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Akasaki Memorial Research Building

-LED signal lamp
- Full color LED display



2014Nobel Prizes:Profs. Akasaki & Amano

Invention of blue color LED with suitable crystal of gallium nitride

Without Blue LEDs, you can not create any colors you want,
and no white color LEDs are available.

Great energy saving: W-lampx(1/8) and FL(1/2)

U\H“U

Gallium nitride



EcoTopia Science for Sustainable St

Interdisciplinary (Natural and Social esearch

Towards the Realization of EcoTopia

- Research Goals and Basic Strategies of the EcoTopia Science Institute




EcoTopia 2020 and EcoTopia 2100

| EcoTopia 2100 |

A beautiful sustainable
society that is safe,

cure, and spiritually rich,

in which humans

live in harmony

with nature

EcoTopia Index _ Quality of Sustainable Life(QQOS1)
B Environmertal Burden

EcoTopia Index e .Echﬂpiaznzn

Optimization of resources,
e.g. food production and resource recycling
Optimization of energy technology and social systems
Diversity in culture, history, and natural environments
n environment restoration and ecosystem preservation
Healthy balance between human,
echanical and information system

<Now=>

il resources are limited
Mineral resources

are limited L . . .
Global warming, Contnbution of EcoTopia Science Institute 1
climate change Jime

Population explosion 050
Ecosystem collapse < > 2100
Population aging \ Qil resources are more limited Neraka

Etc. Mineral resources are more limited
Global warming/
Current trend climate change are more severe
Population growth/aging continues
Ecosystem collapse continues
Etc.

EcoTopia Index and pathway to EcoTopia realization



Qualityof Sustainala Life(QOSL)

Environmemal Burden

EcoTopialndex =

QOSL can refer to quality of life on either a per-person basis and for
society as a whole. It can also be plotted as a variable against time.
In addition, the perspective of the environment’s natural circulation
of living things and resources is also taken into consideration. And
note that the aim of EcoTopia Science is to ensure that QOSL is
maintained or increased.

On the other hand, the denominator “Environmental Burden” takes
Into account for the reduction in the total load imposed on the
environment collectively, as well as the environmental load per
person, for various environmental threats, including global warming,
ozone layer destruction, resource depletion, waste generation,
deforestation, biodiversity loss, and environmental pollution.



Energy World Concept

Environment

Natural
Energy

ndustrial Waste Heat
(Potential Energy)

Energy Utilization
(Optimization)

ow Environmental Lo




Miyachi Corporation Limited
since 1953 0y =vF XL

We supply “Solutions for Better Life”
via Earth-benign Advanced Systems of Water, Solar Power and LED
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Kiyokazu Miyachi
President

Kuniyuki Kitagawa
Technology consultant




Smart LED lighting system

 LEDs are very attractive for energy saving in that their
energy consumption is ca. 1/8 compared to tungsten
lamps and ca. 1/2 to fluorescent tubes(FL), and that LED
life time Is much longer by ca.7-10 times than those of
FLs. Effects of LED lighting system were examined on
human eye fatigue and hormone. And the controlling the
blue spectral intensity was attempted to improve the
daily human life of aged people.



e E-Smart lighting System for
“Spectrotherapy”

o Special lighting System for Improvement
of Living rhythms



Advantages-o1 LEDS! -

Long life 70000hrs:7-10 times FL

No Hg waste (ca.3 tons/year in Japan)

Safety: Low voltage




A possible physiological problem

Melatonin :N-acetyl-5-methoxytryptamine ; # '|:|}

H
A hormone with
physiological rhythm adjustment and hypnotic effect

BIH HEMRH 397

Commercially available as medicine for anti-jet lag but S0
forbidden in Japan. : L= tstom
@075 ¢ =7

The residue blue radiation of 440-490 nm used for the E:

excitation of white LEDs has possibility to suppress the | £ et

hormone secretion (at 464 nm) and to interrupt c.

sleeping. % oas)

l SR

Adjustment of color temperature to suppress the I “’ mL T
blue radiation using 3-color LEDs. E o 450Wavstfllngths(5:h 600 eso:

Fig. Effect of wavelength on suppression of

melatonin secretion (cf. Brainard t. al., 2001)




It has been is known that the wavelength peak of blue LEDs has a

suppressing effect on the secretion of a hormone melatonin that
expedites human drowsiness.

ddi=nid

Pineal

Melatonin
secretion
delgreases

1

id |
LI 1

HT.#”"'
8]



antisecretory relative sensitivity
of Melatonin [a.u.l]

! l
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Dark
room

15lux

4 4 40 d

T T T T

LED panel

M Collect saliva samples (control)
@ Expose eyes to LED for 45 min. from
1lam

@ Collect saliva samples again

@ Determine the concentration of the

hormones in the saliva samples by

ELISA _
( Enzyme-Linked Immuno Sorbent Assay )

Five males(20esx4+40esx1)

A=450nm

Absorbance (A/Ao)
D
o

1 1.0
C [pg/ml]



Melatonin decrease after Blue Exposure
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Intensity[—]

Spectra of RGB LEDs

]

Intensity[—]
Intensity[—]

400 450 500 550 600 650 700 400 450 500 550 600 650 700 400 450 500 550 600 650 700

A [nm] A [nm] A [nm]



Degree

of melatonin decrease

R#1 R#2 G#1 G#H2 B#1 B#2
e ——
9.9 27 .6 458 / 26.3 49.2\
32.0 3.60 -1.2s 4.24 24 .0 9.3
1.4> 12.2 7.84 27 .4 29.4
-3.99 -24 .- 1.4~ 0.22 40.0
26.7 25, 2.2 3.5 \ 5y
Greater decrease for Blue
Average
S m
[%] 10.8+162 10.4x142 Possibility to control of melatonin by B-LED




Different color LED with different spectrum

_'[ RGB W-lamp ]

Intensity[—]

Intensity[-]

[ Wt-LED 1

Intensity[—]

[ RGB-Wt-LED 1

''''''''

........

400 450 500 550 600 650 700 400 450 500 550 600 650 700 400 450 500 550 600 650 700

KR [nm]

R [nm]

R [nm]



Melatonin decrease after composite—color LED Exposure

RGB- RGB- RGB-Wt- RGB-Wit-
WL#1 WLH#2 WELED#1 - Wt-LED#2 LED#1 LED#?2
e —
A / 23.4 24,5 \
B -4.9; 5.74 315 28.4 20.2
D -10.2 \20.4 5.25 -2.16 5.57/

Average decrease rate
RGB-Wt-

RGB-WL

Wt-LED

LED

[%0] 4.55+9.04 @

Greater than RGB-WL

1L

Higher intensity of blue light at 450nm



Practical applications to improve human
living: focused on aged people

Experiment under casual living conditions

1. healthy aged people at a pay nursing home
2. Hospital rooms in a domentia ward

3. Group nursing home



Installation of E-smart LED lighting System

600 Ix on the floor from the ceiling at a height of 1.5 m
In private rooms.




Control of spectrum

FL lamp

60000

50000

N w S
o o o
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Intensity (counts)

10000
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Daytime

Intensity at 450nm is higher

Morning
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Experimental

OAt 8am and 6pm, saliva samples were taken by setting a small
sponge between a lip and alveolar for 3 min, followed by the ELISA

analyses to determine melatonin concentrations.

O Sleeping and Living conditions were obtained by interviewing
through nurses.
* Awareness: conducted by a modified Hasegawa test using
vegetable names remembered.

- Sleeping: nurse reports involving Night arousal, Early morning
arousal, Day dreaming and Night furor

O Communication



1. Healthy aged people at a pay nursing home



Melatonin Decrease

Blue bar:1 -2 w after
Purpule bar 3 -4 w after:

12 il FE 18
E ) - 3 FHE
x \
Mg
nl
R ﬁ
A B C D
Decrease 53.0 71.8 | 48.6 | 65.7 Av. 59.8
rate (%)
Circadian & awareness improvements
Night arousal Early morning arousal Day dreaming Night furor Vegetable names
Before After Before After Before After | Before After Before After
A + - + - + - + - 4 5
B - - - - - - - - 9 10
C + - + - + + + - 7 8
D + - + + + + - - 4 5




Happy episode

Aged woman on a meddle stage of dementia

Until the E-smart LED exposure, her
communication was difficult.

Y—

After 1 month exposure, she could talk with her
daughter.

The daughter and surrounding people reported
that my mother changed and improved.
|



2. Hospital rooms in a dementia ward



Decrease in melatonin concn.(pg/ml)

80 -
20 894 = ST = i
60 -
A 50.9
S5 50 -
~
— 40
h _
;n % 19.6
B 20 i 14.3 :
L bkl
. 0.6 0" | 06 -0.5 0.5
A B C D E
Night arousal Early morning Night furor Vegetable Communication
arousal hames
Bfr Aft Bfr Aft Bfr Aft Bfr Aft Before After
A + - + - + - 3 4 - Simple talk
B - - - - - - 5 11 Simple talk Simple talk
C + - + - + - 4 7 - Simple talk
D + - + + + + 5 6 - Simple talk
E + - - - + - 3 4 - Simple talk

Report from nurses: Stable mind under e

-smart LED, followed by instability after its removal.
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Fig.6. Wavelength of serotonin enhancing in the
morning



Mechanism

% Enhancement of melatonin secretion suppression

Enhancement of serotonin secretion  >Awa:eness inprovement

Enhancement of melatonin secretien-in—e¥ning/night —>

Deep and sufficient sleeping



Summary of E-smart LED lighting system

Olmprovement of human circadian rhythms
OPossibility to improve awareness and dementia.
OStabilization of human mind:

Future work include psychological study in addition to
physiological ones conducted in our researches.

Really, interdisciplinary subject over technology,
also leading to business!



Miyachi Integrated Energy System
for rural Areas

Tiny size experiment in the mountain village of
East Jawa

This integrated system is in a tiny size and
consist of solar panels, a biogas engine,
batteries and Miyachi controllers for battery
charging and discharging. The biogas Is
generated from milk cow dunk In a gas tank,
and fed to cooking burners and a gasoline
engine. Drinkable water was produced from
rain water through a filter.




Rain, Pond & River Waters N
R . Filtration
(Removal of Suspending Turbid substances etc.)

Water Pump

FS-32105

LED Lighting System

(Replace Mercury Lamps.)

Solar Controller

" Invertor

— o o o o o e o o — —

Battery Bank

—_—_— —_— —_— —_— —_— —_— —_— —_— e —_— —_— —_— —_ s

Solar Power System Biogas Electrlc Generation System




Surface
waters

1st filter
Sand&
charcoal

DC

Solar panels

~500W Air free flow
~2.5kWH/d? Flow meter ~5KPa
Generator | 2-4L/min
600 W
4 cycle  |p=ca.0.3
Y DC12V
220V
Myc. Control.1 || MC2 Y
Trans.&
SW1 Rect.
A 14-16V Clamp M
| 600W KD
DC/AC conv.

Y

A

Pump

v

2nd filter
Millipore

v

Drinkable
water

SW2

30A

TkW (2kWpeak)
TEP-1000-122

Battery Bank
40AHX5(2.5kWH)

\ 4

Sub deliv.

Commercial grid

Negative P
1-2kPapohipited

Biogas
CH, ~60%

ca.6m’
1-2hrs
1.6-1.2kWH/d

\ 4
A 4
_|
|£|

B

Rahasia

Fig. Miyachi Integrated Energy System (MIES) for rural areas(Ver.4S)

Miyachi Sistem Terpadu Energi (MSTE) untuk daerah pedesaan (Ver.4S)
JULY 3, 2015 by Kitagawa
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Surface
waters

1st filter
Sand&
charcoal

DC

Air:free
Solar panel 310L/min?
~1kW l

| Generator

Starér | 2.2kW
ontr.)

Flow meter

Ctr. Comp.
l Ctr.2
RLY2{Gas bag

~5kPal u-Tube sw | 1-2kPa

Ashl ca.11kWh
QP0102H-X27 ~ |Vineaar 4
J 3m3

A

Pump

v

2nd filter
Millipore

v

Drinkable
water

SW

AL/mi 1L/min
220V DEHZS/NH3 Bi
Myc. controller . Hiest pand oo
\\ Y Trans.& P bap
SW1 14w Rect. = k.1-2kPa
YNy | 00KINg
—® —> (TED lighd
DC/AC conv.
RLY1[P1kW (2kWpeak) Clamp M > » TV
TEP-1000-122 C Inv. SW :I
S Ctr.1 RLY1
Battery Bank

40AHX10

\ 4

Sub deliv.

Commercial grid

B

Rahasia

Fig. Miyachi Integrated Energy System (MIES) for rural areas(Ver.4)

10/4/2015 by Kitagawa



Energy World Concept

Environment

Natural
Energy

ndustrial Waste Heat
(Potential Energy)

Energy Utilization
(Optimization)

ow Environmental Lo




<Energy Resources > <disadvantages >
Hydraul ic Resource Disturbance on the ecological systems

Gas turbine/stem tubine o
fossil Fuel : Goal (carbon, sulfur) carbon dioxide :greenhouse effect

Petroleum (hydrocarbon) SOX and NOX:acid rain
Natural gas (methane)

Nuclear energy : Nuclear fission cost of waste disposal
Nuclear fusion no neutrons? Reactor wall
New energy : wind energy unstable supply, noisy
solar energy unstable supply, lifetime
geothermal energy unstable supply
tidal energy unstable supply
biomass high cost( recycling of waste)

waste incineration poisonous emission



Spectroscopic visualization of
temperature and chemical species

 In conjunction with highly efficient energy systems with
lower environmental burdens, we have developed
several spectroscopic visualization systems and applied
to in-situ monitoring of a new type of industrial furnace
for steel making and a fusion plasma reactor. The
temperature profiles which is the most important physical
property to determine the NOx emission was in-situ
monitored by a newly developed temperature video
camera. In addition, intermediated chemical species
produced in flames were also visualized. The
temperature in plasmas and excited atomic/molecular
species were also visualized as two-dimensional

distributions.



 Low NOx Emission from Regenerative
Industrial Furnace for 30% Energy Saving

e Spectroscopic Observation



Two-color method

Planck’s law

8zhc 1
A*  exphc/AKT)—1

p =&, -

Taking a ratio of intensities at 2 wavelengths,

2 (A4) exphc/AKT)-1

A, ) exphc/ K )—1

490 nm

530 nm

Intensity p

>

(K]

A 4

A2

Wavelength A

1800
1700
1600
1500
1400
1300
1200

p:Unit radiation energy [Jm]

h :Planck’s const 6.62608x 1034Js]
A:Wavekength [m]

c :light velocity 2.9979245& 108 [ms]
k: Boltzmann const 1.38066x 1023JK-]
T:Temperature [K]

g,: Emissivity [-]




Obiject :Test Furnace of Keihin Iron Plant, NKK (Currently JFE)

Thermal couple$3 %X 8)
Iy

20m

....................................\N‘mdow...\t\/mdow..wmi indo

D C B \

Burner: A .
EA) Exhaust duct | \B“”‘er B

_ _ Oil nozzle for pre-
Nitrous Oxide Analyzer

mivaord r\nrJ\hl 1ictinn

Fuel :Heavy Oil
Combustion:

Pre'mixed Combustion: combustion of fully mixed air

and fuel takes place in the chamber

: Combustion and mix of fuel

and air takes place at the same time in the chamber




Measurement Setup

150 cm

A A

L 95 cm 5

50 cm

]

High-speed
Video Camera

= \ 5

Band P.ath Filtg
(490 nm)

Mirror

l l

Oneway Mirror \irror ~ Band Path Filtg630 nm)

;-[ X |! Flame Image
(Neutral Density Filter (~ / 18) Observation \

Beam Splitter

Y

Y

Vi

Band Path Filter:

530.88 nn{Half width 8.77 nm)

490.0 nm(Half Width 28.0 nm)
High-speed video camera (photron,FASTCAM
ultima 40K)

Top Speed: 125 frame/secExposure Time: 1/125 sec

ndow

D

Flame

Chamber




= |
CD Gamer:

|
Observation -

Window

Furnace




Temperature profiles (premixed combustion

(Slow Motion(~1/10)

X y
Te— — I
- 1800 = 1800
= 1700 = 1700
= 1600 = 1600
= 1500 = 1500
= 1400 = 1400
1300 1300
1200 1200

| Fi A |
< ~30cm > Premixed < — 19T >
Combustion
: ) ~2m
INO,] in the exhaust ) Burner
Fuel ——
126~144 ppm 6mo.5m
WindowVindow | 1 m
Chamber B A |

&
<

8.0m




Temperature profiles (diffusion combustion)

K

1800
1700
1600
1500
1400
1300

1200

FzB

ca.30 cm . ) ca.30 cm

ca.3m

INO,] in the exhaust
24~33 ppm

furnace

& 3
< >

8.0m



0 K
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Thermo-couple temperature 700
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1400

1200 1350
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1200 1200 1250
1209200 &g 1200

1150
1100
1050
1000

C2 vibrational temperature

Premixed flame  Exposure time 0.01][s]

Figure 5 Temperature distribution
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4m
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1250

1200 1230

1200 1909

1210

1190

1170

2.2m

C2 vibrational temperature

Diffusion flame  Exposure time 0.01[¢

Figure 4 Temperature distribution
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39000
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37000
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32000

Exposure time  10[s]
Premixed flame
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12800
12600
12400
12200
12000
11800
11600
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11000

Exposure time  10[s] .

31000

30000

29000

28000

27000

26000

25000

0.01]s]
Diffusion flame

Figure 9 OH Emission Intensity
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Diffusion flame

Figure 8 NO Emission Intensity
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Hydrogen and valuable material
productionfrom biomass/biowastes by
hydrothermal process

In utilization of biomass or even biowastes, the suitable
energy conversion system is required to convert
chemical forms into fuels. Particularly for PEFCs,
hydrogen is necessary. We have succeeded to produce
pure hydrogen from biomass/biowastes such as waste
wood, cattle/chicken dung, tofu waste etc. A valuable
material, hydroxylapatite has also successfully been
obtained.



Hydrothermal Process

Biomass sample : 0.1 g
Distilled H,O / D,O : 3 ml

Additives :
— Sodium carbonate (Na,CO,)
— Nickel catalyst (Ni / SIO,)

Reaction Temp. : 400°C
Pressure : ca. 25 MPa

Microtube reactor
(10.5 ml)



Hydrothermal gasification of biowaste

* Cellulose # Real biomass
(Model biomass sample) Wasted wood

C:. 46.1 wt% H: 6.1 wt% C.46.2 wt% H: 6.7 wt%

N: 1.5wt% S: 0.7 wt% N: 6.1 wt% S: 0.9 wt%
Fertilizer Peat

C. 34.8 wt% H: 5.3 wt% C 46 wt% H: 5 wt%
N: 76 wt% S: 1.3 wt% N: 1 wt% O: 38 wt%



Molar yields [mmol]

© o o © _

=

Effect of Na,CO; and Ni Catalyst
on Hydrothermal Reaction of Cellulose

H conversion rate

~ 90%
H2
- H2
i o
i CH, o,
| H,
(o)
None Na,CO; Ni catalyst Na,CO,4 300 wt%
300 wt% 30 Wt%

Ni catalyst 30 wt%



Effect of Additives on Hydrothermal
Reaction of Wasted Wood

.

o o P N A

Molar yeilds [mmol]
o O

H2
H2
) CH,
L :
CH,
H, co,
| . .
N 8,00, \ Na,C0, 300 Wt%
one 300 Wt% 80 Wt% N 30 wt%

Ni 80 wt%  (cellulose



Molar yields [mmol]

o o

o o —h —h —h —h
©O N A O O = NN BN O o
T T T T

Effect of Additives on hydrothermal
Reaction of Okara and Organic

- 1.2 1
- Okara H, Fertilizer 2
1 7 H,
HZ
I 08 |
06 |
CH,, 04 |
H, ¥
L 2
H I
|_L | | | 0 J:L H \ —_— | N -
Na,CO, _ Na,CO;
None  NaCOs Ni 300 wt% None _Na2CO; Ni 300 wt%
300 wt% 200 wt% + 300 wt% 200 wt% +
NI Ni
200 wt% 200wt%
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== Cas5(P04)3(0H)
== Ca(OH)2

e CaC 02

300°C, 2 mmol Ca(OH),

Intensity Counter

300°C, 3 mmol Ca(OH),

10 20 30 40 50 &0 70 g0 S0

28



200C, No Catalyst

300 °C, No Catalyst

400 °C, No Catalyst
200C, 3mmol, Ca (OH) 2
300 °C, 3mmol, Ca (OH) 2
400 °C, 3mmol, Ca (OH) 2
Blank extraction

Blank operation
O Doy o

WP5CB#123 BPSCB#118 [IPSCB#105

0.003

0.1
0,004

200 °C, No Catalyst
300 °C, No Catalyst
400 °C, No Catalyst
200 °C, 3mmol, Ca (OH) 2
300 °C, 3mmol, Ca (OH) 2
400 °C, 3mmol, Ca (OH) 2

Blank Water

0.1
7 Doty gy g g g

HP5CB#123 EPSCB#118

P3CB #105

200 °C, No Catalyst
300 °C, No Catalyst
400 °C, No Catalyst
200 °C, 3mmol, Ca (OH) 2

300 °C, 3mmol, Ca (OH) 2

400°C, 3mmol, Ca (OH) 2

| 01

g 001,027 0035 0ogy
BPSCB#123 MPSCBEMS ~ PSCB#105

@

(b)
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Moisture and CO monitoring and controls in
polymer electrolyte fuel cells(PEFCS)

PEFCs are among silent and clean energy
conversion systems. However, there are two
serious Issues in conjunction that the strict
control of water concentration in the electrolyte
polymer films are indispensable to maintain the
stable electric output, and that the trace level of
CO greater that 10 ppm deactivates the catalytic
activity of the cell anode, leading to the output
decrease. We have developed a new methods
to monitor these phenomena and also to
mitigate the anode deactivation caused by CO.



In situ monitoring of water in a PEM

cathode
(Pt/C)

4H" + Oz + 4e°
— 2H20

H20

“\PEM
S0 um  (Nafion)

In situ monitoring of water in a proton exchange membrane (PEM) is important
but difficult because the then membrane is sandwiched between two opaque
electrodes. We have developed near-infrared (NIR) laser spectroscopy for the

detection.
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Detection of
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NIR laser InGaAs detector
(1470 nm) ~ Deam expander (256 ch.)
D PEFC
L LI LR B o~
0.6 - —— saturated water 20
@ . —— dried Nafion I\ H2 =
Q )
S 0.4} A > </
e o 1470 nm anode eihone
o) (PY/C)
N 02 — * HQ(T/C) 4H* + Oz + 4e-
g o ~ oH* + e — 2H2.0
00} A
| | | H20
PEM

8000 7000 6000 5000 4000
Wavenumber /cih

76



" Distribetion]
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LZD Imaging by
NIR laser]
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LCO poisoning onto
a Pt catalyst]

H,; 6 ml- mirt
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A hydrogen gas produced from hydrocarbons by steam reforming generally
contains residual carbon monoxide (10* ~ 10> ppm). PEFC requests less than
10 ppm level of the residual CO.



L CalalysIs at
the Pt surface)

(a) Production of H*

(b) Oxidation of H,

(c) CO poisoning

(d) Oxidation of the adsorbed CO



Result H,+CO ca.6mL/min
N,+O, ca.3mL/min
0.06
= e
= 005 —— pure hydrogen
G;J 0.04 —#— CO 7.24ppm
g 003 | —A— CO 104ppm
"é_ 0.02 —8— CO 1020ppm
0
5 001 | —m— CO 1.02%
@
° &
0 1 9 o,
Oxygen flow (ml/min) HaQ|  |= A
CO
O,
N,

The deactivation by high concn. CO can successfully be suppressed.
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« Thank you for your attention.



Development of Energy Consumption

1 Mill. years ago

100 000 years ago

7 000 years ago

1 400 years ago

Year 1900

Year 1990

Collector, without fire

Collector and hunter

Primitive farmer

Citizen

Modern Society (Europe)

O Food B Household O Industry

O Traffic

0 20 40 60 80

Energy consumption

100 120 140 160
[KWh/ pers*day ]



World Population and Energy Consumption
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Source: BP 2002, US Census Bureau, own calculations
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=| Energy Trends

Fossil Fuel Consumption, 2002/2025

(% increase/decrease 2002/2025)
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 Turn to some basic trend data, familiar to almost everyone here, so I will move quickly through these.

CLICK

  comparison of fossil fuel consumption 2002 actuals 2025 EIA forecasts.  Purple is oil, yellow gas, pink coal. 

By region, fossil fuel consumption as a percent of total energy consumption remains virtually unchanged in 2025
 Some notable differences in fuel consumption patterns within regions. 
  In Western Europe, coal consumption declines in 2025 and gas consumption increases, both on a percentage and absolute basis.  
  In the EE/FSU, gas consumption increases fairly substantially and coal as a percentage of total consumption decreases.  
  78% of incremental coal demand increase will be in developing Asia

By 2025, demand for natural gas in the developing world and the FSU will exceed that of the industrialized world by almost 38 %, or 25.6 quads.  
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