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Introduction
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JenaBatteries GmbH

Laboratory and prototype facnllty

i
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JenaBatteries GmbH

* Founded in 2012, JB holds global patents for organic redox-flow batteries.

* In August 2016 we welcomed two new investors with outstanding expertise in
R&D, Engineering and Business Development. This speeds up the transformation
towards an economically successful company.

 JBis an innovative company that produces and develops large-scale energy storage
systems from 100 kWh upwards.

* We are currently building a global partner network with project
developers/technology partners and we are delivering selected pilot plants.

e Our award-winning Batteries avoid heavy metals and aggressive materials like
sulphuric acid.

e JBis currently supported by: EFRE“ 5R|f“§;‘n““m e
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* www.jenabatteries.com e Com o hesdaomg
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A great idea ...

... can loose
you a lot of
money!




First things first

The Need

m/ \m

Resources

~

Competition

-

Networking
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Organic radical batteries

L
- lower capacity » \ @
- tailor-made \\
' - disposable | N
- printed electromcs ! E

,’ - high capacity

/  -long-life
- high power

- cobalt free
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Conventional RFB

- A solid mature foundation -

Membrane

Pum

P (o

p

Vanadium, iron, chromium, bromine, ...
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JenaBatteries’ metal free aqueous RFB

Aqueous
electrolyte

New Material

Pump Power source/load Pump

Sustainable and easy-to-handle:
A water-based electrolyte replaces highly corrosive, acidic, vanadium-based electrolytes.
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Resources

Energy need in 2040: 110 TWh per day
- Need for 55.000 GWh storage

(plus batteries for electric vehicles)

Lithium Organic RFB
e Estimated reserves ca. 16 Mio. t * Estimated reserves ca. 240.000 Mio. t
e Annual production ca. 0,1 Mio. t * 4.400 Mio. t oil in 2016
* 55.000 GWh storage require e 55.000 GWh storage require
— 5,3 Mio. tlLi — 1.000 Mio. t oil
— 1/3 of known reserves — 23% of one year’s production
— plus Co, Ni, etc. for cathode — Including cathode and anode

International Energy Agency, wikipedia.de, 2018; pictures: wikipedia.org.
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Metal-free RFB stands for ...

e Safe & easy
— Free and independent scalability of power and capacity
— Non-flammable and non-explosive
— Turnkey energy storage system
e Clean energy
— No heavy metals or aggressive acids
— Resource-efficient
— Near-neutral pH
* Economical
— Inexpensive raw materials without raw material
bottleneck
— Low maintenance and excellent stability > 10.000 cycles |
— Flexible and sustainable investment

25/10/2018 Autumn School Flow Battery 13



Requirements for Success

| o To determine whether your idea meets the basic
requirements for a successful business, you must
answer at least one of the following questions
with a “Yes!”

— Does the business address an underserved need?

— Does the business serve an existing market in
which demand exceeds supply?

— Does the business have a significant advantage
over competitors (price, location, etc.)?
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Major Flaws

A “yes” response to any of these questions means
your idea has little chance for success: R bela.cre

— Are capital requirements for entry or continued
operation excessive?

— Are there factors that would make financing hard
to obtain?

— Are there potential detrimental environmental
effects?

— Are there factors that prevent effective marketing?
— Are there zoning, licensing, or other restrictions?

— Are there factors that restrict the availability of
resources (raw materials, skilled personnel, etc.)?
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Market & need
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Conventional RFB

- A solid mature foundation -

Membrane

Pum

P (o

p

Vanadium, iron, chromium, bromine, ...
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Vanadium-RFB

- An unpredictably expensive system -

120
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Vanadium price (S/kg)

N
o
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1919
1928
1937
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1955
1964 1
1973
1982
1991

U.S. Geological Survey; www.vanadiumprice.com.

2000
2009
2018

Demand exceeds supply
(80,000 t vs. 75,000 t, 2016)

China and South Africa are
closing down polluting mines

China introduces stricter
standards for structural steel
(higher V share) from
November 2018

High cost of extraction as by-
product from coal, ...



Vanadium demand
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3.400 t per
1 GWh

40.000
20.000

Vanadium demand

IFBF, 2018.
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Production of L

Battery wars: 84% of lithium-ion mass production
is set to be in China or the US by 2020*
Each dot represents one gigawatt hour (GWh), sufficient to power

o One million homes for an hour or

o 40,000 electric cars for 100km

50GWh fotal

CATL (Ningde, China)
capacity by 2020

Tesla Motors/ (Nevada, US) 35GWh

Panasonic** .
o F———Tesla represents US ambitions - but
25 206Wh Elon'Musk is famOU§ for failing to
meet his own challenging deadlines

Lishen (Tianjin, China) H
LG Chem (Ochang, S Korea)

2016  extra capacity
capacity by 2020

BYD China (Shenzhen, China)

LG Chem (Nanjing, China) : § Ch‘Jg : ’
g
Other « o

LG Chem (Wroclaw, Poland)

00000

Samsung SDI (Ulsan, S Korea)

ocees

0000

Boston Power (Liyang, China)
Boston Power (Liyang, China) :

Samsung SDI (Xian, China)

coee

LG Chem (Michigan, US)
.

CALB (Luoyang, China) &

Panasonic Dalian (Dalian, China) 3

FT graphic, Sources: chmark
Mineral Intelligence, FT research Panasanic's

anese production is not included

on batteri

The Big Read Batteries
Electric cars: China’s battle for the
battery market

Beijing invests billions to try to squeeze out Japanese and South Korean rivals
¥ f in A

Henry Sanderson, Tom Hancock and Leo Lewis MARCH 5, 2017 A E

The headquarters of CATL, China’s fastest growing battery maker, lie on the
edge of the city of Ningde, a stone’s throw from ponds where farmers raise carp

and a street of cheap noodle restaurants and vehicle repair shops frequented by

Autumn School Flow Battery

20



Li-ion batteries — They are for cars!

Exhibit 1 2,400 2,300 -
achinery

Annual battery demand: 2,200 _ Consumer electronics
elec_tric mobility segments, 2,000 Utllity-scale storage
stationary battery storage, 9 Distributed sterage
consumer electronics, ’ BEV tncks

i 1,600
and machinery BEV buses
GWh/yr 1,400

BEV vans and pick-ups

1,200 PHEV vans and plck-ups
1,000
0,
e +%2a/l: BEV passenger cars
600
400

Source: McKinsay Energy Insights’ 200 Egvﬁﬁo%ﬁg%ﬁrﬁheem
Global Energy Perspective (March 2018), JE—— A A
Avicenne 2016 2020 2025 2030
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Exhibit 3

Cobalt supply-demand
balance

Kt refined metal

Battery demand
W Superalloys
W Cermet tools and hard materials
W Other

Source: McKinsey Basic Material Institute

McKinsey, 2018.
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200

100

Demand outlook

94

2016

Li-ion batteries

Cobalt from Congo and substitute nickel: A bottleneck

+9.3%
p-a

135

2020

210

2025

Supply requirement

210
Required additional
supply

Current supply

Exhibit 4

Class 1 nickel supply-demand
balance

Kt

2025

Battery demand
M Class 1 non-stainless steel
M Class 1 stainless steel

1 Based on McKinsey nickel mine
supply model, includes existing projects,
brownfield and greenfield expansions in
certain, probable, possible and unlikely
projects.

Source: McKinsey Basic Material Institute
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Demand outlook

1,460
+5.6%
p.a
1,054

943

515
520 510
390 385 380
2016 2020 2025

Supply outlook

1,240

2025

Projected mine
supply!
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Diverging markets

Electric vehicle and stationary
storage batteries begin to diverge
as performance priorities evolve

Separate markets could evolve as EVs push for batteries with higher
density and stationary storage seeks higher cycling capability

AUTHOR
Peter Maloney

@TopFloorPower

PUBLISHED
Aug.1,2018

SHARE IT

or the past 10 to 15 years, electric vehicles (EV) have been the
F driving force behind the falling costs of lithium-ion (li-ion) batteries.

But the markets for EV and stationary storage batteries are
beginning to diverge, which could result in separate cost trajectories and
changes in their respective supply chains.

Analysts say that about 90% of the market for stationary energy storage is
served by li-ion batteries. Most of those batteries have been the same as
those used in EVs because the performance metrics required for both
applications are compatible, but that is changing.

"We expect that this split is already occurring due to high cobalt prices, and
the move to increase EV ranges in China," James Frith, energy storage
analyst at Bloomberg New Energy Finance, told Utility Dive via email. "The
impact on the market isn't clear yet but it is likely to mean that
manufacturers will have to make a clear decision on which market or
markets they want to serve"

https://www.utilitydive.com/news/batteries-
for-electric-vehicles-and-stationary-storage-are-
showing-signs-of/528848/

25/10/2018

e Energy density e Cycle life
e Co-based, but e No Co

low Co-content LFP, LMO

(NMC 811) Lower energy
e <2000 cycles density

The divergence that appears to be occurring between the EV
and stationary battery markets is similar to the divergence
that occurred in the past between batteries for consumer
electronics, such as phones and laptops, and EVs, according
to Christopher Robinson, an analyst with Lux Research.
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RFB market

FLOW BATTERY MARKET,
2018-2023 (USD MILLION)

CAGR
(2018-2023)

e o= e o o o e e o o e e e e e e e o e e e e e e e e e s e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e

MarketsandMarkets, 2018.
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Organic flow battery companies

e Country: Italy
ENERGY * Materials: Bromine + quinones
0 TR « Status: First small prototype presented

KEI * Country: France
‘r,, = mlww bank * Materials: Organic
 Status: 10 kW prototype presented

‘% * Country: USA

LOCKHEED * Materials: Metal-organic

MARTIN * Status: 250 kW/500 kWh prototype presented
(:) e Country: Canada
Quinensigy * Materials: Quinones

Organic Energy S

.........

 Status: Early stage

25/10/2018 Autumn School Flow Battery 25
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Business plan

Autumn School Flow Battery
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https://questfusion.com/how-to-create-a-startup-business-plan/

Business plan

ampetit®  \ S ((company
Analysis /< : _\Background
Bi);iness

A/
Financial
g
woT
A%alysis

Autumn School Flow Battery
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business-model-canvas.pdf

Business model

Designed for Designed by:

The Business Model Canvas

.Kt% Value Propositions [ ‘ Customer Relationshipd 2 Customer Segments

éf} Channels
]

Revenue Streams

Cost Structure

wwnbessd delgencration.com \y\w startplatz.de/wp-content/uploads/2013/05/business-model-canvas.pdf —-——=
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Value Propositions

What value do we deliver to the customer?
Which one of our customer’s problems are we helping to solve?

What bundles of products and services are we offering to each Customer Segment?
Which customer needs are we satisfying?

CHARACTERISTICS
Newness

Performance
Customization
“Getting the Job Done”
Design

Brand/Status

Price

Cost Reduction

Risk Reduction
Accessibility
Convenience/Usability

www.startplatz.de/wp-content/uploads/2013/05/business-model-canvas.pdf

25/10/2018 Autumn School Flow Battery
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Metal-free RFB stands for ...

e Safe & easy
— Free and independent scalability of power and capacity
— Non-flammable and non-explosive
— Turnkey energy storage system
e Clean energy
— No heavy metals or aggressive acids
— Resource-efficient
— Near-neutral pH
* Economical
— Inexpensive raw materials without raw material
bottleneck
— Low maintenance and excellent stability > 10.000 cycles |
— Flexible and sustainable investment
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The European answer to lithium

Li (cobalt) battery Organic RFB
— High energy density — Independent scalability of power & capacity
— High efficiency — Avoids heavy metals and aggressive acids
- Disadvantages — All battery components can be made in EU
— Intensive battery management for — Non-flammable and non-explosive
durability and safety — Long lifetime
— Limited resources (lithium, cobalt, nickel) — Wide SOC window
with increased price sensitivity - Disadvantages
— State of charge from 20-80% — Lower energy density
— Fire hazard — Average efficiency

Both battery systems have their advantages and which one to use depends ultimately on the application
and environmental situation such as operational temperature, availability of space, power vs. capacity
requirements etc.
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Customer Segments

o/
T e i

For whom are we creating va
h 0 are our most Important customersy
Mass Market

Niche Market

Segmented

Diversified
Multi-sided Platform

www.startplatz.de/wp-content/uploads/2013/05/business-model-canvas.pdf
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Behind-the-Meter

Lazard, 2017.
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Our markets

1
Project Life | MWh of ;  100% DOD Days/ : Annual I Project :
(Years) Mw® 1 Capacity® | Cycles/Day®® Year(¥ ,  Mwh I MWh I
i I ' I '
I I
20 100 : 400 I 1 350 ;140,000 I 2,800,000
| 1 I 1
| | | i |
. : ! I '
20 10 | 60 | 1 350 | 21,000 I 420000 |
I | ! I '
. | | | |
. | | | |
10 1 [ 4 : 2 350 I 2,800 | 28,000 !
I | 1
| | | | '
| | | i |
I
10 0.125 | 0.25 | 1 250 : 62.5 I 625 |
| | | | |
| ' ' | '
. | | | |
10 0.005 0.01 : 1 250 l 25 I 25 :

I

! |

Autumn School Flow Battery
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Our markets Aoplications

Peaker Flow Battery(Zn) ca2s @ sars

E Replacement
% Lithium-lon £291 . $335 $425
=
°.- N
; Fow Bateny1) # NUIMMMIMN s
- Distribution
S Lithium-lon $283 . $320 $411
G I S A _
Lﬁ L
Lithium-lon -4 > $435 LY 5543
-
<
Lithium-lon W > $576 $643 - $720
A0 o ¢
= Lead-Acid $445 $485
I
E Advanced Lead $640 - $757
£
& Lead-Acid $598 . $635
Advanced Lead $876 - $923
Lazard, 2017. $0 $200 $400 $600 $800 $1,000 $1,200
Denotes indicative Flow Battery LCOS value. Flow battery LCOS ranges are shaded given the lack of operati <peri quired to verify survey results. ~  Estimate
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Customer Relationshin

What type of relationship does each of our Customer

Segments expect us to establish and maintain with them?

Which ones have we established? Channels
How are they integrated with the rest of our business model?

How costly are they? Through which Channels do our Customer Segments
EXAMPLES want to be reached?

sl s ORIV How are we reaching them now?

it N How are our Channels integrated?

Communities Which ones work best?

Corcraation Which ones are most cost-efficient?

How are we integrating them with customer routines?

CHANNEL PHASES:
1. Awareness

How do we raise awareness about our company’s products and services?
2. Evaluation

How do we help customers evaluate our organization’s Value Proposition?
3. Purchase

How do we allow customers to purchase specific products and services?
4. Delivery

How do we deliver a Value Proposition to customers?
5. After sales

How do we provide post-purchase customer support?

www.startplatz.de/wp-content/uploads/2013/05/business-model-canvas.pdf
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Revenue Streams

For what value are our customers really willing to pay?
For what do they currently pay?
How are they currently paying?

How would they prefer to pay?
How much does each Revenue Stream contribute to overall revenues?

TYPES: FIXED PRICING DYNAMIC PRICING

Asset sale List Price Negotiation( bargaining)
Usage fee Product feature dependent Yield Management
Subscription Fees Customer segment dependent Real-time-Market
Lending/Renting/Leasing Volume dependent

Licensing

Brokerage fees

Advertising

www.startplatz.de/wp-content/uploads/2013/05/business-model-canvas.pdf
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M

Customers: Project developer

Energy provider )

JENA
BATTERIES

=
m |3
® c
o =
Q
= ()
o o
= =
< o
=

etz

I

Management fee

TRZANSNETBW

>

System operator
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Cost Structure

What are the most important costs inherent in our business model?
Which Key Resources are most expensive?
Which Key Activities are most expensive?

IS YOUR BUSINESS MORE:
Cost Driven (leanest cost structure, low price value proposition, maximum automation, extensive outsourcing)
Value Driven (focused on value creation, premium value proposition)

SAMPLE CHARACTERISTICS:

Fixed Costs (salaries, rents, utilities)
Variable costs

Economies of scale

Economies of scope

www.startplatz.de/wp-content/uploads/2013/05/business-model-canvas.pdf
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VRFB system price for energy ($/kWh)

System price breakdown

350 - Cost of a 1-megawatt energy-storage system with a 1-hour duration by segment,
V_ R F B _ i $ per kilowatt-hour/% change
m Direct Labor . .
2,100 L _
— ® Variable Overhead I I O n
300 - . . EPC: Engineering, procurement,
| | m General, Sales, Administration  and construction
1 Research and DEVEIopment Soft costs: Customer acquisition
250 - —_— ; . ogr and development, interconnection,
50 Unit price Deprem ation overhead, taxes, and duties
less materials o Profit
: Balance-of-system hardware:
200 4 \ — = Warranty Climate control, containerization,
ller and controls, and inverter!
= Other contro '
BOP
o Pump 879
150 A
Power P CAGH'
| Frame seal 587 —23%
I 4%
B Membrane
100 - Battery pack: Battery-management _ ~26%
EHE!‘E\," H Felt system, cells, and modules 193 _06%
>_/ H Graphite
-16%
50 | Electrolyte
| Positive Year 2012 2017
mN = The 2012 breakdown of balance-of-system hardware costs is based on the split used for 2015, because no break-
0 - egatwe down is available for 2012.

https://www.jcesr.org/estimating-the-system-price-of-redox-flow- ‘compoung ennual growth rate, 2012 to 2017 McKinsey, 2018.

batteries-for-grid-storage/
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Key Activities

What Key Activities do our Value Propositions require?
Our Distribution C
Customer Relationships?
Revenue streams?

CATEGORIES

Tl Key Partners

Flatform/Network

Who are our Key Partners?

-_Iﬂ_l',.-l.-.l E ? ~ “ |(ﬁ.. *—,Ul_p y :‘

Which Key Resources are we acquiring from partners?
Which Key Activ |t—--|| part pr— form?

UF fimization and e'.:-:*rl-:*m_'r'

Reduction of risk and uncertainty
Acquisition of particular resources and activities

Key Resources

I '[_

f—,

What Key Hesmu es do our Value Propositions require?
Our Distribution ( els? LUbtuIT?I Relationships?
Revenue Streams?

TYPES OF RESOURCES

Physical

Intellectual (brand patents, copyrights, data)

Human
Financial

www.startplatz.de/wp-content/uploads/2013/05/business-model-canvas.pdf

25/10/2018 Autumn School Flow Battery 40



25/10/2018

Next steps

Autumn School Flow Battery
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Legal structure

* Important decision!

* Defines taxes
 Amount of paperwork
* Personal liability

* Ability to raise money

25/10/2018 Autumn School Flow Battery
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Legal structure

e Gesellschaft mit e Sociedad de e Limited Company
beschrankter responsabilidad e Limited by shares
Haftung limitada e Limited by

e Min. capital stock e Min. capital stock guarantee
25 TEUR 3 TEUR e No min. capital

e Limited personal e Shelf company stock
liability possible and fast e Fast (24 h)

* No shelf company

25/10/2018 Autumn School Flow Battery 43



Picture: wikipedia.org

25/10/2018

Funding

* You
* Friends and family

* Loans (banks, microlenders,
government-guaranteed)

* Private / angel investors
e Venture capital firms

* Public grants

* Crowdfunding

Autumn School Flow Battery
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Financin

HOW STARTUP FUNDING WORKS
PO VCs, Acquisitions/Mergers & Secondary Offerings
:’;?dy "N A HYPOTHETICAL STARTUP GOES FROM IDEA TO IPO ¥ (Initial Public Offering) Strategic Alliances
:::,‘:h $235,000,000 at $2.6 billion valuation Angels, FFF Later Stage
i — E—— I
100.% OF 179 OF A TN Seed Capital Early Stage
NOTHING S A LOT LESS THAN BIG COMPANY... =
S
SERIES A L Public Market
$2,000,000 at $4 million valuation m
Mezzanine
IPO
SEED ROUND ...\ﬁ/
$200,000 at $1 million valuation % by 3rd
& $15000 FAMILY AND FRIENDS Break ever?
: 2nd
Rk DEA COFOUNDER STAGE i :
Fe g STACE : /
get 3 N |:|:] Py 1st
it 2 i |;s fif %
3 r Valley of Death https://startupxplore.com/en/blog/wp-
[ p: pxpl P
]) l \ '\' ( ¥ | H E Jl\ l) | l TI M E content/uploads/2014/10/startup-financing-cycle.png?e934a9
bl founder ] uncle )o S0 Fodl \
you uncle 2.6% PHOD ¥ - oo P———
" - 6/5% founder 1 gngel 4 https://ww k.c hnology/investing/ exit for investors
100% | ‘ = first employee | nding_nanotechnology_ compames 1.php
opfion pool 1.8% i
Founder 2 invention
founder 2 vce e unde !/} '
o b G 4% oplon pool 5 o
founder 1 bl < Profitability
P = @p boo o proof of concept
A~~~
W opfion pool? % produ(t
S Stock set aside for angel founder 2
founder future employees.
i founder 2 St market entry

https://blog.adioma.com/how-funding-works-splitting-equity-infographic/
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g cycle
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Financing cycle — first steps

P8 RANFT
DEWB Business angel G
WIRTHWEIN AG

m 5 Proof of concept Product
(]

Founding partners

%)
]
o
[T
o
|
<<

<
=z
[}
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Public funding of R&D
EFREE

Rt W B 1 75 Mio. € - Basic research on organic RFB

Thiringer Aufbaubank

1,1 Mio. € - RFB/Smart Grid L
EUROPAISCHE UNION

"

Bundesministerium
flir Wirtschaft

und Energe 340 T€ - photo-electrochemical RFB

140 T£€ - innovative materials

25/10/2018 Autumn School Flow Battery 47



Organizational structure

FUNCTIONAL STRUCTURE

* What expertise do we need?

* How many people? — Avoid being a
one-person team, recruit talent

* Cost? — Running costs add up fast!

* Isworking at a start-up company
attractive?

*  How much formalism is needed?
When to change?

* Leadership skills— Do we need an
experienced manager?

e Conflicts!

https://online.pointpark.edu/business/types-of-organizational-structures/
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Infrastructure

ACCESS
1 1 SEED INVTEC;:'\:::; Ve
Offices & labs, collaborative . o
spaces, ...
= business incubator s How (E=m
Professional accounting Sl Bl
HELP
Legal counselling e OtArtUPS  “rosem
. ] COSTS MANAGEMENT
Avoid heavy investments at
an early stage NETWORKING ‘exveRTiSE
FINANCE/
ACCOUNTING
SERVICES

https://www.hindiapost.com/what-are-incubators/
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Intellectual property

S
G-
‘—“‘_ International\ Carry out search, prepare
Inventions Authorities written opinion and

(ISA, SISA and IPEA)

are the object of

fransmit

transmit reports to

-

N applications to % bli -
= publishes on e
— — ——» PATENTSCOPE —
filed with WIPO —
International Receiving Offices Int tional grant '
applications (national or regional n (Erna ‘ona Designated Offices Patents
patent Offices or ureau (national and/or regional
the International Bureau) patent Offices)
Applicant
requests
supplementary
Months from International international National
priority date: h search h
< phase (optional) > phase . >
0 12 16 18 22 28 30
| | | | | | _
Application International Transmittal ~ Publication Applicant files Transmittal PCT national
filed with application of ISR &  of international a demand for of IPRP Il phase entry
patent Office filed with PCT written application international or (where the applicant
(priority date) receiving Office opinion ISR and written preliminary SISR seeks protection)
opinion examination (optional)
(optional)

http://www.wipo.int/pct/en/fags/fags.html
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Make yourself known

METROPOLREGION
MITTELDEUTSCHLAND

® >
luxresearch

This is a preview of an

COMPANY PROFILE
JenaBatteries

JenaBeatteries: Flow batery developer sing smalorganic molecle electolte
The battery of the future

JENA

D

We all know that we need to change some things if we want to preserve our
planet. Unfortunately, the average stationary battery system is relying heavily on i
mining and refining in sensitive habitats and is anything but green. JenaBatteries
creates organic redox-fl ies based on metal-free energy ¢
storage materials =alt and watar whinh mdiina tha animnmantal imnast and nan  mchiling charin

be manufactured !
TEXT, MARILENA STRACK o
-

Inflight Magazin ,,Discover Germany*“

« Pivoted from longer chain polymer electrolytes due to viscosity issues; retains original stack
design permitting low pressure drop operation

« Demonstrated full systems at 10 kW-scale as part of a publicly-funded program; starting STAGE OF DEVELOPMENT
pother pub) fynded 20 LW /100 LWhH micragrid projec nded by Horizon 2000

< should view the leading player flow battery Introduction
Eommerdalization, but look for continued technology development before engaging for nex)
generation energy storage solutions

Clients should view JenaBatteries as the leading player in
organic molecule flow battery commercialization [...]
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JenaBatteries’ metal free aqueous RFB

Aqueous
electrolyte

New Material

Pump Power source/load Pump

Sustainable and easy-to-handle:
A water-based electrolyte replaces highly corrosive, acidic, vanadium-based electrolytes.
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Organic active materials

tBu
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(V vs. AgCl/£

SHE water stability

0, evolution
Zn*[Zn° VAR VO, \NO*
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Br,/2Br
1.01V

J. Winsberg et al., Angew. Chem. Int. Ed. 2017, 56, 686-711.

* Agueous solutions are favored due to cost, safety and conductivity

 TEMPO/viologen-system uses a great part of water stability window
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How to chose organic active materials

2,2,6,6-Tetramethylpiperidinyloxyl (TEMPQ) derivatives

25/10/2018

Active part

Persistent radicals

Cheap educts (acetone und ammonia)
Simple synthesis routs for various R-groups

R 20—

—_
)

Actives Cost ($/kg)

Molar mass N-O: 30 g/mol
Molar mass TEMPO: 156 g/mol

55
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Assumption: —
100 USD/kWh
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Actives Molecular Weight / n_ (g/mol €)
R. Dmello et al., J. Power Sources 2016, 333, 261-272.
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Development

Laboratory and prototype facnllty

) l“““m

Pilot projects:
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Go and selll — Testing the market



Diverging

Converging

Organizational growth & scale up

Innovation & Entrepreneurship for New Ventures

Innovative Dutch serious games for serious professionals

Lean Scale-Up:

ORGANIZATIONAL GROWTH
Greiner (2004)

BUSINESS MODEL DESIGN

DESIGN THINKING RESEARCH OPEN INNOVATION AGILE
D-School, Stanford Elle Sc sier (2 " Chesbrough (2006) Agile Manifesto (2001) Osterwalder (2014), Steve Blank (2013)
D=2 Technology |nsc:m:in-g ------- - Licensing out
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Pre-seed Seed Early-stage Growth Maturity Decline
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& R anks
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- Venture Capitali
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| ] 1 | ] Investars
\/
- Erowcbund
Faunders

https://www.innovativedutch.com/the-lean-scale-up-innovation-entrepreneurship-for-new-ventures-infographic/
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Organizational growth & scale up

25/10/2018

https://upscalability.com/lean-startup-and-customer-development/

scalability ‘
challenge &

\ you need

to get
here

e
Stage ¢ seed  early

’ pre-mature
you are failure risk
here now
Lean Startup
Customer  Customer  Customer Company & Customer
Discovery Validation Creation Building Development*
© UpScalability, LLC * Steve Blank, Bob Dorf; The Startup Owner's Manual
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Failure

. BASED ON ANALYSIS OF 101 STARTUP POSTMORTEMS

W Top 20 Reasons Startups Fail

RAN OUT OF CASH
NOT THE RIGHT TEAM
GET OUTCOMPETED

PRICING / COST ISSUES

USER UN-FRIENDLY
PRODUCT

POOR MARKETING
IGNORE CUSTOMERS

PRODUCT MISTIMED

25/10/2018

LOSE FOCUS

DISHARMONY AMONG
TEAM / INVESTORS

PIVOT GONE BAD

LACK PASSION

FAILED GEOGRAPHICAL
EXPANSION

NO FINANCING /
INVESTOR INTEREST

LEGAL CHALLENGES

DIDN'T USE
NETWORK

BURN OUT

FAILURE TO PIVOT

8%

https://www.cbinsights.com/research/startup-failure-reasons-top/

Autumn School Flow Battery
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G & B

1. Single Founder

4

6. Hiring Bad
Programmers

11. Raising Too Little
Money

2.Bad Location

A
1€

7. Choosing the
Wrong Platform

s|

12. Spending Too
Much

3. Marginal Niche

8. Slowness in
Launching

£ %

13. Raising Too Much
Money

A

16. Not Wanting to
Get Your Hands Dirty

17. Fights Between
Founders

18. A Half-Hearted
Effort

Don’t be afraid!

18 Mistakes That Kill Startups

e

"

4. Derivative Idea

’. (]
()
‘:AA
9. Launching Too
Early

14. Poor Investor
Management

5. Obstinacy

10. Having No
Specific User in Mind

S

15. Sacrificing Users
to (Supposed) Profit

m

from

eponymous essay
by Paul Graham
http://fnf.vc/PG-01

visualized by
Mark Vital e
nnalogy, icons m Freepik

https://yourstory.com/wp-content/uploads/2014/12/fundersandfounders_18-Mistakes-That-Kill-Startups.png
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Don’t be afraid
of failure.

If you don’t start,
who else will?
If necessary,
launch again!
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Summary

* Metal-free, agueous RFBs as safe, non-
flammable alternative for lithium-ion batteries
in stationary storage

* Organic molecules provide "unlimited" raw
material availability

* Predictable costs allow for projectability,
bankability, insurability

* JenaBatteries offers metal-free, aqueous RFBs
starting at 100 kW for industrial customers
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