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Company
Name

KAJIMA CORPORATION

Head Office Tokyo, Japan

Established 1840
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Incorporated 1930
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Revenues ¥2,079Billions (~US$15B, FY2021 consolidated)
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Number of 8,080 (As of March 31, 2022)

l | Employees
Business Construction (Civil Engineering and Building Construction),
Domain Real Estate Development, Architectural Design, Civil

Engineering Design, Engineering, and Other




Name Kajima Technical Research Institute (KaTRI) e

In 1949 as the 15t research institute among

Established construction industries in Japan

290 (As of April 1, 2020)
Number of Research engineers: 242
employees

(including Ph.D. holders: 86)

Contribution to clients & society through business

A A

R&D Technical

Education &

Promotion
®Seminars & Workshops

® Development of pioneering cooperation
basic technologies

® Technology development and

® Technical support and

- consultation for
deployment for practical use D&C divisions

@® Technical promotion
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loT connected and deployed
a for smart buildings
KAJIMA

TECHNICAL RESEARCH INSTITUTE 2

tnvionment B Ty
.o . > Interaction Lﬂ‘
Kajima Technical Research , , st o il
Institute Singapore (KaTRIS) Conshruction

Robofics, Intelligence
automation,

BIM, and Environment

remote site .
surveillance Project 5

O S O TrU |y g Io b q I Reseq rC h 2 solutions for a Green
innovation hub for the built : .
environment sector, smart city
iInnovation, and construction

tech.

L2 #  New materials and technology Geo-related technology and
** for building maintenance engineering services
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Kajima Environmental Vision Triple Zero 2050

We have formulated the "Environmental Vision:
Triple Zero 2050" to realize a sustainable ‘ :
society that balances the environment and ajima Environmental\Vision

the economy. ‘ﬁﬁ';ﬂaa{ﬁ)m

We will actively work with customers to
develop not only our own business
activities such as construction sites but
also environmentally friendly construction
materials and CO, reduction from long Buitg ‘ @m
term operation of buildings. We are aiming WA, mior e bariness ETO00S
for zero in three fields of carbon, waste
and impact for nature.

For "Zero Carbon", we will promote the spread
of ZEB by our design and construction.

Alming for 2ero waste
by utilizing sustainable
materials and making
buildings Last longer

Alming to minimize
environmental impact by
imiting bad effects on
nature and iving creatures
and restoring blodiversity

Aiming for 2er0 emissions
of carbon dioxide from
business activities and

busidings

Achieve Zero
~— __ Emissions Target

Improve usage rate
of recycled materials

o v,
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Solutions for Zero Energy Building (ZEB)
for Sustainable Society

ZEB (Zero Energy Building) is the idea of reducing energy consumption
at the building operation stage by saving energy and using renewable
energy, and making it as zero as possible.

Companies are beginning to adopt the idea of integrating environmental KZAEMA
initiatives and corporate management, such as SDGs and ESG R
Investment. ’

In response, KAJIMA will broadly strengthen environmental proposals
along with ZEB proposals.
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ZEB is realized by 4 categorized technologies

phase

t
(CO, emissions)

iona

Energy consumption of
€ opera

buildings in th
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@ Eco-design

Reduction of energy
waste

- Facade engineering

- Natural ventilation

- Daylight use

- Task and ambient control

- Control by advanced
sensor & IT

@ Eco-workstyle

Compatibility between
productivity and
energy saving

« Diversified places
according to the activity

« Information on demand

| - Active communication

« Enjoy nature

« Relaxation and
concentration

Energy
Management

Optimization of the
energy conservation
performance

« Combined heat and power

« Smart energy network

+ Optimization by BEMS

« Visualization technology

- Energy conservation
enlightenment

- Demand response

Renewable
Energy

ptimun use of
enewable energy

Photovoltaic generation
+ Solar Heat

« High efficiency heat pump
+ Giothermal heat pump

| 1
I KAJIMA

alTRIS
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Expanded definition of ZEB

® |n order to realize and promote the spread of ZEB, not only "net ZEB" with net energy
consumption of less than 0% but also expanded "ZEB series" is defined.

® Recently, it has become possible to apply "ZEB Oriented" to large buildings.

Building Oriented Ready ZEB

Reduction Reduction Reduction Reduction

of 30~40% of 50% of 50% of 50%

or more’3 or more or more or more

+ unevaluated
1 00 o energy-saving N v

2 technology 4 Energy Energy

Large net 50% *creatlon creation

building or less net 25% net 0%

‘ 5 or less w or less

|
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(1 Eco design

01 Eco design

02 Eco work style
Energy
03 management

Renewable
04 energy

Energy consumption of
buildings in the operational phase
(CO, emissions)

*

[l Eco design
Energy-saving design by integrating
architecture and engineering
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01 n Facade design that integrates architecture,
structure and mechanical engineering

By incorporating the structural frame into the exterior design, we have realized a fagade
design that not only achieves both structural performance and design, but also balances

solar radiation control and a good view.

Summer solstice
solar radiation

(daylighting window
- brindless
- milky film

Out-frame structure — - | F

Upper window ——— |
hting window)

Ceiling surface illumination
with the reflected light of the light shelf

*aluminum extrusion =

- View window
*low-E pair glass
*blind
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=--» Natural
# ventilation

(photo by No:

Impression of

brightness =; Lighting

equipment
View and

openness™~ High ceiling height




01 des% Evaluation of thermal performance
-~ of facades

 We developed window models that can evaluate both thermal loads and
the thermal environment near the windows.

« The accuracy of the window models has been verified through a
comparison with tests and measurements.

« Use this method to optimize facade performance.

Solve heat halance A . . -
?-ﬂ.% _#I".u.u',a:l .e —/ tquaﬂm. 2‘ ta‘\-h n odt_ - u omatic ou pll
= - -
“| - R =T Tl —
Saldr L" o e - -

A ¥ L O o 7 S o O |
radian —— | = | -
1 E: ‘£ ST B
A [Go— | .
Iy Ir 1o - .l-:. |-‘ Ir '.\ -! - = Easy lnm Calculatlon
" . - ﬁ
P | e | 2% | 2 Ruiusian - ~
'/ bt f'&."jf P P L e I e :E E
: | e —
:.“t /r t \\ /E Lil_,
inp :.F" ..n.. 1 ““;':m anbly * The simulation can evaluate both
» |k air-conditioning loads and the :
Chitdnor / Ranm 3 i . !
f‘ thermal environment near windows. | .

= Peak and annual simulations

Cavity wnhi b on valpmye: made e d by wentilation duy ta
tymperumry difly rengy

Window model for double—skin facade '
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01 .3;.%,,\ Application examples in Japan

Eco-shaft
(void)

Double-skin

/ facade

o p ol N
: ' s I
Double-skin Facade Low-E Double Glazing _— :
(T project) with Small Solar Transmittance Natural Ventilation (P project)
(HQ building)
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117 Eco work style

01 Eco design

ﬂ 2 Eco work style

Energy
03 management

Energy consumption of
buildings in the operational phase
(CO, emissions)

Renewable
04 energy

*

17 Eco work style

Realization of both intellectual productivity
and energy saving
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02 o e Energy-saving design by creating
~ the efficient and comfortable workplace

We aim for the ZEB that achieves both energy saving and
intellectual productivity.

 We propose offices that support the improvement of intellectual productivity by ABW.
X ABW : Activity-Based Working, Work style to choose a place to work according to the content of work

» We propose eco-work styles that reduce CO, emissions by optimization of lighting and
air conditioning according to work style and encouragement of energy-saving behavior.
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/5 Energy management
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Energy consumption of
buildings in the operational phase

01 Eco design

ﬂ 2 Eco work style

E
03 mnaer:ggement

(CO, emissions)

Renewable
04 energy

*

/5 Energy management

Reduction of energy consumption
during operation




Energy

management  REAI-time energy visualization and energy-saving control

BA network

Air-conditioni
@ pg\/\fgrn itioning

PV power generation — (@)

@ | 7

Outlet power Lighting power

|/F

r Charge / discharge
Li-ion amount

User PC

1

=

Visualization of power
consumption

\. J/

Server

Service

integration router Multifunction
device

Smart terminal

| («
ereless Smart tap

Each outlet power

OA network

Image of IP integrated network “B - OA net"
(KI-ZEB renovation)
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Energy-saving operation (Akasaka Annex)
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Visualization of power consumption™® 1
(KI-ZEB renovation) 1




03 . Platform for optimizing building management
"KAJIMA Smart BM®"

KAJIMA and affiliated company operate the cloud-based building management platform
"KAJIMA Smart BM" in collaboration with Microsoft Japan.

Customer bilding ACTION 1 : Remote monitoring

Central
mgmtorlng v Centralized
monitoring
2iiim ?,f\‘j'h‘j,‘j Equipment CIOUd
i operation :
LTE data Accumulation Al engine Remote
(Mobile . S : monitoring
(tp) communication u Big IR :
- &....Tftﬂoﬁ:{ ........ > g . . '?'\"j'. ¢%® “@m
Egg;gtrir:)enm Small PC « Energy Eﬁ?’:iii‘ =W .l % =S
data for data
collection « Temperature, flow volume
+ Operation history etc. Analysis
and
ACTION 2 : utilization ACTION 3 :
Accumulation in cloud storage Big data analysis
System configuration of "KAJIMA Smart BM"
 Operating status of air conditioning, lighting, etc.  Reduction of running costs by optimal
* Indoor environment such as temperature and illuminance > adjustment of equipment

Early identification of equiprr;ent

« Energy consumption, etc.
abnormalities etc. l l
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(4 Renewable energy

u 2 Eco work style

Energy
03 management

(CO, emissions)

Renewable
04 energy

Energy consumption of
buildings in the operational phase

*

14 Renewable energy

Utilization of renewable energy
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04 "= Solar power generation

i ﬁl l
Y.

PV modules integrated with roofing Top light integrated with PV panels
materials of the existing factory (A project)
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"ReHP ®" that integrates and optimizes

| multiele renewable energies

Research area
Office and common area

Heat pump

water heater
Water heat source
package air conditioner Cooling tower

’ Heat source
{ water pump
[MJ/m.year]
600

500
Auxiliary c
heating
exchanger %_ 400
Heat exchanger I
to recover the = 300
exhaust heat of §
the refrigerato
LY B 200 |
ny, c I Cooling Tower
3 — 100 I Hot water
The heat source water loop is combined with ‘_é’ W E [ Air-condition
geothermal coils using piles, exhaust heat 5 o, g 0 ;
from a refrigerator, and cold exhaust heat 5 J S Reference Achievements
from heat pump water heater. D O i ildi
As a result, the water heat source package . \/ \n/ %_ value of this bU|Id|ng
air conditioner in the office and common Ut/'/,'zl- d| &
area and the water heater in the research hea ¢ hg e \,
area can be operated with high efficiency. fro ,ther
Pileg  Mal

ReHP system configuration

|
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meewawe  Hybrid air conditioning system combined
i j’_'“’ﬂx with ceiling fan and conventional AC unit

"
I

Thermal comfort, IAQ: © _ _
Energy consumption: Airflow simulation

Collaboration research with National Universy of Singapore (NUS)
* Inprovement of thermal comfort
« 20-30% energy saving
* Reduction of COVID-19 infection risk
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The GEAR

The GEAR (Kajima Lab for Global Engineering, Architecture & Real Estate)
« Kajima Group’s Asia Pacific Headquarters / Global R&D Hub & Innovation Center
» Utilize as testbed for R&D and open innovation

13,087 sgqm

GFA

Changi Airport
The BEAR - %

]

Singan

A T 4 ocatio
3 - . o |
o P Down
A v o KaTRIS
1+6 18 - @ =
- i IFE
2 ) Liva . i PS8 !
ERon .. B —— | | S
Q)

Basement and Floors [

T
T3
400 pax T2
Capacity Changi Airport
T EL; AN o g " . v "
Q1 2023 e I o ; & |.. Planned
S R a0 — i S Location
TOP g A Eizemg

|
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green roof |

ocean breeze

evapotranspiration
E R

L

rainwater harvesting
v \

The GEAR

\ \ '

' rainwater harvesting
' ! ]

' solar energy |
\ Y H

N

.. device oriented gres

biophilic ‘design wit [ u

S S -
evaporatlon
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Digital Twin Platform in The GEAR

Analytics, Simulation

(NG
Y

N4

Improve Energy Saving

Maintainability /\ Decarbonization
Eco-Friendly

Virtual Space (Digital)

Digital Twins

Occupants
Well-being

The GEAR Digjtal Platform
V.
Real Space (Physical)
) LA \ m\ \\/\V '& vital
}; %3 J [ %} JL ’/‘U _ - = Sensor

v

‘0

= : ]
[
=g

NG 4 Security - Auto PV panel = Optical Fiber | _—
. ' amera Irrigation IAO S - Borehole
(ACMV_, Lighting, Space Room Ingress/Egress _ Location Q Sensor underground
Electricity, etc.) Checking Tracking monitoring)
With Facial Recognition 1,800"‘ Data Points
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The GEAR Data-driven fraémework

Ip® o/))/‘

2,
Y @
| O ik N
Well-being N ) Maintainability
Empowerment Occupants Facility Worker shortage
Engagement Vst Management Attractive work

Tenants

Activity Tracking, Claim,
Vital sensing data, efc.

Management Report, Log,
etc.

Intelligence
&
S Q
< o
9 > .
< 23
) Q 2
IS - 20
XS The GEAR 0%
00 & 9,
Future Smart 2

Building Projects
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The GEAR SLEB achievement

GreenMark SLE certification on June 2022

[kWh/yr] ™

2,500,000

.........

rrrrr

2,000,000 — N
\>45% SLE requirement E
1,500,000 - s

1,000,000 ——— \
________________
1

0 i i
. The GEAR
Baseline The GEAR (Data-driven control)

Annual Energy consumption (calculated)
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Exploring today, building tomorrow.
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