Obayashi and Hydrogen & CCUS Technologies
Some Approaches for Decarbonization

AMGHDIKER « CCUSICE I DHEXD#HAH
ARix3={b(CmITTC

VN

Vv

OBAYASHI March 12, 2021

.
Copyright 2021, OBAYASHI Corporation. All rights reserved. OBAYASH| '



Topics for today

Glimate Change

alopalbvvarminege
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Decarbonization
Renewable Conservation CCUS Carbon Pricing Nuclear
| o cno Fnarociac - Zero Energy Buildin - CO2 Microbubble - Differentiation from Fossil Fuels - SMR
lU'Fdr LUOSCIRLLLITILEIT S gy g
AT L LU S * Micro/community grid Storage System (Internalization of External Economies)
- Solar - Wind - Biomass - Demand control
- Small-scale Hydro - Geothermal etc.
Storage, Transportation,
Adjustment of supply & demand
Hydrogen Battery (Electricity) Other Methods

- -APB - VPP - Consignment service - Pumping-up power plant
\ \ \ - Heat storage - Compressed air
Production Transportation Utilization
- Fossil Fuels + CCS - Gas (35MPa - 70MPa) - Mobility

- Bi-product H2 + Refining
- Water Electrolysis

- (Photocatalyst)

- (Hydrogen Fermentation)

- Liquid (LH2, -253°C)

- Ammonium (NH3)

- Methanation (CH4)

- Organic Hydride(MCH)

- Formic Acid (CHCOOH)

- Hydrogen Occlusion Alloy

- Pipeline

- Power generation
- Raw materials

- Burner (Heat)

- Engine (Kinetic - Electricity)
- Turbine (Kinetic — Heat, e)

- Fuel Cell (E - Kinetic, Heat)
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Obayashi Business Overview 3

Obayashi Corporation at a glance
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Establishment Number of employees
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Years of business Net sales Number of group companies

“ 29 years JPY21073 bn ’l 20

Over the last 129 years, Obayashi has proudly built capabilities to provide services
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Australia
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New Zealand
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Tokyo HQ

Technical Research Institute

Renewal

for the entire construction value chain:

Plannin Design . -
Research & g (Arch., Civil Building Maint
Development (Real Structure, Construction Construction aintenance
Estate MEP)
Investment)
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Obayashi Business Overview 4

Four Business Domains

Building Real Estate New Businesses
Construction Development (Renewables, PPP)

e . L
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Obayashi Sustainability Vision 2050

B Obayashi’s vision towards zero CO2 emission for a sustainable society

2040-2050 Targets

Pursue sustainability of “the Planet, Society, and People,”

and of the Obayashi Group 2050 De-Carbonization
Achieve zero CO2
.. . oy emissions
Our vision
ACh.IeVIng the targets Wlth i sustainabiity of |} in the entire Obayashi
Action Plan & Backcasting | the Planat, Society, [ Groun
a eople e

(" Provide valuable
Spaces and services
w's Achieve a society
Praaent Fan .\ LA designed for well-
conditions W . w1 \_ belng J

. " Co-creationofa )
£ sustainable > sustainable supply

I Co-creation © ;
S d Chaln
Initiatives of the Obayashi Group & 3 4

Achieve with people
Shifting from “low-carbon, recycling, and res fo-_ in our business
g o ow b e, and et N /

Construction business
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Conservation & Energy Management / Technical Research Inst. 6

Solar CGS Battery
Total 820 kW Gas Engine 20kW x 2 500 kW x 6h
Binary 50kWwW
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EMS ™ ne we e
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500kW/3000kWh

Energy management & BCP system

with micro-power grid

« Combination of solar, battery & gas engine

» Provide stable power in blackout

« EMS with user participation enabled
power demand reduction by 32%

Peak power reduction
with solar, engine and

R %)
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Techno Station

The main building of Obayashi Technical
Research Institute (Tokyo) , was awarded as a
finalist in the category of Leadership in
Sustainable Design and Performance of the Asia
Pacific Regional Network Leadership Awards in
Green Building (APNA) of the World Green
Building Council (WorldGBC).

.
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Renewable Energy 7

m In 2012, Obayashi embarked on renewable energy businesses.
Since then, we have expanded our renewables portfolio, spanning
from Solar, Biomass to Wind.

B Currently operating 44 plants in 30 domestic sites with the total
capacity of 154MW:

O SOLAR 28 sites, 133MW
O BIOMASS 1 site, GBMW
O WIND 1 site, 15MW (plus 1 under construction)

O GEOTHERMAL Multiple survey projects

B We have considerable experience/know-how in all aspects of
renewable energy business value chain.

N
e Search and acquire/lease land
e Obtain licenses / permits
BIaEl[o]sl o Negotiate grid connection )
N
e Design
e Engineering / Procurement / Construction
J
_ A
e Operation
e Sale of electricity
e Maintenance )

a
s

- . - - r, A
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Hydrogen Technology: Structural analysis (Trigger) 8

Structural analysis of RC Structure against Hydrogen Explosion around year 2000

Collapsing

/ RC wall

Hydrogen explosion field experiment Photos with high-
speed camera

After 4ms - After 7ms - After 10ms After 13ms

]

’_r

FEM analysis of RC structure Computer simulation of blast wave

.
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Construction of Hydrogen related facilities 9

« Upper left
Iwatani R&D Center (Hyogo, 2013)

» Upper Right
Air Liquide Tokyo Innovation Campus
(Kanagawa, 2018)

» Bottom Right
Hydrogen Energy Test & Research
Center, 2" phase (Fukuoka, 2014)
A

.
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Hydrogen Refueling Stations

B Obayashi is one of the first companies tapping into hydrogen potential in
Japan.
| I:I Obayashi as a Design-Builder completed a number of Hydrogen Refueling Stations.

IV LN

L o L E E

' h
111111 A

Hydrogen Refueling Station Hydrogen Refuellng Station Toyota MIRAI Showroom at Iwatani
at Kansai Airport, 2017 In Nagoya, 2015 Station in Tokyo, 2015

i
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High-Efficient CO2 Free Hydrogen Production

Hydrogen production EMS with renewable energy

Renewable energies EEE
Solar, wind
(Solar, wind) I%ﬁ “Ialm
1 7K
Battery Electrolyser H2 Tank Fuel Cell Buildings
Subsidized from Tokyo Pref.
2 Nonstable renewable power _Stable and optimal electro_lyser operation
> increases overall plant efficiency,
~ decreasing hydrogen production cost.
Output Control |/ Absorbed inte
local grid | Low Efficiency
t Hydrogen production with
...... . cssssd clrplus power

High Efficiency
Hydrogen production with
stable (base) power

From battery

Time—
.
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Hydrogen Co-Generation System Smart Community in Kobe

Heat and power supply at the urban area, from hydrogen fueled gas turbine engine
has been achieved in April 2018 (World first!)

W] = gnu

,9"/ a"
= HEFHE /E/EB 7

Hydrogen fueled Co-

5 ﬁam%’”jﬁm . W oot pospial Generation System
=/ B *ﬁ’ | L = = ]
7 G- L B Eiccricity (Hydrogen CGS) with gas

turbine engine.

Hydrogen CGS generates
electricity and heat which
are supplied to 4 public
buildings in the area.

gﬂh}@./ﬂitﬁ:ﬁ
.'./ 71:75’\514131 EE

?
ok
:u‘ Vi 5 — 9 freal

Operation is monitored
by cloud-based EMS.

Joint Project with Kawasaki Heavy
! Industries from 2015

Supported by New Energy and
Industrial Technology Development
Organization (NEDO)

-
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Integrated EMS in Hydrogen CGS Smart Community Project

Optimal blend ratio of hydrogen and natural gas is essential for both economically and

environmentally.

Trade-off between H2 & Natural Gas

Natural gas is friendly
for business

And in future---

CGS operation needs to be flexible
against daily/hourly price changes
at H2 spot markets.

Optimal blend ratio for both
economically & environmentally

friendly
=@IS50 IS - 20206 12H236 16:08 i
=
R il ~ . .
Sl o I [T reaiten
L] HER-RT 0 ARED P so. M WPEES. = e
' - AR, iovh p—
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il ‘ ‘ | ail a3t
[ | | 47463.0 3203.0 -
| kWwh kWh H2 blend ratio
ana20 —
i, i £2000 =
L 3 3 9 12 5 18 21 (T3] 100% =
FIYURER (K—hrP15..) EHSE - PS—b 8 meep | CO2 emission criteria
[ kwh ] 0 2030/12/33 13:57:41 TFRILF-s— (REH) Fo2 56 -6 B ~ 52:‘
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H2 blend ratio -
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Cold Heat Utilization in Hydrogen Smart Community Project

Effective use of cold heat increases overall energy performance of liquid hydrogen

Unused cold energy from liquid hydrogen
Huge energy is needed in liquefaction, but no energy is extracted from

liquid hydrogen in simple evaporating process.

Hydrogen CGS with the cold heat utilization system
It provides not only electricity, hot heat but also cold heat, too.

Cold heat
-- for intake air cooling technology, increases gas turbine engine output.

-- for cold storages, freezes food, vaccines and others.
-- for building air conditioning.

Hydrogen Gas H%a%r It
/

For gas turbine engine b\<
= v
N

and fuel cells
Liquid hydrogen Brain cooler ¢

Building air-

— 15°C conditioning
Hydrogen SR
Evaporator — —’O Intake air

| 0°C~-5°C cooling

Brain
> Cold storage ’-—
-25°C

.
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Innovations in Hydrogen Transportation 15

B Our Green Hydrogen Projects in Japan
Solar origin Hydrogen SC Project in Fukushima \

i/ 4 N\ W LORET
(¢ o N (- %
I?% ‘? n—gz—| [ I—}mﬂ M :;ng%%%ﬂﬁﬁ
o b3 X FERPHEIN50kW ¥ 2 (K3F40nm3/h % 252E)
L I £ R EEEMS
- [ pmmE |
- — :éi}mﬂ” Zzgamum
6'4_ 0 \/ o l b3 2 EERMAEE50kW (kF40nm3/hizE)
\ AN 5 I HERFETH
® The project focuses on - ;} M rmn
establishing efficient - lﬂ%—g?“;bm*il%jmskw (T /i)
’ delivery system of ECoore
hydrogen to optimize = o
; hydrogen supply chain. B 5}‘% = g S . AmmoRR /
® \_ ) #ZEFHE (0.6-350MPa) P
of / Geothermal origin Hydrogen SC Project in Oita \

b Geothermal Hydrogen Delivery Demand
Power Production
Generation

® This pilot plant produces hydrogen through electrolysis using electricity
generated from geothermal heat.
® Through this R&D project, we are aiming to build a hydrogen supply

chain in Japan. /

-
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Geothermal origin Hydrogen SC Project in Oita

Hydrogen expands possibilities of developing
geothermal energy in remote area where ko /
power grid connection is limited. - B

~ Geothermal power connected with power grid

[ FIT .
Power grid line
1

Kokonoe-town

Geothermal power without power grid connection .

Renewable energy transportatlon W|th Hydrogen
................................................................... o o overview

—m L

_) g!:._ Total Power 1(%)5ka2 o for the )
- - S— ne generator for the demonstration
lﬂﬂﬂ%% HREE o B H2 Production 10Nm3/h
Construction August 2020 - June 2021
Demonstration July 2021 - March 2024
Schedule
Potential hydrogen users
Demonstration start In July 2021 Hydrogen researCh |nst|tutes
Ground—breakinginAugZOZO Hydrogen fueling stations
Civil work

Industries

-
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Solar origin Hydrogen SC Project in Fukushima

Overview Schedule
e This project aims to increase hydrogen usage by installing

H . . 2020FY 2021FY 2022 FY
FCs and a simple fueling station.
e Solar origin hydrogen will be supplied from Fukushima

Hydrogen Research Field (FH2R) with cylinder bundles and [ Engineering | Installation |
tube trailers.

« Hydrogen supply chain optimization system generates best
delivery plan and route which reduces carbon emission. Ministry of the Environment commissioned project

System configuration

( \ ‘ Hotel / Spa

N ™2,

D ﬂmm Electricity
WiFi 9 Hot water supply
S | Trailer Fixed type FC 50kW x 2 (40Nm3/h-H2 % 2)

upply Chain EMS

‘ ‘ Wb o E Electricity
Hydrogen production plant (10MW) from solar power, LN Hot water supply

Nursing home

“Fukushima Hydrogen Research Field (FH2R)” T linder
w7 .uE ;. g [l’” 1 bﬁndle Fixed type FC 50kW (40Nnm3/h-H2)
“ﬁ U Construction site
I
KARE] i
- . - = R :
aRE ]
\ : @ } m FC Generator
— Rl [T Mobile FC 8kW (7nm3/h-H2)
O FrHer i) ’ Q\ > e A : :
O mERn ‘ Refueling station
@ FA¥—Ex

O mitst iR ] Y\ g . .
® smms \, k T } EJD ﬁ FCV, Charging point (BCP)
“ k] = ar g

) Compressor (0.6—35.0MPa)

-~
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Solar origin Hydrogen SC Project in Fukushima

Future expansion image

» By installing FCs and FCVs in the area, small supply chain will grow into large chain.
* Management of large supply chain with several production plants and stock & supply bases, is not simple.
» The optimization of SC system becomes more important.

== )
Step 1 Step 2 =S L-. Sg=p
( \ hobn e . . - H—Fu / \ i ‘
Increases s 1L §i}:},§gw F(? installations ' @m_h [jg N s L= gr_,g,]
hydrogen ?%l?y - ‘ stimulate potential E = D’%'ﬂ,&, gi -8Bz
consumption by I hydrogen demand, I,ij"fﬁ%f%ﬂ"s
installing FCs. ~ =™ and tube trailers " =] | S e
. > — —> JEHIA . 9;%]%(_@ I gr_>
Hydrogen will be 7 = will be used for = =
delivered with Cylinder LU Iharier voludmle I .
. bundle, . r n iverv. _ “Ne _ MMl Rt
cylinder bundles . g . g-ﬂ-i-ﬂgﬂ ydrogen delivery e i|] 1< «gee| -~ i - I
) \ g BEES FC73—7. FCREBH

Step 3 S Tube trailer
As more FCs & FCVs are added to the ~ Tube trailer ?‘%Ey
community, hydrogen pipeline will be e

GPS
—

installed at some urbanized/populated N N
area. J” J”Tube trailer JH JllTube trailer
L ) al

o’f_'_oi

For lager demand, new production

plants will be also added. :
. . NeW hydrogen 1f§ﬂ§r€:u#_ e _&B—:igm ﬁm:ﬁ;:u#_ 2 _*ﬂ-iﬁim
Tube trailers will be deployed from production plants 3 3
hydrogen plants to hydrogen stock and e pmagl el e e g Sl e
I b —;mmeu ] ol | B—%yim#‘lfﬁ y;;mumevu ] ol u%!ﬁ?&ﬂﬁi
supply bases. $ 3
-§~ - -§~ PO
@ -g-0-er TErla-BE e-g-0s Tl
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Necessity of Optimizing Supply Chain System

H2 AR E S
MPaA

2 10 H2 tank pressure change at end points
%_ ﬁ\ 5 ‘!\B A\
0 \J

!

\ \ / / \ Transportation
\ \ /| / FERY \
\ I /| / IR \
\ wm R\ ! / \ \ 4
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i | | Cylinder bundle pressure change:f
i 2 |

(@]
— N
© o o
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H2 tank pressure change at production planté
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Green Hydrogen Supply Chain Demonstration in New Zealand 20

New Zealand
 Population 4.95 million
 Capital Wellington Pop. 0.5 million
e Business Auckland Pop. 1.7 million

Taupo
 Lake resort town in North Island with
22 thousand population
 Location of 100MW scale geothermal
power plants
 Location of between Auckland and
Wellington is ideal for hydrogen
refueling station

Christchurch

-~
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Green Hydrogen Supply Chain Demonstration in New Zealand 21

Three phases of the project

New Zealand
Phasel & 2: Building domestic supply chain

Demand ——

——— Supply ———
Geothermal Trans-
energy —7 @ Eul

- J

Phase 2 & 3: Sea Transportation & Export
= | H>

H2
= NH3 Career
= MCH Illaaaa
= CH4 T T —

Project Phases
FY 2018- FY 2025-

Overseas
Japan etc.

_cecuiciy _E@P

lﬁ

Transportation A-
Ol

Phase 1 Phase 2
Demonstration of Green Demonstration of
Hydrogen Supply Chain in NZ Sea Transportation

Phase 3
Scaling up &

Export Business

-
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NZ Green H2 SC Demonstration / Phasel: Building SC in NZ

= Obayashi have launched a pilot project that aims to develop a green hydrogen supply chain in New
Zealand with our local partner Tuaropaki Trust.

» The implementing body of this project is Halcyon Power Limited, a JV between Tuaropaki and Obayashi.
Halcyon undertakes production and transport of high pressure hydrogen gas for users in New Zealand.

Demonstration model

— T
— N ydrogen 5 © Refuelling r—>> FC mobilit
Electricity 2| production facility 52’ I Station | Y

(Y ., - -

PEM electrolyser a 08)1
< 1.5MW < =S ) .
Water 21 22.5kg-H2/hour g:; 2| Industrial application

High pressure hydrogen gas 1 Office/Control Room

transporting equipment

Transformer
RMU
Water Tank

Gas filling panel
Gas compressor

Electrolyser
Rectifier (AC—=DC)
Radiator

Hydrogen production plant Image of green hydrogen supply chain in New Zealand

.
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NZ Green H2 SC Demonstration / Phasel: as of 2020/12/20 23

Entrance gate

unr"

Power conditioner, Electolyser, Gas compressor  Inside production container Gas filling panel
Note: FCV filling facility installed at other point

Up and Running in April 2021

-
Copyright 2021, OBAYASHI Corporation. All rights reserved. OBAYASH' "



NZ Green H2 SC Demonstration / Phase2: Sea Transportation 24

Sea transport demonstration
from New Zealand to Japan

p - N

Hydrogen plant .

oo Nve Zéaland overseas

1

I

I

1

I

— /in E LH2 tanker / Chemical tanker Japan ete. !
TN :
Es ' :
I

{
= MCH j g
A

i Ay .',: i -1 ‘: - - , S Y.
4 rﬁ Phase 1 Phase 2 Phase 3
~~ Demonstration of Green Hydrogen Demonstration of . .
(e
/,.- R Supply Chain in NZ Sea Transportation Sl L G 2 U
Commercialization

-~
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NZ Green H2 SC Demonstration / Phase3: Export Business

A half of demand in Japan could be covered with NZ’s geothermal green H2.
-- An oil importing country now might be a fuel exporting country in 2030 --

Year 2020 Year 2030

Surplus geothermal
power in NZ (1200MW)

Hydrogen 300,000
demand and tons 168,000

supply in tons
Japan tons

Current hydrogen price at gas
stations for FCVs (USD/kg) Year 2030

Japan’s target cost NZ'’s cost estimate

Hydrogen $3 $007?
price
The price has been
set to be competitive Price in NZ will be compatible
with gasoline prices. with Japan’s target price

-~
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CO2 Microbubble Storage System (CMS)

« An alternative carbon storage technology to CO2 Capture and Storage (CCS).
« The CMS stores CO2 dissolved water that is generated using a microbubble,
by replacing it with groundwater in shallow ground.
« One storage unit can hold 150,000t-CO2, and 10 units are estimated to exist in Japan.

Two Types of CCS Microbubble
Impervious rocks/
R Cap rock (Pcoz injection plant (CCCS) Bubble Microbubble
- Pervious rocks
containing \, L
groundwater ? €02 and water injection plant (DCCS) ,\/ I f Surface
Supercritical CO2 P = =
| Moves up fast I Slowly moves up
Osalved G02 and burst at the ~ and dissolved in
cces DCCS surface. Resulting 2 J ' water
re-emission of - I
0 km- o
B Captured CO2 d>100|.|m or more ®»10 - 30|Jm

Gasac_:us_C_O.?_ .

_I-_

1 km- Supereritical CO2

2 km-

CCCS (Concentrated CCS)
Sore high-pressure & temperature supercritical
state CO2 at -800m deep.

DCCS (Distributed CCS)
Sore low-pressure CO2 dissolved water at -
300m deep where no groundwater use.

Computer Simulation - PresSUre test
of dissolved CO2 density equipment
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