

[ |

1

[ |

[ I |

i 18

i im

e

I la

Lot
Anode Electrolyte Cathode
(graphite) (LiCo0,)

S

High energy density, solid electrodes

SABATLE



Assets of Flow Batteries 7y
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Advantages:
—| AC/DC Inverter I_

Independent design of power & storage capacity
Easy scalability to MWV regime

No self discharge

No capacity fading during cycling

Long lifetime (20 years+)

Ondized - Ealke Long discharge times (4-8 h)

Current technology:

Vanadium flow battery (80%)




Sizes of Flow Battery Systems
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1. Bipolar electrode > Unit cell 3. Stack of unit
and frame bEHRE cells

Stack arrays

5. RFB system 4. Arrays of stacks

100-150 kW/400-500 kWh



Our Sustainable Vision
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Flow frame

collector

©Wirestoc|
J. Mater. Chem. A, 2015,3, 16913-16933

Renewable materials for active elements in flow batteries

Sustainable electrolytes (Raw Materials, Processes, End-of-Life)
Renewable membranes materials

Carbon felts produced from side streams

Frames produced from renewable or recycled feedstock




The patented Lignin/Vanillin based Battery 4
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n, 22HY, 2

+2H"' +2e-

.. ' . 2- methoxy 2- methoxy
ngnm Vanillin hydroquinone quinone

Eur. Pat. Appl. (2021), EP 3828975 Al,

Tailor-made continuous flow reactors PCT Int.Appl. (2021),WO 2021105322 Al

Regionally available and renewable (average pulp mill: 100000 t lignin /year) ‘ ]

LIGNOFRACSTORE IONFLOW

Compatible with existing battery technology ©u

Different types of synergies of SABATLE with other national projects

Startup was founded in 2022 to commercialize technology (ECOLYTE) g
Ecolyte




Goals of the project 7y
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| How safe (or dangerous) are current redox flow battery electrolytes!?

| How safe are emerging organic flow battery electrolytes from lignin?

| Implementation of safe-and-sustainable-by design principles to mitigate
environemntal and toxicity impacts




Work Packages and Interrelation
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Rational Design of Systems: Safe-by-Design

Material, Process & Product Safety

Regulatory & Ethical Aspects

Public Perception
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| Technological innovations present a challenge to
health & environmental risk assessment

| Rapid innovation causes a gap between
technology and suitable risk assessment tools /
frameworks

| Reduce uncertainties and minimize risks to
humans & the environment, starting at an early
phase of the innovation process and covering the
whole innovation value chain

—> ‘Safe and sustainable-by-Design’ concept




Rational Design of Systems: Safe-by-Design Oy

--
SABATLE
IV - Risk Characterisation . Il - Exposure Assessment | Information gathering & hazard
? + Risk assessment tools ~ Manomaterials * Exposure scenario mapping
" Development of + Identification of assessment
SHI'E'W“_DEWH S| ﬁvﬂmﬂ:‘r& & consumer
hompots | Exposure assessment
V - Refined Il - Hazard Assessment | Risk characterisation
? Risk Characterisation & ? « Collection of hazard deta . .. .
Exposure Monitoring * Phys.-chem. properties I RlSk m|t|gat|on
s Exposure monitoring * Taxicological outcomes

« Workploce megsurements » Benchmark/threshold limits

STARTING

END
PQINT

PQINT

* Survey
*  Company Wisits preparedness




SaSbD - Workflow mapping

‘y
. SABATLE
Input/Source/Supplier Input Process Step,, ,
/- Materials (MSDS) N 4 ) Sabatle
e Chemical compounds . Materials / __________ Nitrobenzene N
e Surfactants, Cu0 |
Solvents * Products from PS,, | 0, |
Intermediates | Lignoboost Electrooxidation |
k. J \_ J | Blackligor —  Kraftlignin —— Vanillin —— MHQ
I
I
\ _____________________ J}

Two improvements provided (solvent, ring structure)

e Materials or Products
e  By-products
e Process Waste

* Target Product W
e By-Products

e Process Waste d

Process Waste C)] Possible SaSbD actions

Output
Output




Toxicity Testing )y

Teratotox Thyroid disruption assay

Dose range finding ( 8 concentrations) LC,,, EC,,, and EC,, parameters are
calculated to characterize the systemic toxicity profile of the test substance.

2. Fluorescence assay (5 concentrations) The maximal concentration assessed is EC,, to

avoid interference of systemic toxicity.

48 hpf 120 hpf

1. Doserange finding (5 concentrations) 1.
2. Developmental toxicity (8 concentrations)

3-5 hpf 72 hpf 96 hpf

D § - : -ﬁ
O i

P24;5emb/well  (morphology, lethality) (morphology, lethality) Treatment Fluorescent microscopy

P24; 5 emb/well analysis
(fluorescent variations)

—a—Mortziity EC50 and LC50 are calculated and a
RETINOIC ACTD 4t Teratogenic Index (Tl) established
nSs-sma (ratio between LC50 and EC50)

100+
80
z . . |
g = LI kElY terato genic T(Z) 22 Control tgltgmcherry) embryo 3t 5 dpf Tg(tg:mecherry) embryo exposed to 25 mg/L
g : = Toxic but not teratogenic: TI(2) <2 KClo,
of m— - = Not toxic in zebrafish embryos
control 25 20 15 -10 05 00

Logqy concentration (uM}




Human toxicity of MHQ and MQ (zebrafish)

= DRF results = Fluorescence assay
PE-3474 (MHQ)
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Human and ecotoxicity of MHQ and MQ

100
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zebrafish 100 Log, PE4TAMHO) Daphnia
L Letaity

80
) 751 .
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g “ % 5ol
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- 231 LC50=0.018 gl

J " e L C10=.0.0096 gL

|, T * G
Control Control 0.0 05 . 1.0 15 0.001 0.01 0.1 1 1 10
Logm concentration (pM) L0 CORCRINEINON (n) ng-L

Not teratogenic

Still toxic but less toxic than vanadium (factor of ca. 30)
No endocrine disruptors, even at high concentration

Ecotoxicity similar as for vanadium compounds (EC;: 1.1-2.0 mg/ml), Daphnia seems to be very sensitive
towards MHQ and MQ (EC: 0.02 ug/L)




Life cycle analysis — System Boundary

5 _I
| { +  Membrane :
| i * Electrode I
' i +  Bipolar plate : |
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| MW power, 20 years lifetime of battery, vanadium vs MHQ, ongoing work




Life cycle analysis — preliminary results

M water, deionised
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GWP hotspots of
the MHQ
electrolyte

Relative
contribution of
unit processes to
the respective
reference flows.




Life cycle analysis — social aspects (in progress)
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Outlook and Current Activities
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_________________________________________

| Implementation of safe-and-sustainable-by-design suggestions in process

| Toxicity testing of modified compounds

| LCA finishing

| Preparation of manuscripts

| Continuation of interaction with stakeholders on national and international level




THANKYOU o
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Contact me if you have questions!

stefan.spirk@tugraz.at
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