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Corporate Profile

® Head Office Kyoto, Japan

® Founded October 17, 1945

® |ncorporated January 26, 1953

M Net Sales 187.1 BJPY (Fy2020)

¥ Employees 8,269 (FY2020)

W Business Manufacturing, sales, services of analysis and —
measurement equipment Dr. Masao Horiba

Omoshiro-okashiku
Joy and Fun

Motto “Joy and Fun”

4‘5 s . Work that occupies most of the time in our lives should be more
L L fulfilling to be able to enjoy our lives even more. Taking on new
% : ) challenges and having pride in our work leads us to “Joy and Fun.”

%
Chairman & Group CEO
yg_R!rgﬁ © 2022 HORIBA, Ltd. All rights reserved. AtSUShI H0r|ba




HORIBA’s Business Domain
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Compliance with Renewable energy/power plant Autonomous driving
waste water regulations Greenhouse gases Regulatory compliance

HORIBA © 2022 HORIBA, Ltd. All rights reserved.
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Application of Basic Technologies

Gas Flow Control

Infrared
Measurement

Spectroscopic
Analysis
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HORIBA allocates its development resources by focusing on specific analytical and measurement technologies,
through the applied development of these technologies, efficiently conducts product development in 5 business

segments with different markets.
!r'lpR!Eﬁ © 2022 HORIBA, Ltd. All rights reserved.
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2. Monitoring Technology for FCV Hydrogen

lHOC,RIBﬂ © 2022 HORIBA , Ltd. All rights reserved .
rocess & Environmenta



=

MiSatired mparliss @ech @@ 00 and O
acour atedy during Ho purficasom which cam
[ R et o e 5 e el ol

Trace Gas Monfor w

GA-3T0

Hydregen Concenbrafion Monitoring

BAOROME ThG Dty O B i Gal S, with sate
o e - e o e et o

Thamal Concuc ity Ambza
TCA-51 Series ﬁ

Geanerated Gas Monitoring

P i i (S ) T2l i S P g iy e
S0 OO TR e T o
e

Mool +Componant
ViA- 5000

Solar Gall Evaluation

Evaluated Sl Mickneas, oot e
deyadation charactersfcs. impurbics
oyl al i By, el

Miorosoopa
XploRA PLUS

Spectmsoopic Elpeoma tor
UVISEL 2 e

Solar Cell Mamwfacturing Process

el @ed CONTROE Tee OOMESOTRSON of
cmngmm‘lm‘oﬂnhn P
ﬁu‘ﬂ:aﬂ:’w
(e mnﬂ'!ilum

Chememl ConmeriratonMomior == =
CS-T00

-

Mass Flow Coniroilor
SEC-Z500
Mol Photos yrihetc Cataiyst Evaiuation

Ewiuxa fw condbions weder which 1he
e e e )
Fluomscanco and

Absorbance Spoctometor |
Duetta -

Greenhouse Gas Monitoring

ISR, el oo i cr Mt et
Iy 8 B s R
Y 8 AR TP Hean e -

{Gas Analyzer |

et -Coompeonant
VA-5000

Storage

Bl tredy® & wilar aned
e @ Ho by SOET

e
PP ol R P

HORIBA Contributes to a Sustainable Hydrogen Energy Society with
Analysis and Measurement Technology

Ouanitadvely andyied S and T Ml are
ool aly sl prodscne for fued codla

BT e T Pk i m!
Cashoon Sulur Analymr
EMIA Series B

SOFC Evaluation

vl Ll Cora froem, | S L
e o] 0 Ml s

S0OFC Bvauaton System
Ewvaluatar HT Serdes .at

Hydnegan Embrittlement Evaheation

Depth profling of Mo defrbution in a mce
Ao, wWhech csusi e sl i T Grmant

seveceenme GQALS

FaCl @Ay Tl G T B e &t da C0a
andd (D0, which can lead 1o deter oration of
s Al 2l |

Tracs Gas Monfor

GA-3T0

Hydrosgan Concendrafion Monitoring

e 2o T el Sy O B i readl TiTea, WA TG ale
e S O

S oA
Tharmal Conche ity Arakza
TCA-51 Series

4

Battary Evaluation

Maeos sidmgant Daliery feal reequircomants

cl.n.m'n'jwl'u Al 2ol Fde Afelednng of Ha
i meetal G Tt Coum o el B dereaoT

Hydrogon Analymr
EMG A-921 i
L]

PEFC Evaluation

“’n‘tﬂrﬂachu it Gl Evashuadion

Dp\:irr!xn waller lemperanre Tow mie and
i ey |:|' LT
obe'.rd\-d:cﬂl

Blectrolyte Evaluation

Mlarping amalysis of mescal Contaming e e
Tt 0o edectrod v Chagradation

'Wain r Elac trofysis Caoll Evaluataor
Evaiua‘l.or EC/ES
Il T

q*:

Womay Anslybical Micmeoope = w
HGET-9000 -
1 -

b LT e el i 0 ol e Oyl ety
oo ad W T TN T R T

Raman Mioroscopa
XploRA PLUS

Gas Flow Conirod

Pl e B e O g i Ao fuad call poswear
o T ) o i i SO O

Measeres C0, 000 aned O i of-gas afar cly

Mass Flow Conirolior
SEC-N100

i AT
Paostabile Gas Analyzer
PG-300 Sarias g

Hydm Powner Ganasrartion
I:E.mgn-Jl G e ten)

Porfommanoe ewaluadom fom aingle ool 5o
el a2 ack . —

PEFC Bvauation System
Evaluator LT Series -

 Fual Coll Truck

-

and erabies highly accumaie performancs
e Cocde el uad oo

CrameDuacharge
BE:;;.la‘ln::nr B

1 Catalyst Perfiomrmance Braluation

Aralyzes pan comesendradon bedore amd afer

caays, which is aasendal for

N SR et | B
et 3 -Goomponant Gan Amlyaer ;

VA-5000

Aapid analysis of calalye pamide sze
derbufom Tl affec s 0t vE T Deartormisar e

Brewm ore B0 v ackar

Partica LA-960W2 . -

Hanoparficla Anafyzar -,
nanoPartica SZ-100v2

SOEC: SdidOwite Swcorelyma Col
SOFCE Sl O ok Fusd Cwil
PEFC. Polymer Eciredyte Fusd Call

HORIBA, Ltd. nhttpy/www._horiba.com

e =y



Hydrogen Production System Flow (on-site)
4

Desulfur- Steam

ization

Methane High purity
Reformer Hydrogen

200-300C
K 700-800 C
\ CH4+H20=CO+3H2  CO+H20=H2+CO2 ' i
. . . . Recovering an rifyin high pr r ——
e.g. (B) Ultra high dimension de-sulfuring agent ecovering 4 d puritying at high pressure
while adsorbing impurities at lower pressure GA-370
_ Continuous monitor of
Adsorption St ppb level CO/CO2/CH4
Many different /(k Zeolito /J |\ gas in Hydrogen
material available —
g Carbon~| °
.« <[ Molecular [\ ©
o Sieve * .
| M2 @HKREA X \‘l_.[/ ﬁ °e
Reference: SIP ABRA XMk E*E “https://www.jst.go.jp/sip/dI/k04/end/team3-7 .pdf’ — _. . e ® m@O%CH-METC
https://www.jst.go.jp/sip/dI/kO4/end/team3-7.pdf l } Recovering

yg}_Rlquﬁ © 2022 HORIBA, Ltd. All rights reserved. 9
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Hydrogen Quality for FC

Hydrogen fuel — Product specification — Part 2: Proton exchange
1ISO14687-2: 2019 m){amb?ane PEM) fuel cell ap lications for road vehicles °
pmol/mol = ppm
Hydrogen 99.97%
H,0O S ppm
I_(I(%cll-lrf c((:)?l:/?a?’rs]ion ) AP
O, S ppm
He 300 ppm
N, , Ar 100 ppm
CO, 2 ppm
CO 0.2 ppm Annex C2: Recommendation of CO online monitoring after SMR-PSA line
H,S 0.004 ppm
HCHO 0.2ppm
HCOOH 0.2 ppm
NH, 0.1 ppm
Total Halogen 0.05 ppm
Dust 1mg/kg

de it © 2022 HORIBA, Ltd. All rights reserved.
HORIBA 10
Frocess & Environmenta



Real-time Measurement of Impurity Concentration in Hydrogen for FC Vehicles

® Purity monitoring in hydrogen production process helps to achieve both
power generation performance / durability and economy

hydrogen production (CO impurities) to Performance

Cost up of « Hydrogen purity » Influence

High purity Low purity

Trace Gas Analyzer
T - GA370
Real time monitoring —y Low concentration CO

Sales Reference
v Hydrogen purification process monitoring, impurity measurement in PSA *
v Measurement of impurities in hydrogen gas used in electronic, semiconductor
and chemical factories
HORIBA ¢ 2022 Horisa, L. Allights reserved. v Impurity measurement during filling and acceptance in hydrogen transport
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Utilize Gray Hydrogen as Blue Hydrogen

® Carbon recycling CO2 generated during hydrogen production to Blue Hydrogen

00 @

Biomass Waste Water @

EIectronS|s )

1 Methane Ao 3 ._] KEE

Coal ﬁ
-y

Production

{6" Artificial Photosynthesis
@\l

Refinery

HORIBA © 2022 HORIBA, Ltd. All rights reserved
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HORIBA's Carbon Recycling Solution

CCS (Carbon dioxide Capture Storage)

B Chemical Absorption (Amine)

o0co®

Gas Exhaust Gas
Monitoring

Absorption
Tower

CO2
Capture

pretreat-
gl ' CO2 removal

Water Amines
Liquide

[ ]Aqusous solution componsnt

H—_’ CCS Monitoring @ =ff=igi=
COzremoval . ‘
- " -mm

Confirmation of
removal of
substances that
inhibit carbon dioxide
absorption

Confirmation of
carbon dioxide
absorption conditions

Measurement of
absorbed carbon
dioxide

Cleaning condition

Amines Liquide
Confirmation

SOx, NO, CO,,
(6{0)
HCI , Ammonia

6 points CO,

Cco,

CO, Ammonia

pH,
Conductivity,
RAMAN
analysis
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Keywords for Carbon Neutral Realization
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Direct Air Capture
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HORIBA

'l © 2022 HORIBA, Ltd. All rights reserved.
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Contact Information

« Mr. Takeshi KOBAYASHI
HORIBA, Ltd. (
International Sales Dept.
Process & Environmental Systems — Tokyo
Email:

HORIBﬂ © 2022 HORIBA, Ltd. All rights reserve d.
rocess & Environmenta
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https://www.horiba.com/en_en/
mailto:takeshi.kobayashi@horiba.com
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Application Navi
Rea"Ze a Smart pp

Hydrogen
Society by

Y

Wood Waste and Agricultural Residues

Sewage
Treatment Facility

Natural Gas / Oil

Biomass Fossil Fuel

S,
iy

Solar Power

Biogas Production

Oxygen Evolution
Electrode

Wind-Power
Generation

|

Hydrogen Navi

Generation

Coal

———

“a

Modification/Refinement

Hydrogen Generating
Electrode

Water Electrolysis

ontributes to a Sustainable Hydrogen
Energy Society with Analysis Technology from
Research & Development to On-Site Measurement

By-Product Hydrogen
(From steel factories
and chemical factories)

Impurity Monitoring in High-Purity Hz Hydrogen Concentration Monitoring Generated Gas Monitoring Water Electrolysis Cell/Stack Evaluation

Measures impurities such as CO and CO2 Monitors the purity of refined Hz in real time,
during H: purification, which can lead to catalyst with safe explosion-proof specifications
deterioration

Measures CHz and CO: during biogas production Optimizes water temperature and flow rate,

and refining to optimize the production process

and evaluates performance/efficiency of
water electrolysis cells

Trace Gas Monitor

GA-370

Thermal Conductivity Analyzer
TCA-51 Series

Multi-Component Gas Analyzer

VA-5000

=

Generation & Utilization

Water Electrolysis Cell/Stack Evaluator
Evaluator EC/ES

Residential and
Commercial Fuel Cells

)

Quantitatively analyzes S and C, which are
catalyst poisons for fuel cells, from the ppm level

Evaluation of Fuel Cell Catalysts Gas Monitoring in the Reforming Process

Real-time monitoring of desulfurization and CO
removal performance in processes such as
those that produce hydrogen from city gas

Carbon/Sulfur Analyzer
EMIA Series . mk
k ‘

Multi-Component Gas Analyzer

VA-5000 .
|
k

SOFC Evaluation Monitors Exhaust Gas from FC Stacks

Performs evaluation tests from ===
single cells to full stacks
* SOFC: Solid Oxide Fuel Cell

Fuel Cell Evaluation —
System Evaluator HT Series

Evaluator HT Series

Explore the future

Monitors CO and CO: in exhaust gas in real
time for R&D on FC stacks

( On-Site Hydrogen Station )

Monitors Impurities in High-Purity Hydrogen

Monitors the concentration of impurities such as CO
and CO: accurately during Hz production at hydrogen
stations. These impurities can degrade fuel cells

C

Fuel-Cell Vehicles )

Evaluates H- distribution from the material
surface in the depth direction

Detects Hz in metals at the ppm level

Generates gas of any gas concentration and
enables precise gas mixing control of up to six
components

Single cell
Glow Discharge Hydrogen Analyzer
& 8 Optical Emission EMGA-921
3 % Spectrometer
< o GD-Profiler2 %

Fuel Cell

Hydrogen storage tank

Battery

) Nondestructive analysis of catalyst crystallinity
Air that can lead to catalyst degradation

Multi-Component (T
- Gas Analyzer g

MU-3000
1 )

Mapping of radical quencher distribution in
electrolyte membranes

Power control unit

Raman Microscope

XploRA PLUS

Motor

Performs evaluation from single cells to full

Meets stringent battery test requirements and  Analyzes gas concentration before

X-ray Analytical

Microscope € mmm E
XGT-9000 1= g
N

Measures the particle size and analyzes the aggregation

stacks « PEFC: Polyrer Electroyte Fusl Cell enable; highly accurate performance and cycle — and after catalyst state of undiluted catalytic ink
evaluation
Fuel Cell Test Station Evaluator Battery Test Station Multi-Component Laser Scattering
Evaluator LT Series Evaluator B Gas Analyzer Particle Size ]
VA-5000 D|str|F)ut|on Analyzer \
I Part'ca Series High Concentration Cell
n f :
[ Nano Part|c.le Analyzer &,
nanoPartica Series |

T—

Hydrogen Power Generation

(Mixed Firing and Exclusive Firing) Metanation

) ( )

Contributes to carbon recycling by synthesizing "H:"
with "CO2" emitted from factories for reuse in city gas
and plastic materials

C

Generates electricity by burning "Hz and other fuel" or
"Hz only"

Natural Gas, etc.

\ Use as Energy such
as City Gas

e#[ H,+CO,=CH, +H,0 ]

G @

Carbon
Recycling

Recover '~
1 co, \
N

v

—

Gas
Turbine

Generator

( Hydrogen-Reduction Steelmaking )

Reduction Technology Using H2
Achieves CO:2 reduction by using not only coke but also
Hz as a reductant

Conventional Method (CO Reduction)

( Fe,0,+C = Fe+CO,+Heat )

Iron Ore
+ Coke C

\ A i<

CO, is generated

Blast Furnace

Hydrogen-Reduction

(Fe,0,+H,+Heat = Fe+H,0 )
l IFeI

N #-&
ac o
H,0 is generated
(CO, is reduced)

Iron Ore
+ Coke C

' Fe

Iron Ore

Blast Furnace

Monitors denitrification and desulfurization
controls as well as exhaust gas subject to
environmental regulations

Monitors Hz purity in real time, with safe explosion-proof
specifications

Portable Gas Analyzer

PG-300 series

Trace Gas Monitor

GA-370

Stack Gas Analysis System
ENDA Series

Explosion-Proof Gas Analyzer

TCA-51 Series

Automotive | Process & Environmental | Medical | Semiconductor | Scientific

Monitors gases generated in various processes,
with specifications matching applications

!

I
Multi-Component Gas Analyzer M' /l

VA-5000

[ Bulletin: HRE-00728 |
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Application Navi for Carbon dioxide Capture, Utilization and Storage

CCUS Navi

We will contribute to the realization of a carbon-neutral
society with our "measuring"” technologies.

In order to achieve carbon neutrality and combat climate change, it is important to reduce carbon dioxide (CO.) emissions from thermal power generation,
steel industry, chemical industry, cement industry, etc. Globally, the development and practical application of "carbon recycling technology" to recover

and effectively use CO: as a resource is now underway.

CO; Capture
J Industrial waste
< 9 treatment plant
Aroratt Automobie ‘%
e 4

2

Vessel

CO; Utilization

-~
S,
[ J.J - Rge Y
Artificial photosynthesis 0 { (‘J
:! °
© Okefin @ Formic acid ’"/ Lol

Chemical raw material

© Ethylene ® Propylene WA |
© Butene ® Benzeneetc.

Synthetic fuel

© efuel ® CH,etc.

Utilization

B Methanation

Used as energy
such as city gas

#( H,+CO0,=CH,+H,0 )

@

By using technologies such as methanation, absorption / immobilization and artificial photosynthesis to use CO: as a synthetic raw material for
chemicals and fuels, efforts are being made to reduce CO2 emissions into the atmosphere and effectively use it as a resource.

"Methanation" is a technology for synthesizing hydrocarbon compounds such as CHs, the main component of
natural gas, from Hz and COa.

Impurity Monitoring

HORIBA offers various gas analyzers such as CHa, COz, etc. in combination with optimal sampling system
for monitoring on different stages from R&D to real process monitoring, based on the analysis and measure-
ment technologies we have cultivated over the years.

We also have extensive experience in monitoring desulfurization, which is necessary for the pretreatment of
methanation processes.

Multi-Component

4w
ey

Explosion-proof

* DAC:Direct Air Capture Synthetic co, ’:% Gas Analyzer Gas Analyzer
4 reaction Capture {-@— . / VA-5000 Series TIA-51d/p
/ Metanation etc, : J ]
Offered by Toshiba Energy Systems
& Solutions Corporation

CO, Storage

By-product hydrogen
@ ' Reforming / Refining
Water electrolysis

[ | Absorption / Immobilization in concrete materials

(o CY @@@

To reduce CO: emissions, research is being conducted on "CO: fixation": absorption and fixation of COz in
concrete.

By substituting industrial by-products for cement, which emits large amounts of CO- during production, the

CO: is separated using the most appropriate technology based on the size, concentration, and pressure of the CO. source. total amount of CO2 emissions during concrete production can be reduced.

Capture

Measurement of CO, Fixation EMIA-Step is capable of temperature rising

analysis of carbon amount, so changes in the

B Chemical Absorption (Amine)

Steelworks

Thermal power plant

0001 1000

“‘“ amount of withdrawal depending on the tempera-

@ @ @ @ @ Gas Measurement Solutions T A - ture of the adsorbed CO- can be measured.
Coal ash Special mixture Blast furnace 00000 600
COz2removal material slag 50

00004 00
200

P00 D N

l High concentration gas measurement

o002 200
100

Temperature (°C)
i

”;

Carbon content (ppm)

"Artificial Photosynthesis" is a technology for synthesizing chemicals from water and CO: using solar

9 0l Low concentration gas measurement
energy and photocatalysts.

( o

@ | > Sraeto reautio) el et =, CarborvSulfur Analyzer
‘ CO:2 absorbing B N PR B — _
@ @ 1 Multi-Component i Stack Gas in cement usage in concrete < 0-500sec _><500-900 se6-<_900~1500 sec > EMIA-Step
@ @ ‘ — Gas Analyzer Analysis System Time (s)
P4 e 1 e r VA-5000 Series " ENDA Series
® (o.) : B Artificial Photosynthesis
L}

- - rme— |
I - = ( Rl
Trace Gas Ambient NOx ’ e < | e Evaluation of Luminescence Properties in the Near-Infrared Region
— Monitor Monitor ; Sunlight ‘ Carbon
= GA-370 APNA-370 = N\ | Electron dloxide [ ] Duetta can detect spectra as long as 1,000 nm, making it possible to

evaluate luminescence properties in the near-infrared region.

- y - F B . N . . . - .
Exhaust gas | | i ) It will contribute to improving the reaction efficiency of catalytic
—> — Contact us for the combination of gas components to be measured and equipment. L i materia\s

Intensity (a.u.)

[_1 Aqueous solution component L ] Fluorescence aﬂd
"Chemical absorption" is a method of separation using a chemical solution and is widely used Amine Solution Measurement Solution et catavet | ] Absorbance
nowadays. g Y Spectrometer
o . . , Light Reaction 500 600 700 800 900 1000 Duetta
Since it is necessary to monitor various types of generated gases such as CO: in each process Field-installation Type O GAE Rl CO:2 reduction Wavelength (nm)

of the Chemical Absorption, we propose equipment systems and sampling methods that meets Process Raman

=]

f H / Conductivit Fluorescence Emission _
customer's requirements. Il?/leter Y — - Systems Spectra of Ru Complexes ® Data offered by Ishitani Laboratory, Tokyo Institute of Technology
In addition, structural analysis by water quality meters and Raman spectroscopy is effective for HA Sers -
-1 Series

identifying changes in the state of amine solutions and in determining the timing of replacement

or additional injection. . .
CO:2 separated and recovered from large-scale sources of CO. emissions is stored

in underground or in strata of the ocean floor.
Bccs

"CCS" is a technology for stably storing nearly 100% of the
separated and recovered CO: in a reservoir more than 1,000m
deep underground.

CCUS Related Websites

The following websites provide more
detailed information about our solutions.

Storage

l Physical Adsorption

X

CO:z g CO-

Reaction Efficiency of Membrane /
Evaluation of replacement time
Measuring the amount of carbon attached to the

B Membrane Separation
separation membrane after the reaction and the
amount of sulfur in the catalyst with EMIA-Step

009-.
\ \
@ and evaluating the degradation level of

and degradation e S membranes and catalysts can be useful for
@ / predicting the reaction efficiency and
CO, permselective membrane replacement cycle of membranes.

Evaluation of Adsorbents

Raman microscopy, which captures the
bonding state of substances, can be used to
observe changes in state, such as adsorption,
that occur on the zeolite surface. It is useful for
performance evaluation
analysis of adsorbents.

Measurement of CO, storage gas concentration )
Explosion-proof

CO:Storage

Physical Adsorption is a capturing technology in ’ Gas analyzer 51 series is are explosion-proof and allows constant Gas Analyzer Process Gas Carbqn
which CO:2 is adsorbed onto an adsorbent (porous o CO: measurement at the CO. recovery outlet (storage inlet). EIA-51d/p Recycling
) . . Membrane Separation is a technology that uses
solid such as activated carbon or zeolite) and then Raman ) i Carbon/Sulfur
desorbed by decompression or heatin Mi polymer membranes with CO: separation Anal
Y P 9: ICroscope function to selectively separate and recover CO2 nalyzer
XploRA PLUS by pressure difference. EMIA-Step

| Bulletin: HRE-3774A |

HORIBA

Explore the future Automotive | Process & Environmental | Medical | Semiconductor | Scientific
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