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“So, ladies and gentlemen. Let’s act. Let’s act together. And let’s act now! “ 
-Mark Rutte, Prime Minister of The Netherlands 

(Ministerie van Algemene Zaken, 2015) 



(Eurostat, 2017) 
(National Energy Foundation, 2016) 
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Energy renovation can reduce the overall energy demand by 50%. 

 

(Vijverberg, 2002) 
(Saheb et al., 2015) 

45 % 

-50 % 

 
45% of the offices in The Netherlands are older than 30 years. 
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(EPBD, 2016) 
(European Commission, 2020) 

 

Minimize energy 
consumption 
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Design principle NZEB: Trias Energetica 

Only 7.8% of the total final energy consumption in The Netherlands use 
the energy generated from renewable sources.  
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The Earth, Wind and Fire concept (EWF) can play a key intervention as it utilizes the 
environmental energy of earth mass, wind and sun to generate and supply energy. 

(Bronsema, 2013). 
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How are the design strategies, derived from the Earth, Wind and 
Fire system, implemented in the refurbishment of an office 
building in The Netherlands in order to improve the energy 

performance? 
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Analysis Results Conclusion 

Case study Design strategies 

(Brightspace, 2020) 
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Case study Design strategies 

(Swier, 2019) 



15 

Literature study Problem  
Statement 

Analysis Results Conclusion 

Case study Design strategies 

(Swier, 2019) 
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Literature study Problem  
Statement 

Analysis Results Conclusion 

EWF design strategies : General strategies 

• Shaft/duct sizes are bigger than usual 
• Decentralized supply and centralized exhaust or centralized supply and decentralized exhaust.  

Decentralized supply and centralized exhaust  Centralized supply and decentralized exhaust 

(Chaouat, 2015) 

Case study Design strategies 
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Statement 
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Climate cascade 

• The ventilation capacity of the climate cascade should be 6.5 dm/s/person . 
 

• Climate cascade should be placed at every 6th floor or multiple of it . 
 

Case study Design strategies 

Solar Chimney 

• Orientation: South, South west or south east. 
 

• A single big solar chimney gives better results than multiple small chimneys. 
 

• The depth should be min 0.65 m   
 
• The glass panes should have a high G-value and low U-value . 
 
• Solar facades are a good solution. 
 
• Building integrated PV and solar panels on the roof can contribute to high energy savings. 

 
• The heat from the exhaust air should be reused and stored. 
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Literature study Problem  
Statement 

Analysis Results Conclusion 

Construction period          : 1992-2012 

Number of floors               : 18 floors (19th and  20th floors are technical spaces) 

Size                                       : 53953 m2 GFA/ 29096 m2 GO 

Parking area                        : 18270 m2 GFA 

Function                              : predominantly office with meeting function 

Working hours                   : 8:00 am – 8:00 pm (Mon-Fri) 

Meeting rooms timings    : 8:00 am to 10:00pm (Mon-Fri) 

No. of Occupants      : 1000 

Floor height      : 3.5 m 
 

Provinciehuis Utrecht , Utrecht  (flying holland.nl, n.d.) 
 

Case study Design strategies 
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Literature study Problem  
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Architectural data 

Façade  : Rc= 2.0  

Climate window : U=1.2 W/ m2 K (13cm cavity) 

Sun protection inside : electrically operated intermediate blinds 

 

Technical data 

Heat generation : district heat network Utrecht-Nieuwegein (ŋ= 150%) 

Heat distribution  : VAV boxes (transport medium water) 

Space heating control  : room thermostats 

Cold generation : air/water compression refrigerators 

Cold distribution : ventilation air (transport medium air with 7°C) 

Ventilation  : mechanical exhaust and supply 

Domestic Hot Water : TSA on district heating network and electric boilers 

Humidification : adiabatic humidification 

Heat recovery high rise : heat wheels 

 

B
 

A
 

C
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D
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a. High rise office building,  
b. Low rise building with restaurants,  
c. Auditorium  
d. Parking deck. 

Case study Design strategies 



21 

Literature study Problem  
Statement 

Analysis Results Conclusion 

Basic Excel Modeling Design options Dynamic Modeling 

4 Design options 

Case 1: 1 Climate Cascade, 
              1 Solar Chimney 

Case 2: 2 Climate Cascade, 
              2 Solar Chimney 

Case 3: 1 Climate Cascade, 
              2 Solar Chimney 

Case 4: 2 Climate Cascade, 
              1 Solar Chimney 



22 

Literature study Problem  
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Analysis Results Conclusion 

Basic Excel Modeling Design options Dynamic Modeling 

Case 1: 1 Climate Cascade, 1 Solar Chimney 
(Decentralized supply, Centralized exhaust) 
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Case 2a: 2 Climate Cascade, 2 Solar Chimney 
(Decentralized supply, Decentralized 
exhaust) 

Literature study Problem  
Statement 

Analysis Results Conclusion 

Basic Excel Modeling Design options Dynamic Modeling 
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Case 2b: 2 Climate Cascade, 2 Solar Chimney 
(Decentralized supply, Centralized exhaust) 

Literature study Problem  
Statement 

Analysis Results Conclusion 

Basic Excel Modeling Design options Dynamic Modeling 



25 

Case 3: 1 Climate Cascade, 2 Solar Chimney 
(Decentralized supply, Centralized exhaust) 

Literature study Problem  
Statement 

Analysis Results Conclusion 

Basic Excel Modeling Design options Dynamic Modeling 
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Case 4: 2 Climate Cascade, 1 Solar Chimney 
(Decentralized supply, Centralized exhaust) 

Literature study Problem  
Statement 

Analysis Results Conclusion 

Basic Excel Modeling Design options Dynamic Modeling 
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Basic Excel Modeling 
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Basic Excel Modeling Design options Dynamic Modeling 
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Basic Excel Modeling Design options Dynamic Modeling 

• Air Velocity= 2 m/s 
• No. of Nozzles= 9 

• Air Velocity= 3 m/s 
• No. of Nozzles= 9 

• Air Velocity= 3.8 m/s 
• No. of Nozzles= 9 
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Statement 
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Basic Excel Modeling Design options Dynamic Modeling 

• Depth= 0.65 m 
• Air velocity=  0.5 m/s  
 1.0 m/s   
 1.5 m/s 

• Depth= 0.80 m 
• Air velocity=  0.5 m/s  
 1.0 m/s   
 1.5 m/s 

• Depth= 1.0 m 
• Air velocity=  0.5 m/s  
 1.0 m/s   
 1.5 m/s 
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Basic Excel Modeling Design options Dynamic Modeling 
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Determining variables Design conditions Energy calculations Chosen option 32 

Case 1: 1 Climate Cascade, 1 Solar Chimney Case 2: 2 Climate Cascade, 2 Solar Chimney 

Case 4: 2 Climate Cascade, 1 Solar Chimney Case 3: 1 Climate Cascade, 2 Solar Chimney 

CLIMATE CASCADE 
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Determining variables Design conditions Energy calculations Chosen option 33 

Case 1: 1 Climate Cascade, 1 Solar Chimney Case 2: 2 Climate Cascade, 2 Solar Chimney 

Case 4: 2 Climate Cascade, 1 Solar Chimney Case 3: 1 Climate Cascade, 2 Solar Chimney 

• Lower pump energy  
• Minimum fan energy 
• Reduced Pressure losses 

via supply ducts 
• No. of Nozzles= 4 
• Air velocity=  3.8 m/s 
• Size= 1.35 x 1.35 m 

CLIMATE CASCADE 
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Determining variables Design conditions Energy calculations Chosen option 34 

Case 1: 1 Climate Cascade, 1 Solar Chimney Case 2: 2 Climate Cascade, 2 Solar Chimney 

Case 4: 2 Climate Cascade, 1 Solar Chimney Case 3: 1 Climate Cascade, 2 Solar Chimney 

SOLAR CHIMNEY 

Size= 14.5 x 0.8 m Size= 9.9 x 0.7 m 

Size= 9.9 x 0.7 m Size= 14.5 x 0.8 m 
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Determining variables Design conditions Energy calculations Chosen option 35 

Case 1: 1 Climate Cascade, 1 Solar Chimney Case 2: 2 Climate Cascade, 2 Solar Chimney 

Case 4: 2 Climate Cascade, 1 Solar Chimney Case 3: 1 Climate Cascade, 2 Solar Chimney 

SOLAR CHIMNEY 

• Reduced Chimney size 
• High temperatures 
• High amount of Heat 

recovered 
• Air velocity=  1.0 m/s 
• Size= 9.9 x 0.7m 



CHOSEN OPTION 

Case 2b: 2 Climate Cascade, 2 Solar Chimney 
(Decentralized supply, Centralized exhaust) 

Literature study Problem  
Statement 

Analysis Results Conclusion 

Determining variables Design conditions Energy calculations Chosen option 36 



Dynamic Modeling using Design Builder 
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Results Literature study Problem  
Statement 

Analysis Conclusion 

38 Basic Excel Modeling Design options Dynamic Modeling 
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Thermal Comfort Energy calculations Façade Refurbishment Final Design 39 

Existing System without EWF  
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Literature study Problem  
Statement 

Analysis Results Conclusion 

Existing System without EWF  



Thermal Comfort 
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Literature study Problem  
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ATG Method for accessing Thermal Comfort 



 

 

         

Building Provinciehuis Utrecht

Space 1 Office floor

Building type Beta

Temperature type Operative

Analysis Period Jan-Sept

Occupied Hours 8049

Thermal Performance Bad

Class Class D

Comfort Bandwidth No. of Hours % of Time

Class B 2858 35.51

Class C 2231 27.72

Class D 1567 19.47

Above Class D 1393 17.31
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Thermal Comfort assessment of the existing system without EWF 
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Literature study Problem  
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Analysis Results Conclusion 

New System with EWF  
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Analysis Results Conclusion 

53% 
Reduction 

Overall 

72% less 
Heating 
energy 

36% less 
Cooling 
energy 

62% less 
Ventilation 

energy 

System without EWF  

System with EWF  

System without EWF  

System with EWF  
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EWF System Energy  
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EWF system energy consumption 
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Heat Recovery system 



 

 
 

 

 

 

 

Building Provinciehuis Utrecht

Space 1 Office floor

Building type Beta

Temperature type Operative

Analysis Period Jan-Sept

Occupied Hours 1367

Thermal Performance Acceptable

Class Class C

Comfort Bandwidth No. of Hours % of Time

Class B 1000 73.1

Class C 308 22.5

Class D 59 4.3
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Analysis Results Conclusion 

Thermal Comfort assessment of the New system with EWF 
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Literature study Problem  
Statement 

Analysis Results Conclusion 

Improved System with EWF  
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2%  
Increase 
overall 

18% less 
Cooling 
energy 

22% more 
Heating 
energy 

Comparison with EWF and Improved System with EWF  

With EWF  Improved EWF  



 

            

Building Provinciehuis Utrecht

Space 1 Office floor

Building type Beta

Temperature type Operative

Analysis Period Jan-Sept

Occupied Hours 255

Thermal Performance Good

Class Class B

Comfort Bandwidth No. of Hours % of Time

Class B 232 90.98

Class C 23 9.02

Class D 0 0

Thermal Comfort Energy calculations Façade Refurbishment Final Design 52 

Literature study Problem  
Statement 

Analysis Results Conclusion 

Thermal Comfort assessment of the Improved System with EWF  



EWF system is an efficient way to reduce the energy 
consumption.  

 
EWF system has better thermal comfort than the existing 

system. 
 

With further improvements, the building achieves 
maximum thermal comfort. 
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Literature study Problem  
Statement 

Analysis Results Conclusion 

3 Façade Options 

FAÇADE OPTION 1: 
Building Integrated 
Photovoltaic 

FAÇADE OPTION 2:  
Sun-shading with PV 

FAÇADE OPTION 3:  
Living Wall system with 
BIPV 
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FAÇADE OPTION 1: Building Integrated Photovoltaic 
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FAÇADE OPTION 1: Building Integrated Photovoltaic 
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FAÇADE OPTION 2: Sun-shading with PV 



FAÇADE OPTION 2: Sun-shading with PV 
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FAÇADE OPTION 3: Living Wall system with BIPV 
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Analysis Results Conclusion 
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FAÇADE OPTION 3: Living Wall system with BIPV 
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Comparison of 3 façade options 
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EWF system with refurbished façade and GSHP 
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50% 
Reduction 

Overall 

70% less 
Heating 
energy 

26.5% less 
Cooling 
energy 

74% less 
Ventilation 

energy 

System without EWF  
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System with EWF  



Final Design 
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Before 



Thermal Comfort Energy calculations Façade Refurbishment Final Design 67 
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Before 
After 
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Assembly Sequence of Solar Chimney 



BENG Regulations 
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Paris Proof Agreement 
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Statement 
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PV panels on the Statenzaal roof PV panels in the Garden on the SW PV panels on the parking deck 

Proposed locations to install PV 
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Statement 
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The primary energy can be completely provided by the PV panels and 
energy neutrality is achieved on the basis of zero on the meter concept. 



RECAP 
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Statement 
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How are the design strategies derived from the Earth, Wind and Fire system, implemented in the 

refurbishment of an office building in the Netherlands in order to improve the energy performance? 

Basic Excel Model Dynamic Design Builder Model Façade Refurbishment 

EWF system can be 
implemented 

EWF system also reduces the 
energy consumption and 

improves thermal comfort 

EWF system with refurbished 
façade further reduces the 

energy consumption 
significantly 

No. of EWF 
elements 

Building 
design and 

required 
pressure 

53 % energy 
reduction 

Class B 
thermal 
comfort  

Further 
energy 

reduction by 
19% 

50%  energy 
reduction with 

GSHP 

EWF system is an efficient way to reduce the energy consumption of the Provinciehuis Utrecht building 
while also complying with all the BENG regulations along with achieving energy neutrality on the basis of 

zero on the meter concept. 



In order to implement the EWF system for other buildings, the most influential 

design strategies to be considered are: 

79 

Building Height Façade Refurbishment Heat and Cold storage Heat Recovery system 
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Further Recommendations 

EWF 

Solar Chimney 

Climate Cascade Ventec Roof 

Study the effect of Ventec Roof Designer’s tool Varying Heights of Climate Cascade 



Thank You! 
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Methodology 
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Comparative analysis of case study buildings 

BUILDING PROVINCIEHUIS 
UTRECHT 

WILLEM C. VAN 
UNNIKGEBOUW 

Typology Office Building 

 

Education and Office 
building 

 
Higher than surrounding 
building  

 
 

 
Building height 85m 

 

 
 

75.5m 
 

 

Possibility to strip down the 
façade completely   

Open able windows in the 
façade -  

Load bearing façade system - 

 

Easy disassembly 

  

Poured pipes in the floor 

  

Large column grid 

  

Structural system can withstand 
additional façade loads   

Possibility of cold and heat 
storage   

 

Provinciehuis Utrecht , Utrecht  
(flying holland.nl, n.d.) 

 

Van Unnikgebouw, Utrecht 
(Pepijntje, 2008)   



BENG Regulations 
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CLIMATE CASCADE: Single Cascade 

CASE 1= 1 Climate Cascade & 1 Solar Chimney CASE 3= 1 Climate Cascade & 2 Solar Chimneys 

Additional 
heating energy 

Additional 
heating energy 

Basic Excel Model Results 
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CLIMATE CASCADE: Double Cascade 

CASE 2= 2 Climate Cascades & 2 Solar Chimneys CASE 4= 2 Climate Cascades & 1 Solar Chimney 

Additional 
heating energy 

Additional 
heating energy 

Basic Excel Model Results 
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Additional Heating energy calculation 

Heating energy  (kW) = 
Amount of air 

3600
 x 1.2 x specific heat capacity of air x Temperature difference 
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CLIMATE CASCADE: GENERATED PRESSURE 

CASE 1=  1 Climate Cascade & 1 Solar Chimney CASE 2= 2 Climate Cascades & 2 Solar Chimneys 

CASE 3= 1 Climate Cascade & 2 Solar Chimneys CASE 4= 2 Climate Cascades & 1 Solar Chimney 

Basic Excel Model Results 
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SOLAR CHIMNEY: Thermal draught, Pressure loss and Tout 

CASE 1= Single Chimney CASE 2= Double Chimney 

CASE 3 = Double Chimney CASE 4= Single Chimney 

Fan energy 
Fan energy 

Fan energy Fan energy 
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Basic Excel Model Results 



SOLAR CHIMNEY: Fan energy 

CASE 1= Single Chimney CASE 2= Double Chimney 

CASE 3 = Double Chimney CASE 4= Single Chimney 
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Basic Excel Model Results 
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Occupied Office area 

Services (Staircase, Elevators, 
Toilets, Technical rooms) 

Staircase 

Thermal zones in Design Builder Model 
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Design Conditions 
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EWF HVAC Configuration 
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Supply of 18°C air 
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Existing system without EWF daily simulation 
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New system with EWF daily simulation 
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Improved system with EWF hourly simulation 
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Location

Total Surface area

available to install PV (m2)

PV Panel power (WP)

PV size/panel (m2)

Angle 


System size (kW)

Module material

Module efficiency

PV Annual energy (kWh)

Primary Energy 

(kWh)
Reduction Factor

Energy Consumed by EWF 1,768,664 -

PV Yield from Facade option 2 224076 -

Energy Reduction 1,544,588 12%

Energy Consumption: Façade Option 1

35°

400

c-Si

15%

224076

PV Yield Calculations
South, SW, SE

4350

300

1.5
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Location

Total Surface area

available to install PV (m2)

PV Panel power (WP)

PV size/panel (m2)

Angle 


System size (kW)

Module material

Module efficiency

PV Annual energy (kWh)

Primary Energy 

(kWh)
Reduction Factor

Energy Consumed by EWF 1,768,664 -

Energy Consumed by EWF: after refurbished façade 1,684,820

PV Yield from Facade option 2 150237 -

Energy Reduction 1,534,583 13%

South, SW, SE

Energy Consumption: Façade Option 2

4350

300

1.5

35°

400

c-Si

15%

150237

PV Yield Calculations
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Improved system with EWF and GSHP 
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Improved system with EWF and GSHP daily simulation 
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