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Main Company

NIKKISO Co., Ltd (Japan)

Executive Management

Headquarters

Date of Establishment

Toshihiko Kai (President & CEQ)

Yebisu Garden Palace Tower
Tokyo | Japan

December 26, 1953

Registered Capital

JPY 6.544 bn (USD 59.5 M)

Net Sales, cons. Fiscal Year
(thru June 2020)

JPY 165.8 bn (USD1.5 B)

No. of Employees (June 2020)

Stock Exchange Listing

Core Business

8,708 (cons.)

First Section
of Tokyo Stock Exchange
74,286,464 issued shares

Industrial Division
Aerospace Division
Precision Equipment
Medical Division




Nikkiso Clean Energy & Industrial Gases Group Factsheet

NIKKISO CE&IG - HQ

Executive Management

Headquarters

Date of Establishment

Mark Gaines (VP

Nikkiso Cryogenic

April 17, 2017

Registered Capital

USD 420M

Net Sales 2021

USD 276M

No. of Employees

Approx. 936

Copyright © 2021 NIKKISO CO., LTD. All rights reserved.

Subsidiaries / Represented Countries

Main Production Sites

20 (IS

Core Business

Cryogenic machi
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(ambient air and ¢
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NIKKISO CEIG WORLDWIDE MAP

ACD Cryo
Switzerland
CryoCanada LEWA
Ontario, Canada : ACD Cryo
Germany
LEYA . Nikkiso Industrial
LEWA )
- ! Russia
CryoCanada
Alberta, Canada
.
L]
ACD, Cosmodyne, Cryoquip, e e,
Nikkiso Cryogenic Services P .. )
* Impenal, PA -
Cryogenic Industries Inc. ® ° TO M EI-' .
Calfornia L2 . .
NCS
Atlanta, GA > Ll
NCS "
Houston, TX
L
Rhine
LEWA Incha
Cryogenic Industries
UAE

LEWA e Egypt

5 Functional Units + 10 production companies + > 30 Sales & Service

Copyright © 2021 NIKKISO CO., LTD. All rights reserved.




Industrial Division and CE&IG Group Formation NSHAso

Ead
geveke
LEWA G tompen seko
g
Acquires the Acquires
LEWA Group Geveke B.V. of
of Germany. the Netherland

Nikkiso was established
for the purpose of import
and sales of reciprocating
metering pumps.

1953 ‘ ‘
Industrial Division
QNSRS 1982 996 o 9. ®

2020

~ .
-~ R Cryogen NIKKISO #.GP
'c ..-...-.o °
< JC Carter : NIKKISO < JC Carter : Industries - 3 STRATEGIES
-~ CRYO
License Establishes Nikkiso Acquires Cryogenic - A ch CE&IG GrouP gfsdf:e(s;roup
production LNG Testing pump business of Forms Clean Ener q :
gy Alternative Fuel
Japan for JC LV. (Current NCI) Atlas Copco. C_ . and Industrial Gases Division of GP
f— ¥ crraons) .
Carter pump R (CE&IG) Group with Strategies and
unified “Nikkiso” brand

r‘&‘.
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i .

renamed ICS
under Nikkiso

Acquires the Industrial Division
Cryogenic
Industries
Group

Copyright © 2021 NIKKISO CO., LTD. All rights reserved.



Cryogenic
Pumps

Nikkiso
ACD
Pump
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NIKKISO CLEAN ENERGY & INDUSTRIAL GASES DIVISIONS

Heat

Exchanger Cryogenic Integrated Integrated Cryogenic
S sten?s Process Cryogenic Projects and Services FUNCTIONAL
o : Systems Solutions Unit Applications UNITS
Unit
Geothermall T
Nikkiso WHR
Hydrogen
Nikkiso - ESE YERO9ST.
: Nikkiso Sl (Decarbonization _
Cryoquip 19 Service
Cosmodyne on/Turnkey i nisieiaial Centers around PRODUCT
Including ethe =8 Ej“ COMPANIES
India Nikkiso = WO
Cryoquip
/ California

SALES AND SERVICE CENTERS



Clean Energy & Industrial Gases Group - CORE SOLUTIONS <=

Process Plants / Solutions Pumps / Turboexpanders

 Small Scale LNG and H2 Liquefaction ¢ Largest range of cryogenic pumps

Plants Centrifugal and reciprocating pumps

* Industrial Gases Plants * Air, NG, and Liquid Expanders

* 60% to 70% N. American * Largest Experience and installed base
Market Share

* Waste Heat Recovery / CHP

* LNG Import Terminal Engineering and
equipment supply

* Turboexpander

Copyright © 2019 NIKKISO CO., LTD. All rights reserved.

Heat Exchangers/Vaporizers

* World Leade
Vaporizer S

* Product Intec

* Largest Amb
in the World!



Clean Energy & Industrial Gases Group - CORE SOLUTIONS <=

LCNG FUELING SATIONS LH2 FUELING STATIONS AFTERSALES SOLUTIONS

* > 100 LCNG Fueling Station > 400 pumps in Hydrogen * ALL Brands —
* > Turnkey Solutions > 10 LH2 Fueling Station ALL Brands —
« Up to 1000 Bar Exchange/Ove

* Turnkey Solutions

Long Term Ma

Upgrades/Red

Field Services

Copyright © 2019 NIKKISO CO., LTD. All rights reserved.



NIKIGSO
Nikkiso continues our commitment to lead the change to a A
healthier world - Introducing the world's first liquid
hydrogen (LH2) bunkering facility. Nikkiso's European
Cryogenic Pumps Unit has partnered with clean energy
solutions company Unitrove to lay the groundwork for
zero-emissions marine fueling infrastructure at ports
throughout the world.

Unitrove will showcase this liquid hydrogen bunkering
solution including Nikkiso cryogenic pumps at the United
Nations COP26 UN Climate Change Conference in

NIKKISO

We Know Hydrogen



https://www.linkedin.com/company/unitrove/
https://www.linkedin.com/company/unitrove/
https://www.linkedin.com/company/cop26uk/

Cryogenic Products and Solutions Nn’afuso
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Nikkiso Expander Application Technology (NEAT)

Organic Rankine Cycle (ORC)



2. Climate change / greenhouse effect

1. Industrialization resulted in greenhouse
gases
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Some Initiatives

e style =
$15.6B record-breaking solar park
rises from Dubai desert

SIEMENS

our levers

Siemens will be carbon neutral by 2030

How will we manage this?

Siemens Energy Efficiency Program Distributed energy systems
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Rich history of geothermal energy usage

Geothermal power: Pioneers Italy and
Iceland

* First geothermal steam engine
installed in 1904, direct steam usage,
it powered five light bulbs.... Today
about 770MW

* Today about 700 MW installed
geothermal capacity on Iceland which
is now 100% renewable




ORC cycle and how it works

ORC = Organic Rankine Cycle

« Like a water Rankine cycle, but with organic fluid
* Fluids: Refrigrant, Pentane, Butane, Propane....

« Specially suited for temperatures between 80°C to
250°C (175°F to 500°F)

« Efficiency benefits at low temperature sources
* No fresh water needed,

» Closed loop, simpler and more efficient than water
steam

 New Tech very low temperatures: Water-Ammonia
Binary Cycle, called “Kalina-Cycle”

I Turboexpander /
generator
(3 Vaporizer

=

Well (3 Preheater —

Air-cooled
condenser

O——

Reinjection Circulation
well pump




Nikkiso ORC systems

o g 8 ®

Streamlined and Reliability 25+ years Customized and Sustainable solution Emissions leak
simplified application upgradable

solution




Organic Rankine Cycle Applications

Medium enthalpy and low enthalpy geothermal resource

» Brine temperature of 240 C (464 F) or less

 Single or multiple Power trains upto 5- 25Mw can go higher or lower

* Air cooled or water cooled condensers

Waste Heat
* Gas Turbine Exhaust

» Gas Engine Exhaust

* Process Heat

Cold Energy

* LNG Receiving Terminals




Geothermal Energy Recovery Schematic

N\



Waste Heat Energy Recovery Schematic

Vaporizer |

8 Q | Expander/
Thermal Ol Gearbox/
Generator

........................................................

>4 v >4
Preheater 1 . ?
A Q

=2

Air Cooled Liquid Tank
Condenser



Cold Energy Recovery Schematic

LNG cold energy is utilized
to condense an intermediate
fluid

The intermediate fluid is
vaporized by heat of sea
water

Saturated vapor enters turbo
expander and expands to
condenser pressure

Liquid intermediate fluid is
pumped back to evaporator

Evaporator

Expanderl

Sea Water

Condenser

Sea Water

Q

Pump




Turbine (Expander) Technologies

* Axial Turbine
* Fixed Geometry
« External actions to meet variations
« Throttling or Bypass

« Radial Outflow Turbine
* Fixed Geometry
« External actions to meet variations
« Throttling or Bypass

« Radial Inflow Turbine
« Variable Geometry
* |nternal actions to meet variations
» Adjusting variable inlet guide vanes




Turbine latest (Expander) Technologies “NEAT” NIKKISO

AXiaI Turbine ........................................ o
« Flow enters axially and exits Radial Outflow Turbine

axially * Flow enters axially and exits
radially

Radial Inflow Turbine

 Flow enters ra
axially
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Inflow Radial Turbine, Expander
Typical Pressures: 5-30bara (70-450PSIA)

Typical flow rates: between 50-5000t/h
Typical temperatures: 80°C-250°C (175-500°F)
Typical power between 500kW (650HP) and 25MW

Expander performance at fixed speed and isentropic enthalpy drop

1.20 . ; v ; . . y y 0
5 11 B o o 1
Inflow
5 Turbine
_§
L bR ke e
N v ) s 5 iy e o 2 T 2
0.40
Variable Inlet Guide Vanes Lt R e PR R
0.40 0.60 0.80 1.00 1.20 1.40 1.60 1.80 2.00

Off-design outlet volume flow/design outlet volume flow

Efficiency of RIT
vs AT




Expander performance

EXPANDER-GENERATOR OFF-DESIGN
PERFORMANCE

— Eff/Eff-des — Power/Power-des

Assumes constant isentropic enthalpy drop

0 0.2 04 0.6 0.8 1 1.2 1.4

Fraction of Design Flowrate




Comparison of annual performance between axial and radial inflow tur

A simulation studies suggest that radial inflow turbine, turbo
expander, could produce up to 7.5% more cumulative electri

power in certain conditions

250] ’
2.00

00
Janpary February March April May Jun J it ember October November December

2 50 4
Radial Inflow Axial Turbine
Expander

Note: Studies was made for a geothermal ORC Power Plant in Turkey with the design ambient temperature of 15 C




Island mode operation/Isolated grid operation
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Nikkiso Turbo

* Nikkiso Turbo background goes back to the 1970s with Airco Division and
ACD Turbo

« ACD Turbo expanded its market to include natural gas and petrochemical
after being acquired by Nikkiso

« ACD Turbo product line for air separation was divested to Air Liquid in
2021

* Nikkiso Turbo team for NG and PC has expanded its personnel and
activities to design and service high power turboexpander-compressors

* Prime equipment and AMS for ECs with active magnetic bearings (AMB)
are available

* Nikkiso Turbo has also developed and bidding expander with integral
gearbox for ORC systems




Turboexpander with Variable Inlet Guide Vanes Nll’“{.so

Externally actuated

Inlet Guide Vane
Actuator

Swirl to drive Expander wheel

Non-galling

Provide swirl to drive
expander wheel

Inlet Guide Vane




Turboexpander with Variable Inlet Guide Vanes




Turboexpander Compressor, Oil Bearings



Turboexpander Compressor, Active Magnetic Bearings

Position sensors

Expander
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Axial Bearing

Electromagnets

Radial Bearing

8

Compressor

Thrust Disk

Auxiliary Bearing




Turboexpander with Integral Gear NIKIGSO
y 4

Sealing

Expander

Bull Gear

Mounting Plate

Pinion




Waste Heat ORC

— HR —] }—— orc —]

Turbo Expander /
Generator

N J
HRU
3 ORC
orizer
b Condenser

Heat Transfer

Fuid Pump
é
WHR Warking Fluid

Source Pump




Waste Heat ORC Power Production Potential- NG Compressor Stations

Output for 1 or 2 identical gas turbines

Data consisted of 50 gas turbines:

GE Energy
GE Oil & Gas
Rolls Royce
Siemens
Solar

Assumptions:

Exhaust gas specific heat 1.100 j/gC
Min. allowed stack temp 150 °C
15%WH2P conversion

Comp. Stations with > 11 MW

60.0

50.04

ORC Power Output (MW)

20.0

10.0

.0

5

30.0

Est. ORC Power Output from Gas Turbi

—
-
—

|_—Linear(1 Gas Turbina)

@ 1 GazTurbine
B 2 ident. Gas Turbines

. Linear(2 ident. Gas Turbines)

0.0

L]
50.0

Ll L]
100.0 150.0
Compressor Station Power Rating (M
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Geothermal ORC- 2 x 25 MW Plant-Turkey NIKKISO




Waste Heat Recovery ORC- 2 MW Plant — Canada N“’(.‘('.so
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Waste Heat Recovery ORC- 2 MW Plant Canada




Learnings this week

Why not scrub Co2 and sell it to beverages and H2S for Acid manufacturing
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Nikkiso Green Hydrogen Technology

9.2 MTPD GH,*

Pipeline
OR
P !
| 8.3+ MTPD LH,* ( (!( )
K
20 MW Electric Power: 20 MW Electrolyzer* H2 Liquefier Bulk _Storag
+ Geothermal » Proton Exchange Solution*
+ Solar Membrane F—————————— e m === -
+ Wind [
: |
| | ————— 3
0, Liquefier Up to 69 MTPD GO,**

OR

_ Up to 68 MTPD LO,, ***
Equipment by partners

Process yield depends on raw gas 0.C e o
. , Compression* to Pipeline
pressure and product purity

Additional power required

**

*k%k



Question for my Otago DBA research here

Can EAAS (Equipment as a service ) work for our industry
Argument's sake you don’t pay for the expanders or main equipment you pay per usage

| am taking this onboard with my management so we can help support the industry which
intensive. We are happy to work on a project like that as well to support.

Your thoughts by email will be much appreciated !

EQUIPMENT

-AS-A-SERVICE.




Apologies tendered

Dr. Reza Agahi

TURBO
EXPANSION

Dr. Reza Agahi joins Nikkiso Cryogenic Services
Team as the Vice President of Turbo Business

EFFECTIVE APRIL 1, 2021 Irvine, CA — Nikkiso Cryogenic Services is planning to expa
business in Oil & Gas Industries in addition to the current Industrial Gas Industries. We
announce that Dr. Reza Agahi will join Nikkiso Cryogenic Services Team as the Vice Pr
Business Development. Dr. Agahi has more than forty years of experience in turboexpa
applications. NCS welcomes Reza to Nikkiso family and looking forward to serving its €

ways than before.
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Téena koutou!

Ankur Arora
Product & Business Development Manager

Cryogenic Industries Service Companies, LLC
Auckland , New Zealand

Tel: +6421496470

Email: ankur.arora@cryoind.com
Web: www.NikkisoCIEG.com



