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+ CO, emissions
lead to rising sea
levels & extreme
weather.

* PM2.5 emissions
severely affect the
health of the
population.

Hydrogen
Fuel Cells

« Hydrogen is a
promising
alternative to
fossil fuels.

* It used in fuel
cells to generate
power with high
efficiency.

Replace
Nafion with
"Paper"

Expensive
Technology

Fuel cells aretoo  * Nanocellulose is
expensive for the cheap, abundant,
average & biodegradable.

consumer.  Substituting

Partly due to the Nafion with

Nafion ionomer cellulose will

membrane. reduce the cost of
fuel cells.
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« MSci in Physics

 Top 100 Global University (THE/QS)
« Top 5inthe UK (Guardian)

 Top physics department in UK (2003)
 Thesis project sponsored by Sony
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PhD in Electrical and Electronic Engineering
Top 10 University in UK (Guardian)
Top 3 Engineering Department in UK (Guardian)
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Tokyo Instituta of Technology

4 » Dept of Organic & Polymeric Materials |-+
4+ Top 100 Global University (QS) :
1 * Ranked 4" in Japan (THE)

s » NEDO National Hydrogen Project
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Kyushu University: 2011-2022
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Associate Professor

Platform of Inter / Transdisciplinary
Energy Research (Q-PIT)
International Institute for Carbon-

Neutral Energy Research (I2CNER)
Global Ranking: 126 (QS)
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¥ KYUSHU UNIVERSITY Leeds University: 2014-2016

* Visiting Assistant Professor
 Energy Research Institute
- Top 100 Global University (QS) Z AN\
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A% KYUSHU UNIVERSITY Sheffield University: 2015-

* Visiting Professor
 Energy 2050
Global Ranking: 75 (QS) _
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Motivation
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Pollution linked to one in six deaths Pollution is killing more people than wars, obesity,
e i smoking, and malnutrition
© 20 October 2017 | Health F f ¥ ®© [ <« share Hilary Brueck, Business Insider US

(® October 24, 2017

N s =008 )

GETTY IMAGES

Pollution has been linked to nine million deaths worldwide in 2015, a report in
The Lancet has found.

Deaths per 100,000 people that are attributable to all forms of pollution, 2015

y »”(:: ‘:»: . r g e .y - il a:

< “ " g = A policeman, wearing a mask to protect from severe pollution. Thomson Reuters

5 Y .- 9 million people died prematurely from pollution-related diseases in 2015, accounting for 16% of all

s - deaths worldwide. Almost all of the pollution-related deaths are happening in poor and developing

- countries. This costs the world an estimated $4.6 trillion a year.
e O & lvgo,, “In addition to the human tragedy, this
oo " | -~ pollution costs us well over $4 trillion in
. 101150 annual losses, or 6% of global GDP.”
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Bl 151-316 Source: The Lancet



Energy Security

Total Ukrainian'
plpellne capacity:
140 Bem

The Qil Markets Are At A Confusing Crossroads
QilPrice.com - 7 hours ago

The oil market is “adequately supplied for now," but the supply losses from
Venezuela and Iran leave the market suffering from "strain,” _..
Oil prices rise amid Saudi tensions, but demand outlook drags
CNBC - 1 hour ago

OPEC Thinks the Oil Market |s Worried About the Wrong Thing

Motley Fool - 9 hours ago

REFILE-UFPDATE 1-3 Korea's Sept imports of Iran oil fall to zero ahead ...
Reuters Africa - 3 hours ago

Iran Found New Partners for Qil Exports Despite US Sanctions - Vice ...
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Oil Shock
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Renewable energy
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Annual Power Generation in Japan (FY2016)

Wind Geothermal 8i
Solar g g% 0.2% _ _ Biomass
4.8% ) 1.7%

Hydro

7.5%
Nuclear _
1.7% Coa,
Other Thermal 30 0%
8.5%
Qil
5.4%

75% Fossil 80% Fossil

Annual Power Generation in Europe (FY2016)

Wind enersy RN .
6.0% (5.9%)
[Photovoltaic eVl 3.7% (3.4%) "~ Renewable
energy
30.0% (29.8%)
Hydropower KM EFNGLEYS)] Fossil fuels
44.4% (44.1%)

Nuclear energy }—/’

Source: Eurostat, Agora, Sandbag | In brackets: Figures from 2016

Annual Power Generation in US (FY2017)

_~geothermal 2%

S
- solar 8%

— wind 21%
biomass waste 4%

bicfuels 21% biomass
45%

wood 19%

hydroelectric 25%

Soft coal EXEACEEIN

EERERY 11.0% (12.0%)

44.4% Fossil

B0 19.7% (18.6%)

others EREACITY
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Renewable energy generation

Water electrolysis
using surplus

.. renewable energy

Solar power |
generation  Wind power
generation

&

Small hydroelectric

é generation

E.g. Transform into

Store ¢
rogen
oty Fuel cell

Geothermal
generation

rt into

rogen
compounds

liquefied ammonia and

use as fuelor fertilizer

HeO OE !

Fuel cell buses

The Hydrogen Economy

A

Generate
electricity

W

Gas turbine power
generation

O

Hydrogen vehicles
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Fuel Cells
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First, who knows how a battery works?

One chemical reaction sucks up electrons

Flow of
electrons
between the
electrodes is
electric current.
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The other liberates electrons



/ KYUSHU UNIVERSITY Polymer Electrolyte Membrane Fuel Cells

. Hydrogen @ Proton (+ve)

Fuel Cell Stack

. Oxygen Electron (-ve)
Cathode
Hydrogen Oxygen
H; Fuel 0O, From Air
H- Recycling Air and
Water Vapour

Gas Diffusion Layer

Catalyst Catalyst Gas Diffusion Layer

Proton Exchange Membrane
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2 wusmvonvesy - ENE-FARM: Residential Fuel Cells
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>220,000 units sold
~0.5 % of households
Aisin, Panasonic (+Toshiba)

1,100,000 JPY
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METI ENEFARM Unit Cost Targets:

« 2018: 11,000 USD (11 years investment return)
« 2020: 8,000 USD (8 years investment return)
« 2030: 5,000 USD (5 years investment return)

250 000 350

" I Installed units ~{m=Selling price 233164
£
L 200 000 303 193 587 c
) 298 o
& - 250 &
uuj 154,059 8
E = 150 000 - 00 2‘
35 115 455 =
E™ 100 000 - 150 §
° o
o —_—
3 - 100 %
£ 50 000 37525 2
o 9998 19 282 . 50

2550 -

0 N . . | | | | Lo
2009fy 2010fy 2011fy 2012fy 2013fy 2014fy 2015fy 2016fy 2017fy
* Based on determination subsidization base (As of the end of January 2018)

Reduction in system price has stalled.
Disruptive technologies are required to meet cost targets.
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15 December 2014

502 km (312 mi), 79 mpg.,
114 kW (153 hp), 370 cells
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Katsuhiko Hirose

Project General Manager, Fuel Cell
System Development Division
And WP Visiting Professor at
Kyushu Univeristy

, Denmark, Germany, Belgium, and Norway

Available for sale in the
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10 March 2016

590 km (366 mi)
130 kW (174 hp)

7,600,000 JP
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Toyota’s expected global sales of FCVs (Single year)

35,000

(Vehicles) 30,000
30,000

25,000

20,000

Global Sales Target

15,000
10,000

5,000

2 000 3,000
o s | . |

2015 2016 2017 | around 2020 |

Source: METI, Japan



Can hydrogen

and fuel cells

really impact
soclety?



KYUSHU UNIVERSITY

« Easy to take privileged position in Japan for granted.
* Fuel cell technologies are still extremely expensive.
« They should be for the many, not a select few.

* Otherwise, they will have little positive impact.
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$11,000 $67,000 $76,000



// KYUSHU UNIVERSITY Why are fuel cells expensive?

1,000 Systems/Year 500,000 Systems/Year

® Bipolar Plates

I B Membranes I

m Catalyst + Application
m GDLs
m MEA Frame/Gaskets

m Banace of Stack

10 to 28% is due to the Nafion electrolyte
Nafion in MIRAI: 525,000 JPY
Nafion in ENEFARM: 52,000 JPY
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The ultimate goal Is
that the hydrogen
economy can reach
all parts of the world.
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Nanocellulose:
Paper Membranes
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T. Bayer et al. / Chemistry of Materials (2016)

Nanocellulose Membranes

Abundant biopolymer
Extremely cheap
Green (oll free)

Strength: 4 x Nafion

Hydrogen permeability:
1000x lower than Nafion



// KYUSHU UNIVERSITY Morphology of Nanocellulose Fibers

Conventional Paper Nanocellulose Paper

T

10 um fibers 100 nm fibers

T. Bayer et al. / Chemistry of Materials (2016)
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NANOCELLULOSE MARKET Global Mark 3
KeWVO rd: "cellulose” Nanocellulose Industry share to
surpass $1 BN by 2024
patent documents worldwide CAGR (2017-24)

Billion dollar market by 2024.

] 33.9% |35%
Global Nanocellulose Composites
Industry Application

Personal Care

@

135% 140%
Nanofibrillated Bacterial
cellulose Nanocellulose
Market Share 2016

Textiles

9
€

Nanofibrillated Nanocrystalline Composites
cellulose cellulose Application

Europe CAGR

(2017-24): 35% APAC market
g size by 2024:

$210 MN

Healthcare

(%

NA
share by

2024: %

Security Inks -
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Aerospace
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2016: World’s first
paper fuel cell!

17.2 mWicm? at 41 mA/cm?

1.0

Voltage (V)
o
(o]

o
~
Power Density (mW/cm?)

17 mW/cm?

0 10 20 30 40 50 60 70 80
Current Desity (mA/cm?)

CNC 50 um at 80°C, 4 mA constant load current

Voltage (V)
©
[e)]

o
~

Highly stable for 24 h!

But longer tests required...

12 16 20 24
T. Bayer et al. / Chemistry of Materials (2016) Time (h)




KYUSHU UNIVERSITY Innovation 1: Sulfonation

Cellulose Nanofiber

(%

” ‘ 1. Oxidation with NalO,

o=

Oxidized
Cellulose Nanofiber

Sulfonated
Cellulose Nanofiber

T. Bayer et al. / Chemistry of Materials (20f6)



Innovation 2: Spray Printing

4x decrease in thickness (reduced resistance)
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80°C, 95% RH 160
140 _
120 G
—~ <
S 1100 £
g oz
g 80 ©
* 0 O
30 - 8 ym 2
2 40 @
0.1- 17 — 157 mW/cm _
70 — 800 mA/cm? 20
0.0 ' T ' T ' T ' I ' 0
0.0 0.2 0.4 0.6 0.8 1.0

Current Density (A cm™)



Some way to go to compete with Nafion.

But huge potential cost savings.

Cost / performance trade-off.



Kyushu
University GAP
Fund
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KU GAP Fund (2018 - 2nd Year)

University-Initiated Venture Business Seed Development

.
 Creation of university— |n|t|a1.%c?ventures based on research
results of entrepreneurial faculty members.

* Integrate customer evaluation which is where university
iInitiated ventures are most likely to fail.

10 projects/year, 2 million yen, 7 months duration.
 Faculty aged 30-40 represent 80% of all applications.

e Company formed after positive customer evaluation.

Proposal on b Report on

verification of O implementation
research g results
osuts Al R

P3}

Grant period (about 7 months) Within 1 month after

|_endofgrantJ
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Primary Evaluation Academic Research and Industrial
(Document Screening) Collaboration Management Office
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Inexpensive Fuel Cells:
Replacing Sulfonated Fluoropolymers

- Manage press releases

HiT amw with Cellulose Lyth Stephen | 15 S5R . .
. —T—— T+t ——T1 -1 ° Matchmaking with VC (banks)
EES | WS [T s i ik EF% . g, s
| sane | s | s | P P and tech companies (utilities).
| S#As 5 4 4 4 4 5 28 . .
. J J 5 " . - e Support during meetings.
| WEAD 4 4 3 4 4 3 23 .
m—— A : A - « Legal advice.
WiEAF 5 4 4 4 3 | 3 23
,_[i‘_lll'a [ 5 5 5 5 5 31 3] -
| _EEAH i 5 l q i i I i kK] %}%mm?g SORBBERTRTI A, HET
[ bl&_:th‘l&inﬁl‘f‘tt\i’f( H?Lj«_ﬂﬂi;fwgiﬁskau
¥ 3 ATS A13 163 43 438 | 4w 2563 | e A g L A
HEEFIRES. RE=IEES

EMRLELL, /I O—RE MRETSTOWMMISEFND
BEBLERARARTHY . BOMHELTLHASATUET. TO
A3 A ORMTHHENHMTT, HR L HRTUHT
MR TTEMHTRREMR T HTLISRILELL.

(b)

Secondary Evaluation
(Interview Feedback)
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BFAN—DOT Mo En

B 5 TR
IRILF—AERHEHEE orr ) )
Inexpensive Fuel Cells: = —
I ROUND RANKING Replacing Sulfonated Fluoropolymers with Cellulose sggg) Sgs E——
oL Lvth Stephen (7 5 T ® TRk (US$/m?): +T474 =700 = F /LA~ =< 1
JUDGE TOTAL RANK VA ROE] © PHIRNHIBE = 99% -~ PEFC AUV HIEE = 28%
EEBA EEB EEC #EED BEEE EEF EE8G & &t I £ t © AR (mW/cm?): 156 (e.g. F-F17 = 700, DMFC = 200)
o ETED S s e e == B f h i i 7 o DRFERHEDMIRIZDNTIERENEHTT
5 5 4 4 4 5 5 32 8 fir s: 1 | SEFENTIREROHN
POSSIBILITY t 6% [E
3 4 4 5 4 5 5 4 31 7142 = 7% ® F/tNO0—ATHELIIREHEIZS (K (MEA)
STRATEGIC E e 6’}? ©® EOFEH =5x5cm HOFEE =10 um.
4 5 4 3 3 5 4 28 10 i1 3 B % © 2R USS25/m?. H HEE 400 mW/cm?. i AT 1000 h.
SUPERIORITY = o
7 4 4 5 4 4 4 5 30 74 e ;g i BESH DR
el o B FRAREMHE Oy VADEIZ B
o £ ° ek v =] &
higt 4 4 4 4 5 5 5 31 5 {4 2 o KBBIESKENBOFDOTAME
TS 4 4 4 4 4 5 5 30 9 fif ® EER/NT—AZYMIXT7—LLE) ~DFIF
TOTAL FHRIMT SBMEBDEE. AMAT SRR - AP TANEE
& &t 25 26 26 23 25 29 28 182 9 fir FET Ml : vaclp




Current Status: Screen Printing

® Cellulose/ Screen

« Switched from spray deposition to screen printing

« Large area, uniform films, reproducible, cheap.

« Industrialized thinking catalyzed by start-up fund.
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Pduct Development I ENE FARM

type S

AN
TR
Ui

[
'
L}

Current Status: Mid-term target: Lona-term target:
2017 status MEA (4 x 4 cm) MEA Stack 250 W Systgm integra?tion
Prototype Targets (November 2018) Current Status

Power Density: 400 mW/cm? 157 mW/cm?

Active Area: 4 cm? 4 cm?

Hydrogen Crossover: < 2 mA/cm? 0.5 mA/cm?

Open Circuit Voltage: 0.7V 0.97V

Durability: 1000 hours 24 hours
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 First patent application in Japanese a huge amount of
time, confusion, effort and cost.

« Short Time Scale: 7 months for prototype development,
finding customers, arranging customer evaluation.

« Customer evaluation required before company formation.

 First foreign applicant. Don’t have business Japanese to
Interact with companies (VC / banks / tech).

» Conservatism of Japanese companies. Wary of
academics / young faculty / foreigners.

« Lack of clarity about conflicts of interest between
academic / business (how faculty can make money).



Summary

Renewable technologies and hydrogen will

mitigate climate c

Fuel cells should

nange and improve air quality.

ne widely available, but they

are far too expensive.

Nanocellulose can replace expensive fuel cell

membranes.

We made world first “paper fuel cells”.

Potential savings

7

of 28% of fuel cell stack cost.

Start-up I1s work-In-progress.



“‘Money doesn’t grow on trees”

*Nanocellulose does”
EIIRIZEZLGL, KIZF/O0—ANSTETLVET,

[Kin wa ki ni haenai. Shikashi, ki wa nanoserurdsu kara dekite imasu.]

Thank you for
your timel




