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COMPANY OVERVIEW

ULTRACAPACITORS PRODUCTS PEOPLE FUNDING CUSTOMERS
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PROUDLY EUROPEAN

Skeleton Technologies GMBH
Grof3r6hrsdorf,
Germany

+ Industrial scale manufacturing
facility

Skeleton Technologies OU
Viimsi, Estonia

+ R&D Laboratory

+  Assembly facility and module
development
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ONLY ULTRACAP MANUFACTURER WITH

A COMPLETE VALle CHAINA SOLUTIONS

SINGLE CELLS

MATERIALS

SkelMod 51V SkelMod 170V
SkelCap SCA series ULTRACAPACITOR MODULE ~ ULTRACAPACITOR MODULE

INDUSTRIAL ULTRACAPACITORS

Curved Graphene ﬁ
OUR PATENTED

RAW MATERIAL

SpaceCap SkelStart SkelGrid
CUSTOM ULTRACAPACITORS Engine Module ULTRACAPACITOR-BASED

ULTRACAPACITOR MODULE ~ ENERGY STORAGE SYSTEM



PROBLEM: LACK OF STANDARDIZED

MEASUREMENT OF ULTRACAPACITOR POWER
PERFORMANCE

+Maxwell: six step DC charge-discharge method
with 5 s current-cut.

+LS Mtron: DC charge-discharge curve analysis,
defining the voltage drop as the change in voltage
during the first 10 ms of discharge.

+loxus: DC charge-discharge curve analysis, similar
to IEC 62391-1A (class 3) method, also the so-
called 10 ms method. Additionally, loxus uses a 1
kHz AC impedance test.

+Nesscap: used DC charge-discharge curve
analysis, defining the voltage drop as the change
in voltage during the first 10 ms of discharge.




SOLUTION: CONSTANT CURRENT ESR
MEASUREMENT METHODS
IEC 62391

Method 1A

+Storage at 20+/- 2°C, uniform temperature.
+Held at rated voltage for 30 min.

+Current according to capacitor class

Method 1B

+Constant current charging at 95% efficiency,
+Constant voltage charging time is 5 min,
+Discharge current at 95% efficiency.



Testing current for methods
IEC 62391 1A and 1B

CLASS TYPE CHARACTERISTICS METHOD 1A METHOD 1B
Class 2 Energy storage ?(i)gl’;cl:jar?;cii;ance, ESR 4 x C\Up

Class 3 Power clzqae;aa\tci;fczlzczi,glzw F<R 40 = CyUg @95% efficiency
Class 4 :Dns\;cvaer;taneous E?s,rfheaisgtelg\t\,/esrhggR 400 x C\Ug @95% efficiency
Class 5 High power cycling Lowest ESR @95% efficiency

Third party testing by EGGO Space s.r.o ESE;a
I T



VOLTAGE DROP POINT IS

AU
ESR (Q) = ——2
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RESULTS:
1200F capacitors

Internal Specific Internal Specific Internal Specific
resistance power resistance power resistance power
Method (mQ) (kW/kg) (mQ) (kW/kg) (mQ) (kW/kg)
1A: class 2 0.17 46.5 0.58 12.0 0.31 211
1A: class 3 0.17 47.0 0.59 12.0 0.35 18.8

1B: classes 3, 4 and 5 0.16 50.0 0.60 n.7 0.34 19.0




RESULTS:
1200F capacitors
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RESULTS:
3000F+ capacitors

Internal  Specific  Internal  Specific Internal  Specific  Internal  Specific
resistance  power resistance power resistance  power  resistance  power

Method (mQ)  (kW/kg)  (mQ)  (kWkg) (mQ)  (kWkg)  (mQ)  (kWrkg)
Aclasso 0098 389 0.38 10.2 0.28 14] 0.20 19.7
Aclasss 0098 389 0.38 104 0.295 13.4 0.20 20.2

1B: classes 3, 4 and 5 0.114 33.3 0.38 10.2 0.296 13.3 0.20 189




RESULTS:
3000F+ capacitors

58.9 38.9

Specificpower (kW/kg)
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Competitive advantage of superior power
56 MW PULSE POWER SUPPLY TSEISHE.!,'OE._ 0 GO.ENS

High-Power Medium Voltage

Pulse Power Supply
+ Current: 21000 A
Voltage: 2 700 Vdc
Power: 56 MW

Application time: 2 x 150 ms
~ 460 x SkelRackl02V89F Modules

+ + + +

Comparison:
+ Skeleton’s solution 460 modules
+ VS competitor’s cells 1012 modules




ACTIVE HEAVE COMPENSATION
(20 t crane)

2.6

SKELETON COMPETITOR

WEIGHT: 252 kg 650 kg
VOLUME: 220 L 570 L
LIFETIME: »70 000 days 570 000 days
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