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Overview - Topics

» The Hydrogen Economy “Headlines”

» Implication of Required Scale:
“» Compressed Gas Storage Manufacturing
¢ Critical Materials

» End of Life
“ Reclamation of high-value materials (CF)
“* Next Life



! CROSSLINK Carbon Fiber and Composites Manufacturing

TECHNOLOGIES™

.

—

Hydrogen Economy Headlines
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LOTTE Chemical Constructs Hydrogen Tank

First ever gigawalt-scale electrolyser order — Commercialization Pilot Process Facility:
confirmed for offshore wind-powered

green hydrogen project FuelCellsWorks December 2, 2021
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Hydrogen Economy Headlines

LOTTE Chemical Constructs Hydrogen Tank Commercialization Pilot Process Facility
By FuelCellsWorks December 2, 2021

“Hydrogen storage containers used for hydrogen
EVs (FVEC) are core parts requiring safety and
reliability at very high pressures of approximately
700bar.

- @ LOTTE CHEMICAL

Every Step for |Hz

LOTTE Chemical announced its eco-friendly
hydrogen development road map ‘Every Step for o ’ h o
H2’ on July 13 stating that it will supply about 30% of /& ?:?W “.?.';'”.:,“.';.“,1'.\

the domestic hydrogen demand whlle achieving
carbon
ounced its plans to mass produce 100,000
hydrogen tanks in 2025, and expand production
0 500,000 by 2030”
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Manufacturing Automation: COPV

Roth introduces high-speed winding process

e

“Robotic” Automation
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COPV Manufacturing: Process / Throughput

Number of COPV Required 100,000 [Units/ vear
COPV Volume 52|11
Composite Mass/tank = 24|ks
CE Mass per tank = 16.8|kz {~ 70% mass fraction)
Number of Spindles’ Wimder = 3
Machine Hours / annum = 3034 | hours
(3 shift operation’ §1% efficiency)
Winding Pavout Speed Fiber Lay- _Il?.'.e-ll:luire-ll:'l No. of Winding
Process down rate, | Winding Time M/cs required
meter/sec meter/min Fi./min kg/hour [(Hours/annum)
________ 050 | 30 [ e8| ss | est [ 1300
"Wet" Winding | 100 [ N I CL AN N 2 T TS A 700
1.50 00 295 26.7 20950 5.00
________ 200 (10 % 1 36 | LI5S {40
"Dry” Winding | ERLN U S S T S S W . 72 N — 300
5.00 300 034 50.1 6285 200

2400 MT composite (net); ~ 1,700 MT CF Capacity
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Comparing Dry vs. Wet Winding: Performance

COPV Manufacture By
P et Unit
arameter 2| vDry" Winding |"Wet" Winding
Internal Volume Liter 52 52
Operating Pressure bar 700 700
Design Burst Pressure bar 1575 1575
Carbon Fiber T720SC36K50C | T720SC36K50C
(JBX18C1) (JBX18C1)
Resin Epoxy towpreg Std. Epoxy
COPV Wall thickness inch 0.726 0.730
(composite) mm 18.4 18.5
Ibs 52.6 53.5
COPV M /o Li
ass (wio Liner) = 239 243
Burst Pressure, Average | bar 1608 1275
Burst Pressure, 5td. Dev | bar 21 101
Burst Pressure, CV % 1.3% 79% ¢

Takeaways: “Translation”; “Debottlenecking”;

Low CV ~ lower CF consumption
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Critical Materials

« Carbon Fiber:
o Current Global Capacity ~ 115,000 MT/A
o Projected Global Capacity (2030) ~ 230,000 MT/A

Adequate to meet Global Green Hydrogen Economy Aspirations ?

« Carbon Fibers Suitable for 700 Bar COPV Applications:
o High Strength [750-850 kpsi]
o “Higher” Modulus [35 — 40 Mpsi]
o Tow-size
o “True Fiber Properties” & Translation
o Matrix for Designed for Translation &Reclamation
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End-of-Life

Consider “carbon-fiber rich” applications coming out of service:

: Td The Boneyard...?

« Reclamation/ Recovery: (Pyrolysis; Solvolysis)
« Recover carbon fiber in continuous form

o Property Knockdown?

o Next-Life Use ?
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Thank You



