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



it’s hot





(APnews.com, 2021) (Asia.nikkei.com, 2021)



“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 users?” 





EARTH: Climate Cascade

Air purification
Cooling & dehumidification
Heating & humidification

FIRE: Solar Chimney

Natural exhaust
Thermal (heat) collector

WIND: Ventec/ Power Roof
Energy production

Air supply Air exhaust





(OZ architect, 2019)

The Four Elements Hotel, Amsterdam



(Paul de Ruiter Architects, 2021)

MFO-2 building, Erasmus University Rotterdam



(Google map)



Small & 
Medium, 92%

Tokyo’s Offices: Building Stock

Large 20 years or older Less than 20 years

Space Availability

With Space Without Space

(Xymax Real Estate Institute , 2020)



EWF Integration Criteria

(Swier, 2015)

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



Case study: NK Building



Case study: NK Building

South view East view



Case study: NK Building

North view West view



Case study: NK Building



Case study: NK Building

20.5 x 26 m



How do I design 
CC and SC?



First:

Climate Analysis



Excel 
calculation



Climate Cascade (CC)

Climate analysis
•Temperature
•Relative humidity
•Ground water temperature

Design parameter
•Air velocity
•Water/air factor (incl. no of 
spray heads)

•(With/without after-cooling)

Outcome
•CC size
•Achieved pressure

lower higher

CC size
Hydraulic pressure

Water velocity

smallerbigger

higher

higher

lower

lower

3 m/s
Air velocity

CC Design Steps



Climate Cascade (CC)



Climate Cascade (CC)

W x L x H : 1.08 x 1.08  x 44m
Spray heads : 3 at the top (44 m)

9 at 22m
Pressure loss : 100 Pa
Air velocity : 3 m/s
Ventilation : 12,650 m3/h

50 m3/h/person
Air temperature into room : 16.5°C 
Water temperature : Cooling mode 12.5°C (cooled)

Heating mode 15°C (ground temp.)



Air Water Room Pressure n_sprayheads
θe- 0C ϕe -% xe -g/kg θuit- 0C ϕuit -% xuit -g/kg θin- 0C θuit- 0C Vin - m3/s m_wat_in θi- 0C ϕ -% phydr.-Pa pth -Pa ptot -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 5.4 282.4 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

Climate Cascade (CC)



Solar Chimney (SC)

Climate analysis
•Temperature
•Solar radiation

Design parameter
•Air velocity

Outcome
•SC size
•Achieved thermal draft
•Collected heat

SC Design Steps

lower higher

SC size
Collected heat

Thermal draft

smallerbigger

higher

higher

lower

lower

1.5 m/s
Air velocity



Solar Chimney (SC)

W x L x H : 0.65 x 2  x 44m x 2 chimney
Pressure loss : 25 Pa
Air velocity : 1.5 m/s
Heat recovery : Microchannel



Solar Chimney (SC)
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TYO: Te vs dP

TYO Dry bulb temperature Thermal Draft (dP) TYO



Solar Chimney (SC)



Second:

Integration 
(placement)



3 different proposals

Shouchikubai philosophy

梅
Shou

竹松
Chiku Bai

Pine Bamboo Plum
Strength Longevity Beauty

(source: jing.fm)



3 different proposals
Shou

竹
松

Chiku
Pine

Bamboo

Advanced

Moderate

(source: jing.fm)梅
Bai

Plum

Basic

Shouchikubai philosophy in design



3 different proposals

Plum

梅
Basic design



3 different proposals

Bamboo
Moderate design

竹



3 different proposals

Pine
Advanced design 松



3 different proposals

〇 = 👍👍, △ = 😐😐, ✖ =👎👎



Final Design



Section



Impressions



Unitized SC



Unitized SC



Order of Assembly



Order of Assembly



Order of Assembly



Details: connection within module



DesignBuilder
Simulation





3 different HVAC settings

No. Existing EWF design Conventional

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

2 Occupancy & 
Schedule 0.2 people/m2 

3 HVAC system VRF with HR and DOAS Ventilation (mechanical):
VAV with no reheat,
Constant air supply of 16.5°C 
Space heating & cooling:
Underfloor heating & chilled ceiling

VAV reheat, DX cooling 
with Dehumidification 



2 different comparisons

No. Existing EWF design Conventional

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

2 Occupancy & 
Schedule 0.2 people/m2 

3 HVAC system VRF with HR and DOAS Ventilation (mechanical):
VAV with no reheat,
Constant air supply of 16.5°C 
Space heating & cooling:
Underfloor heating & chilled ceiling

VAV reheat, DX cooling 
with Dehumidification 



4 different variations



Comparison 1: EWF – Existing (VRF)



Comparison 1: EWF – Existing (VRF)



Comparison 1: EWF – Existing (VRF)

Existing (VRF) EWF



Comparison 2: EWF – Conventional (VAV)



Comparison 2: EWF – Conventional (VAV)



Conventional (VAV) EWF

Comparison 2: EWF – Conventional (VAV)



Energy neutrality
& 

benchmarking



Power Roof: PV Yield

Optimistic Realistic

(PVWatts® Calculator ) (Grasshopper)



Zero energy?

(realistic)



Benchmarking: Primary energy



Benchmarking: Carbon Report

(TMG, 2012)

95.4 kg-CO2/m2
(Range B2)



Improvement



Hybrid system:

EWF with chilled 
beams



Comparison 3: EWF – EWF with chilled beams 



Comparison 3: EWF – EWF with chilled beams 



Comparison 3: EWF – EWF with chilled beams 



Comparison 3: EWF – EWF with chilled beams 

EWF EWF with chilled beams



Reuse (heat/cold):

Heat Recovery



Summer scheme



Winter scheme



Algorithm



Examples



Results



Comparison

Tokyo - Amsterdam



CC

Pre-cool the water is necessary Pre-cool the water is NOT necessary

Tokyo Amsterdam



CC

External heating energy is less External heating energy is more

Tokyo Amsterdam



CC

Tokyo Amsterdam



SC

Tokyo Amsterdam

Thermal draft is less, fan energy is more Thermal draft is more, fan energy is less



SC

Tokyo Amsterdam

More heat recovered for reuse Less heat recovered for reuse



Tokyo Amsterdam

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

Urban setting



Tokyo Amsterdam

37% building related energy reduction 44% electric energy reduction

Comparison study

(Teeling. 2020)



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 users?” 

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 users?” 

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
 COVID-19 pandemic

 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

 Integration 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.



Thank you!

Dank u wel!

ご清聴ありがとうございます
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