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"Il want you to act as if the house is on fire, because it is."
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in Tokyo in 2016 (Tokyo Metropolitan Government, 2019)



Japan raises emissions reduction target to 46% by 2030

By MARI YAMAGUCHI  April 22, 2021
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Making Japan carbon neutral by 2050 is
huge challenge
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(APnews.com, 2021)
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“Is The Dutc

INn place of

n Earth, Wind and Fire system (EWF),

‘he existing air-conditioning system,

an efficient energy-retrofitting method to achieve

energy-neutrality in an office building in Tokyo without

compromising thermal comfort of userse”






EARTH: Climate Cascade

Air supply

WIND: Ventec/ Power Roof

Energy production
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Over pressure room
Office rooms
Shunt duct
FiwiHex heat recovery
. Auxiliary fan
. Venturi ejector
. Recirculation air damper
. Heat storage
. Equipment room

FIRE: Solar Chimney

Air exhaust
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Over pressure room
Office rooms

Shunt duct

FiwWiHex haat recovery
Auxiliary fan

Venturi ejector
Recirculation air damper
. Heat storage

. Equipment room
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MFO-2 building, Erasmus University Rotterdam
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(Paul de Ruiter Architects, 2021)
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Tokyo’s Offices: Building Stock Space Availability

Small &
Medium, 92% '

m Large m20yearsorolder = Lessthan 20 years m With Space = Without Space

(Xymax Real Estate Institute , 2020)



EWF Integration Criteria

Compulsory:
=  Higher than its surrounding (for Power Roof)
*  No load-bearing facades or walls

=  Has sufficient load-bearing capacity for possible
installation i.e. Power Roof

Additional:

= Space availability on site

= Building height is over 15m
* Free-floor height

= Available vertical shaft

= etc

flexibility of load bearing structure
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Case study: NK Building
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Case study: NK Building
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Case study: NK Building

Location

1-16-3 Nihonbashi, Chuo-ku, Tokyo

Date of completion
Total floor area
Typical floor area
Structure

Building scale
Air-conditioning

Design

2016

511639 m

391.30m / 118.37 tsubo

Steel structure, with vibration damping

1 basement floor, 10 floors above ground
Individual air-conditioning

Flying Pumpkins & Team FP



Case study: NK Building

205x26m



How do | design
CC and SCce
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Climate Analysis



Excel
calculation



Climate Cascade (CC)

OOMAR I cc pesign steps A
y

Outcome

eCCsize
eAchieved pressure

Design parameter

e Air velocity

eWater/air factor (incl. no of
Climate analysis spray heads)
eTemperature *(With/without after-cooling)
sRelative humidity
*Ground water temperature

Air velocity
3m/s
lower higher

e EEEEEREEEE—=—n—h—N——_—n—"

bigger n <«—— CCsize — > smaller

lower <———— Hydraulic pressure ——>  higher

lower <—— Water velocity ——>  higher



Climate Cascade (CC)

Tokyo =16.5°C cooling: when T outside air = 24°C
.g Height Necessary Noof Outgoingair Achieved P — Pump Energy Heating Energy Incoming Cooling Energy Amount Total
E [m] Pressure spray- temperature Pressure [MWh]  [MWh] [kWh/m2] [MWh] [kWh/m2] water (MWh]  [kWh/m2] GATEICTE  Energy
I [Pa] heads T33 [°C] T24 [Pa] temperature LG [kWh/m2]
1 44 100 16 16.4 307 0* 54 11 27 6 13 154 32 243,000 49
2 44 100 10 16.42 192 0* 34 7 33 7 11 199 42 152,000 56
3 22 100 10 16.42 96 [}* 17 4 32 7 11 199 42 152,000 53
4 100 16.5 115 6 177 182,000

|-m———“-—-_-a_———|

22 100 16.14 86 0* 15 36 10 226 43 137,000 59

* Natural draft by EWF saved 1.68 MWh of Fan energy



Climate Cascade (CC)

S0 o0

DOMAR

WxLxH
Spray heads

Pressure loss
Air velocity
Ventilation

Air temperature into room :
Water temperature

: 1.08 x 1.08 x44m
: 3 at the top (44 m)

9 at22m

: 100 Pa
:3m/s
: 12,650 m3/h

50 m3/h/person
16.5°C

: Cooling mode 12.5°C (cooled)

Heating mode 15°C (ground temp.)



Climate Cascade (CC)

Air Water Room Pressure n_sprayheads
Be-0C @, -% x, -g/kg 0 .-°C @.-% |x.-g/kg| © -°C 0,.-°C |Vin-m3/s|m_wat_in| 6.-°C @ -% Pr-Pa | P, -Pa P,., -Pa
33 55 20.75 16.87 100.00 12.02 12.5 16.87 0.008 8.4 28 70.7 287.8 -11.4 299.2 12
30 66 17.69 16.77 100.00 11.94 12.5 16.77 0.006 6.3 28 70.2 215.9 -9.5 225.3 9
24 79 14.82 16.64 100.00 11.84 12.5 16.64 0.004 3.5 20 66.6 119.9 -5.4 125.3 5
18 71 9.13 15.28 96.05 10.40 15 14.91 0.001 0.7 20 60.4 24.0 -2.1 26.0 1
12 68 5.91 13.73 100.00 9.78 15 13.73 0.008 8.4 20 59.3 287.8 1.3 286.5 12
6 68 3.93 12.75 100.00 9.16 15 12.75 0.008 8.4 20 57.6 287.8 54 282.4 12
0 49 1.84 11.74 100.00 8.57 15 11.74 0.008 8.4 20 53.9 287.8 9.7 278.2 12
-2 50 1.59 11.49 100.00 8.43 15 11.49 0.008 8.4 20 53.0 287.8 11.2 276.6 12




Solar Chimney (SC)

Ty

‘ SC Design Steps A
Outcome
eSCsize
. eAchieved thermal draft
Design parameter «Collected heat
eAir velocity
Climate analysis
eTemperature
eSolar radiation
Air velocity
1.5 m/s
lower . higher
bigger «— SCsize ——»  smaller
higher <+——— Collected heat — > lower

higher <«——— Thermaldraft ——>  Jlower




Solar Chimney (SC)

MDA

W xLxH :0.65x2 x44m x 2 chimney
Pressure loss : 25 Pa

Air velocity :1.5m/s

Heat recovery : Microchannel

AN



Solar Chimney (SC)

TYO: Te vs dP
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Solar Chimney (SC)

(A=

Months

Off
Office hour
|

— = 00~ AW

0

|
12

Grand Total

Average
of Te [°C]

15.00
18.39

8.53
10.54
12.57
15.18
21.48
24.92
25.49
31.36
25.73
18.98
15.94

9.74
16.55

Average
of Q
[W/m2]

21

303

198

315

332

422

393

361

234

475

256

221

229

206

150

Average of
Thermal
Draft [Pa]

8.84
5.40
21.15
18.95
15.24
11.42
0.78
-4.99
-6.91
-14.10
-7.06
3.50
8.62
19.06
7.27

Sum of Fan Sum of Heat

energy
[MWh]
0.04
0.21
0.00
0.00
0.00
0.01
0.02
0.03
0.03
0.04
0.03
0.02
0.01
0.00
0.25

Average

Recovered of T attop

[MWh]
21
204
12
18
20
25
18
14
21
18
20
13
13
12
225

20
23
22
23
23
24
24
24
22
25
23
22
22
22
21
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3 different proposals

Shouchikubai philosophy
Shou Chiku Bai

BT

Pine Bamboo Plum
kY, f/‘&/(ffé /wg;«w/}fy 5@&«@

(source: jing.fm)



3 different proposals
Shou

,A\ Advanced "

Pine

Shouchikubai philosophy in design

Chiku

/%cé/‘a le

Bamboo

Bai

5@5’/‘0 (source: jing.fm)

Plum



3 different proposals

iy ll ‘Jxr P

&=

7 F=
j =
Y meH

a

|
MERiiiE ER :
! R =
i i
Jl“ FE | 1
b= 2 i
R o - -l |
: HEs E T }3 R A = _‘
- & . = iy BN O S T
= i iE Sk s s F HeekE = o 1
b= i [F A el L
§ | 3 |H f i
i ] ! : :
[ T | i il ; :
e i il i |
A i | ¥ I i }
i 1 n T ' TR %
| | | | e
i | ' Y
I |i ; i % |
I t !-;_.5 §
= —=8

Basic design 4.5

Plum



3 different proposals

RF

il
| -;1 I
I.n_

Moderate design Fu

Bamboo



3 different proposals

Advanced design 3.7

Pine



3 different proposals

O=%h,A=0), 8 =6

MNo. Category Plum Bamboo Pine
] Performance (HR) O O O
2 Material [quantity) O O O
3 Visual comfort A ya X
4 Maintenance A A O
5 Space use FaN O p 4
& Aesthetic Fal O A




Final Design
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Unitized SC
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Body modules + 6

~L

Reof medule

Top module

Body module

=
=

Bottom module




U ﬂ |t| Ze d S C ‘l«\\ Heavy material

ECP

Lightweight material
Plywood or sandwich

Transparent material
Glass or plexiglass

All-around fransparent !
(further reserach)

Combination frame
Stainless steel or aluminium
frame with spider fitting

...Ol...
Completely frameless &

assemble on site, with protective
layer that ensure airfightless added
to cover the gap between module

~ 3 amd -
:rl.ercihnrdwure.co.ukl S =
—_—

= -

Glass-to-glass connection (frameless)
Stainless-stelll spider fitting

Lighweight concrete panel or All-around structural frame

Stainless steel or aluminium




Order of Assembly




Order of Assembly




Order of Assembly




Details: connection within module

__"' oufskde
-...__a
Top wiew
Clarnping bolt
inzida "
T 1 Gloss-to-steel connector
Double-glozing &4/ 16/6 | Structural silicone sealant
Structural silicone sealant Bolted joint
| Rectangular steel profile
. 3 Microtherm
v e ﬂ
— = L
Clamping ool 1]
E--ﬂ Sandwich panel
Gloss-fo-gloss connector
TS e
{ EFDM | ! | |
Bushing U steel profie
Detail A

Detail B



DesignBuilder
Simulation
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3 different HVAC settings

m—m EWF design

Construction Wall 1 (SW & NW): ECP t60 R 0.14
Wall 2 (SE & NE): Curtain wall (DB template)

2 Occupancy & 5
Schedule 0.2 people/m
3 HVAC system VRF with HR and DOAS Ventilation (mechanical): VAV reheat, DX cooling

VAV with no reheat, with Dehumidification
Constant air supply of 16.5°C

Space heating & cooling:

Underfloor heating & chilled ceiling




2 different comparisons

m Existing EWF design Conventional
1 Construction Wall 1 (SW & NW): ECP t60 R 0.14
Wall 2 (SE & NE): Curtain wall (DB templaie)
2 Occupancy & 5
Schedule 0.2 people/m
3 HVAC system VRF with HR and DOAS Ventilation (mechanical): VAV reheat, DX cooling

VAV with no reheat, with Dehumidification
Constant air supply of 16.5°C

Space heating & cooling:

Underfloor heating & chilled ceiling




4 different variations

comfort Priority line enhergy

Variation 1 Existing New Variation 2

Ventilation amount 50 25 50 25 m3/h/person
Comfort design condition
Heating mode 22 22 20 20 °C
40 40 40 40 % RH
O ',_'|if]3:_1_ maode 26 26 25 28 °C

20 20 /0 /0 % RH




Comparison 1: EWF — Existing (VRF)

< comfort Priority line energy

Variation 1 Existing New Variation 2

Ventilation amount 50 25 50 25 m3/h/person

Comfort design condition

Heating mode 22 22 20 20 °C
40 40 40 40 % RH
Cooling mode 26 26 28 28 °C
50 50 70 /0 % RH
Variation 1 Existing New Variation 2
Comparison Existing EWF % Existing EWF % Existing EWF % Existing EWF %
Heating 3 15 371 2 14 720 3 10 197 2 10 495 kWh/m?2
Cooling 29 /7 164 2/ /2 161 22 6/ 205 2| 63 201 kWh/m2
Ventilation 50 31 -38 29 29 0 48 25 -47 27 23 =15 kWh/m?2
Total 82 123 50 58 114 96 /3 101 39 S0 76 94 kWh/m?2

Average difference %

Old & New difference %

Heating 446 Healing 475
Cooling 183 Cooling 143
Ventilation -25 Ventilation -14
Total 70 Total 74



Comparison 1: EWF — Existing (VRF)

_comfort Priority line energy

-

Variation 1 Existing New Variation 2

Ventilation amount S0 25 50 25 m3/h/person
Comfort design condition
Heating mode 22 22 20 20 °C
40 40 40 40 % RH
Cooling mode 26 26 28 28 °C
50 50 70 /0 % RH
Existing system Variation 1 Existing New Variation 2
Hours at and above 2/7°C 26 0 2102 2288 hours
Discomfort % in a year 0 0 24 26 %
Comfort % in a year 100 100 76 74 7
Hours at and above 29°C 0 0 4] 0 hours
Discomfort % in a year 0 0 0 0%
Comfort % in a year 100 100 100 100 %
EWF with climate ceiling Variation 1 Exisling New Variation 2
Hours at and above 27°C 0 0 741 741 hours
Discomfort % in a year 0 0 8 8 %
Comfort % in a year 100 100 92 92 %
Hours at and above 29°C 0 0 0 0 hours
Discomfort % in a year 0 0 0 0%
Comfort % in a year 100 100 100 100 %



Comparison 1: EWF — Existing (VRF)

_comfort Priority line energy
Variation 1 Existing New Variation 2
Ventilation amount S50 25 50 25 m3/h/person
Comfort design condition
Heating mode . 22 20 20 °C
40 40 40 40 % RH
Cooling mode 26 26 20 28 °C
50 50 70 /0 % RH
Existing (VRF) EWF

From top-left clockwise: Variation 1, Existing, New, and Variation 2. From top-left clockwise: Variation 1, Existing, New, and Variation 2.



Comparison 2: EWF — Conventional (VAV)

< comfort Priority line energy

Variation 1 Existing New Variation 2
Ventilation amount 50 25 50 25 m3/h/person
Comfort design condition

Heating mode 22 22 20 20 °C
40 40 40 40 % RH

Cooling mode 26 26 28 28 °C
50 50 /70 /0 % RH

Variation 1 Existing New Variation 2
Comparison  Existing EWF % Existing EWF % Existing EWF % Existing EWF %

Heating /2 15 -79 64 14 -79 2 10 414 1 10 626 KWh/m?2
Cooling 152 /7 -49 135 /2 -47 89 &/ -25 86 63 -27 kWh/m?2
Ventilation 44 31 -29 44 29 -34 35 25 -28 35 23 -33 KWh/m?2
Total 268 123 -54 243 114 -53 126 101 -19 122 96 -21 kWh/m?2

Average difference % Old & New difference %

Heafling 220 Heating -85
Cooling -37 Cooling -50
Ventilation -31 Ventiation -43

Total -37 Totdl -58



Comparison 2: EWF — Conventional (VAV)

_comfort Priority line

energy _

-

Variation 1 Existing New

Variation 2

Ventilation amount 50 25

25 m3/h/person

Comfort design condition
Heating mod:

20 °C
0 % RH
N
70 % RH

Conventional system Variation 1 Existing New Variation 2
Hours at and abowve 27°C 0 0 851 821 hours
Discomfort % in a year 0 0 10 10 %
Comfort % in a year 100 100 90 90 %
Hours at and abowve 29°C 0 0 0 0 hours
Discomfort % in a year 0 0 0 0 %
Comfort % in a year 100 100 100 100 %

EWF with climate ceiling Variation

1 Existing New Variation 2

Hours at and above 27°C 0 0 /4] 741 hours
Discomfort % in a year 0 0 8 8 %
Comfort % in a year 100 100 92 92 %

Hours at and above 29°C 0 0 0 0 hours
Discomfort % in a year 0 0 0 0%

Comfort % in a year 100 100 100 100 %



Comparison 2: EWF — Conventional (VAV)

_comfort Priority line energy
Variation 1 Existing New Variation 2
Ventilation amount S50 25 50 25 m3/h/person
Comfort design condition
Heating mode 22 22 20 20 °C
40 40 40 40 % RH
Cooling mode 26 26 28 28 °C
50 50 70 /0 % RH
Conventional (VAV) EWF

From top-left clockwise: Variation 1, Existing, New, and Variation 2. From top-left clockwise: Variation 1, Existing, New, and Variation 2.



Energy neutrality
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Power Roof: PV Yield

Realistic

Optimistic

' SYSTEM INFO .. | p—
Modify the inputs below to run the simulation. pod
ﬁ Partial Results
DC System Size (kW): 62.4 =
Module Type: Premium ﬁ
Array Type: Fixed (roof mount) e
,'.ﬁ"
System Losses (%): 14.08 -
f Tilt (deg): 40
7 J Azimuth (deg): 135
! ’/I L < /A [

\agery ©2021 | Digital Earth Tect
(Grasshopper)

(PVWatts® Calculator )



Zero energy’?

Annual energy consumption per m? Existing
Heating ? 10 kWh/m?2
Cooling 27 67 kWh/m?2
Ventilation 25 kWh/m?2
Lighting 81 kWh/m2
Computers etc. 56 kWh/m?2
Total energy consur#eT 239 kWh/m?2
Annual energ
BAPV on Po 0 172 kWh/m?2
% 1o qnegartonsumption 0 72 %
BAPV on Power Roof (realistic) 0 56 kWh/m2
% 1o energy consumption 0 24 %



Benchmarking: Primary energy

Annual energy consumptfion per m’ (primary energy) Existing New %
Heating 4 10 155 MJ/m?2
Cooling 33  -51 MJ/m2
Ventiation \ 244 -14 MJ/m?2
Lighting 24\ 794 0 MJ/m2
Computiers eic. 531 0 MJ/m2
Total energy consumption pa 1697 1631 -4 MJ/m?2

Note: 226

lectri

Primary energy coefficl§ 7.76 MJ/KkWh, City gas: 45 MJ/m3
COP used are as follows
Existing heating (VRF) 4, existing cooling (VRF) 4

New heating (GSHP) 2. new cooling (direct groundsource) 20



Benchmarking: Carbon Report

95.4 kg-CO2/m?

(Range B2)

0.4

[i%]

|33.7%

Medium-sized Buildings for Rent (3,000 1)
Range Basis Emissigs 0z 03
A4 | 025 or less 196 XleX) (= \\ 7% 4988.83
A3 | More then 025 but 050 ot less | More tign 1454 6.1% 5063.83 | |, psifs
A2 | More than 050 but 0.75 o less | More thaly 39.1 byg 26.2%| 5526.83 | | a ' ’
AL | More then 075 but 1.0 o less | More thar®9®. 33.7%| 5444.23 | e[ Jes
B2 | More than 100 but 125 or less | More than 78.1 but 97.7 or less 153] 16.1% 5930.80 | |® ﬂ
Bl | Moz than 12300t 130 e less | More than 97.7 but 117.2 or less 70l 7.3%| 5981.22 o 9.5%
C Mora than 1.50 More than 117.2 94 9.9%| 5537.81
Average intensity | 78.1 | Total 953 100%| 5566.20

(TMG, 2012)




Improvement
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Comparison 3: EWF — EWF with chilled beams

EWF with chilled ceiling and underfloor heating EWF with chilled beams and underfloor heating
_.— I
— g
| At ‘N. g | A f"
| |
al N\ 4 g
— u \ — Ao / /
, N, rd 1
AN /s
__'— ——n
1 —
TypicalF loor OpenOffice TypicalFloor OpenOffice




Comparison 3: EWF — EWF with chilled beams

comfort Priority line energy >
Variation 1 Existing New Variation 2
Ventilation amount 50 25 50 25 m3/h/person
Comfort design condition
Heating mode 22 22 20 20 °C
40 40 40 40 % RH
Cooling mode 26 26 28 28 °C
a0 50 70 /0 % RH

Variation 1 Existing .
Comparison EWF EWF2Z % EWF EWF2 % WF2 %
Heatfing 15 4 -74 - 10 4 -66 kWh/m?2
Cooling 63 /3 16 KkWh/m?2
entilation 23 23 0 kWh/m?2
Totdl 96 100 4 kWh/m?2

Old & New difference %

Heating -69 Heating -74
Cooling 11 Cooling 2
Ventilation 0 ‘entilation -14

Total -1 Total -11



Comparison 3: EWF — EWF with chilled beams

_comfort Priority line energy
Variation 1 Existing New Variation 2
Ventilafion amount S0 25 50 25 m3/h/person
Comfort design condition
Heating mods 20 20 °C
40 40 40 40 % RH
ooling mode 26 26 20 28 °C
' 50 70 70 % RH
EWFwith climate ceiling Variation 1 Existing New Variation 2
Hours at and above 27°C 0 0 741 741 hours
Discomfort % in a year 0 0 8 8 %
Comfort % in a year 100 100 92 92 %
Hours at and above 29°C 0 0 0 0 hours
Discomfort % in a year 0 0 0 0 %
Comfort % in a year 100 100 100 100 %
EWF with chilled beams Variation 1 EXisting New Variation 2
Hours at and above 27°C 33 33 20 20 hours
Discomfort % in a year 0 0 1 1 %
Comfort % in a year 100 100 29 99 %
Hours at and abowve 29°C 0 3 3 3 hours
Discomfort % in a year 0 0 0 0 %
Comfort 7% in a year 100 100 100 100 %



Comparison 3: EWF — EWF with chilled beams

_comfort Priority line energy

- Cad

Variation 1 Existing New Variation 2
Ventilafion amount S0 25 50 25 m3/h/person
Comfort design condition

Heatina mods 22 272 20 20 °C
AC 40 40 40 % RH
- |II | ;: Mouc £0 ‘_'-,J h-"f:_l: .: . OC
50 50 70 70 % RH
EWF F\AL=With chilled brams

L _,,..d' __...-

From top-left clockwise: Variation 1, Existing, New, and Variation 2. From top-left clockwise: Variation 1, Existing, New, and Variation 2.



Kuuge bl

Heat Recovery



Summer scheme

Climate Solar
Cascade Pre-cooled air to CC Chimney
27 °C
12.5°C AAR
21°C
>
efficiency 70%
air medium
Space Cooling
to 28 °C
r—\ 286°C
Chiller Heat K - SSS
Pump ) ~ [
- 28 oC Chilled ceiling
WAVAVaY
AVAVAVAN N
15°C - i
/ r::-::-lrd\I ,f/;leut\-.l
\Storage | Ground temperature 15°C \Storage
_/ _/
11°C 19 5

Air at the fop of 5C 25°C

Qutzide air 31°C



Winter scheme

Climate Solar
Cascade Pre-heated airte CC ’ Chimney
18 °C M
&
2sec| RAQA |
14°C
Sy
Fi
efficiency 70%
air medium

Chiller

Twin Coil

1=l

Air Heating
fo 16.5°C

[when necessary)

Space Heating

to 20°C
~ 35°C
Heat G = o |
Pump otc ===
- 25 oC Floor heating
N\/\/\ '
11°C 19 °C
7N o
{ Cold ./Hec:\‘-.
\ Storage / Ground temperature 15°C |.._ Storage ,.l

11 °C

19°C

Air at the top of 5C 22°C

Outside air 9 °C



Algorithm

2184 if [Te »>= 16.5 AND Thr >= 16.5] then [min between Te&Thr], else if Te <= 16.5 then [default], else [min between Te&Thr]
2208 if [Te »>=16.5 AND Thr >= 16.5] then [min between Te&Thr], else if Te <= 16.5 then [default], else [min between Te&Thr]
2208 Choose the minimum between Te and Thr (ignore 16.5)

Seasons Te<=Thr Te>Thr Total
Autumn 1505 679

Spring 2069 139
Summer 309 1899

Winter 2184

2184 Always ignore Te, choose the minimum between Thr and 16.5

Total hours in 2020

8784 [default]=minimum between "16.5", and "that which is closest to 16.5"



Examples

No Date & time Te Thr  relation CCTin
1 01/01/202010:00 5.8 18.8  Te<=Thr 16.5
2 06/02/2020 13:00 6.1 21.7  Te<=Thr 16.5
3 22/03/2020 15:00 21.8 247  Te<=Thr 21.8
4 17/04/2020 17:00 14.9 20.5  Te<=Thr 16.5
5 14/05/2020 18:00 22 23.0 Te<=Thr 22
6 11/06/202009:00 27.3 27.1 Te>Thr 27.1
7 20/07/2020 13:00 30.7 28.3 TesThr 28.3
8 05/08/2020 15:00 33.4 30.1 Te>Tr 30.1
9 06/09/2020 20:00 25.6 23.1 Te>Tr 23.1
10 04/10/202009:00 20.7 22.5 Te<=Tr 20.7
11 21/11/2020 20:00 13.8 19.5 Te<=Tr 16.5
12 29/12/2020 20:00 8.3 17.8 Te<=Tr 16.5




Results

Y

5 -23 kWh/m2
4 -59 kWh/m2
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CC

Cooling capacity kW

$ A8 N33 883R2838

-80

Pre-cool the water is necessary

a3

Incomi

30 24 18 12 ] 0 -2
Outside temperature 0C
14
13 |
N
\‘M
Q.—_'_-_-!
\aﬂ\
T
ible cooling| ==Latent cooling ——0Outgoing air ﬁhpermlh

water 1 when T= 24°C

15°C when T=23

Tokyo

Pre-cool the water is NOT necessary

28 24 18 12 6 0 2 -10
20 180 ; —
}: 160 )L Omkhhwm‘u'c
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14 120 \1‘;5
15 100 ™
14 40 \
3% 2 N
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-40 4
® 40 -E#\\ 5
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440 —Totd cooling ~ =—e=Sersible cooling| =—e=Latent cooling  ——Ou'going oir temperature
Incoming water 13°C

Amsterdam
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CC

External heating energy is less External heating energy is more
=——Jutgoing oir temperature = Room temperature —Jutgoing air temperature — Room tempenatune
29 + 2 T
P - I : I 28 ; | ¢
27 . : ; 7 : " '
24 \\ : : : : 24 i - -
25 .\: E E E 25 o ol ,.,E - ...,:E 4 — o ...-:'- | — S ——
. X ! : - xe ! :
% hY ; : g o3 N : :
2 N\ — ' 5 2 N -:
20 } : - . ¢ . e :
1% + - s - - =i = 1 = e :
P 18 : I p 19 ,_._.-—-;-"'__.._ nogl o E
ﬁw ] - E 17 ; ST .
14 -
i | e S . : S .
= ; = : ; = : ; extemal reheating
1 i A e S : i i =K : i
12 : . : h‘"“""-—_...;._____._____ 12 ‘\-\\ : : '
11 - - - - 11 P - : -
: e : ]
= - . . ~L : |
8 8 Lo : f
7 7 . : —— :
& 3 __--_-R-m.;\‘
5 5 1 —
d 33 30 24 18 12 & 4] -2 * 28 24 18 12 & 1] -2 =10
Oukside Temperature °C Ouhside Temperafure °C

Tokyo Amsterdam



=16.5"C

cooling: when T outside air 2 24°C

& ; . = : : = .
= Height Mecessary MNoof Outgoing air Achieved et Pump Energy Heating Energy Incoming Cooling Energy Amount
E [I'I'I] Pressure Spray- temperature Pressure [MWh] ' : water ’ of water
Pt [Pa] heads T33 [°C) T24 [Pa] [MWh] [kWh/m2] [MWh] [kWh/m2] temperature [MWh]  [kWh/m2] [ton]
1 44 100 16 16.4 307 oF 54 11 27 B 13 154 32 243,000 449
2 44 100 10 16.42 192 ¥ 34 7 33 ¥ 11 199 42 152,000 56
3 22 100 10 16.42 96 0¥ 17 4 32 ¥ 11 199 42 152,000 53
4 22 100 12 16.5 115 o* 20 4 28 B 12 177 ar 182,000 47
5 22 100 12 16.87 115 o* 20 4 27 B 12.5 147 31 182,000 41
o 22 100 9 16.14 a6 o* 15 3 36 & 10 226 48 137,000 29
* Natural draft by EWF saved 1.68 MWhH of Fan energy inaverage -> 51
Tokyo: 51 kWh/m?
Amsterdam =18°C cooling: when T outside air = 24°C
o : No of g aing air Achieved Fan Pump Energy Heating Energy Incoming Cooling Energy Armount Total
E Height Mecessary . " P 24 E water (KWh/m2  of wat Energy
spray- emperature Pressure nergy m2 of water
; Press P
E [m] ressure [Pa) beads 128 [°C] [Pa] [MWhI [MWh] rkWh/m2] [MWh] [kWh/m2] te n;f:;:‘t:;lre [MWh] 1 [ton] ewh/m2]
1 44 100 4 168 150 o* 18 4 18 o 0 22,000 22

* Matural draft by EWF saved 1.62 MWh of Fan energy

Tokyo

Amsterdam




SC

Thermal draft is less, fan energy is more

TYO:Te vsdP

balt

MW MR

Thermal draft is more, fan energy is less

AbAS: Ta ws AP

LSS Rty ol 3 E=3-i

TV Ty il bamprarctues =—Thammnl Craf |cP) TYO

Tokyo

— i oy Enilh famparanim =Rl Dt (dF) ARAE

Amsterdam



SC

More heat recovered for reuse

Less heat recovered for reuse

BS

Solar Chimney TYO AMS

Fan energy 0.1 0.0 kWh/m2

Heat recovered 48 37 kWh/m?2
Tokyo Amsterdam



Urban setting

Compact, tight in space Less compact, less tight in space

Tokyo Amsterdam



Comparison study

37% building related energy reduction

Variation 1 Existing New Variation 2

Comparison  Existing EWF % Existing EWF % Existing EWF % Existing EWF %
Heating 72 15 -79 64 14 -79 2 10 414 1 10 626 kWh/m2
Cooling 152 77 -49 135 72 -47 89 67 -25 86 63 -27 kWh/m2
Ventilation 44 31 -29 44 29 -34 35 25 -28 35 23 -33 kWh/m2
Total 268 123 -54 243 114 -53 126 101 -19 122

Average difference % Old & New differs

Heating 220

Cooling -37

Ventiafion -31

Total -37

- B>

Tokyo

nd [MWh]

500

44% electric energy reduction

400

Electric energy for installations
Thermal energy for heating
Thermal energy for cooling
Electric energy for heating
Electric energy for cooling

Conventional

T T
EWF + HP/ATES Conventional + EP/ETES

(Teeling. 2020)

Amsterdam




Conclusion



Answering the research question

“Is the Dutch Earth, Wind and Fire system (EWF),
in place of the existing air-conditioning system,
an efficient energy-retrofitting method to achieve energy-neutrality in an office building in Tokyo

without compromising thermal comfort of userse”

No, it is not efficient at all for the case of NK Building, as it turned out that the existing air-

conditioning system is already energy efficient.

However, as a ventilation system, EWF contributed to 15% energy reduction proving the fact that
the natural ventilation concept of EWF works.
Thermal comfort is also improved, from 75% to 92% comfort hours, with more balance

temperature distribution.



Elaboration

“Is the Dutch Earth, Wind and Fire system (EWF),
in place of the existing air-conditioning system,
an efficient energy-retrofitting method to achieve energy-neutrality in an office building in Tokyo

without compromising thermal comfort of userse”

Moreover, when compared to a conventional air-conditioning system, EWF uses 40% less energy

overall, with better thermal comfort.

On the other hand, energy neutrality is not achieved, and is very challenging without reducing

the energy consumption first.



Limitation

=  Accuracy of simulating EWF in DB



Recommendation

= Many exciting topic for follow up research:

=  EWF design without ATES -> use chiller to cool the CC water in Tokyo or other cities with similar climate
= |ntegration of unitized SC with PV, PV/T, or Thermal Collector -> prioritizing electricity or heat gain

=  And more...

= Develop a standardized and easy-to-use Excel calculation for both CC and SC

= New template for EWF in DB, or any other dynamic simulation software



"I want you to act as if the house is on fire, otherwise..."

... comfort will be a luxury

... It's getting even hotter!

... The relation between human & nature is getting worse

... (fill your own answer)



EWF is a concept that bridge architect and mechanical engineers,

but most importantly,

It's trying to bridge nature back into our life.



ok g

Dank u well

BREHYNEDTIVET
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