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Renovation Technology That Optimizes Renewable Energy;

Targeting a Zero-Energy Building (ZEB)

SANKEN SETSUBI KOGYO CO., LTD. JAPAN
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Company Profile SANKEN

Compan TN SANKEN SETSUBI KOGYO CO., LTD.
Established in 1946.

Head Office Kayabacho First Building, 17-21 Shinkawa 1-Chome, Chuo-ku, Tokyo 104-0033
Paid-in Capital ¥739,954 thousand

Technical Staff 832
Number of Employees Clerical Staff 328

Total 1,160 (As of April 1, 2019)
Net Sales ¥79,127 million (FY 2019) = $750 million
Construction Business License (Toku-24) No.1879 by Minister of Land, Infrastructure, Transport and Tourism

. . Plumbing Business, Architectural and Construction Business, Electrical

Business Lines 4 K

Contracting Business, etc.
First-Class Architect Office Registration No. 16996 by Governor of Kanagawa Prefecture

https://skk.jp/en
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Representative projects
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Toranomon |, 2-chome redevelopment project in

New Olympic Stadium for Tokyo 2020 ) 3 i
Total area 194,000m2 B2F-5F 68,000 seats by 11/2019 A-l Tower 23WQE0MME BAF-49F-2 Cuu+ NN
Medium, high-rise office, Low rise hotel, com C

i
||||

What is a ZEB (Zero Energy Building) ?

* ZEB is a building that utilizes high-efficiency air-conditioning systems,
natural daylight and enhances the heat-insulation to save energy usage
as much as possible while maintaining comfortable indoor environment
and generating electricity by photovoltaic and wind power generation
on the site.

*/EB minimizes the supply of electricity from power plant that uses

fossil fuels.

ZEB is necessary to reduce climate change and
to realize a Low-Carbon Society.
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Procedure for Achieving ZEB SANKEN
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1. Minimize the load
Enhancing the heat-insulation
Control of internal heat generation

) 4
2. Introducing high-efficiency systems
Sensible heat and Latent heat decoupled

4 air-conditioning system
3. Utilizing renewable energy

v PV, Geo-heat, Solar thermal, Natural ventilation

Achieve ZEB

Energy Consumption  Photovoltaic Power Generation
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A prerequisite for ZEB is to reduce energy consumption by 50% or more




2019/9/30

SANKEN

ENVIRONMENTAL ENGINEERING

Outline of Innovated Technology

for ZEB of SANKEN

Outline of the Building
TSUKUBA TECHNICAL CENTER (TTC)

LJ apan Sapquro

Sea of Japan

Japan
et Coiks o @ Tsukubamirai | | ocation: Tsukubamirai-city, Ibaraki-pref.
g S ey 40km (25mils) northeast from Tokyo
B Site Area: 4,123m? (44,380ft2)
ra Floor Area: 2,258m? (24,305ft2)
"agﬁ'_;mﬂ Reinforced-Concrete structure

Floor Number: Three stories
Completion date: Oct, 1992
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TSUKUBA TECHNICAL CENTER IN JAPAN

DM - WELTARNA Uz AR
CHEETR RS

tire: Renewal of TTC towards Zero Energy Building ! ‘

A prize of Renewal Award from SHASE in 2014
SHASE: Society of Heating, Air-Conditioning and Sanitary Engineers of Japan
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Title: The ZEB is interwoven with Wind, Sun and Geothermal heat.
Wi 1k 8)

Minister of t
at the countermeasure technology advanced introduction department
of global warming prevention activities in 2014.

Title: Renewal towards Zero Energy Building

Ry / ENVIRONMENTAL ENGINEERING

BETHI - BEHEABERNSEY 27 LONR
e S T E Y- . 3

ERTE | 55.451kwh | 22.20C0: MER

RAMMM | 49.600kWh | 20.11-CO: MR

D e TREMRAZMEEE 2100 FHGLLE
o :w‘ TAFALETEEN OREGTVAFL

. - e e

:Japanese Association of Building Mechanical and Electrical Engineers
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Title:

Sustainable Archltecture Award from IBEC in 2016.

:Institute for Building environment and energy conservation.

The 6th Sustainable Architecture Award

SANKEN
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TSUKUBA TECHNICAL CENTER
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L]
PV Panel
40kW. BCP Correspondence
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Experiment Laboratary
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“Latent Heat Processing
Utilizing Solar Thermal & Geothermal

DL Cirmiely
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Outline of the Innovated Technologies in the Building

@ High Efficiency System

|Geothermal Enery'

Purmping Well | Injection Well

@ Utilizing Renewable Energy
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Innovated Technologies
Elemental Technologies

1. Architectural

(@ Exterior thermal insulation
@ Low-e pair glass

2. Air-conditioning system
(@ Decoupling Latent heat and Sensible heat
Ceiling radiant panel, Latent heat treating system

@ Direct use of renewable energies
Geo-heat, Solar thermal, Natural ventilation

3. Electric equipment and lighting system

(@ High efficiency lighting (LED)
@ Daylight control and zone control of lighting
@ High efficiency transformer

15

Decoupled Sensible Heat and Latent Heat Air-conditioning System S, A NKEN
UtiIiZing Renewable Energies ENVIRONMENTAL ENGINEERING

Heat Source System

Utilizing Renewable Energies | ‘ Sensible Heat Treating l | Latent Heat Treating ‘

Solar thermal energy

Backup system

A | —
\'A 4 N b PAC
e | | B \H' I E— e 7T e
- . 4 f— [ -
3 -4
— / | L
|1 1 | RA } OA
‘ Pre-cooling & heating

» EA
Ceiling radiant panel :

HP: Water-cooled heat pump chiller
PMV control HST: Solar thermal storage tank

o 0 0 DC: Desiccant coil unit
HEX AHU: Fresh air treating unit
PAC: Packaged air-conditioner
Geothermal energy - AHE: Sensible heat exchanger
@®|(Groundwater at 15 c) SA < HM: Evaporative humidifier

Main heat source for the air-conditioning system
Cooling: Direct utilization of geo-thermal energy and solar thermal energy
(Solar thermal energy for regeneration process of desiccant coil unit)

Heating: Direct utilization of solar thermal energy

16
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Air-conditioning systems that decouple and treat
sensible heat load and latent heat load

Concept of Energy-Saving Effect

17

Decoupled Sensible and Latent Air-conditioning System

Air-conditioning Load
ir-conditioning Loa General Method

‘ Sensible Heat Load ‘ Both are treated simultaneously by
one air-conditioning system

‘ Latent Heat Load ‘

Air-conditioning Load Decoupling Method
‘ Sensible Heat Load ‘ ‘ Independent Sensible Heat Treating System ‘
‘ Latent Heat Load ‘ ‘ Independent Latent Heat Treating System ‘

SANKEN's decoupled Sensible and Latent Air-conditioning System

Independent Sensible Heat Treating System: Ceiling radiant panel

Independent Latent Heat Treating System : Dehumidifying unit and Desiccant coil unit
for Outdoor air system
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d Energy-Saving Effect Concept

of Decoupled Sensible and Latent Heat Air Conditioning System

General Method Decoupling Method

Total heat load 100 Total heat load 100

Sensible Load Latent Load
70

Sensible Load Latent Load
70

Heat Source Equipment Heat Source Equipment Cold Water

Chilled Water at 7°C Chilled Water at 16°C at7?C
.. COP=3.0 o5 | cop=30
u g s v v
" Total Energy
Total Eneargysc;:‘l’\;umptlon @S e
. 20.8 kW

. 38% Reduction J

\
COP: (Coefficient Of Performance) 19
i Energy Saving Effects (Renewable Energy)
of an air-conditioning system separating latent and sensible heat
Utilization of groundwater and solar thermal to Desiccant System
General Method Decoupling Method
Total heat load 100 Total heat load 100
Latent Load
Sensible Load Latent Load Sensible Load
70 30 70
Heat pump chiller Heat Source Equipment Chilled Water at Solar thermal at 55°C
Chilled Water at 7°C Desiccant
COP=3.0 6.5 Ve (
TR o |
Total Energy Consumption Total Energy Consumption
33.3 kW 16.7 kW
50%Reduction ]
20

10
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Energy Saving Effects (Renewable Energy)

of an air-conditioning system separating latent and sensible heat

Utilization of groundwater and solar thermal to Desiccant System

General Method

Decoupling Method

Total heat load 100

Total heat load 100

Latent Load

Heat pump chiller Renewable energy Groundwater at
Chilled Water at 7°C

Sensible Load Latent Load Sensible Load

Solar thermal at 55°C

. COP=3.0 T _COP=20.0

«

Total Energy Consumption
6.6 kW

]k 80% Reduction

Total Energy Consumption
33.3 kW

4

21
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Decoupled Sensible Heat and Latent Heat

Air-conditioning System

Sensible Heat Load Treating System

(Radiant Ceiling Panel)

22

11
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SANKEN

Appearance of Radiant Ceiling Panel SLVIKETY
> A
[l —
\ 1.800 >A [mm]
70.9in
Plan View
Polyethylene pipe ID12.1mm (0.48in) OD16.1mm (0.63in)

Aluminum 1.2mmt (0.047in)

A e o

A-A Cross-section

A panel made of aluminum - Good heat conductance, Lightweight

Slit between the panel - Natural convection effect
23

Positive Points of Radiant Air-Conditioning ~SANKEN

Comfort of Radiant Air-Conditioning

| Radiation 40 - 50%
. Convection 20 - 25%

Evaporation 20 — 35%

® Heat radiation is the biggest heat quantity
of the heat released by a human body.

® The temperature distribution of the room ’ ‘ W Contiion 354
is even because there are only a few drafts.

24

12
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Positive Points of Radiant Air-Conditioning

Energy Saving of Radiant Air-Conditioning

*The Cooling is possible by sending cold water to the ceiling
metal panel at 18°C, and the efficiency of the heat source
COP is improved by a factor of 1.5 or more.

*Further, since water having a specific heat of 1 caig-x and it
is used as the cooling refrigerant, the conveying electrical
power is about 30% of that of air.

PMYV Controller

SANKEN developed a PMV controller for the Radiant A/C
system. It controls the PMV, which is the theoretical comfort

index in the room.
:PMV (Predicted Mean Vote) and PPD (Predicted Percentage of Dissatisfied) 1SO7730(1994))

801 = I =T —__1 L&
3260
L 7 stage evaluation of
Scope of application of PMV
PMV 3200 [
PMV [2<PMV<+2 z B
Metabolic equivalent |0.8~4met +2Worm E
[ Amount of clothing 0~2clo +1|Slightly warm h
Air temperature 10~30°C 0 |Neutral ot T
Mean Radiant Temp  [10~40°C -1 |Slightly cool = I s AL (i R ‘.
Mean air velocity 0~1m/s -2 |Cool 20 -15 -10 -0.5 0 05 10 L5 20
. o 37 Py TRY
Relative humidity 30~70% BlLwe PRELY W3z PREM '

PMV: TR0 S

FMV EPPDOMI%

13
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‘ Thermal Image of the Ceiling Panel

During Cooling

X Blue (Low temperature)<>Red (High temperature) 27

Decoupled Sensible Heat and Latent Heat
Air-conditioning System

Latent Heat Treating System
(Desiccant Coil Unit and Dehumidifying unit)

28

14
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Desiccant Coil Unit

Batch Process System composed by two desiccant coils

Desiccant Coil X 2 Exhaust Fan

Indoor \ & Regeneration
Exhaust g @ Exhoust

o

8,“ Supply Fan

o

Dehumidified air

Pre-Cooling } \.

Outdoor Air >
I_ he 4-Way Dampers
) g Y Chilled Water 18°C
Chilled Water ¢ — (Directly utilizing groundwater )
Hot Water dmm P Hot Water 55°C
(Directly utilizing solar thermal energy)

3-Way Valves X4

29

Desiccant Coil Unit

50
operation data on 29/08/2013 45 - Jm i NI IV WA W Regeneration Exhaust air
*Batch Interval :5min 0 REUD RERS
* Chilled Water Temperature : 17.9°C (Groundwater) 53 {
Flow rate : 22.6L/min. ; 30 1 BEADERHR Room exhaust air
*Hot Water Temperature : 55.2°C (Solar thermal) § 2 | e A (ot o st
FlOW rate: 212L/m|n E 20 Outdoor Air ( inlet of desiccant)
3
Average Temperature: 24.8°C
Average Absolute Humidity: 7.7g/kg’ 7 BEHO(BAHR)
—~25
g WimiwmIHNHHHHUHNHIHH|HHHHUNHW’WWWWNHWUIWHNWW
% 15 -+ - -muuuu-umnuuuuuuulljlluunuﬂl‘n“"n i ll\“ll!mmllll!l an Outdoor Air ( inlet of desiccant)
g S Room exhaust air
g O NN T oonuridtied ae ot ot sescoms
«Chilled water temperature of pre-cool coil : 17.9°C(Groundwater) é 5 TYAFEELEER)
0 , , , ,
8:00 10:00 12:00 14:00 16:00 18:00

tio,

15
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Outdoor Air Dehumidifying Unit

|‘_% Outdoor Air

Dehumidified Outdoor Air —=||

Heat Exchanger Air-conditioner

¢ =

0 S5 0 5 10 15 20 25 30 3% 40 45 %0 55

o o o
Operating Condition by PMV control SANKEN
ENVIRONMENTAL ENGINEERING
¢ Air conditioning operation N
40 p— i ‘ 100§
Outside hu 'nidily‘ ‘ ‘ >
]
\ £
35 50 2
T \ Indpor 0
Indoor humidity 2
peratu @
0'5‘ 30 F——— 0 @
° o
E
i 25
g suipply wate
L mperature
20 |—Groundwater T i
_temperature ‘ ‘
15 | |
2.0
T 45 ) %#0.45clp, 1.1met
> N\ .
E 1.0 \ 7~
05 N — -/
00 Comfortable range
0 2 4 6 8 10 12 14 16 18 20 22 24
Time [h] 32
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Energy Consumption and Energy Balance

https://skk.jp/en/zeb/

33

Primary Energy Consumption SANKEN

in t he O f fice A rea ENVIRONMENTAL ENGINEERING

| Lighting M Equipment [l HVAC |

600 ]
B We have been operating the

renovated system since 2010.

500

400 B We have continued in introducing new

471
385 382
391 313 technologies and improving energy
300 conservation.
200 B We have achieved the ZEB since 2013.
100

2010 2011 2012 2013 2014

Primary Energy [MJ/m?2/year]

® Primary energy consumption of the office area in 2014 was
313 MJ/m?/year.

® Primary energy consumption of the reference office building is

approximately 1600 MJ/m?/year. »

17
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Electric Energy Balance

The Photovoltaic Power Generation and the Electric Power
Consumption of the Whole Building in 2014

Photovoltaic power generation

Electric energy [kWh/month]

6,000

5,000

4,000

3,000

2,000

1,000

0

M Electric power consumption

53,070kWh > [l 48,410kWh

Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar

Annual electric power consumption was less
than annual photovoltaic power generation.

SANKEN
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We achieved

net ZEB

35

Rating of TTC in ZEB Evaluation Chart

TTC is rated on ZEB as net Zero Energy Building

Volume of Energy Supply [MJ/m?/year]

4

o]
o
o

h

400

) 1
) 1
) 1
| 1
] 1
) 1
ZEB :Reduction of :
7 100% or more i
]
i I(Net Zero) |
P 1
’ ! !
2 |
/’, 1 Bencl'l1mark
1
TTC .- Nearly | Primary Energy
, // ZEB : on of Consumption
7 75% or more !
4 ! !
7 7 [} . [}
. 1, Energy Savings !
ol o { Reduction of 50% or more l
Z o~ ZEB | !
4 4 .
L, 7 Ready ! Reduction of Referencle Building
v ’ 50% or more o_»
400 800 1200 1600
(25%) (50%) (75%) (100%)

Volume of Energy Con

sumption [MJ/m?/year]
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36

18
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Conclusions SANKEN
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B We have achieved a ZEB of the existing building by the renovation work.

B The ZEB has been accomplished mainly by high-efficiency system and
load minimization, and it does not rely on a large amount of photovoltaic
generation.

B Sensible heat and latent heat decoupled air-conditioning system is the
most important element of the ZEB technology in ASEAN.

B Utilizing renewable energy directly is also an important element of the
technology in ZEB, and it is able to operate without heat source machine.

37

SANKEN’s Actions in ASEAN SANKEN
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“SANKEN would like to emphasize that ZEB is
necessary to stop the climate change and to realize
a Low-Carbon Society for our children and their
future.

*SANKEN will continue to cooperate in the dissemination of
ZEB, which will improve health and productivity of the
people in ASEAN with minimized energy consumption.

19
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Thank you all for your attention !!

PIC: : Mail : Contact Number
Mr,FUJIOKA : y-fujioka@skk.jp : +81-90-1350-0029(mobile) :+81-3-6891-0016(Office)
Mr,SAEKI : k-saeki@skk.jp : +81-90-2230-0598(mobile) :+81-3-6280-2571(0Office)
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